
• • Form WR-23 .flEUJ ENGR. LOG STATE ENGINEER OFFICE 

WELL RECORD 
~STRUCTI-ONS: This form should be executed_in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened, When this form is used as a plugging 
record, OJlly Section lA and Section 5 need be completed. 

Section 1 

' 

---1-------

I 
I 

I I I 
----~-)-1 

(Plat of 64.0 acres) 

{A) Owner of welL ______ _!talJ_amat -~P.f..~!lS~Ag.reH~mont #6 
Street and Number _______________________ _ 

City ____ ---~----------State-----------·---

Well was drilled under Permit No.--~'!S'-~--------and is located in the 
__ li!!_____¥4__BW ---:Y4.-----I?.:~-----l!4 of Section _____ _g_____Twp, __ )j~ __ Rge, ___ ~_a. ___ _ 
{B) Drilling Contractor _____ ~Q~D!J:!.I!S..ton __ License No. _____________ _ 

Street and Number_______________ --------------------------------

City _ --------------- Locg___H1lls. ___ State ~Q.~_l;!ex!f:9.. __ _ 
Drilling was commenced ___________________________ ;__ 

Drilling was completed_ _______________ Juno ~.t~---
HL----
19_~Q___ 

Elevation at top of casing in feet above sea leveL ___________ ~Total depth of welL-200 ft. 

State whether well is shallow or artesia~MllaW _________ Depth to water upon completion_ _______ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

No. 
Depth in Feet Thickness in Descl'iption of 'Water-Bear1ng Formation 

From To Foet 

1 139 195 60 Solid and little S!ilVel 

' 
3 

4 

' 
Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feot Type Shoe 

Per:forations 

in. ft. in Top Bottom fiom To 

7 0 196 196 153 106 
10 3/4 0 145 145 Pulled e.s _ well was grave uac~sm!. 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth ln Feet Diameter Tons No. Sacks of ' 'Methods Used 
fiom To Hole in in. Clay Cement 

-· 

I 

Section 5 PLUGGING RECORD 

Name of Plugging CCL""ltractor __ . ---·----------------"'--------Jdicense No·-------· __ 

Street and Number---------~·-···---------· City _________ State;_. 
Tons of Clay used_. ___________ Tons of Roughage used ..... -. _______ T-ype of roughage __________ _ 

Plugging method use -------- _ ate Plugged ___ 19--

Plugging approved by: Cement Plugs were placed as follows: 

No. 
Depth of Plug 

No. of Sacks Used I From To Baslu Sup& visor-

FOR USE OF STATE El!JGrnEER ONLY 

Date Received----·--------·---·-

\\\ lj\1. ·;:-;'-.' \': {-
L-~- ·····-



Section 6 LOG OF WELL 

Depth in Feet Thickness 
Type ol Material Encountered From To- in Feet Color 

0 20 brown Top POil 

20 45 Caliche 

45 100 red Sandrook 
100 135/ Sand and li ttl!bUI~ve:}. ~M.~l'~Ji!Q.otion) 

195 200 red Shale 

Dr:l.ller -e~timated that well was good tor 
100 gallons of water per minute. 

Thio well iS located in State Se-cUon 2 1 

T. 17 s., R. 32 E, II,!.!, P .II. Lea Countv. 
Naw,!fexioo. 

' 

[ s Elev 'f/7-C> 

l5eptfi to R Ire ii'd ~ 
_, v .,..£ 0 6 0 .--· 

----

- .· """ ~;;>-4 ,;7~- 2 ~ ,--~~~*·' -· --~= --·- -·-·· 

loc. No. 
Hydro. Survey Field Chec~ ~ 

. ' 

SOURCE OF Jl.liTi"Ui/ r.tvc: 
interpo!aied from T opo. Sheet X 
Determined by lnst. leveling 
Other 

The undersigned-hereby certifies that, to the best of_ his knowledge and belief, the foregoing.is a true and cor~ 
rect record of the above described welL 

____ qg_~--~_nm.!u~.t®. _____________________ _ 
Well Driller 

• • 



STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: This form should "be executed in triplicate,_ preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely nnd 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o.nly Section IA and Section 5 need be completed, 

Section 1 

I I I Street and Nwnber ____ _ 
~-------------------------

City ----------------- ---------~--- State ----------
Well wa~ -drilled under Permit N o .. .!!:_~Q1-.$. ___________ and is located in the 

__ SE ___ :lf4 __ ;!i!'_ __ lf4 _____ S_:$_.lf4 of Section __ 2 --Twp.____l'l_____ __ __Rge, __ !_!~----

1--~-1-
i I i 

(B) Drilling Contractor __ ~_t _ _BWk~------------- License No. ____________ _ 

Street and Number_·---------------------~-----------------
City ___________________ liQbb~..~... _____________ State New Mexico __ _ 

Drilling was commenced .. --------------------------------- !!; __ _ 

Drilling was completed_ ___ .:.. ___________ M!U-~ 19 . .1!L __ _ 
(Plat Qf_ !HO BCI-"es) 

Elevation at top of casing in feet above sea leveL _______________ Total depth of well 182 ft 

State whe~her well is shallow or artesian_,________ ____________ Depth to water ~pon comp~etion. _____ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA -
No. 

Depth in Feet Thlckness in Description of Vfuter-Bearlng Formation 
>rom To Feet 

1 126 160 Reel water •aDd 
2 

3 

' 
' 

Section 3 RECORD OF CASING 
. --- -·-

I Dia Pounds Threads Depth 
Feet Type Shoe 

Perforfltions 

in. fC in Top Bottom >rom To 

7 0 182 1S2 113" 182 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter To= No. Sacks of 
Methods Used 

>rom To Hole in in. Clay Cement 

0 182 10 . -
r~ 

I 
I 

-
Section 5 PLUGGING RECORD 

Name of Plugging Contractor .. ·-----------··---·---·-~---------,------~---.J-.icense No. ________ _ 

Street and Nwnber-----------·----------~- CitY---~ ---- State· --------
Tons of Clay used ..... _______ Tons of Roughage used ___ ---:·-~-------_Type of roughage _______ _ 
Plugging method used. _____________________ ____Date Plugged_ _________ l9_._ 

Plugging approved by: Cement Plugs were placed as follows: 

! No. 
From To 

Depth of Plug 
No. of Sacks Used 

I FOR USE OF STATE E>IGINEER ONLY I 
Date Received -------~ 

1!.......------"""'i' 

y 
' 

I 



' 

~---

! 
! 

! 
i 
' 
' 

i 

Section 6 LOG OF WELL 

Depth in Feet Thickness 
Type of Mate~ial Encountered 

• 
>Tom To Jn Feet Color 

0 ~0 brown Top 13o11 
~0 aa brown t.oos.e sand 
38 70 grey Firm Bolllld 

70 8~ brown Loose sand. 

a~ 98 red. S~droclt 

98 1~6 brown, Sand and gr~vel 
126 180' red WatGr s~d 

- -~·~n•--_.,.=" 

160 18~ J;"Gd Sh~:t~ 

Th,is well is looated in State section 2, · 

T-17 S. • R, 3.2 E., N.M.P.M., tea. County, 

Now .M~xtco • 
. 

L s Elev _7,'7-" 
-

E/ev ofv ~ r 
T. 0 ~7 --

- - - ---·-

- ... /7.,}:;2.;2, )j 34'..34,/ 

SOURCE OF ALTirUDE GIVEJl 
nferpo/ated from Topo. Sht,,;t_ _)( 
ucrermmed by lnst. lcv<linll 

. . . 

The undersigned hereby certifies that, to the best of. his knowledge and belief, the foregoing is a true and cor
rect recol'd of the above described well. 

Ed. Durke -----------Well Drill;_:--~------------·· 

• • 

--



• Form WR-2S 
HELD n\GR. LOG 

STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: This form should be executed in triplic~te, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. 

Section 1 
(A) Owner of well ____ Maljllli.IB.I' _Co•op ~!~!~ing ~Qicm;ent #7 

I I I Street and Number_____ _ _ 

__ l ____ i C1ty ------------------ _ . _ - State---.-· __ -- I Well was drilled nnder Permit No, ___ _!._~~Q-~!__ ______ _: ___ and iS located in the 

I
-.~Y4----~!--Y4-------~---¥4 of Section.-~----Twp._l.1' __ ~! __ Rge._~2 E! __ _ 

1---1----li---!1~-- (B) Drilling Contractor. __ Q_aorso I"elUl~'?_l!_ _______ Licen:;e No·-----------~---

1 I [ ---i Street and Number ... ------'--------~-----c------------·----------------

1-------~---. I ~~~~u:;-;:;~~~;::enoed_=--::::-~~==-:--=:==~~= St~~~~:::==-1!; --~= 
'---'L--'---'-,---' Drilling wa:; completed___~---------Jun~ 14L~---- 19_50 _ 

(Plat of 640 acres) 

Elevation at top of casing in feet above sea leveL_ _____________________ Total depth of well 190 ft • 

State whether well 1s shallow or artesian_ ____ shnllo!_ ____ Depth to water upon completion____ _____ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

No. :Qepth in Feet - Thickness in Description of '\V'ater-Bearlng Formation 
>rom To FO<t 

1 160 185 25 Sand and 11 ttle gra.ve:L 
2 

3 

' 
' 

Section 3 RECORD OF CASING 
---- --

Dia · Pounds Threads Depth 
Feet Type Shoe 

Pertorntions 
in. ft. ln Top Bottom Erom To 

7 0 197 197 153 197 
10 3/4 0 155 155 PUlled ru weli was gra e1 packed, 

Section 4 RECORD OF MUDDING AND cCEMENTING 

Deptb. 1n Feet Diameter Tons No. Sacks of 
Methods Used 

Erom To Hole in in, Clay Cement 

. I 
. 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor.-------------------~-------------··-···------__License No. _______ _ 
Street and Number --------- City ______________ State: __________ _ 

Tons of Clay used ..... ________ Tons of Roughage used.-----------~----Type of roughage _________ _ 

Plugging method useL-----------------------~ate Plugged. __________ l9 __ 

Plugging approved by: Cement Plugs were placed as follows: 

Date 

No, Depth of Plug 
No. of Sacks Used 

From To 

~-

I 

FOR USE OF STATE EiiGINEER ONLY I 
Received------·-·-----··-·-··-~---------......., 

---- / File No, __ ;_:~~~-------------Use'3~!h__Q.___~-·-----------Location No. ____ l~-~.~ ... i~~-,2.;:: ----- ( 



' 

' ' 
I 

-
' 

'( 

Section 6 LOG OF WELL \ 
Depth in Feet 

hom To 
Thickness 
in Feet Color Type of Material Encountered 

0 20 brown Top soil 
20 50 Caliche 
50 120 Brown Loose sand 
120 160 re~ Sand rook 
160 185/ Band and little gi"avot (water section} 
185 190 red Blullo. 

. 

Eight yerds of oea r<rnvel wae o1aced between 

10-3/4" pipe and 7" E:iEel 10.,.3/4." ;eiE! runa 
to 155' an4 pulled as well was graveled. 

Driller estimate~ that well wa~ sood tor 
100 gallons of water per m1n4t@. 

~is W~ll is locat'd in.State Section #2 1 

T-l?S; R-32E, NMPM, Lea CoU1\ty, New Mexico. 

10" hol!2' Waa drt"lled by George Pennington 

o~ Loco Hills, New Mexico. CQ!llpleted 

June" 14, 1950. 

' 
lliloL tj;lo3' 

-· . . . 

Tr~ zL>./ 
··-

DeptJl to R 
"'' ,, 

F..-- 17·3..22· <7'7.5,:::n~' 

loc. No. 
Hydro. St1rvey Flald Chao~ ;:(. 

SOURCE [!F At.TifUQI' ~~~~N 

Interpolated lrom TopD. Sh~il~ ~ 
Oeterrnmed by ln;;t, leveling_ 
Other 

The undersigned hereby certifies that, to the best of_ his knowledge and belief, the foregoing is a true and cor
rect record of the above described well. 

• 

~--------~orge_ PeDJ!_i_~~!~---~-------·-
Well Driller 

• 

. -



STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

Rtvilot\1 June l97l 

(A) OwnerofweU Mescalero Rjdge. · .. WA-ter Coop. - ··Owner's Well No.------
Street or Post Office Address 

WeU was drilled under Penn it No. _ _,L"-:;:4"-"0.,_2:.;1_c:-;,S'"------~·· and (s located in the: 

'· --- Y. -...NE_ Y.! _SE_ \'.\ ~-SE *of Section_~3'-- Townsllip_.:_1.:_7=:S __ Range_:.;3oe2::_E::__ __ N.M.P.M. 
in Lea county. 

b, Tract No, ____ of Map No.------ of the--------------------

c, lot No, ____ of Blocl:: No, _______ of the ___________________ _ 

Subdivilion, recorded fn County, 

d. X= feet, Y=-

"' 
======:~~-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=~feet, N.M. Coordin::te Sy~tem Zone [.; 

Grant. 

(D) Drilli.nj Contractor Alan Eades --"""'""'-"""'"'"'-'~-----------licl'lmc No._W=D:.;1:.;0:_4;.4c:_ _____ _ 

Address 1200 E. Bender Blvd. Hobbs NM 88240 

Drilling Began --'1-"-"2"-1c;-::.:<0_,2'-- Complr;ted ...!1.=-;.,2,.:+c:-:.0,_,2~-- Type tools rotary Sizeofhole 9 . ?/Bln. 

Elevation of land surface or -~~~~~------at well is~---- rt, Total depth of well_-'c2o.o6e:O::._ __ rt. 

Completed well is ~ shallow 0 artesian. Depth to water upOn completion Of well.::..-=--'-'--ft. 

Section 2 PRINCIPAL WATER BEARING STRATA 

Depth. in Feet Thickness Estimated Yield 
From To in Feet Description of Water-Bearing Fonnation {gallons per minule) 

185 257 72 Sand & SAndy Brown Clay 

Stringers 

Section 3 RECORD OF CASING 

Di:uneter Pounds Threads Depth in Feet ~ngth Type of Shoe 
Perforations 

(inches) per foot· per in.- Too -·BOttom (feet) From To 

6 . 1 60psi - .. 260 -· . 180 260 

.. · .. -

Section 4 RECORD OF MUDDING AND CEMENTING 
fXplh in Feot Hole Sacks Cubic Feet 

. ··~ 
'· ' Method of Placement--; 

From To Diameter of Mud of Cement "! 

i ,-·--
["c"1 

. 

' .. ... 
•i-0. 

Section 5, PLUGGING RECORD 

Plug_ging Contnctor ..... --- -·--
Address DeDth in Feet Cubic Feet 
Plugging Method No. Top Bo)tom of Cement 
Due Well Plug:e 
Plug.gilti _app,rovcd by:. 1 ... .. '. '. ---····· .. -. . 

State Engineer RePresentative 
3 

• 
FOR USE Of STATE ENGINEER ONLY 

D&tc Received 



O<CHUfi n. LUU >C «ULC 

Dopth 

in Foe~0 '~·~ F;;, Cntu' •nd TyPo of M•t•d•~ F,om 

0 1 1 'f'nn OA< 1 

1 ?< ,. C'"H~ho 

2~ QO -· Sand 

96 
,, 

-~·· "n?··· I '" ... -~- Brown Clay -'· c. ' ~t- _, 

132 1A<; "' Sand & SBnnornM .ot-ri n~oro 

185 257 72.' on~ , SAndv Rrnwn "'"" ot-r<n 

?«? 2~0 .1 Po~ rl 

. 

. . 

-

. 1- - . .. 

-
. 

. 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

described hole. 

m~u~,IG~ 
INSTRUCTIONS: This fonn should be executed in triplicate, preferably typewritten, and submitted to the appropriate district ofrice 
of the State Engineer. All sections, except Section 5, shall be answered as completely and accurately as possible when any well is 
drilled, repaired or deepened. When this form is used as a plugging record, only Section l(a) and Section 5 need be completed. 

I 

! 

' 

I 



l{cviscd June I 'J72 

STATE- ENGINEER-OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

(A) Owner of we~l ---~---,-----c-.,-,---~-,,------,------ Owner's Well No.-------
Street or Post Office Address-----------------~-------------------
City and State------,---------------------------------------

Well was drilled under Penn it No. _______________ and is located in the: 

'· ___ \4 ___ \4 ___ \4 ___ 1,4 of Section _____ Township ______ Range ____ _ N.M.P.M. 

b. Tract No. _____ of Map No. oi the 

(.;. Lot No. of Block No. _________ of the _________________ _ 

Subdivision, recorded in County. 

d. X -------fed, Y·---------- feet, N.M. Coordinate Sy~tem ____________ Zone in 
the Grant. 

(B) Drilling Contractor ________________________ Lico:ns~ No. _____________ _ 

Drilling Began-...,-------- Compk•ted ________ Type tools _________ Size of hole ____ in. 

Uev:~tion of land surl"ace or ______________ at well is'------ ft. Total dcptb- of well ________ ft. 

Completed well is 0 shallow 0 artesian. Depth to water upon completion of well _______ ft. 

D.::pth in Feet 

Fr. om To 

Diameter Pounds 
(inches) per foot 

I Depth in Feet 
From To 

ging Contractor 
rcss 
ging Met~od 

Plug 
Add 

1'\~tg 

o,t 
Plug 

eWell Pluggeci__ ____ 

ging approved by: 

-

Section 2 PRINCIPAL WATER BEARING STRATA 

Thickness Estimated Yield 
in Feet Description of Water-Bearing Formation ~allons per minute) 

Section 3 RECORD OF CASING 

Threads Depth in Feet Length 
Type of Shoe 

Perlorations 
per in. Top Bottom (feet) From To 

. 

Section 4 RECORD OF M:UDDING AND CEMENnNG ' -
Hole Sacks Cubic Feet Method of Placement 

Diameter of Mud of c~·m.::nt 

I --

--~ 

Section 5, PLUGGING RECORD 

~ 

~~-·---··Depth in Feet Cubic Feet No. 
Bottom of Cement Top 

_t __ 
_ _]__ 

3 
State Engineer Representative 

.'::::::"::- L .. -· 
FOR USE OF STATE ENGINEER ONLY 

Date Received Typed 5/11/78 
Quad------~ FWL ---- FSL ___ _ 

File No.--- ---..,--..,-'-'-,------- Use_:::O.::io;l _____ Location No. 17.32.3.4323334 



Section 6. LOG OF HOLE 
Depth in Feet Thickness 

-,-
Color and Type of Material Encountered 

From To in Feet 

0 40 Caliche 

40 116 Anhydrite and sand 

116 150 Sand 

150 363 Red bed 

363 605 R•d hed a•o oho11.o 

__jj05 non Rod shale ui~' ""'"· 

/ 

' 

' . 

. 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation commission files at HObbs, N.M. 

Location: 17,32,3,4323334 Elevation: 4284 I GL --
Owner: Chevron U.S.A. Inc. 

Maljamar (Grayburg) Unit #12 
Record of Casing: 8 5/811 - 1344' 

Rotary 

660' FSL - 1905' FEL 

v 

The undersigned.hereby ce_r:tifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. 

---
Driller 

INSTRUCTIONS: Thls 
b< <x<cot<d in tdplio.t<, o<of<mbly typ<W<itloo, '"' '"~,:~~~:;,~:~:~!::•" di<t<iot offi« of the State Engineer. except Section 5, shall be answered as completely and when any well is 

drilled, repaired or this fonn is used as a pluggi11g record, only Section I{ a) and be completed. 

' -- - --



.. --------r 
STATE ENGINEER OFFICE • 

WELL RECORD 

Section I. GENERAL INFORMATION 

(A) Owner of well --c--------------------------- Owner's Well No.------
Street or Post Office-Address-----~----~---~----------------------
City and State 

Well was drilled under Permit No. _______________ and is located in the: 

"· ___ '4 ___ V. --- '4 ___ 14 of Scction _____ Township ______ Range ________ N.M.P .M. 

b. Tra~t No.----- of Map No.--------- olthe 

c. LutNo. ofDlockNo.--~~-----Dflhi! 

Subdivision, recorded in County, 

d. X _______ ft:el, y--, _________ fe;ot, N.M. Coordin.1te Sy~tcru . ___________ ?.one in 

'"'------------------c-------- ---------Grant. 

(D) Drilling Contractor ________________________ Lic~::nse No _____________ _ 

Atldri'SS 

Drilling Began --------- Complded ------Type tools--------- Size of hole ____ in, 

Elevation of land surface or~------------- at well is ______ ft. Total dcptti of well ________ ft. 

Complet.:!_d_ well is 0 shallow D artesian. Depth to water upon completion of weJl _____ _ ft. 

Section 2 PRINCIPAL WATER-BEARING STRATA 
D~pth _in Feet Thickness Estimated Yield 

From To in Feet Description of Water-Bearing Formation (gallons per minute) 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Lenglb Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

Section 4 RECORD OF MUDDING AND CEMENTING 

j Depth. in Feet Hole Sacks Cubk Feet 
Method of Placement 

· From To Diameter of Mud of Cl'mcnt 

I -- -

-·-.- ·-

Section 5. PLUGGING RECORD 

Plugging Contractor -- ·-·--
Address - No ± _ _I)"Qlh_ in Fool Cubic Feet. 
Plugging Meth.od --- ~-~ Top Bottom of Cement 
Date Well Pluggert _I_ 
Plugging approved !Jy: __ L ____ 

±r--. 
State Engineer Representative 

. ~·---
FOR USE OF STATE ENGINEER ONLY 

Date Received Typed 5/11/78 
Qu,d _____________ FWL ---- FSL ____ ___ 

File No;---'-----~-'---------:Uoe _ _cO~i=l~-- -~--Location No.-~1"7,_.~3"2".~3,.,.,4,_,4._,3,0,o,__ __ _ 



- ·-· 
i 
i 
' 
i 
I 
I 
I 
' ! 
I 
I 

S t' 6 LOG OF HOLE ec ton -- -·-
Depth in Feet Thickness 

Color and Type of MateriafEncountered 
From To in Feet 

0 115 """ -" < 
" 4----·- ' 

"" ?« "--~ -'· 
255 290 Sand 

------- - ·--- '" ,_,. ~"-·-··-·-
_,, 

290 1055 Red rock 

. 

/ 

7 

L S Elev 'l!f"5 7/.:!?.F''" 
-~-

Depth to rc . ' 
Elev of K -'lf-''Trc "il zii ~ 

" 

- - - - -- - -

" 

. 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation Co~ission files at Hobbs, N.M. 

Location: 17.32.3.44300 
OWner: Chevron Oil Co. 

Maljamar (Grayburg) 
Record of Casing: 8 ·5/8 11 

Rotary 

330' FSL - 990' FEL 

Unit Ul4 
1275' 

Elevation: 4265' DF 

The undersigne~ hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and ~orrect record of the above 
described hale. 

drllled, repaired or 

Driller 

be executed in triplicate, preferably typewritten, and submitted 
except Section 5, shall be answered as completely and 

this fonn is us~:d as a plugging re~:ard, only Section l(a) and 

appropriate district office 
possible when any well is 

be completed. 



~hrm WR-23 S1'ATE ENGINEER OFFICE 

'~~-~ELD EN~~T-:. WELL RECORD 
LN"STRUCTIONS: Thi') form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sectioru, except Section 5, sh1:1ll be answered as completely and 
accurately as possible when nny well is drilled, repaired or deepened. When this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. 

Section 1 
{A) Owner of well _______ ~·.':!--''.[ ____ :.'::.~-~~--n _________ _ 
Street and Number _____________ _ 

City _______ :·•U.lJc.-ll;~r _ _ __ _ ____ State ....... e~~~ivo 

Well was dlilled under Permit No.,_~ls~-~-~-1..-~~-----and is located in the 

' I L 
~~¥4~--¥4. .. ____ :_1_:~ .. ¥4 of Section .... _ ... c~.:~_Twp.-~J.~ ___ :fige. ___ :7~~ 

(B) Drilling Contractor ___ ;... • 0~. __,_d_c_~:~~-~-~:__ __ License No .. _:~::-'..:12. 
Street and Number ___ ~--~-ux. ___ ~["L__ _______ _ 

I 
---_ I_ 

City _____ ___!:~~~~ .i •~£~~~-:~------------------------ State ______ :~ '---W~L-J-. j, c _<:____ 

1
- , .. , . lft:l,(.Jj'-llS..(' 2} ~n bl 
Drilling was cornmencea ___________ -:-.--~--:-.--~-----~--------,-------...:._----- ... J___ , 

'----'-----'-----'----'Drilling was completed.. __________ '!._<-_l.::_:~~r:J ~' --------- l9 ___ ,. ___ u2 

-i 
(Plat of 640 acres) 

Eievation at top of casing in feet above sea leveL .. _____________________ To_tal depth of welL ___ ~.:..~-~~,~------~-------

s t h th I! . h II t . a•-o:..~.l.lO'w"i D th t te . It· 1}2 ta e w e e_r we 1s s a ow- or ar eswn ____ _:_::_________________ ep o wa r upon comp e wn_ _____ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in Description of W'ater-Bearing Formation No. 
From To 

1 132 l5t:J 

2 

' ---
4 

5 

Section 3 
----- -

Dia Pounds Threads 
in. it. in 

b , ij :·, l- .l.u a 

Section 4 

Depth in Feet Diameter 
-F<e:;;;om;;;--,~,Te:o;---1 Hole in in. 

Feet 

24 .!.tc·-(1 .;u "t;er Gw~U 

-

RECORD OF CASING 

Depth 
Feet 

Top Bottom I Type Shoe 

0 l2Jl_ 1::-o .!t;ae-

RECORD OF MUDDING AND CEMENTING 

Tons 
Clay 

No. Sacks of 
Cement 

Perfor11tions 

From To 

l}b .L~o 

Methods Used 

"/ ? S~iCAH U.L C.J..'1._J...l..ii:..6 ;l,f!.t<. l! ;,_U.(;U 

i .. ·cv.v o'i ·-u_le-. ~~Id.i..~ ·~l'J..LJ.l.l;:b 

-----+---+----+-~--1--~----"---·-'-~c--~~~ 
lti::tJ.l "LO tt~;.(;;_@ ilt~.iet ~i'•J!U -td.V~.:J.Q 

--1-----1-----f ----1------t---------'-.CC:..:.--'..._-'---------'---"---''-

Section 5 PLUGGING RECORD 

Name of Plugging Contractor~----·---------··--------------------·--------.--.License No·---..,..-----
Street and Number_ ____________________________ City ____________ _ _ ____ State~------------
Tons of Clay used ___________ Tons of Roughage used _____ .. _______________ Type of roughage _______ _ 

Plugging method use ---------- ate Plugged. 19 __ _ 

Plugging approved by: Cement Plugs were placed as follows: 

----------
Basin Supervisor 

] Depth of Plug 
No. of Sacks Used No. 

1 From To 

-

==I= r------1---·-· 
-

Date 

File No.-J!!J.~ 1 C.. 



I: 

Section 6 

Depth tn Feet 

From To 
Thickness 

tn Feet 

7 

LOG OF WELL 

COlor Type of Material Encountered 

. 

. 

The undersigned hereby certifies that, to the best of his knowledge and bellef, the foregoing is a true and "cor
rect record of the above described well 



··~' 

. .. . .. ............. ~.·-. .... ._,., ... ; .. 

STATE ENGINEER OFFJCE 

WELL RECORD 

Section I. d!N!RAL I'HFORMATION 

(A) ~~~~%~.:.~ Si;A~~~~ff*?fi€3 %1 
•ntl I; , ..... ~ted ln·tlu: Well w,u drllled ""der Permlt No·-----'--'----,--

·' 

. Ownor'oWoiiN•. £IJI- / 

·.:~~ ~ ~~ V. _·v. -··-- V. o( S<etlon-4J<-·L/- Town~hlp /1 :S Rongo ,:{;? [i N.J.! .P.M •. , 

.<.li?/1-h. _ /Ylr~l~~~~/i~.-E-rP/ b, Tn!:!t No·----'- or M 'J:I No. ------ ot U1e _;;_,,.:_:u.. i;,_,L_L_ ~il~.f::.t:-:-'k·~l-..!.L·!1Uf+· tt_L_U!.!~""-!... :-L_ 

CBJ Dri!!lo.! con"""' , XIIR.Jla.emtb# 7)/!rJ..t.;IJ'b, .r_d_e. 

Addrul Po. Eo K 3o<L, J.Jtrn658
1 

'& '1'733/ ··· 
Onl(tniB•pn fL-t'/- !Joo7 complotod tL -15 •,9{)()7 Typotools//ti!./},./11-!Vf Sl%oofhol•---ln. 

ElevatJOn of !&.nd wrf&o:::e or l.d_A) /!JJ()ttJM at well !3 ft. TotaJ de~tiJ.of well 10{/C tc. 

Comp!IUd Well 1.1 ~shallow D uted111. • D~pth to wuer u.j>o" completlon.oC weu~N,""/'-';'fl-"'-~--11. 

Prom i:- - To 

DL!.m!H!r Pounds 
(Li<hu) ptr foot 

In -0J.JID 

. 

. 

Pluu!IIJ appioVod by: 

Sec!lon 2. PRINCIPAL W ATER·BEAR!NG STRATA 
Thlcl::nu&: 
in Fut 

lhrnd1 
per in, 

DuertpUon of Wator•Burlrla: Pormatlbn 

S.cUon 3 RECORD OF CASING 
Dep_th In Feet Lensth Typ• of Shoo 

Too DOttom (full 
. 

llollmat<d Yt<ld 
C.r.Uom p<r m!;lul.o) 

Perforations 
From To 

/)v(' . +!1 45 aao CJ"\ /:Js 
. 

. . 

. 

Soction 4. RECORD OF MUDD; No AND CEMENTING 
Sae~a 

of Mud 
Cuble Feel 
o( Cement 

Secl!on S. PLUGGING RECORD 

State Enzl~eer Reprcsentai!Yo 

No. 

3 

• 
1\0R USE OF STATE ENGINEER ONLY 

Molho4 o( Placement 

'. \ 

Do lh In Put 
To Bottom 

Cuble fnl 
or Cement 

vi 
I 

Q01d ----~- FWL ---- FSL---



Section 7, REMARKS AND ADDITlONAL INFORMATION 

'i,\ 

The ui1dm[&ned hen~ by ccrtltlcs lh:z.t, to the bese of hb knowledge a.ncl belJcf, the fores:olns U a true and Correct record Of the abov1 
described hole. · 

INSTRUCTlONS: This fonn lhould be exe~uted In lrlpUca!e, Prerenbly typewritten, and-'subml!led to the approprlato dlst.rh:tctnee 
• ·• ... ·· "'·-'-··· ~·' ..... ,, ..... , .~ ...... , c .. .-rr ...... ~ ~hill he answered as eom!!tlttely and accurately u poss!~IO Wh8A 81'\)'-weJlll 



STATE ENGINEER OFFJ:CE 

WELL RECORD 
INSTRUCTIONS: This iorm should be executed ia1 triplicate, prefer8bly typeWTitten, and submitted -fu- the 
nearest district office oi the State Engineer. All sectioilli, except Section 5, shall be answered as completi3!Y arid 
accurately as possible when any well is drilled, repaired or deepened. When tlili: form is used as a plUgging 
record, OJily Section 1A and Section 5 need be completed. 

Section 1 
(A) Owner of welL '_i\rx,:•wt:; v ~:n!J.~---------------------

I 
---

J; 1'~ J :f:i'Oi 
-, 

11~ ,.;:;_~ ) ;l 
r~n· ~r.t__ ~"·.--.r ~-;'ll •'-~! ~ i 

I I 
~ MC'te"Zc[~ 

I I I I 

Street and Nwnber __ l'.~ox J1Qi______ ____ _ 
City ______ 1,-;;1 :Ulil_s_____ _____ State 'J.'o:l':an___ ___ _ 

Well was drilled under Permit No .. -k5.~!!31 _______________ and is located in the 

f~n~ ¥<1.---;:?jL_ __ % .... -------:_;4 o~~ Sec;~~~-~--?fi~~~;,;;:;---~';: -·l __ ~ge .. r"~;~ _ 
(B) Drilling Contractor ' -' .~_,:U,1l! .. .! •. ,~_>,!_. ___ License No·-----'-'----------

Street and Number__ .H~--
1;6 --------------

City ---------------------------5__Qti~.U_,_ ____ State --~~fl'.~· -'fc'.X'1__Q__Q__ __ 

:prillir.c •Has commenced. _______ . ___ t.~ an._ _ _},l_.____________ 19 6 5 
Drilling was completed_ ___________ __l'_~.L;__l.'lt--------~--------- 19 611 _ 

(Plat of 640 acres) -;:-j9 81'? 

Elevation at top of casing in feet above sea leveL ~;n;.;;Gl\tL ______ Total depth of well__ f2 "':l.l 
State whether well is shallow or artesian..........:.:J.i~li.lJN.. ______ Depth to water upon completion ·-::rf'} ----------

Section 2 PRINCIPAL WATER-BEARING STRATA 

No. 
Depth in Feet Thickness In 

F~t 
Description of Water-Bearing Formation 

2 

' 

Section 3 

Dia 
in. 

Section 4 

From 

lOS:: 

1'"'~ 

£.:~~:J 

Pounds 
ft. 

Depth In Feet 
From To 

--
I 

Section 5 

To 

l,.C:~ 

V!? 
-~ ,_, .... 
-. •• ;:_,>,;} 

Threads 
in 

Diameter 
Hole in in. 

RECORD OF CASING 

Depth 
F•.t ..,. .. Shoe 

To• Bottom 
Per1'orat1ons 

From To 

') i~·-n ;::'·•.1. ''""" 
I 

·. 

RECORD OF MUDDING AND CEMENTING 

Tons No. Sacks of 
Methods Used Clay Cement 

PLUGGING RECORD 

Name of Plugging Contractor ________ -----------------------~..License No, ___________ _ 

Street and Number _____ " ____________________ CitY----------·--·--- State~ 

Tons of Clay used __________ 'T'ons of Roughage used ____ .-. ______ Type of roughage ______ _ 

Plugging method used_______ ate Plugged 19 __ 

Plugging approved by: Cement Plugs were placed as follows: 

No. 
Depth of Plug 

No. of Sacks Used 
From To 

--

r ----
! 

I 
Date / • 



Section 6 LOG OF WELL 
-
Depth in Feet Thlckne:;s 

From To in Feet Color Type of Material Encountered 

{' .. ) 2 111 "l<l" d'li j £-__:t"'h~k 

2 26. ;t~6 mut.e - k@_liQlta ~~ roo1;; -· 

21': 80 ~2 (l'PA11 ;;fJt'ld~t gh~·, ... 

.. f(l 85 ~ " Gbl'Hl 1"0f<k 

/(~ ·_11,0 "' ~ &md 

'.'D ,.,. H " lla•"' ""''"' I -,~1 1M lO " iiand.~ """1" 
· ... 

-· 

i 
__1{,~ ,,. 1(1 " .r:tuxu·1 ~- flP<Ild :ttU~k 

l_~)ii ~·20 ;e" " ~;?ana roc it 

I 
2~0 "'.· .... ef g ,, 

;'~and l't. e,rav"l ;._.j;!,. ~ .. 
;2 'll 1 

.. 
;::28 J:Zed :KeJ b<>d sJiaTs 

. . . ~- - .. . . . . . 
l S Elev C) )g 0 

y-

I 
-· 

til:~"~! " T'" _3'/ £0 ;r 

~·-

"· I ;t. .}4, 3t , L,lk 3/Y/,-/ 

"'e v 

SOURCE OF ALTITUDE GIVEN 
Interpolated from l'opo, Sheet ){_ 
Determined by In st. Leveling 

Other 
,.· 

. 

----
The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and c 
rect record of the above descrfued welL 

' w 

, 



STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

(A) ownerofwell George Kenemore 
Street or Post Office Address PO Box 1.54 
City and State Mal_' amar NM 

Owner'sWeliNo. RA 8855 

Well was drilled under Permit No. _ _,RA=___,8~8,_...5~5c_ _______ and is located in the: 

a.~~ ....1':lli... %_IDL_Y.! __ I/.iofSectlon~lc=Oo___Township"'l'-'7'-'S'---Range R _32 E N,M,P.M. 

b. Tract No. _____ of Map No.------------- of the--,----------------------------------

c. Lot No. _______ of Block No. of the _________________________ _ 

Subdivision, recorded in Lea County. 

d. X=-----,--------- feet, Y"'--------- feet, N.M. Coordinate System ___________ Zone in 

tho-----------'-------------------------------------,------------------------ Grant. 

(B) Drilling Contractor_~JL.!l&u:K"--'DbL!CI':<ioJl~l~ei!CDQll€'-----------------· LicenseNo, WD 1215 

Address __ _.B,;oc.x'-'1"'4,._•9:u1_.!dL.,oc.VC!i,_,n!lg;ct.,o.unlL~N!!M!!L-"8"'8'-'2'-'6'-'0'---------------------

Drilling Began 7/28/94 Completed 8/4/94 Type tools Cable Size CJ( hole 8 k in. 

ElevatiOn of land. surface or -------------at well is _____ ft. Total depth of well <!58 ft. 

Completed wellis rn shallow 0 artesian. Depth to water upon completion of well 0 ft. 

Depth in Feet 

From To 

Diameter Pounds 
(inches) per foot 

No csg 

Depth in feet 
From To 

Section 2 PRINCIPAL W ATER·BEARING STRATA 

Thickness Estimated Yield 
in Feet Description CJf Water-Bearillg Formation (gallons per minu1e) 

No water was found drilling 

this well. 

Section 3 RECORD OF CASING 

lltreads Depth -in Feet Length Type of Shoe Perforations 
per in. Top Bottom (feet) From To 

was ra E>_ in wel 

" 

Section 4. RECORD OF MUDDING AND CEMENTING 

Hole 
Diameter 

Sacks 
of Mud 

Cubic Feet 
of Cement 

Section 5. PLUGGING RECORD 

Method of Pla~ent=.'-~ 
(;.) 

, ... 1 :·_, 
x--,1 

'il 

Plugging Contractor · 
Address Depth in Feet Cubic Feet 
Plugging Method No. 

Top Bottom of Cement 
D;te\Vcli P)ugge..t I 
Plugging approved by: 2 

State Engineer Representative ----+-~ 
4 

1----

FOR USE OF STATE ENGINEER ONLY 

Date Received- August 10 , 1994 Quad,;_ ______ FWL ---- PSL ___ _ 

RA-8855 Domestic 17.32.10.11421 _ J File No. _______ -,------~--- Use _ _;__;_:c:_::_c.:c. __ Location No. __ _e,_;_:__:._::_c::_c _____ V 

/ ---· 



--~·---~ .. '"' ' '" 
Depth in Fe" Thickness 

Fcom To in Feet Color and Type of Material Encountered 

0 18 18 Sand top_ soil l~~ht brown in ci'hlor 

18 20 2 Caliche 

20 J8 18 red sand . 

J8 lfo 2 med hard sand:'+ red in c&lor 

40 50 10 white sand with red 

50 60 10 red sand with red and black fl 

60 80 20 Brown ,, •A sand with red and white Mln~~" 
sanas•one graveJ.. 

80 1J5 55 Red shale with mixture of multi-colored grave. 

1J5 157 22 Red colored shale with red, blue, and gray gravel 

157 158 1 Red bed 

. 

·section 7, REMARKS AND ADDITIONAL INFORMATION 

Dril.l.ed well to 158 f'eet, 1 foot into Red Bed lorma~ion. No water was 
encountered.while drilling this well. Owner wants to go on to 200 
reet. Rigged down and moved orf hole. Hole was left opemnwi th 
12 foot 9 5/8 csg in top of well. 

Tite u'ndersigned hereby certifies that, to the -best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole, 

f:d/~ 
Driller 

iNSTRUCTIONS: ThlsJ~~~~~~be """"' in <•lplioato, p"fmbty typewdtton, ond mbmittod to tho •ppmp•iato dist•iot offke 
of the Stato En<inm. ' mopt Section S, sh•lt be •nswered " oomptetely '"',;~~~::'f~:b;~,when ony welt is 

q~rilled: .r:paired.or.dr this form is used as a plugging record; only Section l(a) ll1!d be completed. 



tv/' • 
{ { FYffJ WR-23 STATE ENGINEER OFFICE 

pr(f WELL RECORD 
INSTRUCTIONS: 'This form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of tile State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. 

Section 1 

I 

I 

1-
I 1 

(Plat of 840 acres) 

I 

(A) Owner of well ___ ~....!J.~:r __ Co~~~~~_;v~ ReP!....!:!.._uri!g Agrlilamant 

Street and Number~~~_!OO, Bo~~_!l:_<!_h.._ 
City ____ . ________ Artesia .... _______ State _HQ'iY___Mml:.i.QQ_ __ _ 

Well was drilled under Permit No, _____ ~2"'~!.. ___________ and is located in the 

___!!W __ lf<t---~-~----¥.:.---=~---¥4 of Section 11 Twp. _ _l._!___Rge._}~-----

(B) Drilling Contractor _____ ~!!l"-~SI.-------------- License No .. __________ _ 
Street and Number___________________ iiobb~_.~__ ______________________ _ 

City --------------~~------------------------ State New ~elt-!_~~---
Drilling was commenced._______________________________ 19 __ 

Drilling was completed.. _________ ._~ptowbor -~0 19~ 

Elevation at top of casing in feet above sea leveL ______________ Total depth of we,LJJ'--'-'1"4"0'-~f,..t.,. __ 

State whether well is shallow or artesiaJl___ _____________ Depth to water upon completion______ ____ _ 

Section 2 PRINCIPAL WATER.BEARING STRATA 

Depth in Feet Thickness in Description of Water-Bearing Formation No. Feet liTom To 

1 

2 

3 

4 
-

5 

Section J RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

Per.for11tions 

in. it. in Top Bottom From To 

7 0 139 139 

.... .· 

Sect"on 4 ' RECORD OF MUDDING AND CEMENTING . 

Depth in Feet Diameter Toru No, Sacks o.f 
Methods Used 

liT om To Hole in in. Clay Cement 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor______________________________________ .License No, ___________ _ 

Street and Number------~------------ CitY:---·----..,------ State- -·---------
Tons of Clay used _____________ Tons of noughage used__ .. Type o£ roughnge.------~---

Piugging method usecL--.-·-·----------~·----------.Date Plugged ____ . ----.19 __ 

Plugging approved by: Cement Plugs were placed as follows: 

_ _____._ _______ _ 
·---··--~----Basil"L Supa'Visor 

No. 
Depth of Plug 

No. of Sacks Used 
From To 

I FOR USE OF STATE ElilGINEER ONLY 

I Date Received--------

,, 
~fie No.~~=-~5-1 



I 

i 
' 

-- . i -
i 

' 

i 

I 
I 

" Sedtion 6 
;, 

LOG OF WELL 

·~ Depth in Feet " Thickness 

f'om To. in Feet Color Type of Material Encountered 

0 5 top Boil 
5 22 white ··~ Packed sand -
22 ~B S>'<tY (loft SBJ)d 

48 93 rod SOft mand 

93 'l'op o.t water sfmd· 

93 12! eoarce·water Saud 

13lr' . Bottom of san9,. .... -
131 140 red Clay 

140 Total deptll. 

. 13!J 1 of 7~1 OD l..apweil pip' .run, COMi$1;1D,g 

0~ tbe last· two joints perforated, which 
Jj/1::0 amounted to 43 1 

.. 'total water .sand tbiclmesa 

~:"~;,- 0 ~ r ;:J sa•. IJolo was baUod in an e:tfo.rt to create 
Elev o rc a crpvice and remove as mUch sand aa posa~ble. 

.J- .:z.:J·/1· l13 j"f';/V Well was (!l'avel paol<od with 9;\ '"'rdo, It is . 
hOped that mora gravel oan be placed between 

lllll~l •· ... ·---·· ... - casing; __ and the outer Wal,1-.~..ll...~weU ~s 

Hydro. Survey Field Choo X been pump~d. 

It ip e~~imated that the Wf;Jll is capable ot 
p~oducing 100 gallons per miu,uto~ This well 

: onnorc :\1"'!"1'1'1,... w~a complet$d on September 10, 1947, It Wai!J 
""' ''lo'!. ~ I~ I.: I~ 

d~111Ca by nurke, Phone No. 90, Hobbs. N. 1.(.; lnl irool,hrl "' ,., .. N 

' .· 

De crm;n"rl , 
' "0 

Ot er 

The undersigned hereby certiiies that, to the best of his knowledge and belief, the foregoing is a true and cor
rect record of the above described well. 

Burke 
Well Driller 

/'l5z.)/.z>l 

• 

-



l{eVise!l June l'l72 

STATE ENGINEER OFFICE 

WELL RECORD 

Section l. GENERAL INFORMATION 

(A) · Ownerofwe_ll-------------------:---~------ Owner's Well No. 
Street or Post Office Address-------------------------------------
City and_State --------------------------------------------

Well was drilled under Permit No. _______________ and is located in the: 

'· ___ ~ ___ l4 ___ \4 ___ \4 of Section _____ Township ·---- Range ______ N.M.P.M. 

b. Tract No. _____ of Map No.------- oi the----------------------

c. Lot No. of Block No. _________ of ih"-------

Subdivision, recorded fn _County. 

u. X"' _______ feet, Y-_________ ft:et, N.M. Coonlinat0 System______ _ ____ Zone in 

the--------------------------- -------- Grant. 

(B) Drilling Contractor _____________________ _ License No.-------------

Drilling Degan ---------, Completed _________ Type tools--,--------Size ofhole ___ --,ill. 

Elev;:ttion of J:tnd surface or ______________ at well is•------ ft. Total dcpfll of weu ________ ft, 

Con1pldcd wdl is 0 shallow D artesian. Depth to water upon completion of well------ ft. 

Section 2 PRINCIPAL WATER DEARING STRATA 

D..::pth in Feet Thickness 
Description of Water-Bearing FormatiOn 

Estimated Yield 
From_ To in Feet (gallons per minute) 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom "(feet) From To -

Section 4 RECORD OF MUDDING AND CEMENTING 

~pthinFeet Hole Sacks Cubic Feet 
Method of Placement 

From To Diameter of Mud of C.:m.:nt 
-

--- -- ~ .. --
. 

Section 5. PLUGGING RECORD 

Plugging Contractor 
Address l ___ .nepth in Pcet Cubic Feet 
Plugging Method 

No. 
Top Bottom of Cement 

Date \Vel! Plugged.. r-:l- -----
Plugging approved by: ' 3 

State Engineer Representative 4 
-- -- -

Date Received Typed 5/11/78 
FOR USE OF STATE ENGINEER ONLY 

Quad FWL ___ _ FSL __ _ 

File No.--~-------,--------U"_O=i=l _____ Location N~. 17.32 • 26.41000 



i 
I 

--

' 

I 

' 
' 

Sect" on 6 LOG OF HOLE ' ·-
Depth in Feet Thickness 

Color and Type of Material Encountered 
From To in Feet 

0 15 Caliche 
·---- r---·---r"···········-· "•·-.:.~ .. .., .. -._. ___ ~;,.,:.,..,.,.,.,,...~ 

15 80 Red clay_ 
. 

80 105 Red shale 

lOS _210_ R d > "' 

210 265 Blue shale 

265 710 Red bed 

710 850 Red sand {water 710-810) 

850 983 Red bed 

983 995 Red sand 

995 1024 Red bed 

/ l S Elov Jt.Jt 
Depth 1o K 

~: Elev of ~ 39.&1 

- . 

' 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well recol'd is an excerpt from Oil Conservation Commission files at Hobbs, N.H. 

Location: 17.32.26.41000 
Owner: Continentali'lOil Co, 

Elevation: 3936' DF 

MCA Battery 4 #189 
Recot'd of Casing: B 1/411 

- 1062' 

Cable 

1980' FSL--1980' FEL 

The undersigned h.ereby certifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described h.ole. 

Driller 

INSTRUCTIONS' Thi< fo,:uld be monied in t<iplicate, p<efmbly typewritteo, 'nd <obmitted 
of th.e State Engineer. A "ons, except Section 5, shall be answered as completely and 
drilled, repaired or deepen _ hen this form is used as a plugging record, only Section I( a) and 

. - ·-

appropriate district office 
possible when any well is 

be completed . 

.. 



:STATE ENGINEER OfFICE 

WELL RECORD 

Section I. GENERAliNFORMA TION 

WeU wu drilled Ynder Pennit No. __ RA,,_,-'-'1'-'0'-1!..L7-'I5 ____ ~- and is located in the: 

Rni.nd hmc I ~1l 

'· ___ y. ___ y. _NlL Y. __N.N_ Y. of Section _:2"'8'-- Township _1._7wS,_ __ Range _ _,3:_,2:,E"--__ N.M.P .M. 
in Lea COunty. 

b. Tr•ct No. of Mip No.----- of the 

c. Lot No. ____ of Black No, _______ of the--,-------------------
Subdivision, recorded in County. 

d. X»------- feet, Y•--------fcet, N.M. Coordinate Syslem __________ Zone Ln 
the Grant. 

Alan Eades L .. - 1 044 {B) Drillin& Contractor _ _::::c::.:.o-':~'-"'"-'------------ icense 1,0, w •• 

Addrtu _ _t1~2~0~0LJE~.~B~e~nud~e~r<_LBU1JlU'di-ro-'H~o~b~b~s~,_£NtiM~8~8~2~4U0~-------------------

Drilling Began 2-4-02 Completed --"2'-'-o!4>=u0.<2 ___ Type tools _ _cr=.o=t_,a,.r.;vr.... __ Size o! hole 7 7/8 in. 

Elevation of land surface or ------------at well is------ ft. Total depth of well_-''-"''--- ft. 

Completed well U KX shaUow 0 artesian. Depth to water upon completion of well------ ft. 

Section l PRINCIPAL WATER-BEARING STRATA 
D~p th in Feel Thick. ness 

De~ription of Water-Bearing Fonnation 
Estimated Yield 

From To in Feet (gallons per mi.nu1c) 

87 89 2 Sand & Gravel 

89 11 6 27 ~-
,,.,, , 1 1. •. ,, clav 

11 6 124 R "' -~ qrav shal R 
. 

Section 3 RECORD OF CASING 

Diuneter Pounds Threads D_cpJh in Feet length Type of Shoe 
PerforatiOns 

(inche5) per foot per in.·- Top Bottom ' {feet) From To 

5 3/4 '"" 158 118 'lOR 

Section 4 RECORD OF MUDDING AND CEMENTING -·. 
Depth in Feet Hole Sacks Cu bie Feet Method of P!acemeni 

From To Diameter of Mud of Cement ' ,;·" 

. 

' .:. 
i0 

Section 5. PLUGGING RECORD 

Pluuin& Contncto( 
Addreu - ·- :: - · Depth· in Feet · CUbic Feet 
Plugging Method No. 

Top I Bottom of Cement 
Date Well Pluaed. I I 
P!Uuil\l 3pproved by: l ' 

State Engineer Representative 
3 
4 

rn,jDI.o/~~ FOR USE OF STATE ENGINEER ONLY ~-r~ ;;!,if-;;>;?-/ '1 c/ Due Receind 



F.o~<pth ;, F"~o ~ 
0 1 1 Top Soil 

Colo''"' Typ< of M"";" ~-

1 8 7 sand w/ clav & 0-

A 44 _36 '"~ ,_ R"nn.i-Mo ot- ·in >ro 

44 55 11 -~· n_,~ ~' 

55 87 32 oAnnv ,, & blue cl"v 

A7 89 2 ""nn • ~- ,,,, 

89 11 6 27 oandv uon~, & blue~,,, 

11h 124 A "' -~ 
> 1 

1 2 4 158 34 nll blue & red clay 

.. 
I -· --

.-
- .. -·· -" - --

. . .- ' . 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

~::;:·~.::' .... ""'"' ~· ... '"' ~· . "" -~"'" '" ... ~ ·~ '" .... 
. Drill" i'<Cf?Q:f~ 

INSTRUCTIONS: Th.is form should be executed in triplicate, preferably typewrillen, and submilled to the appropriate district office 
or the Sute Engineer. Al!--secJions, except Section 5, shall be answered as completely and accurately as possible when any well is 
drilled, repailed or deepened. When this form is used as a plugging record, only Section \(a) and Section 5 need be completed. 

/ 

l 



STATE ENGlNEER OFFICE 

WELL RECORD 

Section l. GENERAL INFORMATION 

l{evised June IY72 

(A) Own~r of well------------------------~---- Owner's Well No.------

Street or Post Office Address-------------------------------------
City and State 

Well was drilled under Permit No. _______________ and is located in the: 

'·--- ~ ____ "--- % ___ ~ ofSection _____ Township ______ Range _______ N.M.P.M. 

b. Tract No. _____ of Map No. ___ _ of the-----------------------

c. Lot No. _____ of Block No. _________ of the __________________ _ 

Subdivision, recorded i'n----------~--- County. 

d. X ------- ft:et, Y ·--------- fe.o!, N.M. Coordinate Syskm 
the ______________________________ ___ 

(B) Dril!ing Contractor ______________________ _ 
Licen~e No.-'------------

Addr~ss------------------------------------------------

Dri!!in;\ Ot:gan --------- Completed --------Type iools _________ Size of hole ____ in. 

f:l.::vation of land surface or --------------at well is ______ ft. Total depth of weB------- ft. 

Compktcd well i~ 0 shallow D artesian. Depth to water upon c?mpl~tion of wel\ _______ ft. 

Depth in Feet 

Prom To 

Diameter Ponnds 
(inches). per foot 

I Depih in Feet 
' From To 

0 Plugging Contract r 
1\ddress 

• 
Plugging Method 

o;te Well Pluggc 
Plugging approve 

d "'' 

Se r 2 PRINCIPAL WATER BEARING STRATA c JOn ' 
Thickness Estimated Yield 

in Feet Description of Water-Bearing Formation (gallons per minute) 

Section 3 RECORD OF CASING 

Threads Depth in Feet Length Type of Shoe 
Perforations 

. per in. Top Bottom (feet) From To 

Section 4 RECORD OF MUDDlNG~A~N~·~D~C~E~-M""E~N~T~l~N~G:__ ____________ ~ ' 
Hole Sacks 

Diameter ofM\ld 
Cubic 
of c~, 

Feet 
ffiL'nl 

Section 5. PLUGGING RECORD 

No. 

_! __ 

' 3 
State Engi.lleer Representative 4 

- ·-
--·~ 

Method of Placement 

1------~ Drpth in Feet Cubic Feet 
Top 13ottom of Cement 

-

-:---_ 
FOR US1'\ OF STA'fE ENGINEER ONLY 

Date Received TyiJed 5/11/78 

File No.C' -'--~-.,-----.,--c., ________ Use 

Quad ______ _ FWL ___ _ FSL. __ _ 

Oil -----Location No. 17.32.29.11000 

,_-

~----~-~ 



S 6 LOG OF HOLE ectwn -
Depth in Feet Thickness 

Color and Type of Material Encminlered 
From To in Feet 

0 70 Surface sand 
-· 

70 190 Red bed 

. 

. / 
--c 7 

l S Elev J'l.J7 

~~~~~io ~ 
Tr N 
Trc]Ft 7 

- ----

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation commission files at Hobbs, N .M. 

Location: 17.32.29.11000 
Owner: Continental Oil Co. 

MCA Unit Battery 2 
Recor~ of Casing: 8 11 

Cahle 

660' FNL - 660' FWL 

Elevation: 3937 1 GR 

-

The undersigned hereby cerlifies tltat, to tlte b~st of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. 

drilled, repaired or 

Driller 

be executed in triplicate, preferably typewritten, and submitted 
except Section 5, shall be answered as completely and 

this form is used as a plugging record, only Section 1 (a} and 



l{cviscd Juue 1972 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

(A) Owner of well---~---------~------------ Owner's Well No. ------"7" 
Street or Posi Office Address--------------------------------------
City and State ___________________________________________ _ 

Well was drilled under Permit No. _______________ and is located in the: 

'· ___ Y. ___ Y. ___ Y. ___ \4 of Section _____ Township _______ Range _______ N.M.P.M. 

b. Tract No. ______ of Map No.------- or the----------------------

. .'.;· Lot No.----- of Block No. _________ of the ________________________ _ 

Subdivision, recorded fn --------------County. 

d. X"' _______ feet, Y ---------feet, N.M. CD ordinate Sy~tcm---~-------~-- Zone in 
the ____________________________ _ 

----------Grant. 

(B) Drilling Contractor ________________________ . Liccns.:! No. ____________ _ 

J\dtlr;.•ss _______________________________ _c _______________ _ 

Drilling [Iegan --------- Compkted ---------Type lools _________ Size of hole ____ in. 

Elevation of lani.l surface or -------------at well is----- ft. Total depth of well _______ ft. 

Compkt.::d well is 0 shallow 0 artesian. Depth to water upon completion of well ________ ft. 

Section 2 PRINCIPAL WATER-HEARING STRATA 
Depth in Feet Thickness 

Description of Water-Bearing Formation 
Estimated Yield 

From To in Feet (gallons per minute) 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Too Bottom (feet) From To 

Section 4 RECORD OF MUDDING AND CEMENTING -
~pth in Feet Hoi~ Sacks Cubic Feet Method of Placement 

From To Diameter of Mud of C\'menl 

r 
-

Section -5. PLUGG!NG RECORD 

Plugging Contractor ----------c------------
Ad dress--------------
Plugging Method_,-~--------------------
Date Well Plugge'"-------------------
P!ugging approved by: 

State Engineer Representative 

~a "'''" ,, Feet _I_;_p Bottom 

~···-·-·--· 
---~· -·-

3 I 
4 . 

Cubic Feet 
of Cement 

--

- .. .= 

FOR USE OF STATE ENGINEER ONLY 
Date Received Typed 5/11/78 

Quad _________ __ FWL ___ __ FSL ___ _ 

File No·----~-------------- u., 
Oil ------Location No. 17.32.29.24000 



i 

' 

' 

- -

S 6 LOG OF HOLE ection --
. Depth in Feet Thickness 

From To in Feet Color aml Type of Material Encountered 

0 85 Surface sand and caliche 

85 105 Sandstone 
-- ----·· ---•-rer••- v~~-,~ -

105 755 Shale 

/ 

v 

l S EJ~ YJP/ 
~~pt~1to ~ 

Tr- Jt>!t 
T. Jf?1f 

--

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well rec'ord is o.n excerpt fro~.,iOil Conservation Commission files at Hobbs, N .M. 

Location: 17.32.29~24000 

Owner: Continental Oil Co. 
Elevation: 3984' DF 

MCA Unit Battery 2 #154 
Record of Casing: 8" - 860' 

cable 

1980' FNL - 660' FEL 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. 

INSTRUCTIONS: This 
of the State Engineer. 
drilled, repaired 

Driller 

be executed in triplicate, preferably typewritten, and submitted 
except Section 5, shall be answered as completely and 

this form is used as a plugging record, ouly Section l(a) and 

appropriate district office 
possible when any well is 

be completed. 

-



-STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

(A) Owner of well -------------~--,------------- Owner's Well No.-------
Street or Post Office Address--------------------------------------
City and State-------------------------------------------

Well was drilled under Permit No. _______________ and is located in the: 

'· ___ V. --~ V. --~ V. --~ 1/4 of Section ____ ~Towm.hip ______ Range _______ N.M.P.M, 

b. Tmct No. _____ of Map No.------- of the----------------------

c. Lot No. _____ of Block No. _________ of <he ______________ _ 

Subdivision, recorded in County, 

ct. X- ________ feet, Y=• _________ feet, N.M. Coordinate System . Zcme in 

'"'-------------------------~----~----------~ Gmnt. 

(B) Drilling Conlrador ________________________ Liccnse No. 

Address_,-----------------------------------------------

Drillint: Began --------- Completed-------- Type tools--------~ Size of hole ___ ~ in. 

Elcvalioll of land surface or-------------- at well is ______ ft. Total t.lcpth of well ___ _ fl. 

Com ~ld¢d wdl is _ 0 shallow 0 arblsian. Depth to water upon completion of weJl _______ ft 

D..:pth in Feet 

_f!gm To 

Diameter Pounds 
(inches) per foot 

I Depth in Feet 
From To 

-

on tractor 

Method 
l Plugge 

Plugging C 
Address 
Plugging 
Date W~l 
Plugging approved by: 

Section 2 PRINCIPAL WATER BEARING STRATA 

Thickness Estimated Yield 
in Feet Description of Water-Bearing Formation · (gallons per minute) 

Section 3 RECORD OF CASING 

Threads Depth iu Feet Length Type of Shoe 
Perforations 

per in. Top Bottom (feet) From To 

-

Section 4 RECORD OF MUDDING AND CEMENTING 

Hole Sacks Cubic Feet l Diameter ofM\td of c~'mcnt Method of Placement 

I -

Section 5, PLUGGING RECORD 

f-----;;;· Depth in Feet Cubic Feet No. 

,.--- ·- Top Bottom. of Cement 

-
~-=-

---

3 
State Engineer Representative -

4 
- - - ·- ··- --

FOR USE OF STATE ENGINEER ONLY 
Date Received Typed 5/11/78 

Quad------- FWL-~-- FSL--~--

File No·--'---------,----c------U"_O::i::l::_~---- Location No.~l"7".,_,3,_.2;,•c.<2o.e9C!."3'-'2c,O"O"O'---



S 6 LOG OF HOLE ectlon - --- .. 
Depth in Feet Thickness 

Color and Type of Material Encountered 
From To in Feet 

0 55 Sand and caliche 
~·-

55 350 Red mud ---

350 470 Red shale 

v 
l S Elev .J933 

~~~~:,to~ Trc 
T.~ SiC'! iJ 

-c-

--~ ~~,=~-·· 
"-·"~" ---· - ·-

. 

. 

. 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation Commission files at Hobbst N.M. 

Location: 17.32.29.32000 
Owner: Continental Oil Co. 

MCA Unit Battery 2 
Record of Cas:!ng: 8" 

Cable 

1980' FSL- 1980' FWL 

0170 
- 990 1 

Elevation: 

The undersigned hereby certifies that, to the best of his knowledge and belief, tile foregoing is a true and correct record of the above 
described hole. 

drilled, repaired or 

Driller 

be executed in triplicate, preferably typ_ewritten, and submitted 
except Section 5, shall be answered as completely and · 

this fonn is used as a plugging record, only Section l(a) and 
when any well is 



I{CYisCd JuntO !'/72 

STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATJON 

(A) Owner of well---~-----------.-.-------~~- Owner's Well No.-------
Strcet or Post Office Address--------------------------------------
City and State ___________________________ _.;_ __________ _ 

Well was drilled under Pennit No.--------------- and is located in the: 

'·--- Y. ___ J4 ___ y, ___ % of Section _____ Township _________ Range _______ N,M.P.M. 

b. Tract No. _____ of Map No.------- o( the----------------------

c. Lot No. _____ of Block No, _________ of the ________ _ 
Subdivision, recorded in ______________ County. 

d. X""------- feet, Y---------- feet, N.Jt.1. Coordinate Sy~[t)ffi________ ·----Zone in 
the ----------- Grant. 

(DJ Drilling Contractor ________________________ Lict:nse No.--.-.----------

Addn•ss 

Drilling Began--------- Completed ________ Type tools _________ Size of hole ____ in. 

Elcvution of l3nd surface or --------------at well is _____ ft. Total Ucptll of well----.-.- ft. 

Compktt)d welt is 0 shallow 0 artesian. Depth to water upon completion of Well------ ft. 

Section 2 PRINCIPAL WATER-BEARING STRATA 

D~pth in Feet Thickness Estimated Yield 

From To in Feet Description of Water-Bearing Fonnation (&allons per minute) 

.. 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inc_hes) per foot per in. Top Bottom (feet) From To 

Section 4 RECORD OF MUDDlNG AND CEMENTING 

~epth i.n Feet Hole Sacks Cubic Feet Method of Placement 
From To Diameter of Mud of C~m~:nt· 

-

Section 5. PLUGGING RECORD 

Plugging Contractor 
Address 

No t··--·~ ;, Fcot 
Cubic Feet 

Plugging Method --·- ~:_ Tor: Bottom of Cement 
Ditc Wefl Plugger! 
Plugging approved by: r---i-_-~-. ~--

----- t:±f--State E11ginecr Representative 

" 
.. . - ·-

FOR USEOFSTATEENGINEERONLY 
Date Received· Typed 5/11/78 

Quad_c/~-~~~·~/~·~0o_ ____ __ FWL ---- FSL--~-

File No.--~-~--~-,~------ u" __ 0-'i=l'------ Location No.-.l:.Z.~;!?.:_ __ ,_29 • 33000 



' 

I 

-

' 

I 
' ! 
; 
; 

-- ection 6. LOG fHOLE s 0 

Depth in Feet Thickness 
-Color and Type of Material EncoUntered 

.. 

From To in Feet 

0 45 Sand and caliche 
I 

85 1 7 45 Red sand 
-'·-- ·--·-··~w• ---··· .. - ~-~· •. r • .- "' •. 

' 85 125 Cali• he 

1?< t.nn ~orl horl 

·-----
7 

l S Elev 31 /1~_, 
Depth to K Trc 
Flvol "· Trc 36'3'4 ~ 

-
. 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation Commission files at Hobbs, N.M. 

Location: 1L32.29.33000 
/ 

Owner: Continental Oil Co. 
MCA Unit Battery 

Record of Casing: 811 

Cable 

660' FSL - 660' FWL O/< 

.21"/ 
2~ 

- 1Q'5Q I 

.-J 
,:;'-cV•;':,~,, 
1,.. 

Elevation: 

/{. . {" -· 

4091' 

(\ 
~-.-;,_,; 

The undersigned heriOy certifies that, to the best of his knowledge and bclkf, the foregoing is a true and correct record of the above 
described hole. 

drilled, repaired or 

Driller 

be executed in triplicate, preferably typewritten, and submitted 
except Section 5, shall be answered as completely and 

this form is used as a plugging record, only Section l(a) and 

-- -



ltcvisc<l Juoe 1912 

STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

(A) Owner of well---c--~~---------:-:------------ Owner's Well No.-------;
Street or Post Office AddresS~-----------------'--------------------
City and State--------------------------------------

Well was drilled under Pennit No, _______________ and is located in the: 

'---- l4 --.-14 ___ % ___ 1/.; ofSection _____ Township _______ Range _______ N.M.P.M, 

b. Tract No .. ____ _ 
of Map No.------- of the----------------------

c. Lot No.----,- of Block No.----- ,.,f ;ht> 
Subdivision, recorded fn ___________ County. 

u. X=------ feet, y~ ______ _ feet, N.M. Coordinate Syswm ____ _ ------Zone in 

<h'------------------------- ----------Grant. 

(B) Drilling Contractor-------------------------- Lic~nse No. ____________ _ 

/l.dt.lre~;~-------------------------------------------------

Drilling fl~gan --------- Compkted ---------Type tools--------- Size of holc ____ in. 

Elevation of land surface or--------------- ,at well is ______ ft. Total depth of weJl ________ ft. 

Compldcd well is D shallow D artesian. Depth to water upon completion of weJl _______ ft. 

Section 2 PRINCIPAL WATER BEARING STRATA 

Oo..'pth in Feet Thickness Estimated Yield 

From To in Feet Description of Water-Bearing Formation (gallons per minute) 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

. 

Ser.:tion 4 RECORD OF MUDDING AND CE.MENTING ' 
I Depth in Feet Hole Sacks Cubic Feet 

Method of Placement 
From To Diameter of Mud oF C.:-ment 

I l 
I 

Section 5. PLUGGING RECORD 

Plugging Contractor 

Address 
No ~r<h io Foot Cubic Feet 

Plugging Method ~:_ To__ Bottom of Cement 
Date Wiltl Plugge..r I---!___ --
Plugging approved by: 

~~-1----

State Engineer Representative ++ . 
,-- - -~ 

Date Received Typed 5/11/78 
FOR USE OF STATE ENGINEER ONLY 

Quad------- FWL ---- FSL ___ _ 

File No.~-----,--,-------- Use OiCJlL_ ____ Location No, 17 • 32 • 30.1300 



__ _,_ 
··-·-·-···-~·-

Section 6. LOG OF HOLE -- ·-.. Depth in Feet Thickness 
Color and Type of Material Encountered 

From To in Feet 
--

0 50 Surface formation 7 

- .. -· 
' 50 575 Red bed 

575 580 Shale (water) 

580 675 Red bed 

675 810 . Anhydrite ·---

' 810 820 Sand water 

? [ s Elov .3 8'?3~ -Depth to rc 
Elev of K Trc yg·ys--

~~ -- -- --

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation Commission files at Hobbs~ N.M. 

Location: 17,32.30,13000 Eleyation: 3895' DF ---Owner: Continental Oil Co. 
MCA Unit Batte~y 1 0163 

Record of Casing:" 8" - 870 1 

Cable 

1980' FNL - 660 I FWL 

v--· 

The undersigned hereby certifies that, to th.e best of his knowledge and belief, th.c_ foregoing is a true an~ correct record of the above 
described hole. 

---
Driller 

INSTRUCTIONS•~n=::~,:::;,be emuted in t<ipli""· p<Ofecably typewritten,'"' '"7~~:~,:;;ropri'to di>triet off;oe 
of the State Engineer. except Section 5, shall be answered as completely and 1 possible when any well i 
drilled, repaired or this form is used as a plugging record, only Section l(a) and , be completed. 

·-··-·-. 



STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

i{evised June 1~71 

(A) Owner of well-------.,-,.,..-------,--------------- Owner's Well No.------
Street or Post Office Address-------------------------------------

City and State-----------------------------,------------

Well was drilled under Permit No. _______________ and is located in the: 

'- ___ Y-i ___ ~ ----% ___ ',/,i of Section _____ Township ______ Range ____ N.M.P.M. 

b. Tmct No. _____ of Map No.------- of the 

c. Lot No. _____ of Block No.---------d the--------------
Subdivision, recorded i"n County. 

d. X"' _______ feet,.Y· --------- fe;:;t, N.M. Coordimlte Sy!:t!.!m _____________ Zone in 

the Gmnt. 

(B) Drilling Contractor ________________________ Licl:'nse No. ____________ _ 

Address---------------------------------------------

Drilling Began --------- Compldcd _________ Type too]s _________ Size of hole ____ in. 

Ucvn.tion of l:tnd surface or ----------at well is _____ ft. Total depth of well _______ ft. 

Compktt.!d wdl is 0 shallow 0 artesian. Depth to water upon completion of weJl _______ ft. 

Section 2 PRINCIPAL WATER BEARING STRATA 

D~pth in Feet Thickness 
Description of Water-Bearing Fonnation 

Estimated Yield 

From To in Feet (gallons per minute) 

Section 3 RECORD OF CASING 

Diameter Pounds Titreads Depth in Feet Length Type of Shoo 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

--

Section 4 RECORD OF MUDDING AND CEMENTING ' 
~ De...e_~h in Feet Hole Sacks Cubic Feet Method of Placement 
· From To. Diameter of Mud of C~m~'nt 

I ----

SectionS. PLUGGING RECORD 

Plugging Contractor ---------------------
Address--.,---------------------

Pl-ugging Mcth.6d -----c-----------------
Date-We!l Pluggc,<L-------------------
Pluggi ng approved by; 

~E 
Dcpl.h in rcct Cubic Feet 

Top llottom of Cement 

H=t ·--
-L 

• I State Engineer Representative 

-- .. -· -· . 
FOR USE OF STATE ENGINEER ONLY 

Date Received Typed 5/11/78 

File No·------..,---'----------,-- U" 

Qun,d __ -------
FWL ___ _ 

FSL~---

Oil -----Location No. 17 • 32. 30. 3300"'0'---
,__---



! 

I 

" -- -

' 

' 
I 

; 
' 

S t' 6 LOG OF HOLE ec mn 

Depth in Feet Thickness 
Color and Type of Material Encour{tered 

From To in Feet 
--· 

0 50 Surface sand and cS.lt.ch 
-·· -

50 545 Red bed and red rock 

545 590 Red bed sandy 

' 

/ 

L S Fl, 3?7/ 
Depth to K Trc ...-~ 

Fl, ,i V 

"" --- ---- --

. 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation Commission files at Hobbs, N.M. 

Location: 17.32.30.33000 
Owner: Continental Oil Co. 

MCA Unit Battery 
Record of Casing: 10 3/4" 

8 5/B" 
Cable 

660' FSL - 660' FWL 

1 fl21B 
68' 

1018' 

Elevation: 3871' DF 

-

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. 

drijled, repaired or 

Driller 

be executed in tripllcate, preferably typewritten, and submitted 
except Section 5, shall be answered as completely and 

this form is used as a plugging record, only Section I( a) and 

-



STATE ENGINEER OFFICE 

WELL RECORD 

Section l. GENERAL INFORMATION 

(A) Owriei-of well :-c.~-~--------,-------~~----~--- Owner's Well No.------
Street or Post Office Address------------'-------------------------

City and State----------------------------------------

Well was drilled under Permit No. ---------------and is located in the: 

'· ___ Y. --,-- \4 ___ "--- ~ of Section _____ Township ________ Range _______ N.M.P.M. 

b. Tract No. _____ of Map No. ______ _ of the--------------'-----------

_c Lot No. _____ of Block No. _________ of <h<>-------------

Stibdivision, recorded ln___________ C'ounty. 

d. X= _______ fe1et, Y ·~-------- fed, N.M·. Coordinate S~·srem~-------c--. ----:·---Zone in 
rh·e Grant. 

(B) Drilling C.ontra.-:tor ______________________ -'.__· License }.lo _____________ _ 

AddreSS---'-----------------------'----------'--'------------------
Drilling Began---------- Completed --------Type tools _________ Size of hole ____ ;,_ 

Elevation of land surface or ----------------at well is ______ ft. Total depth of well---,---,-,-- ft. 

Compkt..:d well is D shallow D artesian. Depth to water upon completion of well ________ ft. 

Section 2 PRINCIPAL WATER-BEARING STRATA 

D..:pth in Feet Thickness Estimated Yield 

Erom To in Feet Description of Water-Bearing Formation (gallons per minute) 

--
Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length '{ype of Shoe 
Perforations 

{inches) per foot per in. Top Bottom (feet) Erom To 

. 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Hole Sacks Cubic feet 
Method of Placement 

From To Diameter of Mud of c..-m~nl 

r 
~--

Section 5. PLUGGING RECORD 

Plug~ing Contracto~ -~-~----------~-----

Address-----------------------
P!uggi~lg Method---~-------------------
Date Well Plugged ___________________ ,--__ 

Plugging approved by: 

State Engineer Representative 

No. 

1 
2 

_ _]_ 
4 

-

-

I Depth in Feet 

t Toe:···-1----~ottom 

-
FOR USE OF STATE ENGINEER ONLY 

Date Received Typed 5{11/78 
Quad _____________ _ 

f'WL---~ 

Cubic Feet 
of Cement 

FSL ____ _ 

File No. ---,-cc----"--c-:-----------, U<e _ _,O.=io=l~----- Location No. 17.32. 34.24~-:(l_.i_' ___ _ 



' 

-- - -.. 

; 

' 

' 

; 

' 

' 
Section 6. LOG OF HOLE -- - -···· 

Depth in Fiet Thickness 
Color and Type of Material'E~couniered 

From To in Feet 

0 64 Sand and caliche 
f=C. = - -·--

64 82 Red bed 

82 792 · Sand, red 1 and shale 

-

/ 

l S Eleii 
.JftUPF 

. ~~~~~:."' ~ 
Tr 
Trc 3!?91! 

. 

-

. 

. , 

. 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation Commission files at Hobbs, N.M. 

Location: 17.32 .34o~41111 
Owner: Continental Oil Co. 

Pearsall BX #2 
Record of casing: 8 5/B" 

5 1/2 11 

Rotary 

1345! FNL- 1295' FEL 

/ 

59' 
3515' 

Elevation: 3952 1 Sea Level 

--

The undersigned hereby c_ertifies that; to the best of his knowledge and belief, the foregoing is a trUe ~d correct record of the above 
described hole. 

Driller 

drilled, repaired or 

be executed in triplicate; prefe_rably typewritten, and submitted,. appropriate district office 
except Section 5, -shall be answered as completely and accurat possible when any well is 

this form is used as a plugging record, only Section l(a) and Section .wed be completed. 

L_ _____ __m_____ ----------. .. .. -

··-

.. --



~---·~------~·· ·-·-· 

T 



Form WR-23 STATE ENGINEER OFFICE 

WEll RECORD 
INSTRUCTIONS: -This form should be executed in triplicate, prefenibly typewritten, nnd submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened When this form is used as a pluggilig 
record, o.nly Section 1A and Section 5 need be completed. 

Section 1 

I 

1---

I 
(Plat of 640 acres} 

(A) Owner of we!LW.f('I:Oll J)RtloUIJt'l !!(l]:&l>&t!'f 

Street and Number~ 

City ''di,>,.,-tli~-~!l<~il>-~--

Well was drilled under Permit No.. and is located in the 

---¥4.- ~~S_y4___jf~Llf.l of Section_l_ __ Twp ~7- !l . .Rge. 3) E 
(B) Drilling Contractor~~-~mth£~-' _License No. -jlDI';t-46 ,.. 
Street and Number_____EmL_6J'l: 

City HnbbG ~~~- State _Nm:t_14orl Qf!s 
Drilling was commenced _______________ i)aq•m;ha"' 19 19$'L 

Drilling was completed_________ lLtO~eto----- 2l 19..i'L_ 

Elevation at top of casing in feet above sea leveL __ -'-·-'------~-~-----Total depth of welL___~.Jt,;-~siD,_-~~~-

State whether well is shallow or artesian :slwl)t;lt.L ___ __Depth to water upon completion.__liQ___ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Fetit Thickness in Description of Water-Bearing Foi-mation No. 
fiom To 

1 __llQ 1EO 
2 

- ·--

~ 
Section 3 

Dia Pounds Threads 
in. lL. in 

'1 1~ 10 

Section 4 

Depth in Feet Diameter 

fiom To Hole in in. 

~~--

I 

Section 5 

Name of Plugging Contractor 

Street and Number 

Feet 

~0 :lml'~~ !i!tmd 

- -

RECORD OF CASING 

Depth 
Feet Type Shoe 

~erfor8tions 

Top Bottom hum TO 

0 l~ liJO "ldn HO 160 
-

RECORD OF MUDDING AND CEMENTING 

ToM No. Sacks of 
Methods Used Clay Cement 

. 

PLUGGING RECORD 

.-~~.License No.~~~~~~

CitY----~----- State~~~~~~~~-

Tons of Clay used -----~~~-'Tons of Roughage used ~~~~~~~Type of roughage'-~~~~~~-

Plugging method use ate Plugg""-~~~~---'-~~~19 __ 

Plugging approved by: Cement Plugs were placed as follows: 

No. 
Depth of Plug 

From To 
No. of Sacks Used 

-*.::·-';--•.. , •• ---

I 
' 

I 

-- ------



/ 

Section 6 

Dept.b. in Feet Thi~ess 

From To !n"!'eet Color Type m: Material Encountered 

(l 1 , soil -
1 120 l}l e&H<lhe 

"" i 5£! l~(l I I d~• pnnfi 

' ____)Ji{l '!I'lL ~0 watel' mm.:. 

-

•... 

' 

The undersigned hereby certifies that, 1:o the best of his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well 



- ---· --

FonnWR-23 ~b.~· STATE ENGINEER OFFicE::~-- -~ 
WEll RECORD 

INSTRUCTIONS: This form should be executed in triplicate, prefenibly typewritten, and submitted to the 
neare:.-t district office of the State Engineer. All sections, except Section 5, shall be answered as completely ond 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record. o.nly Se4;tion lA and Section 5 need be completed. 

Secti~ri' 1 

I 

.•. 

I 
1-'-'--'--

(A) Owner of we"li'~~-<D"n., . .,,.,.,,.>-JJ"Di:I:';I!.Jl"],;'n"'lli-'JO'"""P'l"P"~DY1f--~~~~~~

Street and Number~-'--'B'"oo:"".fi69~' -------,-----------
City ---c-.Oo.l!l.<old8ie90!L. --,--~--'--~·····-·-.- State 'fl:< __ ,ll-___ _ 
Well was drilled under Pe~rirlt No.~'JB!----~and is located in the 

-S-E-'I<~'A~'Aof Sectionc~ __ Twp, n s Rge ... :.1'U;~ 

(B) Drilling Contractor.~~l)le-1111n,c CoSO Li~enSe No~_~S) 

Street and NUmber __ ~ . . .. -.,_!" 

City ---~2:~'~,;_;/_;:,·~-~~--·-·------- State JiB u,r(i-Ca · 
Drilling was commenc~.,.-----EI!IIh.- 19--58..-

(Plat of 640 acres) 
D_rilling was completed ...... -:-, Feb.;. B 19_.5'8_ 

Elevation at top of cnsing in feet above sea leveL~---------Total depth of w~A~---

State whether well is shallo-W- or artesian SMil~® _______ _____Depth to water ~pon comp!btio~ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Dept~ in F~t Thickness in i _De-scriptiOn of W'ater..;Bearlng Formation No. 
>Tom To F~t .... 

1 
___'lq 1'1fl , .. 

l11ltfi'!!~ 
2 

l~ll lR~ ? w..t .... .,. """<~ 
~ -

4 . 

----- ---
5 

Section 3 RECORD OF CASING 

Dia Pounds Threads De_ptb 
Feet. Type Shoe 

Perfor~tions 

in. ft. in Top Bottom From To 

6 S,l!l 11 .lll . Cl. :1m l8lt N""" lhll llllt 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Dlnmeter To= No. Sacks of 
Methods Used 

>Tom To Hole in in. Clay Cement 

1R 1R' lo J.nn lh• T1tN1 · · Mix...!Lllol.o r.~•l 2ukml 

. 

. 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor ____ _ ------.License No·---~ 

Street and Number-----------.. ----------'-- City·...---- --~~-- State 
Tons of Clay used _________ Tons of Roughage used ______ Type of roughage ______ ~ 

Plugging method used..-~----------~--~_vate Plugg 19_. _ 

Plugging approved by: Cement Plugs were placed as follows: 

Depth of Plug 
No. No. ol Sacks Used 

lhom To 

FOR USEO STJJ.b . ~tofu&. 
~ 

2 0 1958 C)-\1 Date Received ' 
FEB 1\ 

I OFFICC \j.l 
G!~OUND W ATEH f.!. tr·:C\1<?-"-0'1 

J. ~-::o~:~~!.. r~;~.!~:~~~S::::--.---"' 
File No.£ -::-.JZf.Z, Use dJ 21-} p .Location No. l'2 .11.3.~?£-

I 

·-·-- ..i 



Section 6 LOG OF WJ=iL . 

Depth ill F~t Thiclm~ 

From To in Feet Color 
.. · 

·:. . 
· Type of Material Enoountered 

" 1 1 

• ... ·• . """" .. .. . ..... A 

•• '~ 
.A I 

1A M .>A . 

~6 
R..; .• Jl), . .. ··. 

.· _· ... 
P.n' ·1:<::1. 

.,, 
""~ 

. Ylil i>J' 

l7n ;riG r. '·'·• 

'16 111~ ? 

. ; ' 

. . · . 
.· ·T . • ; 

. 

. .· ··· .. . 

.· . 

. 

. r 

,., 

. 

. .. 

· .. ·· . 

'·• . ,. 

Th~ undersigne~ hereby certifies ~~·_to _the best of his kno:wl~~e, and _!>eli~f, the -fpreg~ing is a :tru_e~ ,rind cor-
rect 'record of the above deScrib~d well • . _ - : ' · ' · : · · : - · 

' 

• 



j 

(A) 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

Revil~ June 1971 

Owner or we[l __ Y::.:;ac.:t..:ec:s;_;P;_;;e.;:t.;;r.;o;:1:;e;;,u;cm;::,-r=-"Trr:-'-..,=::-::-x------- Owne_r's Well No,--'---
Street or Post Office Address -,-::l:::0-"5'::"S'-'o'-'u'-:t'-'h,_4-.,.t:::h'-'!."-';:S"t:!rC:e'-'e'-'t'------------------
City and State Artesj at New Me xi co 88?1 0 

L-10,212 Well was drilled under Permit No, ___ _.:_ _________ and is located in the: 

a. ___ Y. __ \4 ~ Y-i _J2E_ \4 of Scction_.<;;,., __ Township l 7-S. Range_...;3l,;3>=-'-'E'--lN.M.P.M. 

b, Tract No, ____ of Map No.------ of lhe --------------------

c. Lot No, ____ of Block No. _______ of the---------------------
Subdivision, recorded fn County. 

d. X=-'----- feet, Y= ________ feet, N.M. Coordinate System ___________ zone in 

the Grant. 

(D) Prllling Contractor Glenn's Water Well Service, Inc. LlcenaeNo. ___ .!l\VD:!d..-'4"2"1"----

Address_.:.P.!•:::O.!•-=:B:::o:::xc....::6C<9.::2'-"T:::ac:t:::u.::mct,-"N-"e-"w~Me:e.::x.::i_,c_,oc__,8,8c=2-'6!17 _______________ _ 

DrUHnB ""'" _,7_-.!,7_-.!.9:::1+ ___ Completed __ .!,7_-.J.7_--"9:,:,4c.._Type tools -!r,oc::t.::a::rLy ___ SJzo of holo 14 3/ lm. 

Elevmt!On of land_ surface or ------------Bt well is _____ ft. Tota.l depth ofwell-'=2-"7"'3'---- ft. 

Completed well is rn shallow 0 artesian. Depth to water upon completion of well....c1=.=6::o8:._ ___ ft, 

.. --~ction.2 .. BR!NG!RALWATER .. BEAR!NG .. STRA'l'A- . ·----

Depth Jn Feet Thickne~ 
Description of Water·Bearing Fonnation 

Estimated Yield 

From To in Feet (gallons per minu1e) 

168 2(;8 100 sand 1 ?{) 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Lenglh Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

8 5/8 .250 1 27'5 27'5 none J 'io ??"', 

Section 4 RECORD OF MUDDING AND CEMENTING 
Depth in Feet Hole Sacks Cubic Feet 

Method of Placement From To Diameter of Mud of Cement 

Section 5. PLUGGING RECORD 

Plugging Contractor -----------------
Address Depth in Feet Cubic Feet 
Plugging Method No. 

Top Bottom of Cement 
Date Well Pluggerl I 
Plugging approved by: 2 

State Engineer Representative 
3 
4 

FOR USE OF STATE ENGINEER ONLY 
Date Received 07 {13/94 

Quad FWL FSL ___ _ 
secondary recoyery of 

File No· ·--"::.C"'-'""-''---------- U oil-water flood L 178.33. 2. 44423 se ocatlon No, __________ _ 

... 

I 



S ti 6 LOG OF HOLE 
~ 

ec on 
-Denth in Feet ' Thickness 

. Color !Hid Type of Material Encountered From To in Feet 

0 1 1 soil 

l 27 26 caleche 

27 168 141 sand and rock with si:.rinlirers of cl~;y 

168 268 100 sand (water ) 

268 273 5 . red clay 

I 
.· 

. 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

<o 
~ .~. 

c._ ::., . 
The undersigned hereby certifies that, to the best of his knowledge and belief, the foregolng Is a true and correct recfr.il of.the above 

d<o<<lb•d hole. /1 ~ ~ i;; · 

INSTRUCTIONS: This 
of the Stale Engineer. 
drill~d, rcpair£d.or 

UQ' ~" 

be executed in tripUcate, preferably typewritten, and submitted 
except Section S, shaH be !nswered as completely and 

this form is used as a plugging record, only. SeCtion l(a) and ~::2~E~;:i~~poffi;ce is 
'-~~' 
~"""" 



--

Fotm_-WR~2~ STATE ENGlNEER OFF!CE 

FIELD ENGR. WELL RECORD 
INSTRUCTIONS: This form shOuld 'be executed in triplicate, preferlibly typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as _co:mpletely and 
accurately _as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. 

Section 1 

(} 
---[- ---

-

-----r-_ 
(Pla_t of 640 acres) 

---

---

(A) Owner of welL.-~-<:f~WNJ~l'---------

Street and Number ____ ~ (;fi;~!i' -~~---

City -------~~-· ------------------- State -;1~--/UJ~--
Well was drilled under Permit No . .........:.. __ :__ ___________________ and is located in the 

f!j--)t ;_;',!" --~ *'···;!#~-----*' of Section-:-h----Twp1.,_8----·Rge .. :'93--Gc..--
(B) Drilling ContractocM:4----hJ ~li'll:~~-----License No .. -!f~l--· 

Street and Numbe'--M~ 

City -----------------~l>be ·---~------State -;l~'ril!i--------
Drilling was commencecl ____ _;__-#Uslt/·-J.:l 19_._ 

Drilllng was completed._________ 1/rtJ~' J$------ 19.-JM'---

Elevation at top of casing in feet above sea leveL--·~--·,..·····~---Total depth of well )J($' 

State whether well is shallow or artesian.-~U---'---··"~_Depth to water upon completion. .. ____J;O.:i___ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness In Description of 'Water~Bearlng Formation No. 
From To Feet 

1 
---l-1'/.P-~~ -~ ~1$Ul<~M 

~ - - --

' 
4 

----
5 

--

Section 3 RECORD OF CASING 

Dia Pound;i Tbxead5 Depth 
Type Sboe 

I"erfor<>tiohs 

~- tt. in Top ·:aottom 
;Feet 

fiom To 

',f 20 11) II tiJ'? -ifi? ~i'UI' iC::l .t¢ 

-----

Section 4 RECORD OF Ml/CDING AND CEMENTING 
-- --

Depth in Jfe:et Diameter Toru No. Hii~J!U> ot Methods Used 
From To Hole in in. Clay Cwntmt 

-

-

I 
- ---

Section 5 PLli01>1NG RECORD 

Name of Plugglrt_g Contractor ----~--···· icense Na·-------.-----
Street ond Number ________________________ ~"' CitY------·---- State'----

Tons of Clay us~d. _______ Tons of Roughage \1.8~- Type of roughage_ __ . __ ....:..·--. 

Plugging method used _____])ate Plugged. .. 19~-

Plugging approVed by: Ceffient Plugs were placed as follows: 

No. 
Depth of Plug 

No. of Sacks Used 
From To Basin Supervisor 

----

Date 

File No. 

[)o{j__J 0 ~ 

' 
i 

' 



Section 6 _ . ___ _ 

Depth in Feet 

From To 
Thickness 
in Feet 

. 

Color 

LOG OF WELL . 

Type of Material Encountered 
.. -c' < 

.•' < 

. 

~- ---l' • ·--~~~-4--------~.---$~ ff~~~ 

$< ~-, '" oa.l'""'"" __._ IJIS !It! 

lifi ?J ~ 

. 

?l ?8 1 
?8 11>11 S4 
l~ ~J ,.ffj 

j~~s~ ~·~·~-~~----------------~-----
--~--+-~~~~~~-4----------~~--~~~·~r. e~ 

1--~~~--~~--~----------~--~·~~~ ~~ 
Ul1ht.~· Mil Jl(J..t lJ 

< 

The Undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor
rect record of the above described well. 



l!'orm, WR-23 STATE ENGINE.t:R · OFFrcE 

WELL RECORD 
INSTRUCTIONS: This form should be e)!:ecUted in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as cq~pletely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, O)lly Section lA' and Section 5 need be completed. . 

Section 1 
(A) Owner of welL.P!lltl!ll .. ~.-~l~.CQ.ol_ _____ _ 

Street and Number ___ _Bmt_ /.24 -------------------------
. t'Ooll$ l<e.w Ne1.i.po C1ty -~--~---···· - ............. ·-········ State --~'---.,.~----,.----------

Well was drilled nnder Permit No~-..3'~L"?.:::: .. _. ..... and is located ,in __ the 

------------ \'<-. _QfL_ \L;;'W ____ ¥< of Section .. ~:L ... Twp.l1 .. JL .... Rge . .!l,t.Jii: ____ __ 
---1-------

(B) Drilling Contracto&~P. .. ll>Lill"ter __________ License NoJ~;!Ji;ji __ _ 

Street and Number ... _ .......... ~ ... .lQ?.l. ................ ----······-·-···----···---------~~------
City ·······--------·-·· __________ I&~lt~-~-----······ State -~~J:~ex~--------------
Drilling was commenced ------~---------------------------------~- . -~- 19 __ §.j_ 
Drilling was completed. --·--·--------· J~('~L!_ 19 .. iS ___ 

---------1-

I 
(Plat ot 640 acres) 

Elevation at top of casing in feet above sea leveL_________ .... Total depth of well. _______ ~l() -------
&tate whether well is shallow or artesian ___ ShallOJJ.:. .. __________ Depth to water upon ~ompl~tion. .. ~-~f$ ____ . 

Section 2 

No. 

4 

Section 3 

Dia 
ln. 

Depth in Feet 

From To 

PRINCIPAL WATER-BEARING STRATA 

Thickness in 
Foet 

Description o! Wster-Bearlng Fonnation 

RECORD OF CASING 

Pounds 7'breads Deplh 
Foet Type Shoe 

Perlor11tions 
ft. ln Top Bottom hom To 

1 lit 'lt.) c 211:1 210 ®ll<il J;OO ~10 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Tons No. Sacks of 
Methods Used 

>rom To Hole in in. Clay Cement 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor ....... ~------------·--------------------------Liceme No ... . 
Street and Number .. ----------------------- City ______________ State~--

Tons of Clay used __________ Tons of Roughage used ________________ Type o.f roughage. 

Plugging method usecL .... """""--· ----------·--~-------C-____Date Plugged. _______ tg ___ _ 

Plugging apptoved by: Cement Plugs were placed as follows: 

------------------------BRSiD.Supei-vlsor ___ _ No, 
Depth Of Plug 

No. of Sacks Used 
From To 

I 
FOR USE OF STATE EllTGINEER ONLY 

---~~~=~-------------· 



Section 6 LOG OF WELL 

Deptl1 in _Feet ThickneSs 
ColOr Type of Material Encountered 

From To in Feet 

0 2 2 Eoe~ & Soil c, c 

2 l,l,. :1.2 .RQeB 
l,l,. ilO Q Call ill<~ 
;2() ;tOO l«l lland t> :l!o'ilk .9hellill 
180 ~ 6 ·ll;Ock 
),86 l.$1$ lii 

~ 

watfilr Sllnii 

l9$ 2;1..0 l2 ~JM4;r Clay 

•• 
. . 

. c •. ·, 

.· ... 

.· 

~·· 

--~ 

. •' 

·. 

. ' . 

. 

c. 

-

The undersigned hereby certifies that, to the best of his knowledge and _belief, the foregoing is_ a true and cor~ 
rect record of the above described well . ) ~~ . . 

.·· f-j 2' 
L: • .r:fl..cfjJ . . --~~---................. .. v/ Wei er . 



STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: This for,w..,.shoH.!~Jm. executed .ID.,.,..td.I!J:!:r:::~_._ preferably typewritten, and submitted to the 
nearest district ofhce o1 ine ffiaie ngmeer:!Ursection.s, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened When this form is used as a plugging 
record, o.nly Section IA and Section 5 need be completed. · -

Section 1 

I ··---

250 
0 

. 

I 
(Plat of 640 acres) 

. 
(A) Owner of we!L.l!OntiDMta.l. .. Qil __ C.QJnpany 
Street and NumbeT___I'_.. __ O~ __ lmx_J;6.0 ______ _ 

City ____ ful.hl1JL ... mm·------- State Ne.!t.J.!exico 

Well was drilled unde:r Permit No;_L~_2_8_~~~--~~-a.nd is located in the 

__ Q_lii_ __ v..lli-----v, __ !frL ___ ,y. of Section __ _; ______ Twp .. ..l'ZS ____ I\ge .. 3.,1E.. ___ _ 
(B) Drilling Contrac!or._W'aJ..c.o_lll'Ul.ing.._Jne.. License No._l'iD.~;ll,.SL 

Street and Number_~.l'~AJOX-JlOt'-~---------------------· --
City ____ l!eratoJ:'d_. ___ , _________________________ State ._T.exas__ ____ _ 

Drilling was commenced_ Decam_Q~_f_)tQ_ 19.9~-~-

Dril!ing was eompleteL ___ !:l!l_g_~l"j!~_r-...21.--------------- !9.RJL .. 

Elevatio'u at top of casing in feet above sea leveL~:\.,.9~-----···-----Total depth of we~J.---~------7 
State whether well is shallow _or artesian Sh~gQ~ ______ , _ __:___D!!pth to water upon completion_--l-5_5 ______ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in Description of- W'ater-Bearing Formation No. 
lhom To Feet 

1 l5_Q_ 212 62 Sandrock and rod .f'il)e sand 

21't" Clean- red 
- ---

--~ 

---:n2 25 sand 
3 237 239 . 2 Red olav f!.nd s_an;! 
4 

------ -· 239 265 26 Sand and s!l!!lll gravel 
5 .. .. • 

section" 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

PerforRtfons 
in. ft. in Top Bottom lhom To 

12~3/4 49.56 --- 0 270 270 --- 1$1 :1227_ 

Section 4 RECORD OF MUDDING AND CEMENTING . 

Depth in Feet Diameter Tom No. Sacks of Methods Used 
lhom To Hoie in in. Cl•y Cement 

I 

Section 5 PLUGGING RECORD 

Natrie of Plugging Contractor ·-------------'·------·--------------License No, _____ - ~----

st:reet and Number ---~--·~---- City ______________ State~-

TonS of Clay used Tons of Rought~ge used ____ . ____ Type of rOughage 

Plugging :r.nethod used. -_Date Pluggeci_ ]9 __ 

Plugging approved by: Cement Plugs were placed as follows: 

No. 
Depth of Plug 

No. of Sacks Used 
X"H'.f 'J,; 'Tl,l! .Basin Supervisor From To 

,~ jjJlJJFJSJfll#i~~"rnm ONLY 

I . u lJJJM:JNJ 31\'lS, 
Date 

Re~l!~~j~ ij / !{V~ 595/·----

File No . .L - 5 s'-zf?,s~"5 -- -· ·Use lc'fl-TEf: ELiJ<U2___Loeation No.l'l33.• ~l!L'hL3~ 
--1--!'-''"l r h"-;'> •'-'-cl '1- J)Lf---/_.:_--, .-/.': ,d-. \__. :jJ"--V ' 

-- -



Section 6 LOG OF WELL 

Depth in Fee~ Thickness 
Color 

From To m Feet Type of Material Encountered 

0 6 Ton Soil 
(, 10 RoM.k, cl_Ufu~~ - __ -

~0 ~0 _Bandt ssndr:ack and caliche 
<O !!8 Qn~H •~A m~i 

ll!l QO l>nn" 

90 I 150 Sand and ~androck 
1~0 212 San"~""" and t'ine ~d llll!ld 
212 237 Claan r!ld !!and 
237 239 RDd clay and sand 

' 239 2M" «•~" nnrl Rmall 

2M 270 
·~2_, ___ 

~~·--

.. ,.:" ·;:~ -- =<»~--~Po>- --- ~-~~--~ 

L S Elev "1/b._.!-' -
-oepln to .Ire , . · 

la•t ef ):;; l,.J'l.Li?' 

-toe. No. 
L;;: J.;J . .J. I 7" 7" 413,.-----

ur 10. Suf\!e) Fial~ Ghee~ X-

-
SOUHGE QE ALTIIUDE GIVEN 

lhtar~lated from To~o. Sheet c; 
Determined by lnst. leveling 

other --

--

The undersigned hereby certifies that, to the best o~ his knowledge and belief, the foregoing is a true and cor
rect record of the- above described well. 

' 

__ WALQ_Q_ l!lRU.LIN.G.,_JNC... _____ _ 

~Driller 

BY:~~&.~..._,,..._& 
R. Paul Coneway ~ 
President 

' 



1(, lif."f'TATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: This form should be eXecuted in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o,nly Section IA and Section 5 need be completed 

Section 1 
(A) o~or of well-)!alj~~~-JW]Wt!Se'lrlii!J: ~1"\tent. 

660 N of SJltn 
Street and Number.--200 1\lQQl!:e;? 1!~11<; . . 

___ll6_Q w R ' . City ___ ~U'<>Wil.a-- State __!l!~ll!:d..,. 

Well was drilled under Permit No . .....,.:};P-)~-----and is located :m the 
. . . t ·- - - . ' ·-- . 

____ 1'<--l!E--¥<-a ...... Iii of Sedion. !1 Twp.J.'f--S----Rgen..JIL-- · W te1 Leas w 99 
(B) Drilling Contracto"--Abbtl-t-t>--~e·~ License No . .l'll).Jo.6._ 
Street and Nwnber_ __ ~..6;1;;c71-. ~~--' 
City ---------------------l~Qbb.a'------ State ~-MexLCQ--
Drilling was cori::u:nenced.____ __________ _..~ Pecembe:tt l] 19.5-'-~ 

Drilling was completed -------- :n·oo~-- 19~ 

1-----c------

I 0 

(Plat of 640 acres) 

Elevation at top of casing in feet above sea lev ______ Total depth of welL____26;._-:--:---

State whether well is shallow or artesiatL_ $ha"l.JO\<f. _ __Depth to watet upon completion. 1$6' 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in Description of Water~Bearing Formation No. 
From To F~t 

1 160 :i\21> -~ 1q"t""' Sand 
2 

'll - ·- -

--.---
5 

Section 3 RECORD OF CASING 

Dia Pounds Tlma& Depth 
Feet Type Shoe 

Perfor;~tions 

in. ft. in ~op Bottom F!-Olll To 

16 0 1.9 l!} 
,.,~.. '!:J.. ... _ .. 

(! ?1{1;;' __2~ pla~!l 
~ 

:>~2 

. 6 rowe; 1. · xlZ" 
0'.> nu:· 

! """" - . ~"" 
lr .... _ ~ 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter To= No. Sacks of 
Methods Used 

>rom To Hole in in. Clay Cement 

. 

·I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor ___________________________________ License No. _______ _ 

Street and Number.--------------------------------·-- City. ----- State-
Tons of Clay used __________ Tons of Roughage used .. ___ . _________ Type of 1-oughag:e_ ___ _ 

Plugging method use"'-------· 

Plugging approved by: 

FOR USEO 

Date Received 

·c-----.V;ate Plugge }9 __ 

Cement Plugs weJ.:e placed as follows: 

Depth of Plug 
N~J-.Fro~m~~~T~o~-1 

. 

No. of Sacks Used 

I 



·',. 

Section 6 
'{ 

. I LOG OF WEU.. 

Color Type of Materlal Encountered 

----~-----+-----+-------~1---------------------------

l S Elev 

~~pfh to ~ 
= C'! of 

ILOC. NO. 

• 1 Hyoro. >urvey Field Gllock X 

·. . . . 

. 

Interpolated from TorJn ~~ .-.<>t ·' 
Determined by ln:;t. leveli ., 

Other 

. 

The undersigned hereby certifies that, to the best of his k.now~edge and belief, the foregoing is a true and cor~ 
rect record of the above described well 



Form WR-23 ' 0{\ STATE ENGINEER OFFICE 
L u 

WELL RECORD 
,INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o)lly Section lA and Section 5 need be conipleted. 

Section 1 

---~'~ ---

(A) Owner of well .... :f____uc_dJJ ~o:;;t;-Hr en__.____ ___ , _________ _ 

Street and Number _ _.€jj_,. __ :;.,J".Jtlh .. J1::~d:.J.l._ .. :::;_r,yik VI¥",; :!r-ti 19$ 

City _ _F't. ~JI!Jt".tJh ~ .................. State ______!o_xaa_ __ _ 

Well was drilled under Permit No. __________________ .. _______ and is located in the 

___ :;~~lf4_J.i[:;_ __ lj'4-... --m~--¥4 of Section ........ $ .. __ Twp._lJ_1L ..... Rge. }Ji~ 

(B) Drilling Contractor ....... i1.t'hct.t HrotJ * ______ License No. ________ _ 

Street and Number ... _ .. __________ 3.ox._fi;:.7---------------···-------------------~---
c---

I 
City ~~?bb~-.. -----------------------~--------- State -~-~.Y.:~J_ji_Qti~--
Drilling was commenced_. _______________________________ ~-~nP .. J .. ~~--_..:.. l9_;a__ 
Drilling was completed.. ___________________________________ ~run.t."~ 2-5 ___________ 19_2_2_ 

(Plat of 640 acres) 

Elevation at top of casing in feet above sea leveL _____________________________ Total depth of welL_ '::-Z'i.J... ........ ~---
State whether well is shallow orartesian__ ___ nh.hL?_Q.h~------Depth to water upon completiolL _ _l§_Q _____ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 
-

Depth 1n Fetit 

~-·; 
Description of Water-Bearing Formation No. Feet From To 

" 

1 160 260 10ij l!!Ht.o~· '1fl'd 
2 

" - - _,. ., 

3 
--

4 

5 
-

Section 3 RECORD OF CASING 

Dia Pounds· Threads Depth 
Feet Type Shoe 

Perforf>tions 
in. ft. in Top Bottom From To 

103/ :ll, l<<lld () 272 2'72 "''"n 1<)5 200 

I 
Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Tons No. Sacks of 
-From---To- Hole in in. Chy Cement Methods Used 

-·--
I 

Section 5 PLUGGING RECORD 

N arne of Plugging Contractor·-------------~--------------------------------~----------License No·------------·----
Street and Number __________________________________ CitY-------------~------ State~------

Tons of Clay used _________ -_____ Tons of Roughage used __ 

Plugging method used__ 

Plugging approved by: 

Basin Supervisor 

FOR USE OF STA'J'E EliGINEER ONLY 
~ 

Date Received FI L R D J_ 
JU~" ;, ;s,59~~ 

File Noh~~J1:::::~ GROUND '-A' A i'r:!~ ~ --:.r:ijge.· .. f 
RO:-:w;;,n, NC_W ''·U ---,--:-

' 

_ _____ Type of roughage ____ _ 

__ _JJDate Plugged. ___ ~-~-19 __ 

Cement Plugs were placed as follows: 

Depth of Plug 
No. hFr=om;O--,-.T"-oe'-- No. of Sacks Usf!d 

/ 

~M ~ 
;,~~ocali6n No.J2,,J;L5~,2...,.ZfJ _ 

- " 
.,. 

I 



Se~;tion 6 LOG.OF WELL 

Depth in Feet Thickness 
fiom To in Feet Color ' Type of Material Encountered 

0 
, 

1 Soil "' .. , ______j,/LJ.__].1 ' U;;tllch¢ 
16 9~ i ?') tlcilld and ··r;wol 
9$ 160 65 l>ight stm.d (hard) 

160 260' 100 V/QtF.It' s~nd ---
~-

__ ..,._._,..._..,,~~· 
" ~=in~~-_-~,~·-~·~,-·· 

26\J .272 12 red 

L/lff'r-
. '-•nth to k- . Trc ,;26 Or 

Elov of ~ Tr <:; 

v; .---;}../--._ ; / 7·3 3 ', )· .-7 ~::-,;;-7 ~0 ,_..--

l.oc "" 

""''" '""" Fi"ld Chock y 

"""' 
""" """" 

lnh•qnh!etl kern Tc:,.o. 811ect )( / 

o. 0 ,, 

""" 

. 

---··· 
The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor~ 
re-ct record of the above described well. 

------------wen Driller··---------------



--------y--------------------------,--------------, 

Form WR-23 1 STATE ENGINEER OmCE fiJC 
t;:\C\ D '}~SR. (I WELL RECORD 

INST:a'U"C'TioNS: This form should be executed .in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When tbis- form is used as a plugging 
record, o,nly Section lA and Section 5 need be completed. 

Section 1 
(A) Owner of we!L ______ X.uoqa_Jilat<!;'--C~----------

Street and Nwnber ____ ~__Qg_ Parl;_)),y_o,.n'-'u""'---------------

--- - ------
City __________ Now York l!ll ___________ State _tl_, ___ _x_, ______ ~---
Well was drilled under Permit N o .. ~~-~~~~------and is located in the 
__ _tljt__ %___1UL_.lf4~--Nl\L% of Section .... JL _______ Twp .... l'lfl __ Rge. :t~3B 

(B) Drilling Contractor __ j)_.____E:_. __ G_t:f,).(l!IJ\__Ji.Qm;l_ __ License No. ND.,.ll_§_ 
Street and Number__________ 21 !l Bj n)t-.J21y_Avanna .. __________________ _ 

City ----------~!_faa_!_?_~-----------------·-·-········---------- State ~exaa _______ _ 
Drilling was commenced _____ _J_urie_i.fr,~lll£i2: ___ ___:______ 19 __ . _ 

Drilling was completecL ____ J.l!lliL11J4._;w_~__a_____________ 19__ __ 

----

I 
(Plat ot 640 acres) r; y :: :,· · 

Elevation at top of casing in feet above sea leveL-~---~a_· ____ Total depth· of welL ____ ~~!L_!~~L __ 
State whether well is shallow or artesian __ ~shallouL ........ ___ Depth to water Upon ·completion____._.2l0. .. .£.eet 

Section 2 

No. 
Depth In Feet 

From To 

PRINCIPAL WATER-BEARING STRATA 

Thickness in 
Feet 

Description of 'W'ater-Bearing Formation 

______ :::!c=ikx=" 1-_ -=i=~='=-'+---=ill=---+---'.llmt==:t;.:.,x=="'=ka,.lt,~,===·-==='--------

-· 

-----------'----- ~2,'11ko ~21ib --2.5-- --&nd-nth~o. o!i!!!Jit£1'!!,eak~,<bi!=j:O!lib~c1;~Jai!J'~' ================""-_-j=-----~ 
3 255 260 5 · ~- Brown sand and clay ~ qray gravel 
4 265 270 5 Brown sand ---------------

270 230 10 !lrown small gravel and sanctv clay 

Section 3 RECORD OF CASING 

Dia Pounds Threads DeiJth 
l!'eet 

Perforfltions 

in. ft. in Top 1 Bottom 
Type Shoe 

From To 

lll-31· ~V' welded .tib: 287 t~mldw~ ll!ll 211.2 :Ill~ -2.!\2-v --
w 

-

Section 4. RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter" Tons No. Sacks of 
Methods Used 

From To Hole in in, Clay Cement 
I 
' 

.. 

I . -

Section 5 PLUGGING RECORD 

Name of Plugging Contractor _________________________________________ ~-----...License No. ______ . ___ _ 

Street and Num~r---------~-------------------------- CitY-------·-------~----------- State: ______________ _ 
Tons of Clay used ________ . __ Tons of Roughage used __ , ______ Type of roughage, ______ _ 

Plugging method used. _____Date Plugged__ _________ ~_~g __ 

Plugging approved by; Cement Plugs were placed as follows: 

No. 
Depth of Plug 

No. of Sacks Used 
>Tom To Bru~in Supe:rv:isor 

-
Date 



Section 6 LOG OF WELL 

Depth in Feet Thickness 
From To in Feet Color Type of Mate..."ial Enoountt:i"ed 

0 20 llO \'lhtte Dolomite 
l!O 60 -40 Brown CalGchi anct sand 
60 . . no 160 flrcnm F:l.na &md 

' >-·-·-··---
220 was· ~10 BrO>m Clay 

230 255 25 .DroWJ:i Sand w--1 th st4ea.ks oi clay 
255 :!160 s Gray · Gravel 

260. / 265 $ Bro-wrt --Clay 

265 210 f> Brown Sand 
270 l!BO' l.O Er;;wn Small yravel an,; sandy clay - cl&Y. --280 llSS 5 Brown 
2811 ll87 2 j'>ugple Clay 

. 

L S Elru-o .!/.1 {!._? __. 
Depth to K Trc "=,._-?or-
Elev of K Trci' Y -~ ~ Y"" 

. 

. 

17.:55, &, :;;; o~· 
bYO, '" • 

nYdiO. Stli~C)' Fie Ia Cfioel\ :X: 
. ..· 

unct OF ALTITUDE GIVEN 
"'"'"'"rrom . Topo . .Sheet 
e, ili:ned 

-1 

by _lnst Lev_eling__ 
,.,t·C-C -.: '<L,.,.-:f ; 

The undersigned hereby certifies that, to the best o{ his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well 

,i}J:,_~<&L.-· ~ 
Well l)riller 

El •. ~. Greenwood 

' 



.• 

STATE ENGINEER OFFi:CE • 
WELL RECORD 

INSTRUCTIONS: This form should -be executed in triplicate, preferlibly typewritten, and submitted to the 
nearest district office Of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o)'lly Secti_on lA and Section 5 need be completed. · 

Section 1 

I 

(A) Owner .of well-~~fnllctmt":t··-·------

Street and Nwnber ..... ....OO~..-...J.4-th..St 11--------- • 

City ----'i\~"t~,.:--··------···--··--··--·-····· State ---------ll-E.W~OO--

Well was drilled under Permit No·-·--·t;;;l.B2h-···-·········and is located in the 

----14~-S£--..---¥4--.Sl<}-------Itt of Section~6---~-TwP·---l-'7~-fL .. .Rge, ____ .Jl....B.. __ 
1--"-'-'-rc--1---1---l (B) Drilling Contractor .. ..p. ft ~· "'IN.lJ..f~tf ~---~-----.. License No.N~tll ___ _ 

---\---+--+----! Street and Number _____ -$-----.""lfri~~----------··----------------------~-----
City ---·-··--tovtn~i.--on---------------·----------- State ---..}I·aw-~-GO------
Drilling was coni.J!lenced .... ~---,2.&-:------------------------------------ 19 . ..6.0._ 

'---c-'--...1.---,L--' Drilling was co:tUpleted ..... -£~-2--S--------------------------- 19.-.60. .. 
{Plat o! 640 acres) 

Elevation at top of casing in feet above sea leveL ________________________ Total depth of welL __ _.!OO-f-t.r-·-----

State whether well is shallow or artesian_-r.,h&J(.s.-<m------···--·----Depth to water upon completion.._ .. -.2Q __ "_ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth .fn Feet Thickness in Description of Water~Eeadng Formation No, 
Erom To Feet 

I 

• 
3 

' . 

5 

Section 3 RECORD OF CASING 

D!a Pounds Threads Depth 
Feet Type Shoe 

Perforfltions 
in. ft. in Top Bottom >rom To 

one 
·. 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth In Feet Diameter To= No. ·sacks of 
Methods Used 

>rom To Hole in Jn. Cley Cement 

7 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor--··-----------'---------·---------------·-----------License No, ______________ _ 
Street and Number _____________________________________ City ___________________ State~-----

Tona of Clay used. ___________________ Tons of Roughage used ___ . ___________ Type of roughage __________ _ 

Plugging method used. _______________________________ __Date Plugged_ __________ l9 __ 

Plugging approved by: 

.. _, ... I;\.a,~~ .~uperviSor 
1J 1 , .:,r,, 1 u 

FOR USE 0);' ST'fl"j':fq1mt'J'R ONLY 

~~ 
'I "0 "-n,,.,.,,,,,r! :m1! S 
J .J.J i:L1_! l '-' "-' ~·~ • ~~ 

Date Recei --·· ----------
:( :B WU 92 DO OS61 

Cement Plugs were placed as follows: 

Depth of Plug 
No, hEr;i:o;;m~--=-:,T<;o"-- No. of Sacks Used 



r---
1 Sechon 6 LOG OF WELL 

Depth in Feet Thickness 
Fmm To in Feet Color Type of Material Encountered 

~-

--llu.e cleatl Otlt jOb 1'l0f4 wss .. 
----'15-4"t • to :000 rt, on a domarrt.i e: !fi"'ll, ,fQr 

fi -'(l>'!,~·. 

""" 

----

-

The undersigned hereby certifies that, to the best of his know ledge and belief, the foregoing is a true and· co-r~ 
rect record of the above described well 

__ tfJL~ __ _li:JP~---
Well Driller 

• 



STATE ENGINEER OFFlCE 

WELL RECORD 
INSTRUCTIONS: This form should ·be executed fu triplicate, ,preferably typeyvritten, .and sUbmitted to the 
nearest district office _of the State Engineer. _All sections1 except Section 5,--shall be,answer~d as completely and 
accurately as possible- when any well is drilled, repaired or deepened, When this form iS used as a plugging 
record1 o)lly Section !A and Section 5 need b~ complet~; _ · - . - -

Section 1 
(A) Owner of welL-lA1&Jl--llril~--C<I~-O./¢ s, J), .Li>n)b__, ___ _ 

Street and Number·----'-•··-------------------------·-:------------

---____ City --------,~<r-~----, .. c·------- State-----~,----
~=~ was drilled under Permit No .. _~-----~-~~---:---_.,and -is located in the_ 

1---+--+----+--l -cootti''I<--NJr-· '1<-~---- If.! of Section---'1----~.Twp .... ;r;~ .. S ....... Rge ..... JJE_ ___ _ 
(B) Drilling ContractoL ... p..&.$.--~ll:!.ng .. C.O+------· License No ..... ..lln..l!BI.. 
Street and Number ____ ,lrn-Seuth-t(We-----:-... ---~-------------'---...:..-----

f--+-~~---1---l City ------~ngtoa-----~--~---C:..~------ State -.~ . .c.J!mt.J!el<iC~L 
Drilling was commenced ... ______ ~...l.-------------------------~ 19_2.2 __ 

'---'--...;...-'---'-----'Drilling was completed. .... ~ .• --~1-~--~-----._· ----------·----- 19 _ _59 _ 
(Plat of 1:14.0 -acres) 

Elevation at top of casing in feet above sea leveL. ____ _. _______________ Total depth of welL ___ -2-4-,___f:t .. , _____ _ 
State whether well is shallow or artesian___-PJ®U.-ow--_-----Depth ·to water upon cornpletion..._____2!4_..f'$. __ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet ThiCkness in Description of W-ater~Bearlng Formation No. 
'i'o Feet From 

1 

•'·" ==2;tb --"-~ ""'-= ------
2 

3 

4 
· .. 

5 

Section.3 RECORD OF CASING 

Dia , Pounds I ' .. Threads Depth 
Feet Type Shoe 

PerfOJ;'fl.tions 

ln. . 1t. In' Top Bottom From- To 

''""~ 

. 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth In Feet Diameter ToM No. Sacks of 
MethodS Used 

From To -Hole In in, Clay · Cement 

• -

. 

. , 
. 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor.------------··-----------------------·-·------.License' No·---~------------
Street and Number ___ :.. ___________________________ .City .. ~----·-------·---- State:_-:-~------------

Tons of clay used ...... ----·----· __ Tons of Roughage used ________ ... _ Type of roughage_ ________ _ 

Plugging niethod used. ______ ----------·-------------nate Plugged. ______________ .._,l9 ___ _ 

Plugging approved by: Cement Plugs were placed as follows: 

Depth of Plug 
No, hFro;ooom::-=T-=-=-.;T"'o'---1 No. -of Sacks Used 

FOR USE OF I'~P T:L~'D --
' . 

Date Received.---:- .. JUN 
24195 

~---

oeeoc-~ 
. GRc.ilJND WA1'F:~ 5UPPV!;:.l fl- _. 

No .. a3.P. 2.22J3f!& ,.,.-.i_=t;. ~ ·-""'w~~co -t:?l';w,P. . File No._ /2:. __ -::----·-------·----USe _________ ~---'···----Locahon 



Section 6 LOG OF WELL 

Depth in Feet Thickness 
From To 'in Feet · Color Type of Material Encountered 

" 
.,. . . · . !!on 

I 4 ll9ek 
4 <;> 

I · .. 

a$ 75 .. Som<!l,v · Cll>;v 
15 tlio 

.. 
~!lana 

140 I94 . . Si>l\tly ol.q 

--cli94 ~" . 
. Wi<M"": R\\~if 

i<.i:4 230 . , S!m.<i\v. ()~ . 

------lh"" <>1.1" ... ~,. 
244 2471' !18)id & Gta""l 

--24• "'"; · · ;..,. u•« 
. 

··. . .. · 

. 

. 

lj;Z;Lj'r' 

'. I Degth. to K In: _,; '9.1~ 
. Elev of K TrcS'lfi;:z5 

. 

Loc. No. !7- ,;1~, ;r. = '3~3.:LV 

Hydro . Survey Field C!lec~ )( 

. 

SODt?L.E 
/" : 

OF ALTITUDE GIVEN 
l1llte1p0mreij !rom Topo. Sheet }\ 
9ete•miued oy lnst, Leveling - . 
no 

· . 

. . 

The undersigned hereby certifies that, to the best of his :k;nOWledge arid be!Iief, the foregoing is a true and cor• 

reel record of the above described welL __ ftJJ;,_ ___ ,M~.if~ ' 
Well Drlller . , 

' .·d.! 



i:' 

_Fo~ WR-23 STATE ENGINEER OFFICE 

·WED. RECORD 
iNSTRUCTIONS: This form sho~ld_ be ex~Cuted in triplicate, .preferii.bly tyPewritten, and submitted _to:~ t4ei 
nearest district office of the State Engineer. All sections, except Sectio.n 5, shall be answered as completely ahd ~ ·· 

. -ilccurately·,-a:s- poSSible when any well is drilled, repaired OI:_deeperied, When: this_:form-is used as a plugging' 
re~ord, o.nly Section lA and Section -5 need be completed. · 

SeCtion 1 
.---,---.--,--...,·(A) Owner of weJL ____ ~f__{).U.--~_A!Ill ______ _ 

Streetond Number ____ ful!L.12!!_. ______ '---"---'-· 

~:u ;:;a~-:~~=d~r P:mi8f~fl~!![ff_f[]Ii~~t~:;:~.~:;~:;~: 
--~-!:; __ . -'1<----Sl;L '1<--------'I< of Section ___ f ______ Twp .. : _____ t'f.a __ ,Rge.JI3.!L ___ __ 

f--,---t--t-----t--1 (B) Drilling Contractor _______ , _-_ll.~4!Ul"iliU.. License No.J!I ____ _ 

Street and Number__l!@.X ___ ~'fll_~---------"-------· -------"-~"-
!~-+--!--+--! City ________ l..l>V}_JWflll f!: ___ ·_"·--· -~----------------------- Stateti!l! __ lll.l!:lll ~L~---'-' 

Drilling was commenced. ________ JJu~jj;_J1.%1 ___ , ____ _._ ___ --. ____ 19 liJL 
'----'----'---'---' Drilling was completed__ ___ ,)_\!_I.'L, l>!! __ c-~--,-. .-,_--. --------. _ J9 __ li!$.. 

(Plat of 640 acres) 

ElevatJcm at top of casing in feet above-sea_leveL.__ _______ · --_-Tota~ depth of we~~---~2.'-'---'---

State·\;;hether Well is shallow or artesian____~1!~~ti;$W ____ :~__nep~h t_Q water J.lpoiJ. COJl?-pletimL ___ I-~2~-.-

Section 2 .. PRINCIPAL WATERCBEARING STRATA 

No. 
pepth ip :feet - ·ThickneSS in 

Feet 
· Description- of Water-Bearing' Formation 

From To . . 

2 

3 
. 

4 
.. 

' . 

Section 3 . RECORD OF CASING 

Dl• POunds Threads Depth 
Feet Type Shoe 

in. "- in Top Bottom 

Perfor<ltions 

From To 

10 Sll ••• ll ll:l'f lll'l l!ti!l$ 
. . 

. 

·. 

Section 4 RECORD. OF MUDDING AND CEMENTING 

- Tons ·· No. Sacks of 
Clay cement 

· ;-~pth 1n Fee.~ Diameter 
--ET""o=mc-r-cTo;o~~J Uole in fu . MethOds Used 

. 

c. 
. .· 

Se~tloll-·5 PLUGGING RECORD_ . 

N~~~ "~£-Plug~~ Contraci~r ____ ,_·_·-~---~~-~2.~_; __ -~-_ _;.:....License No·----c 

Street and Nuinber . ------ City· . ~ ,;; ~ ---- State:·--"-----------
TollS Of Clay W,e~'----~-~~--Toiis of RoUghage used. ____ ~.:_._.~~)~-\-- --:--h:i'yf,e Ot·-rO~ghag'e'~---____;_ ___ _ 
Plugging method tised -----.... _ _ -nat~ P~ugged_-_____________ 19 __ _ 

Plugging approve(! by: ,~ -_ C.et:nent P_ll,lgs were placed as follows: 

I J 

FOR USE OF TJ[j; droAmE::~~~ 

Date Received __ _ JUL28 1955 __ ~-------' 

OHI"Ce"" 
GROUND -WA H!R SlJI'!':RVI5Cit 

~<.OsWm. ·N~'N M~x1co .... ~ 

No; , :. Depth of Plug 
-From TO 

No. of Sacks Used 

. 

File No. J!~ .::?_7?/ - __ Us~\~~ .Looation No.L? 3.3;L 

. 



f'" .:,_, c 

Section 6 

Depth in Feet Thickness_ I Color 
lhom To ln :&'eet ·., 

0 4 4 WIHTE 

4 U! ll R!:D 

12 I 'I' s WHITt; 

17 51 34 RED 

xUs !!I 64 l3 O•AY 
64. l04 40 Riti3 

104 . 117 13 GRAY 

117 134 17 GRAY 
1~4 !49 !!; GAAV 

!49 155 6 ~Ull 

155 164 !} G~n 

~64 ISS 24 R-!W 

ISB 189 1 .GRAY 

I 89 21.5 · 2G .. BROWN 

215 220 5 Reo 
. . ···.'c. ?92( ? Rn ' '-·~·,< • 222 . c 

22T 5 Rto 
-

. To' Al IJ[PT . ~2'/' 

. 

•. 
. 

.. 

. 

c 
~-:-;: -

L06 OF WELL 

REI! 

. 

--

TYJ)e of Mat~dfll Enct:~un.tered 

Tep !leeK 
SAND· 

HARD ReeK 
SAN!) 
C;.LIQHE . 

SAN~·· ... 

HAkO CAL i~Ho 
' 

I. ••e AND ST~EA~S ., SAN.D 
' BRUEN I. IME 

SANQ 
·. ·. 

ilR&KEN LiM!! 

SA»O . I.IQHT WATER $A"D 

I. IIlli SH!U 

SAND A~D. GRAHL ~-Guo 
-~ 

SANOY I'!HAL! 

PAa~ SAND 
~--- =-~-

SHALE. 

L S Elev 
Depth to K 

"'"' of . K 

- -

... 
T rc .2 :Z :;u

!rc.:fi y..2.r 

. 

WATER 

Hydro~ Survey_ field Chec~ ){ 

''">1'--'!,:;'>i,~\_•';o 

SAND 

The Wldersigned hei-eby certifies that, to the best of his knowledge arid belief, the fo~egoing is a true and cor-

rect record of the above described well. ; .. · '7 /J // _ / 

_tf£~_ .. R~_.£:: __ :~~-------
_. · wen nrmy 

SGURCE OF ALTiTUDE GIVEN 
lnterpQ!atGd from Tof)u. Shsot X 
Oetetml.ned by_ lilst. levelinn!L __ _ 

Other_~~~------

. 



---

iFonn WR-23 STATE ENG~ OFFICE 

PELry WEILRECORD 
INSTRUCTIONS: This form should be execqted in triplicate, prefenibly typewritten, and submitted to the 
nearest district office of the State Engineer. -'All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. 

Section 1 
(A) Owner of well ':b.unde2bbd--~l:lgCJCWilll<. ,,_· ------
Street and Number )22 ft&!:U,l.ly lll'l:Lo:l!. )3ldg, 
City baJla ill State _ .c.$'-""'"""'•a;$1'---------L ---
Well was drilled under Pe'rmit No _______ _ -~d is located in the 

_· · --'1<---BW-Iil--SW---'I• of Section.~'IL-TWp .. J,'{~.Rge.)-)--il----
(B) Drilling Contractor P,\)1>(111$ !Ieos~ _______ License No.-'dn..t.6 .... 

Street and Number_·. _ ---~~1-- ____ _ 
-

I 
City c ·-·-··----· -~$.-C ........ State ..... J!Uf.C1)_._ 

Jlee d 9 1o----5t.. 
De<1, ?l 19 .. n. 

Drilling was commenced _____________ _ 

Drilling was comple~ed_ ________ _ 
(Plat of 6<19 acres) 

Elevation at top of casing in feet above sea leveL_____________ ___ ~-----------Total depth of welL. ~2o,~li'Q..._ __ _ 
State whether well is sh~low or artesi~n_ SbnJ19'*---------·----Dept~-:to water upon ·l:!ompletion._--160_ ____ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in 
. 

Description of '\Vlater-Eearlng Formation No. From To F~t 

1 160 2.)0 '/0, water s~ 
~ --~ 

2 

:r-- -- - -

---
' I 

5 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

Perforf!tions 

in. ft. in _Top Dot tom Frum To 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth m Feet Diameter Toru No. Sacks of 

>Tom To Hole in in. Clay Cement Methods Used 

. 

·-
I 

Section 5 PLUGGING RECORD 

Name of Plugg.ing Contractor ________________ __License No. 

Street and Number --------:------------------City __________ ·~---·---- State: ________ _ 

Tons of Clay wed _____________ Tons of Roughage used __ _:_ ____ _ Type of roughage 

Plugging metho~ used ________ _ _ ______ u,ate Plugg 19 __ 

Plugging approved by: Cement Plugs were placed as follows:-

Depth of Plug 
No. hFro""m:o=;-.:....:;,T~o"---1 No. of Sacks Used 

FOR USE 0 STATE El:YGINEEit ONLY ! 

Da~e Received_· ---4--D_E_Cm
3
..,
0
.,.,
1
::-
8

-,_
57 
__ -lj' __ l 

G~~~~~;::;~;;:i.:':~~~~~~~ 

File No.J -.J7(/? Use r,cation No.LJn .n J 0 

'3If :1..}/.3 

.. 

I 



Section 6 lOG OF WEU. 

IThiclm -- ~- ~ - ""' I From· To in Feet Coloc Type of Material Encountel:ed 

' 
0 l l So!t'l ' , ltl 'ill &.~l<h"-

~ 
,,~;,., .... ' "' "-• \ '. .. 

---1® !<!1:0 9_0 "'""'el!' Sa11d 

. f----

' 

--· 
. 

. 

. 

-

------
Tlte: undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor~ 
ree-l recOrd of the above described well "J 

/./ . _...-~//. /,9' 
_-([2/f:~~/~ ~-
~~er ... ·., 



. 

.. '>'! 

Form WR-23 

FIELD ENGR. LOG 
_INSTRUCTfO:NS: This form_ should be executed iii tl-iplicate, preferci.bly t:YpeWritien,_ oand submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be allsweted as completely and 
accurately _as possible when any well is drilled, repaired or deepened. When this form is Used as a plugging 
record, OJily Section 1A and Sectio~ 5 IJ.Ced be completed. · · 

(Plat of 640 acreS) 

Elevation at top of casing iri feet B.bove sea-leyeL.~--'---~--"----'i'otal depth of we~Zfi2~---------

st te h th II . h II. . te- .. _ Sb.Htllot",t D th t t . . It' lSOe a w e er. we_ 1s, s a ow or ar sian________________________ ep o .wa er 1,1pm_1 comp e w~__.___._ __ _ 

Section 2 

No. 

1 

' 
4 

5 

Section 3 

Dla 
j~ 

Section 4 

. 

nom To 

. . 
. 

. 

Pounds 
it. 

Thi'eads 
in 

Dept!;t in Feet Diameter 

>Tom To Hole in in. 

- ·. 

. I . 

Section 5 

PRINCIPAL WATER-BEARING STRATA 

. 

64' ::l«~li< 
.. 

. .. · 

. · .... . 

· .. • 

.. 
. 

• 

RECORD OF CASING 

Depth Perfor~tions 
Feet Type Shoe 

'I'op Botto~ FrOm ~'?-

. 

RECORD OF MUDDING AND CEMENTING 

Toru ~o. Sacks of 
- Method-s Used 

Clay Cement 

• 

. . . 

PLUGGING RECORD 

Name of_ Pluggirig Contractor _______ ., ______________________ ._, --~~------License No·------.....,--~--

Street and NUmber:_~---------~------'------- City ---------- State~-"--
Tons of Clay used _______ .:__: __ ·:___Tons ~f Roughage ~ed---~-----:___:_Type of roU:ghage _______ ~--.--

Plugging method used. ~ate Plugged. 19 __ ._ 

Plugging appi:oved by: Ce"ment Plugs were plac~d :is followS: 

-..: ... -.-.--•--· ·--- Depth ?f Plug 
No. No. of Sacks Used 

Fro!U To _..( f.~j ._, 1 . _ . -, , Basin SuPervisor 

_··---.--· 

Date 
·--~--+------~-------------1 

File No.__l::_3 5 .)_ f -S- ,).... Use 

... 



Section 6 LO& OF WELL 

Depth_ in Feet Thickness 
Color From To in Feet Type of Material Encountered 

• 

" ' 1 "'' ;n. "~" 

' M Q~ "AHnhn · 
.. · 

~" ""' ~~- APjH] ti<'hl: 

?H of ,, 
""'"" 1nn~<> 

"" 11 ?0-
·-~ ••mtd tl@CD~ 

19(\ ?~? 1 f)-~ ,,,t, /' 

0'1:'1. I')C:-9 ~ .g,') .,,... .. ;lh nl~v . 
?"? 

- ->f.?' - --,-;:;·· -- --~,,---- -- o1~-;;-· - -L"''"'""' ~ ... ~~ -
• 

·_ 

ij;l,;J 0 "-

.. 
. . 

~:n~~·:n V Trc )..5;Lr~ 

Elev cif K Trc2 2 ~ l:f e 

oE. < 733· :ie·.33.i7"J2- /"' 
-

-
<' •. r'· ·~ / 

'-''" 

'1; 

' 
. 

SDIJRCF OF AI TP'!!D~ e:vw 
Interpolated 1rom TM.1 ~~., ~ v 

. Determined bt lnst. !ilvnuna 
' ... Other -

. -... 
' 
. 

The Undersigned -_hereby" certifil;:s th~t, to the best of hi~ knowledge nnd belief, the foregoing is a true and cor
rect record of :the above described well 



(A) 

'. 

STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 
' Rev~ed June 19"12 

ownoc of woli Ideal Basic Industries, Inc .%Potash Company0~,·M~J<i,ce:a,____:#!r_8=c__ 
Street or Post Office Address .!p~·~O~·rB"'-"o~x~~l'-:-::---ccm;-;;:n---------------------
City and state Carlsbad New Mexico 88220 

Well was drilled under Permit No.~L~-::.~1~8~8;&0~-~S~-::.:;3L ______ and is located in the: 

'· ___ \1.1 _N_N_ !4 __SE__ '/.i ______IDl__ 14 of Section 12 Township _ _..l,J7C>S!__ Range _ __;3<.3,!'E"-. __ N.M.P.M, 

b. Tract No, _____ of Map No,-------
of the ___________________ _ 

c. Lot No, ____ of Block No. -Tee=------ of the _____________________ _ 

Subdivision, recorded fn ____ ~L"-"'e~a,__ ______ County. 

d. X- _______ feet, Y- -----feet, N.M. Coordinate System ___ ._,------~-- zone in 

th•-----------------------------------------Grant. 

(D) Drilling Contractor. -~AMb.!ib<lO'.Jtut,__,Bo,r!CO!!_S;;_.,__,Dr~i"le,le,l.','. n!!.g.,__ _____ License No. _!~'.,ffi!!.-::4~6 ______ _ 

Atldrcss--'H"'o"-"b"'b'"sc,,c.-.o!Nl.le.cw"--'M""e"'x"'io;ct>0'--'8"8""2"4"'0'-___________________ _c.. __ 

Drilling Began _ _..4L/~2,1,/cc8,cl,__ Completed -~5"-"/L24L/"'8"'l~_Type tools _ _,C"a="b"'l"'e"----- Size of hole-"224--...:_in. 

Elevation of land surface or _____________ at well is _____ ft. Total depth of well_~2~6~8>_ _ __;._ft. 

Completed well is 00 shallow D _ artesian. 

Section 2 PRINCIPAL WATER BEARING STRATA 
Depth in Feet Thi_c!cness Estimated Yield 

From To in Feet Description of Water-Bearing Formation (gallons per minute) 

159 230 71 Sand 

-~ 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth ilt Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

14 %.71 Welded 0 26q 26q 155 268 

Section 4 RECORD OF MUDDING AND CEMENTING 

L Depth in Feet Hole Sacks Cubic Feet 
Method of Placement ! From To Diameter of Mud of Cement 

Section 5. PLUGGING-RECORD 

Plugging Contractor ·- r---.--~-c.--c-cc:--c---.---,-,--:,---, 
Address --------~--------------- Depth in Feet Cubic Feet 

Plugging Method-------'-----~--'-----~- 1--N~"-· -+--'T~o,_u_+-'B~o~t~to~m,._-+-~of'-'=C~om""'o~n~t ---i 
Date Wei! P!ugge<L-------------------- 1 
Plugging approved by: 1---~2':---+-------1-----.f---~-----j 

~~~~~~~~~~~'~''~'~' ~E"~'"~·"~'~"~R~'4f~lt:'ll~: ,-_;;"c-,:~:~~:tJ!LJ'~-~/;!J~;~"':'-~}:;t:;i}:;;·_,:~='' 4:r;' =='===========!;;;;======;;! / 
FOR IJSE OF STATE ENGINEER ONLY ./' ... _-- . --• 

DaLe Received Nay 14, 1981 
Quad------- FWL ---- FSL----

if File N o. __ J.L~-1"8"'8"0c-cOSeo-..:!3 ________ Use --fNtT.--' Location No. 17. 33, 12 .. -14i42-
•/'!/.c6 /i/00 



• 

L 
Depth in Feet 

« • Frotn To 

m . .. 
l 

1 26 

26 125 

125 1'>0 

____ill 2~0 

2'10 9A1 

2111 ""' -

258 268 I 

. ' 

Section 6. LOG OF HOLE 

Thickness 
in Feet Color aud Type of Material Encountered 

l Soil 

25 Caliche 

99 Sand 

" So~ii o~ii oo~M ~~nlr 

71 lhnil-"'oh~ 

11 q"~" 

' --.. ~· "::7i;- "';~-;;~· 0 ,; ·::;::::::·~ ,, ~-----17 ' 

10 Red ala" 

l S Elov "!11!/ 
Depth to Trc ' 
Elev of K Trc-'fo'( 

I oo No j J J.J./.2, ) j/ jj 0 

Hydro. Survey Field Cnec~ !' Clr StJKvcy 

. OOUI<u"'> RU IUUC 01 

lnteroolated from T ooo. Sheet 

Determined bY. lnst. Levelino 
lJllj,. 

. 

-

Section 7. REMARKS AND ADDITIONAL INFORMATION 

;z:;i 
;<:0 . ., 
~ 

0 

"' 

= 

. . 

. . . . 

, 

' 

The undersigned hereby ce"rtifies that; to the best of hbrknOwledge and belief, the foregoing is a true and correct record of the above 
described hole, 

be executed in triplicate, preferably typewritten, and 
except Section 5, shall be answered as completely and 

When this form is used as a plu~ggi~~ re~ord, only Section l (a) and 

appropriate district office 
possible when any well is 

need be completed. 

\ 



s E c._ T __ }.£_L_I: __ /.?..~~) _!i_;l_,:j_g_._ 

(wj t!T .5e,;;f, -P.C,I'), de:ed"d land.) 

-------

-------\---- ---~~ --------

1 
I 

I 
' 

;" = ;ooo' 

)_-I %10-S-3 ·1~//D 

N 

t 

-00 -

.. 
.. 

" 
\ 

EC.J 
8/17/B! 



Fonn Wll.-23 STATE ENGINEER OFFICE 

r -~-~,.,.~-

f\ELD :1'"''·· WEIJ.. RECORD 
INSTRUCTIONS: This form should be executed in triplicate, prefenibly t-ype'w!'itten, and submitted to the 
nearest district office oi the State Engineer. All sections, except Se~tion 5, shall be aitswered as completely and 
accurately ru1 possible when any well is cl!illed, repaired or deepened. When this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. 

Section 1 

! _I_ 
--- ---

(A) Owner of we!L_,!'~.~-1!_fQ1i!@J:!JL!1/__fime~I'~W=<l'-------
Street and Numbex__h_p. E!O.~lit. ............. '--.... --.. -------
City O<AI'lci;>IJ_£1___ .. ---·----c- Stall! -.4~~e.Yi~,-
w 11 ·u d d p · N :. .. 1880 tllru -"'"~'-"-'" 1 °111 

'•. " e was dn e 1U1 er ermtt o, _____________________ . __ and lS ocated m the 

-!A 

~)'''1 
f-(J 

I ... ,, .. 

JDO . , ~·'''l ~.!!.IV 

-~ ~; ~! I -
I . I I I 

~%,. ___ _ffY.' ___ %, ___ ~1'!'.: .... ¥-t of Section ___ )/{ _____ Twp, __ l.___?.__§_ _____ Rge ..... :I!!_§_ .. _ 
(B) Drilling Contractor. Abbc>'tt fi..I!Jl!!_o _______ License Na.3P~ ~-

Street and Number _________ P~ G;;. !l_!!__-!_~_!!!_ _________________ _ 
City _________ Hp_P,_~-----·---------------------- State _!lf!JJ!_.Me~~fHl __ _ 
Dril1i..'1g was commenced ____________ J!~¥,~~1_ .. , ... --,-----,----:-:::\-:-·---- _ .'- _ _ •• ~9~ 

Drilling was completeci _________ _!{:aJ.\.~---------------------~c--~- i9_"tf6 ____ _ 
(Plat of 64.0 acres) 

Elevation at top of casing in feet above sea level_ ___________________ Total depth of welL_ )1~9 -------

State whether well is shallow or artesi~~~-!~-~~-------------·Depth to water upon completion________ll_l!_ _____ _ 

Section 2 PRINCIPAL WATER.BEARING STRATA 

I 
Depth in l!'eet Thickness in 

No. Fl'om To Feet 
Description of W'ater-Bearini Formation 

I 1!S 230 115 Plater eand 
2 

4 

5 

Section 3 
---

Dia Pounds 
in. ft. 

t:Jr uea 24 

Section 4 

Depth in Feet 

From To 

2(!0 

Threads~ 

in 

hale 

Diameter 
Hol!!. in in. 

Sand am! gra))e,/. 

RECORD OF CASING 

Depth 
Feet Type Shoe 

Top Bottom 

0 open 

----
----

RECORD OF MUDDING AND CEMENTING 

To= 
Clay 

·ffo. Sacks of 
Cement 

--------1-----+--------

Section 5 PLUGGING RECORD 

Perforlltions 

Methods Used 

To 

Name of Plugging Contractor-------------------'-·----------····--------------_____License No.·--------------------
Street and Number ______________________________ CitY--~------- State~----·--·-----

Tons of Clay used ______________ Tons of Roughage u.sed ___________ Type of roughage. 

Plugging method used_______.. __Date Plugged. _ .... 19. __ 

Plugging approved by: Cement Plugs were placed as follows: 

... -.------------;; 
Basin Supen>isor 

No. 
Depth of Plug 

No. of Sacks Used 
From To 

-- ~-----· FOR s'it1~:!J~:fltilS£k\lrnEER ONLY. 

. II IJWJSIO 
ReJ.;j_W{JJffi.N/:iNl mn S V Date 

---
; e: :a ~v sz d3S 9g~1 

~Fil;::·:.:e.,.;N:;o,L!::_=·oc:::.J:;.'£'~/{;:u;;;'--;;;CliMv~·~~-:/.;;;_;:;;/"~-C4:;:·:;~;;;~;::u:.:"::-~;:~::;,;:::::;:-...L::-;-;;;~;::;~::;:·::,:;;L::;o;:ca::_b:::·on~N:o~. ::;;/:7:;;::' ::5:;~:3:,:·;:;/:::,;2~.:.:3~·:;::Jf/ / 

J 



Section 6 LOG OF WELL 
--

Depth iu Feet Thickness 

Fmm To .in Feet Color Type of Material EncoUllteted 

0 1 1 S(!tl 

• ... __ 21L __ :;;p ---- _Q_@,Heh<! 

' 
21'1 ?'!'l AS' {i:(!;ntl 

f?o .WJ 4~ sana, ary .----
lUi 2liiL HI'S St>nd, WQ~~I" 

___1lBf)_ ;f;_l,l/;5 Jj sonau olau 
23!:1 2/JO~' lfj sand al'lit gravel -__ 2fil) 21:!f} {I red OlOIJ 

t S Elev J_/ / . .)' ~·: " 
~,:pin to ~ 

1-K 
Ire . -
+,:c·::; ."-">:; .Jr 

--· - - - - -- -· 
;i 

I 7, } -~;, /.'/ ' 
v-,, "" 

3 3 .fr'/l .;'/ --" 

m. SllP 11W ~ield Gheel\ y 
' 

-
SOlL~C.r. OF p,!_l! !i:Hlt': ~I'IEit 

I 
lnterpol?.,J::d trom !Opo. ,}j(..\;i\ 

~y I liSt. teQoling 

' U"'" 

----
i 

The nndersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described welL ~~---

Well Driller u-

' 



I 

Fo<m WR-
23 l=IEUJ ~GR. lOG STATE ENGINEER OFFICE • WELL RECORD 

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer . .A_ll section.<>, except Section 5, shall be BllSV?'ered as completely and 
accurately as possible when _any well is drilled, repaired or deepened. When this_ form is used as a plugging 
record, f?;nly Section lA and Section 5 need be completed. 

Section 1 

i I I . 
---
11~--! 

I I 
1--- _ 1 __ 1 

I I J 

(A) Owner of weJL_ ________________________ _ 

Street a.nd Number JJ6Td!~!_l:1_Jil"'il~.J..F,~- CfW.,!t):::~l!l!L 

City ___ !ic~ It-)) _________ ·_-._State-~----------.. -

Well wJg!-~er Permit No .... --------------~:_ _______ an;;;iii;M r{)l'it~fft the 

-----.lf~.'J~'ili ¥4----;~-;_~----¥4 of Section ___ ~;--~fwP··rr~·a··-----.Rge. __ ))E; ----
(B) Drillifig Contractor.~~--~--.-------~'{___.:: ______ ~~icense No·-----~---

Street and Number ....... -... l'.i-d __ _Qw·~~----::~--~----------------------~~P.l~l. __ 
. BlO'tl :3(J6 · · Ctty ---~-;_--;-·-:,-.--~-----: . ..o..---------------------. _ State -------------------

Drilling vl<J~~mt\menced ..... ---~--------------~-----~---tH'BL .. ~'ai~~-: 
Drilling was completed. ..... ~~G-VJ..'ibtt:_t_jl.-_______ . ......_,. _________ ~ 19f~---· 

~t'{.~lii~WJ' 4 -. '#7 (Plat of 640 acres) 

Elevation at top of casing in feet above sea leveL__ _______________ Total·depth·- of welL--------·----

State whether well is Shallow ~r artesian_ __________________ Depth to water upon compfe~Zn______,.,-----
. . --~lhallo~ lo!\-

Section 2 PRINCIPAL WATER~BEARING STRATA 

No. 
Depth in Feet 

From To 

I 

-,-- 105 

' 
4 

Section 3 

Thickness in 
Feet 

Description of Wlater-Be8ring Formation 

RECORD OF CASING 

bia Pounds Threads Depth 
Feet Type Shoe 

Perfor:>tlons 

in. ft. in Top Bottom >rom To 

"{ 2~)- 10 \:) :1.'<111 l-""r9$ "P"'*' "J.'l'l l.';JB-

I 
Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Toru No. Sacks of 
Methods Used 

From To Hole in in. Clay Cement 

~-~ ---- ~· 

~ 

. 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor... ______________ ___License No. ___________ _ 

Street and Number ... ________________________ CitY----------------------- State~--

Tons of Clay used ___________ Tons of Roughage used ___________ Type of roughage__ _______ _ 

Plugging method used. ate Plugged. 19 __ 

Plugging approved by: Cement Plugs were placed as follows: 

No. 
Depth of Plug 

No. of Sacks Used 
>rom To Basin Supervisor 

---·--

I I FOR USE))ffi~1ill.fiflli!,\001'1"" ONLY 

IT l:lllHS/0 ~· 
Receiv""' J .lr, "Tl'll"f'n "h"i" ·----1 . ~f-a..'31;1--G·::~_.j udZj.J ~1V \\ Date 

IS :8 W~ 0 I J30 616J 

File No._j -_lfJ <! 3 ____ Use. rP. 21!. D. _____ .Location No . .LZ_JJ.JV.!.fl 



_, 

- - -

I 
I 
I • 

l 

.-_Cj(.·· --- -~- -

Section 6 LOG OF WELL 
- -

Depth in Feet Thickness 
From To in Feet Colqr Type of Material Encountered 

11 ,, H - •'• ±' '" 
lk 68 ~i "' .. --Sand---t -M Jh "' - ...:and (loose) 

_\1J ll.Q ,., 
···"~ 

1/;0 - 16~ ~· " 
·-··- . .. . 

lli 202 _J? 
" 

"all<l (watep) 
?t.:> " 

~'" '" ,-, 
' -· • •I: • 'I 

-
" 

- -- - - -· -

---

I 

The underSigned herebY certifies that, to the best of his knowledge and belief, the foregoing is a true and cor
rect record of the above described well 

• 



Form WH.-23 STA~E ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and subffiitted to the 
n2arest district office of tbc State Engineer. AJl sections, except Section 5, shall be answered as completely and 
accurately as pos~iblo when any well is drilled, -repaired or deepened.- When ·this form is used as a plugging 
record, qnly SectiOn lA and Section 5 need be completed. · 

Section 1 

:~-~~: I 
(A) Owner .. _ of welL. . ."P.a:taah_llom_Jlan~ __ of_____Am.,e~r~i~c,.a,__ _____ _ 

' 

~ 

Street and Number ___ :8.o.i __ _3j__ ____ ., ________ ~_ 

City Car 1 s b§.d , li. M. . r--"-'1)--"-J .• ~ State _________ --·-c . . ... I D • 
Well was drilled unde1· Permit N o .. :·-····--------------------,-----~d is located in the 
_jfEK ___ y~l't: .. ~.liL------S_W% of Section ... l3 ____ Twp._j_'I,S _____ ~ge._3_iE__ __ 

I {B) Drilling ·contractor __ .Abho_t_t__B_ro_s _ _._ ___________ .· __ License ~oYlD~A-.6 ____ _ 

Street and Number. __ ~_x___Qj] ______ ., ________________ _ 

I 
I 

j 
City ........ .:.Ho.b.b_s _ _,_____,_NJ.M .... ___________ ---:-·-·--------------- State --------------

I J I Drilling .was commenced .. ___ __M_a_J"ch ~.9._, __ l_9.7.2 __ ., ______ .. ~-~---- 19 __ _ 

Drilling was _completed. .. _ ________Ma_r_cb.. _ _16-t--l91.L~--------- 19 _______ _ 
(Plat of 640 ?cres) 

Elevation at top oi casing in feet above sea leveL__ ____________________ Total depth of we1L_2.3_5_ ________ ---,----________ _ 

State whether well is shallow or artesian_. _ahall.o.'d _________ Depth to water upon completion_____15J ___ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in Description of Water-Bearing Formation No. Feet From To 
'-

1 
---- --

2 j 

' .. ·.·. 
---------

4 

--"-:--~-
5 

Section 3 RECORD OF CASING 
I 

Dep~h Dia Pounds:' Threads Feet Type Shoe 
in. ft. in Top Bottom 

14 - 30 welded l 238 238 none 
.. 

.·.· 

-----------

!· 

Section 4 RECORD OF MUDDING AND CEMENTING 
----~~~-~--.------Depth in Feet ·Diameter 
-fiw;;o;;m;;---,--.T;;;oc-~1 Hole- iii. i.n. 

. Tons: 
Clay 

No. SackS of 
Cemerit 

.· 

. 

. 

Perfor11tionS 

"'om To 

118 228 -

. ·. 

:M:clhods Used 

----~'---Hi --'---'·-'---'-1 ~11----'---f~~~ ~-~-~---------------
\ \ 

---~--1---l-,-. _.-----'-1---'----'---f----_c-1----'----~c'---'---~---~ 
~------~~------'----~----~--~--------~--~--~----~~~ 

Sec'tion 5 J : PLUGG:ING REG.ORD 

Naine ·of PluggmJ Contractor. __ · _______ ·_· __ ..:_~----------· -· -..,..:r~.--..: ...... .:.~ __ License No._...:. _________ __ 

Street and Numbe"r _______________________ : _____ ------City_· ______________ State~-------
1 - - • Toqs_of Clay used!-------+-----Tons of-~oughage used.,. ..... _. __ ___,_ ____ ~--Type of -roughage ___ _ 

Plugging method used.___ ate Plugged... ~-~---19--

Plugging approved by; Cement Plugs were placed as follows: .. 

No. Depth of Plug-
No. of Sacks Used 

Fr-om.- To . 

. · · . 

-
.. • 

--
·. . 

J ·Fon usi~~~-~~~~~-~-~~~-,~;Y 
~ Date Received-8~~~:; i..:., :...:;.T/ ___ _ 

I -
File NoL.i!J!JtJ--5.::..2 . __ u,e.i'..rMf._· _, _____ · ___ Location No. fL3_3 ' J..l._Jf.fQ. __ 

j 



--- .. -

Section 6 LOG OF WELL 

Depth in Feet : Thickness 
From To - in Feet Color~ Type of Material Encountered .. . 

n . ._ 4 brown surface soil 

4- 28 24 ~~~~L_--~--~g'r~aL-v __ 4-,c~a±l~icWMh,,e~----------------~------
28 4S 1' • hTnwn Anoil.~i,-h~ 

---4..5 1(1?· 'i7 

102 1'i~ tiL_ 

1 "' 
1'iA 1 

1'i.t 1 QR A.<L. 

1Q8 20l 3 red eho1 e 

__ _2{\1 ?1R ·. 17 hTo~ sand 

218 22'i .•. v 
2?'i ?,(1 'i 

.. __2'3j)c- -;,~c; -- " . 
L S Eiev 

. . Loo. No, I 7,.33. 13. ;1/1//3 
Mydto. Survey Field Check /1-w,P 

. 
SOURCE OF ALTITUDE GIVEN 

lntetp~ated from Topo, Sheet II I :?4 
Determined by ln:oL LeveliiH! 

Olhor 

. 

. . ·. 

. I j 

':qle-undersigned hereby certifies that, to the be_st of his knowledge and. belief, t:q_e foregoing is a true and cor~ 
rect record of the above de,scribed well. 

~J'I Ctct-~ 
; Well Driller 

j 



,.,m WR-23 ,---,~ 
t}lq~s:f. 

STATE ENGlNEEll OFFiCE 

WELL RECORD 
INST.RUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to ,the 
nearest district~office of the State Engineer. All sections, excePt Section 5, Shall be answered as completely __ and 
accurately as possible when any well is drilled, repaired qi: deepened. When this form is used as a plugging 
record, o.nly Section !A' and Section 5 need be completed. -_ ·: 

Elevation at top of casing in feet above sea leveL_. . ............. Total depth of welL ____ ~5-- .. --.----~ . _ .·.- .. _,,, 
State whether Well is shallow or artesian __ .a_Qall..trL .. ____________ Depth to water upon completion_ _____________ _ 

' 
Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in Description of W"ater-Bearing Fonnatton No. 

·~· 
From. To 

1 ! 
---

2 

3 
---~ 

' i 
5 

Section 3 RECORD OF CASING 

Dia Poun
1
\is Threads Depth 

Type Sboe 
Per1or11tions 

Feet 
in. tc In Top Bottom >Tom To 

' 

s ,. 4 ec ton . RECCRD OF MUDDING AND CEMENTING 

Depth in Feet Diameter To~ No. Sacks of 
Methods Uil<!d 

>Tom To Hole in ln. Clay . Cement ; 

; 

I 

Section 5 . PLUGGING RECORD 

Name of Plugging Contractor.---------·----~--------···--·------~~---------------License No .. 
Street and N~ber _____ ~-----~------------- City ______________ -_____ State~---

Tons of Clay u~ed .. _____________ Tons ·of Rough~ge used __________ -:-Type of roughage __ ·----

. Plugging method used. ..... ~------ ·--·--··-------·-----___Date Plugged. Jg ___ · 

Plugging appioved by: Cement Plugs were placed as follows: 

No. 
Depth of Plug 

No, of Sacks Ueecl 
>Tom To 

--~---4----+----------~ 



Section 6 

Depth in Feet 
From To 

Thickness 
-.In Feet ,... ... 

•. 

LOG OF WELL 

Color .it Type of Material Encountered 
. 

The undersigned hereby cert;ifies that, to the best of his knowledge and belief, the foregoing is a true and cor
rect record of the above described well 

! 



Form WR-23 STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: This form _should be executed in triPlicate, preferably tYpewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well .is drilled, repaired or deepened. When thls form is used as a plugging 
record, only Section lA and Section 5 need be cOmpleted. · 

Section 1 

-----~ -----------

1---~--
I I 

(Plat oi 640 acres) 

! 
----- -I 

I 

I 
-1 

I 

(A) Owner of welL_.-~Qt.rui}~.O»!tllffiY__Q_f_J\me"'r'li-""-""---~-

Street and Nwnber. P. o. Box 31 

··---·----------- State .. H!:lJ'L.M.~t~ico __ _ 
Well was drilled under Permit No·---~882 _________ and is located in the 

_____ s.&_ ='4---..SW~ __ .1J4.--_s& _____ % -of Section_l3 __ _:_Twp .. _!7_S_. ____ Rge._3_3--.E... ... :.. 

(B) Drilling Contractor __ ~pb_ Jobn~to_~---- Licens"e No,_WQ-=111---- _ 

State -~-Me~-~-9..2--
Drilling was commenCecl ________ --Fe.b.rliiry_..a,._________ 19_~ 
Drilling was completed _______ ~~--------------- 19-~ll-

Elevation at_ top of c~sing in feet above sea leveL______.:___A:_l2_&_ __ : __ Total depth .of ~elL! _ _:2.,4!l5L~---

State whether well is shalloW ·or artesian_:_~-' _________ ...:Depth to-~ yvater upon completiOn_______l&_•L ____ ~ 

Section 2 PRINCIPAl WATER-BEARING STRATA 

,~pth_ln Feet TiiickneSs 1n 
·. 

Description of Water-Bearing Fo~ation No. !from 'l;o Fcllt . 
1 ; 

.. 

2 •--::::· ; : .. . .. . _· .. 

3 ! . . . . 

4 > .. . 

• .. . . 

' 
--pection 3 RECORD OF CASING _ .. _. 

Dia Pounds -Threads Depth 
Feet Type Shoe 

Perforations 

m. it. in Top Bottom 
.· >rom To 

. 

Section 4 RECORD OF MUDDING AND CEMENTING 
. 

D£-pth in Feet Diameter To"' No. Sacks of 
Methods Used 

>rom To Hole in in, Clay Cement 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor-:·-'--:----:------.,.._-------~-----·"-'--~------License· No·-----~---·---
Street and Number ___ ~-------, -.--·---·-·_:------City _______________ .. ___ State ______________ ~---~-.,_-

Tons of Clay used ______________ TOns of Roughage used _____ Type of roughage ___________________ _ 

Plugging method used------------;---------------·----_____Date Plugged ______ lg_._ 

Plugging approved by: Cement Plugs were Placed as follows: 

No. 
Depth of Plug 

No, of Sacks- Used 
From To 
... 

• . 
-
~ 



Section 6 

Depth in F"'t 
in Foet COlor 

»om J70 . 

. ' ' '·' 
.· .. ' ''· . 

' . . 

. . 

' ' . ' ' 

'· r·· 
' 

. 

. 

. 

' 

' 

·" 

. . 

' 
', 

' ' - . 

I 

" . ' ' . . 

., 

... 

LOG qFWELL 

' 
' 
,· 

. ,, ' 

'' 

. 

Type of Mat~ial Enc_ount~~;.d 

. . 

' ' . -' 

' ' . . .· '• 

'· ; '· ' '"" 
' ' 

' ' 

.i: ' '' '· . 
·, ' '" 

--;;l?a.-r 
LSE_Iev· v ~- (}. !-T,-::> ,_2//0 . 

El~~·ol v T'"<38 '~ j' .s-.: 
.. ' 

. .. 

' . 

. 

/7. ,?!;<,;~. JJ.!Jv,J/,/./ 
~c. .. "" 
"'"'"' 

' '' 
. 

~UUWot U~ ALII I UUt ljfVtN 

from Topo. 

""'"""'"" D'j '"''· 

. .· . 

. ' 

. 

' 

v 

·' ,. 

The nndersigned hereby certifies that, to.th.e b.e.st ·.of :Ws ~qwwlt::Clge __ an.d belief, the foregoing is a true and cor
rect record of the above described well 

-, • • r•-• 

~1 ... 

' ' 



/
/ 

/ 
' ' 

' ' 

4-0 

1l>r- or S.t'FS 
I>£{ A 0!' 1'4! /!'F-< tit;~/) .rylq Q'l ' 

:} 

.. , ~-~ l"t<' . S<J!? ,3- "? 
ror5 ?>r tt<-~r,.L-\" ·th b /~t8 

'' 

AP:PROVEO BY 
0 

CHECKED BY 

OIRECTED BY 



. FofiEL-D ENGR. l' 
STATE ENGINEER OFFJQ:j!: ~· 

WELL RECORD 
INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o}lly Section IA and Section 5 need be completed. -

Section 1 
(A) Owner of we!L__)'Qtruft;-..Co.-~~ 

.·· 
Street and Number _____ Bm JI 
City ---~icl, --------~---- State --N-ew-k'"*_<,.e-t,::c:---------------
Well was drilled under _Permit No .. -l.eol-fl.B2. ________________ and iB located in the 

·-----M~-'4~_5i'I ____ '4.--llll----·--'4 of Section .. --J:3----Twp·-I1--S---.Rge _____ }j-l:'---

(B) Drilling Contractor ____ J;.....&-. .P--Dr-4J..l-J._ng--C-ch.------ License No·--itff'...2-llf--
Street and Number _______ -II2.l_$ 1m'$' - -----------------------

I 
City ~--LmngtOll----------·,.·------------------· State --Ne\'r--¥-e-1~-!ee 
Drilling was commenced .... _!li!P!.! _ _!~---·----------··------· 1L6Jr---

(Plat of 640 acres) 
Drilling was completecl ______ ::).ar-p-t.-~----------·--·----- 1"--6!,----

Elevation at toJ2.-0f casing in feet al;love sea level _______ ·:····-----.-·····Total depth of welL-2L-5-------·-------
State whether ~ell is shallow or artesia.n______:____~J!].lm_ _____________ Depth to water upon completion.___ ________ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

D;fu-;;;-F;t Thickness in Description of Water-Bearing Formation No. 
From To Feet 

1 
2 

3 . 

4 --;-

5 

Section 3 RECORD OF CASING 

Dla Pounds Tlu-eads Depth Perfor~tions 

in 
Feet Type Shoe 

From in. ft. Top Bottom To 
I4 . l/26 2M xu 

·. 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Toruo No. Sacks of 
Methods Used 

>rom To Hole in in. Cloy Cement 

- -

. 

I 
-

Section 5 PLUGGING RECORD 

Name of P.Iuggin:g Contractor------···--·-·--·--- _ T 'cense No--.------------
Street and Number·------------------ City __ -_; _______________ _,_ State· 

Tons of Clay used. _____________ Tons qf Roughage used Type of roughage -
Plugging method used_ _____ _ _______ Jlate Plugg[ed.. ____ _ !9 __ 

Plugging approved by: Cement Plugs were placed as follows: 

Depth of Plug 
N~ 1-Fro~~~--~T~c_-1 No. pf Sacks Used B . S ~m upervu;or m 0 

FOR USE OE,ST4.';l'E-EJiJGINEER ONLY 
'. 

. . - .. 

Date Received. ,;. .. 
.. ~-

___ ,_.. .... :". 

12 :"8 .- . .: 9& lJJ 

File No. L-{J'f_;>.... Use" 1 jcf_. ~.,l~~~n No. ~3 fl_,_f'_.S £___ I 



Section 6 LOG OF WELL 
~ 

. · . Depth in Feet Thiclm~ 

"'om To Jn Feet Color Type of Mata"ial Encollllteied 

u 'rM 0 wa~ e. ~r- Job-on Pot$$h Mine we 

' Cl"""s<l & Drilled l!r 220 ft to 2h0 rt, 

Hun ~1})0 f;cr~tch~r .... Sat 14 :rt, ot Xhin 
~~ 

.. Caetng -in Mott[,l[tl ot Hole ,z.t &ailed~ 

. 

. 

. 

. 
. 

. 

--1-~~-~-~ -----~~ ~·~---- -
. 

. 

•• 
. 

. 

. 

. 

··.·. . 

. . . . 

.·· . 

.. 

~~~-

The undersigned hereby certifies that, to the best of bis knoWledge and belief, the foregoing is a true and cor~ 
rect record of the· above described well 

We "' 

.. , . 



Fonn WR-23 /) .l Sl'ATE ENGINEER OFFICE ~ 
(~S.!. WELL RECORD • 

INSTRlfC'Jl'ICINl):_-~ lllris form should be executed in triplicate, preferably typewritten, and submitted to the 
neares~ ~ct off!.~~ of the State Engineer. All secUons, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o;n1y Section lA and Section 5 need be completed 

Section 1 
(A) Owner of welL__ Potash Company of Arneri ca 

Street and Number _______ ~~-------------

City Carl a bad State Uew---Mo-X4-eo----

Well was drilled under Permit No. I.-]88'3 ___and is located in the 

~ ¥a..,.........ftB_y.,__________sL__%. of Section~_Twp_ 17 S Rge. 3'3 E • 
1----l--t--+---1 (B) Drilling Contractor __ _,Em,.mlll•LttJ:tc..HBa•l!•l!•on---- License No. ____ _ 

Street and Number ____ ·----------·---·----------

1----+~--~---1 City ------"'C"tlsbad ~------~ State ....--.New Mexiso 
Drilling was commence(L ____ ~Jtluun,e_.ll 19---52-

'----:-:'--,.c.--.,.'----' Drilling was completed._ ___,r~_.2_4 .. 19.-52-
(Plat of 640 acres} 

Elevation at top o:f casing in feet above S~a leveL____ ___________ Total depth of welL __ 2_5_9 ______ _ 

State whether well is shallow or artesian Shallow ~---____Depth to water up~m c·ompletion......l.4.7.. __ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

No. 
D<pth in Fret Thickness in 

Foet 
Description of. Water-Bearing Formation 

nom ·To 

1 11 ?.0 .••. .. , 
2 

1219 239 20 "' 
' 
4 

5 

Section 3 RECORD OF CASING 

Threads Depth 
Feet Type Shoe 

Perfor11tions 
in 

---· 
Top Bottom >Tom 

Dia ·Pounds 
in. ft. 

16 .0. .150 150 

19fqll . '" 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Tons No. Sacks of 
Methods Used 

From To Hole in ln. Clay Cement 

--· 

I 

Section 5 PLUGGING RECORD 

Name ol Plugging Contractor _________________________________ ..License No. 

Street nnd Number -------- City ____________ State:... __ 

To 

Tons of Clay used .. ______ Tons of Roughage used ________ Type of roughage__ ______ _ 

Plugging method used. ate Plugg=--'-----'--19 __ 

Plugging approved by: Cement Plugs were placed as follows: 

No, 
Depth C?f Plug 

No. of Saclrs Used 
From To Basin S_upervisor 

0 
FOR USE OF STATE DGINEER ONLY 

Date Received------No-vemb,.e»•"-*l,,-kl9g6&55------l 

File No____L:-...1 Use Ind. & -.Jlem-o--·Location No. ~13-.-44441 :::::._ ( 



Section 6 LOG OF WELl 

Dept!::. in Fee~ I Thickn. - = Color Type of Material Encountered 
From I To inFccl I 
0 I 20 20 I Lima & CalicAA 

=!=l 60_ 30 horri <ino "' ·~ 
0 60 1n " •d ·" 

__!i.ll.____j 65 5 hr. h•rd ••nrl 

-~· 80 lS '__!in~ ;red B8Dd 
. -

An 95 15 br barrl chunky.Jlalld_ 

95 120 40 fino ~and 

120 135 1A b:r:. h.nrU ~bunHm tumrJ 
, .. 14" 10 fine sand -

145 147 2 hord ••nd 

____1.47 150 • r~d bed 

lf\Q 170 20 I :fine lH~yd-· --
-

170 173 3 rod bed 

173 210 :fine & cores sand some gravel 

210 219 ~ rod bod 

219 239 :&0 br, (l,luddy sands 

239 24tr 2 coura~ ·u_;avol 

241 259 r(ld. bed;.;,scima gr8.vel 

~.
0

,;~~ - 1j I 2Y 
Elev of ;= Trc { f/:: 

I c:=- fi' &-~I' 
-

; ;/ 7'33 ·/3. 7'7"/ "/71 ~ 
" . 

Loc. No. 
Hvdro. Surve:t Field Chec~ 

ovuru;t Vr ~llli(IOE QIVEN 
:-/ii!elpu~'ateu Hom /tlpU, UhNJL 6 

' ined b;r Inn. tevelln 

""'· .. ' -The understgned hereby certifies that, to the best of hiS knowledge and belief, tlie tore!!'om~ .u; a true and cor 
rect record of tbe above described welL . 

~tLIJaar"r"'o"'n'=------·--··---
weu Dr1ller 



Form WR-23 c0J~ S. · f STATE ENGIJ:!EER OFFIPE • 

· INSTRUCTIONS: ThL form should be execu:dE;::~~~erably tyjlewrittJ and submitted to the 
nearest district office/of the State Engineer. All sections, except Section 5, shall be answered~ completely and 
accurately as possiblf? when any well is drilled, repaired or_ deepened. When this form is used as a· plugging 
record, o,nly !Section fA and Sectj.~n 5 need be complete<l. 

Section 1 · · 

I 

1-l .: ·. : 

(A) Owrier of we!L~.J!~lljjlii!Jll. ll'l'll.l.!fl$~',.c· ______ _ 

Street and Number~~~-'-'-c . _: ___ -___ :.:. .· 

City _ _:_~. .. ................. :'.c State -~--c-dli!t 

Well was drin~d-~e~ Permit NO_. . .:. .. :~_'_-:-__ and ~.-ioc~ted in the 

..... l>-Jil--v.. .... ll..<J,. y, ., . ..$.§:: y, of s~ction .. ,:il.'il--.:-Twp,_JI:1-3·~Rge ..... ~--l-·
(B) .Drilling C~tractor,Ce~,~~~}iceJ>se No.~
Street and Num:~er-,:.::..~--~~~~ 

City ~.-~.,_. '. ·· ·.···-~ .. ~: . . . .. State ·:1/$11'-~--

(Plat 'of '640 acres)·· 
~::~:: ::: c~!:'p7e~~~;-:=:~~:=·- -=:: = ... ..,--.. ~::=•---•·;,_- ~:::~t 

Elevation at to~· of ~asfug 1h {eet above sea leveL ..... ~---_::_·.···--...:.... ... ,..TotaJ. depth of welL----~--'..;.:.~:... .. __ ~----
State .,;,h~thei" well "is sball~w· or. artesian_ __ ...:..... ________ ;.; ..... -,.Depth to· water upon completi~n_~....:....;:..: _________ ..,.._ 

Section 2 .PRINCIPAL WATER~BEARING STRATA 

No. 
Depth in Fei:t Thickness 1n 

Feet 
Description of W'ater~Bearing Fo~etiOn 

From To 

--·--------·--2-== -~----- -·----~-·- ---·---·--·· 

3 

4 

' 
Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feel Type Shoe 

Perforfltions 
;n, ft. 'in Top Bottom hom 

.. · 

. 

> 

Section 4 RECORD OF MUDDING AND CEMENTING . 

Depth in Feet Diameter ToM No. Saeks of ·-'· 
Methods Used 

hom To Hole in ln. Clay Cement 

. 

--

I 

Section 5 PLUGGING RECORD 

To 

Name of Plugging Contractor ___ .., ______________ .. ______________ _.License No·-------~---

Street and Number---------------------- City....:...__ ___________ State· 
Tons of Clay used __________ Tons of Rough~ge used _____ . ______ Type of roughage __________ · __ 

Plugging method used.. ate Plugg .19 __ 

Plugging approved by: Cement Plugs were placed as follows: 

D th fPI 
No. 

.. ep 0 ug 
No. of Sacks Used .... .,. 0 From To 

FOR uSE< sr , . '1g 
JUt. U 1\lfii ··- - . 

Date Received 
OFFICE 

O!tOUND WATf~ SUPllfVISOR 
RO~WElL. NEW MEJiiCO 

. 

File No. J..-IS'I:>, UseJJ...L.u?J~ 
• 

.. Location No . 1.2 .a.s .~ q, '1--- I 
\ 



Section 0 LOG,OF WELL 

--,Ih,;:,"';;;m;;"-"'-,'-"_F_~'iTC-;~c--1 T,';;':,";" Color : I . . . .. Typa of Moteriol Enoonnt~ed 

---f---~11"-· --'---+-~-~--i·-~~lll'llil .l!I!!Jl. ~ _, . 

---t-----'t-,.~., ---c-~,c+: ,--.. _-.-,-. ;~. ~--... +-!>~~~ ~· 
.· . ' 

-. . 
· . 

. . 

.. 

I 

. . 

. 

The undersigned herehjr certifies that, to the best of his knowledge and belief, the foregoing is a true and cor
rect record of the above described well. 

"). 

' ' 



fiELD fGR. LOG • Form WR~23 STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCT-IONS: This form should be executed in triplicate, prefenibly typewritten, and Submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as _completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o)lly Section lA and Section 5 need be completed. 

Section 1 
Owner of welL ________ , ___ P~~-CMYJl¥ 0J1" .h.ifJfRIC.ii. (A) 

' Street and Number _______ ~-~-------------------"-·------------
City C•rl&bad__ _,_, _______________ State --~!~!~~-~-0 __ 

---- ------
Well was drilled nnder Permit No,_!-I®J~.:.. _______ and :is located in the 

--------- \L ____ .fi_L Y., __ /lJL '14 of Section_I_L __ Twp. ___ l] ___ ~___Rge. ____ ~?--~---

(B) Drilling Contractor ___ r_ & l' _':!!'11~~---~!!; _______ LiCense No .... ~~~B-I __ 
Street and Number ______ Ii2,(!..,_'t_~!:_ ____________________________ 

T 
City _________ _l&'li!Jlll>Q!! __________ ~------------------- State ------~_!lOldQ<>__ ___ 
Drilling was commenced _________ ~~±----·--·-··------- 60 

Ana 2l 
19--;m---

Drilling was completed. .. --- 19 ______ 
(Plat of 640 acres) 

Elevation at·top of casing in feet above sea leveL__ ______________ TOtal d"epth of welL IOO ft, 

State whether well ia shallow or artesian Sb;§ll~ __ Depth to water upon completiol}_____ ______ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in Description of W'ater-Bearlng Formation No. 
From To Feet 

I 
·- - " --- -- --· ·- ---

• 
' . 

4 

5 

Section 3 RECORD OF CASING 

Dia Pounds Threade Depth 

I 
Feet Type Shoe 

Perforfltions 
ln. ft. in Top Bottom From To 

w-

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth 1n Feet Diameter Ton> No. Sack_s of 
Methods Used 

From To Hole in in. Clay Cement 

7 ll!liio 

-----~---r-----+-----+-------r--------------------------

Section 5 PLUGGING RECORD 

Name of Plugging Contractor ...... ·--·-··-·---------·-·--···-------------.License No .. ---
Street and Nwnber-... ----------------------··-· City ____________ State· . 
Tons of Clay used ...... -'----··-Tons of Roughage used _____________ Type of roughage_ ________ _ 

Plugging method used.--_-___ __:_-________ . ----·· Date Plugged. __________ lQ __ I 
Plugging approved by: Cement Plugs were placed as follows: 

Depth of Plug 
No, hFr=omi'--r--.Ti<o0'----1 No, of Sacks Used 

Date 

FOR usJiiai{)JiJ'~E>IGINEER ONLY 

1/:l.:ID ll33NJSN3 31'/lS 
Rec"iv:tfunz-!lnv 096/r-----

~----------------~J 
File No.£:-:-.1)?£,;L ______________ u,Jlud _ _(M-._, ___ Location No. LU3' .. L"fL£f'~----



Section 6 LOG OF WELL . 
Depth in Feet Thickness I 

From To in Feot Color Type of Material Encountered 
. 

10-~"<-ij·b· 01! B Ucm~Ut11J---
w!!ll, !~ a Pot~ah Mine. 

ll'iehad out BUOtion 1>10$ lind "lo~WO<! 
well .from '10 .rt tg- 100 ft., 

.· 

.·. 

~-~--- ---~-" ---~-

~' . ~ '•7 ' ' 

.. 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well. 

• 



~onn WR-23 -~~ JJly/rATE ENGINEER OFFICE .l. 
WEll RECORD . . • 

INSTRUCTIONS: This , should " in triplicate, and submitted to the 
nearest district office of !it• State All ,..;, , excep:_~':"J:~n 5, shan be as complete!y and 
accurately as possible when any_ we!f is ¥.Jled, . I or When this forni is used as a plugging 
~ecord, o.nly Section lA and Section 5 need be 

Section 1 
r7--,---,----,---, (AJ Owo~mweun ____ ~r~14~1~t~~··~~~~~~~&aa~w~o~m~~~.~~~~·L. ----------

Street ond Number la,(l w. ·~~.~----"-----~-~~--
City -li~AS!!ul.w•a!\111!1. ~· · -----..,..--~--- State ~ 

Well was drilled und~r Permit No. ~ and is located in the 

· ~4-----:<111~--""' oi Section-t'1--Twp~ge_3H-
f----,+--l--+--l (B) Drilling Contractor .. C;o1li<liil J;<~, Oeo License No.~ 

Street and Number_~-----------~----

f--- ----:~---11---1 City ~ · State -11$1< 'Wt'ee 
Drilling was commenced__ __ , _______ ~--- - 19~S'1-

'----'--··---'-~.,.-'---' Dril.I:in:g was com.pleted_ __________ .~----- 19~-
(Plat of 64.0 acres) 

Elevation at top of cas~~ in feet above sea leveL __________ Total depth of w·eelui_..c·-1!~~-.illG~A1;.,..~---

State whether well iS shallow or artesian~ht!llW ____ __Depth to water upon completionn_it~~(I\H.~r<'<-1-<•~ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

No. 
Depth 1n Feet Thiclmess in 

F""t 
Description of 'W'ater-Bcadng Formation 

nom 

1 .. , 
2 

~ 

• 
' 
' 

Section 3 

Dia Pounds 
in. ft. 

Section 4: 

.,.0 

A, 

. 

Threads 

"' 

Depth in Feet Diameter 
-,..,.;;=,;om~T:...:.;T;,:;o;--J Ilole in in. 

., 

Section 5 

'" .. 

·. 

RECORD OF CASING 

Depth 
Feet 

Top Bottom 
Type Shoe 

" .. ~ <>!>~!; """"' 
····· . 

. 

RECORD OF MUDDING AND CEMENTING 

Tons 
Clay 

No. Sacks_ of 
Cement 

PLUGGING RECORD 

. 

Pcrfor;~tions 

From 

. . 

• 

Methods Used 

•• 

'l'o -

Name of Plugging Contractor·------·------~~---~-----License No. ___ _ 

. 

. 

Street and Nuniber -~---------- City Stata··-----c-----

Tons of Clay used --~--Tons of Roughage used____ Type of roughage• ______ _ 

Plugging method use ate Plugg 19 __ _ 

PluggiUg approved by: Cement Plugs were placed as follows: 

Depth of Plug 
No.I-,J>u~mi-,--.To~--1 No. of Sacks Used 

Basin Supervisor 

FOR USE Ol sTlfti<~I) 

Date Received 1\UG 1 19~

1 
--

OFFICE i\ 
GROUND WATEil SUPER ISOR 

ROSWEll, tUW MtxiCO 

Location No.j.'/d3.J2 I J.q~tl File No...L--J rj:, .2 :::z__ Use ~ 

.. 



Section 6 LOGOFWEU 

Dept-_h in Feet I Tbi~ess - - .Color Type of Material Encouo.tel:ed. 
From To I .in Feet I 

' 

... "' 
I ;, ·-·· 

~ "" '" 
. 

~>f. . .. " 
. 

" -••-
'A 

~·" 
..... . ~-d.,"~~ 0~ ' ' 

..... -~-
•• fl 

~- "" Jill:!' lll!lllil 
m ""'· ~ ' -ll~~u.. 

-' 

--._ ...-- ""'=;_...,. ~--

""';- ~ - -- -=·'.. - ~...,..~-··~----~-·-- ,_., 

. ·. 
.. 

'/ 

. lS Elev "/..<-'-' 1 . / 
Depth to "t~CJ__ 7 ~13 / 

"" 
I 

-~~---f----~- ----~ ---~--~-~~- --
-

' : . 
N IZ33, 17, /;2<'#"/ / 

LUI:, 0. ' 

c;ec0'6w1 z:;,,wJ) 10. 3~iV&y ~eltl 

.. 

: 

SOURCE OF ALTITUDE GIVEN 
_Interpolated ffcllll r~·r:-'J. ""··' -~ ~" c;,, -- • . . . 
_Determined by lnst. Lev6'/inL_ 

--

·o-JJer 
. 

. 

' 

-

. 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well. 

. ~~---·" .- -'c:_ -o..io.~-"~ 
c~~- · __ ·-C<>y , . ., 
/ .. 

,._ .. --:.:_i-.," •. 

/7. 33. )'7 



Form. WR-23 STATE ENGINEER OFFICE 

. .- ~ Sf WELL RECORD 
INSTRUCTION : Thi rm should be executed in triplicate, preferably typewritten, and submitted to -the 

·nearest district office o the State Engineer. All sections, except Section .5, shall be answered as completely and 
accurately as possible \}'hen any well is drilled, repaired or deeperled. When this form is used as a plugging 
reC?ord,_ o;nly Section lA and Section 5 ri.eed be completed. · 

Section 1 
(A) Owner of weiL ____ I!_r;:!;!AM~.!LJ!il. CO"" AIO'L._ 

Street and Number ____ !'\!~JIAMA4.J.!!~."'_!l_E <I!!~ 

------------ City ------- ··-------------- State ---------· 

W II drill d d P ·t N °'1'•U tiA'I'"I'I. W£'1. .ltd>4.. I ted. ' th. e was e un er erm1 orMD'HTCTl='"A-f···tritr~---ari:C lS oca ~ e 
___ 1;;"-y, ___ tl!L'4--------y, of Section._cllL-Twp.cJ'l.lL .... Rge .. __ Mft ____ ,_ 
(B) Drilling Conhactor-~..!--~-Al.li~l!Ota§ _____ ,License No. __ _19 __ 
Street and Number ___ fl~1L.Q1j _________________________ _ 

----,---- City _ _!._!!.l'_l_'!_O'f~_!!__ ________________ State 14~!!! . ..!1~!l_.!_Q__@ __ 

Drilli:hg was commenced ______ J~~-~.JL____________________ 19 __ !!L_ 
- - "UNt 2® t:i!l Drilling was completed_ ____ ,_---·---------------- 19 ____ _ 

(Plat of 640 acres) 

Elevation at top of casing in feet above sea leveL _____________________ Total depth_ of welL ___ ~_!~! _____ _ 
State whether well is shallow or artesian....._..l!l:iAI..L.G.w-______ .Depth' to wateZ.. Upon c0mpletion____..Lt9 __ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth 1n Feet Thickness in Description o:t Water-Bearing FOnnation_ No. 
From To Feet 

1 Iii !I 11116 16 l.lillMT WAteli< SAQII 

nnr l<'i'll --!!, -
tmffifA'h!~ 

-· - -

3 . 

4 

' 
ec wn .. RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

PerforAtions 
ln. ft. in Top Bottom From To 

10 32 0 0 l!I4.-G 214.11 1-l~ttUt 1!12 !!14,6 

-

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Fee.t Dlamet~ To= No., Sacks o:t 
Methoda Used 

From To Hole in in, ·clay Cement 

I !lit 0 SAou 01' AQUUiL POURIUl IN TO " tl" Mt.e '" MGLD !tAl:" QUI OK SAND 

' \ilk II.£ OPI~I..IIt~ Wtl.t. 
I 

Section 5 PLUGGING ~ECORD 

Na.nw_ of Plugging Contractor.-.. 
. -- ... _;- -· - --

_______ .:,:_....,....... __ . __ . ---...:.~icense No·----

Street and Nlllll:ber.-."~------------,---··-City,...:.._·--.~--·----- State::.....__ _________ _ 

TcinS Of Clay Used ________ Tons Of Roughage used . ..:~~--=--------Type of roughage _ _:_~-----

Plugging method uSed. _______ ----·----·---·----~-~_te Plugged.- .19 __ _ 

Plugging apprOved by: ,Cement Plugs were placed as follows: 

---·---------'---------···-·------ No, 
Depth of Plug 

No. of Sacks U&ed -- Basin Snp From To 

FOR USE OF TJ!i' • ,JtG&n;EJ:\),fu!J 

Date Received_~ -- JUL 2_8_ 195L __ -
OFFICE 

GROUND WAER SUPEINISOR 
~~~'IELl, NEW_ M~:!~ _ -

File No,_.~ ~-.2 ?_ZO _______ Use......:. __ ~~.Location 
. Zq~ ,--- I 

No .. L.2..2.::S.Lg"_ ___ fm_ 
/ 



Section 6 LOG OF WELL 

Depth In Feet 'l'hlckness 
Color Type ot Material Encountere-d 

'From To in Feet 

0 ;:; :5 iRuw" o. 
3 68 65 REO 

~· 63 '11 " "' .. ---l.W 
_!L_ ~a 17 WHITE ""'"~. 

!lS H'l 19 Rn _liAN_n 
. 

117 129 12 .WHIT~ CALICHE 

12!1 163 34 IR•n q•"n - ·-
! 6" __l.!ii; 2 lR!IH~~N _ --SH-A-t..e 
165 189 24 u, • ., "' ·~ "· . ' 

11'1' \..\.(A "fER SAN&---· 189 192 3 IQWf GRAY LiMr StHII'll 

192 198 6 R•~> SANO 

199 213" Hi Bn~I<M w.--~~ S ~NO j.,?§S 
213 214 I RED A"Al" 

RUN 10" PIP • TO 1111! •h . .., •••• l'IPE FR$11 
13-t! T$ 214 ... 6 -ONE FOOT '" ·•• no 

TnT hi I mnnu ~ ... I • OL " 
Depth to ~ 

=/.:J 

t/ev of 
~Trc.Jioov 

Plf{.-' . -,'; .. -:··. ---> ,L,._, / ;_r -

. '. 
ll)diO. -5uM;y -7( field ·check - . 

SOURQ' OE l1! TII!!IJF !ll\lE[IJ 
Interpolated from )';;,;o. S:\<>ot ({. 
DetBrmined by lnst. Levelina 

Other 

The undersigned hereby certifies that, to the best of_ his knowledge and belief, the foregoing is a true and cor
rect record of the above described well 



E'orm WR-23 STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: This form should -be executed in triplicate, prefercibly typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a _plugging 

. record, o.nly Section IA and Section 5 need be completed. 

Section 1 

---------

L.:L 1~£:.&.:. 

I 
(Plat of B40 acres) 

---

~ 

(A) Owner of well---------~-i{ll.!lAI!Jt!U)j_~_!!£A!ll'_ 

Street and Number----·-----·--·--···-------
City __ J4A!.'tJAM'*lldf _ . ·-··- St?-te -N-e-w-~~-

. CL~AM O"Y OIL \)A»P·W!J.L JF· 2' .· . . 
Well was ~ed under PerrNt Wo ... -:·-···-r----·__:____and IS located m the 
E_•_T~ E~f.--~~-~-~--N '~-·-~ ~p~~c,io~'>j-~_UL Twp._l'f _______ Rge,_J! ______ _ 

(B) Drilling Contractor ____ C.~.a. ... ~.L.nlUi:llJlL.------ License N o, ___ 7.!J .. ~~-
Street and Number ___ .J~J!!L.~1.9. ________________________________________ _ 

City .... !.llJL!M.ll.tJl.JL ___ L_ ____________________ State -HlCI<-l!i£J!J.tlli.---

Drilling was commenced.. ..... !l~-~-J..--··········---··-··--·------------ 19.5~L-
Drilling was cqmpleted. .. _______ -}~_!t~--~--------------- 19.J!~---

Elevation at top of casing in feet above sea leveL-----:--·-··--·-···-··--Total depth of welL_ .. .2.1.4. ___ _ 
State whether well is shallow or artesian_·----~-"-~-~-.1!!-~----·--·.I:iepth to water upon completion. __ ___j_!~4. .. _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in Description of Water-Bearing Formation No. 
From To Feet 

1 
196 "14 f~ f., tA Q., .. --- - -- .. - - .. 

' 
. 

-
4 . 

5 

Section 3 RECORD OF CASING 

Dia Pounds Thrends Depth 
Feet Type Shoe 

Per!Orfltions 

in. ft. in Top Bottom From To 

tn ~ " ou ""~ ~ "' 
I "'"' • c. 

"'~ "'"' " '" . .~ .. "'" 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth 1n Feet Diameter Tons No. Sacks of 
Methods Used 

From To Hole in in. Clay Cement 

N Mun Us "" 

I 

Section 6 PLUGGING RECORD 

Name of Plugging Contractor·--·-----·------···--··------· ______ .o__ ____ -License No. _______ _ 

Street and Nrirnber .. --~-------------··-··-· CitY-------o--···--- State~------

Tons o£ Clay used ___________ Tons o£ Roughage used _____ __;__ ______ Type of roughage 

Plugging method useL .. ----------·------- ate Plugged. 19__ 

Plugging approved by: Cement Plugs were placed as follows: 

Depth of Plug 
N °' hFr<Oo,Cmo:-'-'.-::-:;;;To""-- No. of Sacks Used 

. ---



Section 6 LOG OF WELL 

Depth in Feet Thickness 
Type ot Matedo.l Encountered -

>rom To in Feet Color 

IM ?1.1 '* REO QUICK dAND 

. 

------·---

. 

. 

The undersigned hereby certifies that, "to the best of_ his knowledge and belief, the foregoing is a true and cor~ 
red record of the above deScribed well. /! _./~ / 

c-'d_~>/ /~ /4. - ,· '/;-/-j ./'/__/_A/ 
--tT-L. . ' ' '-"'-~~~ 

ell Driller -,_,, 



.. ... -·---

Form WR-23 STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: TWs form should be executed in triplicate, preferaPly typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a _plugging 
record, only Section lA and Section 5 need be completed. · 

Section 1 Kl!WANl!l! OH. Co • 
(A) Owner of we!Lae.,.-·~---· 

Street and ~'A'f'.J~b·-··· . -J.I...--14/;dh----·--
City _ .. ll.l'.ll.L\VP. m WmMg: 15\Jl.J'~~'SI.'itt.. ______ _ 

MOO -M!r!lJ,di.utJl!!l!r l!'i~9A\t lfM!:L!!.qf. L I »£_1-'f~d U; loo~in the 
---,----

! 
----'4-··-··-·· '4..:._-·f}~· '13 ~! l\t.'l!Wi1hi0e----Twp .... ______ .Rgj!$ ........ --.... 

(B) Drilling Contractor.----Bw-,t--5-19-:--------.:.__---- License No. _________ _ 

Street antr~'fll'llm-··-· . NEW M~X 1 co 
City ··-·-----·--,tltl;'l-t4--.. ···--··-··- State -·-·---5.!"'5>---
Ddlling was commenced_ _____ .Jttt.--'f--.f--6-------------· -·--- !lL_ __ 

Drilling was completed. _____ ;.. __ .:..._ 19. _____ _ I 
(Plat of 640 acres) -4.2JO 220 

Elevation at top of casing in feet above sea Iey_e_L _____________ Total ,de~th of well_-----292-----
Sif~t;.-LSW -- - - - · . , 

State whether well is shallow or artesiaJl________ ___ : ___________ Depth to water ripon completion._______ _____ _ 

Section 2 PRINCIPAL WATERCBEARING STRATA 

Depth 1n Feet Thickness in Desl!l'iption ot Water-Bearing Formation No. 
From To F~t 

1 02 21$ 13 · 1((116" tlAtl6 
~ 

.. ... 

·z--.::.-::. .. --·· ·-

' 
4 

5 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

Perforfltions 
in. "· in Top Bottom From To 

'" "' <tV o "1f " " ""~·-~ ~·~· nq 
A~.,.. "/ 

1'1~1. wAs • Rl"""'' ~~ "~· ... , "£" Cti!AII -
Section 4 RECORD OF MUDDING AND CEMENTING 

De_pth In Feet Diameter TOM No. Sack_s of 
Methods Used 

From To Hole in Jn. Cley Cement 
. 

nY ··~· 
•v~w 

··.;, ·.< r-..-.1l T }\~ U r ... ~-

I II II 28 \'d'YO 

Section 5 PLUGGING RECORD . 0 f f 1 c..,~pERVISOR 
.'' _ .GJlQV~A.l£~::. 1>\EXICO _.I 

Name of Plugging Contractor---------------------..--------- ~~-

Street and Nunlber. ___ __;__ City · ·"Srafe= __ 
Tons of Clay used. _________ Tons of Roughage used ___ _ Type of roughage _ 

Plugging method used __ 

Plugging approved by: 

__ Date Plugged .19--

Cement Plugs were placed as follows: 

______ .. _____ r--- ------ ---------- No , De_ptho _< Plug_ , 
. From To 

No of Sac-ks Used 

Date Received_ JUL 28 -'-"19_,5"5'--·--t--l 
OFF-ICE 

OUND WATER SUPERVISOR 

File No .. 
--- (' - ffitc",;::,_ No .. /.?. =":_/y'_Jrifi'1 L- ..;;? 7? Use~~_\M~\~cation -"'·'-" '=-f 



Section 6 

· Depth in Feet 

From To 

. 

Thickness 
in Feet 

,.,_. .. ,.-:-· 

Color 

LOG OF WELL 

. 

Type of Material Encountered 

Depth to K 1:,-- )< /.J,...

Eiev of K...___ T rr 1-/ LJ /I)/" 

lno No 

Field Chock X 

lnterpo!~ted irom ltl~i}, Jttflf;,......_.2( __ _ 

Determined by lnst. Lev!llliftd 

umer 

-----C~----~j----~---------L-------------------------
The undersigned hereby certifies that, to the best of. his knowledge and belief, the foregoing is a true and cor~ 

reel record of the above described well. _g.£/£~ -"'_:::
4
.~-----

~~ 



STATE ENGINEER OFFICE 

WEU.RECORD 
INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer, All sections, except Section 5, shall be a;nswered as completely and 
accurately as possible when any well is drilled, repaired or deepened. .When this form is used as a plugging 
record, only Section IA and Section 5 need be completed. ~; 

Section I 
,---,---,--,---, (A) Owner of welL --Jl~.l'Jlaol< D~~f"CU<O""P!pi!Jenlll1iff'F-------

Street and Number Bil<l< 1'fk 
City --HJ!Ili"U'J~Jmnll<o!.l-----~-- ------ State ~'!''l'<·Ol-1$11----

f.i.'; f/tJ-:~(t.1 tel .... 'lo r Well_was drilled under Permit No.~J126 and is located in the 

1-"'f"""'""'~-flt-J '-;, -'-!,_.,.:1'_7'.<"':'-/o'"'fe; :·,,-"'''':--I ___ 'f<_:_ __ 'f,_J!_J!:_ 'f< of Section .. -118----Twp .. _U,.!L-Rge~---
~·-J.!j·,J:J-i,: ./!_.!,; 'j-1-J (B) Drilling Contractor~-------LiCense No.~--

-~<!.~' /~t..~ J, 11<1"-,·z.,t , Street and Number __ ~Q2J..____-_____________ __:__ 

- I City ------M>~----------------------"---- State ~ ~-
Drilling was com:menceiL..:__ ___ -___ ' ---W~-~------_ 19--$1--

'----'---'---'----' Drilling was completed__~-------- Nov~JO-. 19_$7_ 
(Plat of 640 acres) 

Elevation at top of Casing in feet above·sea level_ Lj ':_(_!!____-__ ;_Total depth of welL . ;!QS .t\ 1 

State whether well is shallow or artesian Sballe ----------~~Dept~ to water upon completion__WS~ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Fei!t Thickness in 
Descriptio~ of "Water-Bearing Formation No, 

From To Feet 

1 
•&1. ,. .... ~ ----l.68 

2 
OM ~""' ' WmM" "'""' lC. ,,_, 

4 . 

--
5 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe · 

Perforl'tiofls . 

in. ft. !n Top Bottom From Tu 

-'1- l!/) "' " ~nit 201! 11 ..... ll!8 201! 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Tons No. Sacks of 
Hole in in. Clay Cement Methods Used 

From To 

'"' ----#"" in '·"" '"" ~ll:l!!:l bel" p:weJ pomd 
. 

I . . 
. 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor--------~---•--------·----------------License No.·-------~-----

Street and Number - ·---- Ci.tY--------------·---- State__ ______ _ 

Tons of Clay use~L------·-~-Tons o~ Roughage used ______ ._-_. _Type of roughage.· 

Plugging method used.-- ate Plugged 19 __ 

Plugging approved by: Cement Plugs ,were placed as follows: 

Dct.hafPl . 

No. 
p "" No. of Sacks Used ,.. From To 

FOR USE OF ~T& "G~i~.,jjJ --

FEB 1 0 19ffill 'K\ 1- --
Date Received 

. :.~ OfFICE 
GROUND WATEr- Sl!P~l< 1 R 

r..?SWEU., NEW M~::_~_::> 

File No . ...£ -:IZ2,_t_ Use {b 2<1 :D Locntion No . .,LL_$_ :3 ._il . ~ 

"~ 

I 

' I 



I 
I ; ·. 

Section 6 LQG OFWEU 

Color 

1:1! 1Jl 
.A • n,,.:,i. 

~4 
iM'. A ·.· '·- J;,diiidm~: •· 

2/t, . li1fi . 11'\o 
.··. . ' q•n": n.;.," o .. .: 

, .. 1ol. . ,_ .. · •· . • .. ~:· ' ~. 
,' ... . . 

•· 
l!l~ ~"~ - c· 

· .. : :;~,;..;. '"" ··r-

__20~ ~m/ .t ' "'".1" o •• A n. n~.-1 . .' . 

.... _ 
il.f:tl ?ne ' 'D•~ ~-· 

. 

- L/;2/? I' 
~=n~h";, K : Trc ?tJ z.r 
Elev of Ti-c tJ 9' 

. 
. 

"· !/,)3./ff'. ;2?-//3" 

Field Check X 

. 

<nOm< 0 nr. " T<mnc '" 
In'••• . , " 

. 

'" "' -~· 
Determin,rl h' 1r • " 

··: '''·--"\--~ 
Other 

'• 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true··and cOr
rect record Qf the above described well 

I 'i7. 3J. / e, z.J.a 



Form, WR-:2.3• STATE ENGINEER OF:nCE 

WELL RECORD 
INSTRUCTIONS: This form should be executed in triplicate1 prefer:ibly typewritten, and submitted to the 
nearest district office of the State Engineer. All sections1 except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. - · 

Section 1 

---1----

r----r-
(Plat of 640 acres) 

---

-

City ________ .:gu~~ ______ State -~~:t-~-&.£1------

Well was drilled under Permit No. _____ L- o2 Jt..t_-L_ ____ and is locaied in the 

_ ~;"-' lf.:t.-.~.!_1>" ¥4----*' of Section .. ..;UJ---Twp·-*iL,;J---Rge.;.~....g.._; __ _ 

(B) Drilling Contractor._;~;.l·,~t1' _-f'.,..c\?;~~~4-------License No . ...;_i!j) _J~(: _ 

Street and Number_f.~Q. ;:.1J,::-: ~-'1-----------~---------·-----· 

City ------~t-r----------~---------~-------------- State-----+~· ;.-')~~a---

D ill . • ,. ,,, 19"" r mg was coromenceu. ______ ~W--~l---·--··------------~-.,.,..-- -;171..:..-. 

Drilling was completed. .. _, ______ ~.\:-4¥---ZC---------------- 19~*---

Elevation at top of _casing in feet above sea leveL ___________________ Total depth of welL-90-------
State whether well is shallow or artesian r-:ih:;.J,ll,~;;-· _________ Depth __ to 'Y~~_er ~pon completio~--=wo---~-

Section 2 PRINCIPAL WATER-BEARING STRATA . . 

Depth in Feet Thickness in Description of Water·Bearing Formation No. ,.,., 
Fmm To . 

1 
1<:11'1 ......... 

"" c~.~~-_gh ·t~(''.$''n:t~>· (to-r -~,Fi t('i rt j-':"·~: ~-¢'17 - -- --- "'' "" . .•. .. . - -
a 

• 
5 

. 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

Perfor<~tions 

ln. ft. m Top Bottom From To 

.., vt f1 " "'i.t:n ~Jf'.'t\ . {";('; 'Yf:( 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Tons No. Sacks of 
Methods Used 

fiom To Hole in in. Clay Cement 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor--------~--------·---. -~---------___License No. ___________ _ 
Street and Number _________________________ . _ ___:____ __ City ___________ State:... ________ ~ 

Tons of Clay used __________________ Tons of Roughage used ________________ Type of roughage ... 

Plugging method used______________________ ate Plugged____ ________ l9. __ _ 

Plugging approved by: Cement-Plugs were placed as follows: 

Depth- of Plug 
No. -------------------B;~in Supervisor From To 

FOR USE OF STATE Er:lGINEER ONLY 

Received ... ~ .:z./1 D~te 
0>-'1\., 

I ""'"Jh'" w.il.>" '''"' "'" 
. R:?_~VIn}t f>..~W .~~~;.~0 l'5 

.. 

File No.~'f2{ _______ Use _____ £:;j _________ Location No. _L.M.?~;;B?..c ... .o€-:3:.9__ / 

1) \ ,-, .< t. L ':_,.. : .. t ~-- \ iV' ! 
- --------~...,____u 

---· . 



Section 6 LOG OF WELL 

Depth in Feet Thickness 
From To In Feet Color Type of Material Encountered 

(J 1 ' 
' "' :t 

t;l r"' "l 
{,() '~1'1 ~(} 

--1"'0 101'1 "'" ~~-~~~~~~~---+-----------!~:\~ ',~··~·"~~---------------------

_Hln 2)" ,,, 
"''"'""' """ti ' ,,, _25£)_ c--lS----

' 

' 

---r----r----·---··--' 

---- '-------'---'--------"--'c_. _________ , ________ _ 

The undersigned hereby certifies that, to the best of_ his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well. 

! ' 



• Form WR-23 S'l'ATE ENGINEER o:E'l!'ICE 

WELL RECORD 
INSTRUCTIONS: This form should be executed in triplicate, preferably_ typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as _completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form iB used as a plugging 
record, o.nly Section lA and Section 5 need be completed. 

Section 1 

I 

I 
(Plat of 640 acres) 

(A) Owner of we!L.~~~~

Street and Numbec..-.~!j;·f;..· __ 

City ~--- . ---------·-- State ~~----

Well was drilled under Permit No·----A:ppl~.:.J'L$-and is located in the 

.C..~-------Y<-~---V. of Section ..... fll .... _Twp ..... l1-J.!--Rge._J,l..l!;. ....... 

(B) Drilling Contractor_~~--~~icense No ... ~l~Jil.

Street and Number~ . .Jlia0!!:~1-----

City -~-----------~-------·----·-·---·---State -11..,_ ,_,co. 
Drilling was cOmmenced ..... ¥$~---~----------- 19.-.$6..--

Drilling was completect___~--------4---- ------- 19 ___ S6_. 

Elevation at top of casing in feet above sea leveL_ ____ ._.-------····----Total depth of welL----2)0-________ _ 

State whether well is shallow or artesian--S~--------~epth to water upon completion..____J6(t ____ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA ==:;---........ --.:..:.:::.;c:.::..:..:::...:.::.:.:.:::.:..=.:::::..:.::...::..:..:.:::::..:..... _______ _ 
Depth in Feet Thickness in 

Feet 
Description of W'ater.Bearing Formation No. 

From To 

l.n .., .•. 
3 

4 

5 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

Perfor~tions · 

m. ft. In Top Bottom FTom To 

.. •<> n It ~ .... ""'' 
,_ ---J,6A .. , 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Tons No. Sacks of 
Methods Used 

F>om To Hole in in. Clay Cement 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor-----------------------~---------~~-----License No. ______________ _ 

Street and Number .... ----------------~ City ________________ State~---

Tons of Clay used _______ Tons o£ Roughage used_ _ _____ Type of roughage _____ _ 

Plugging method used--.---------· 

Plugging approved by: 

_____ __uate Plugged. .19 __ 

Cement Plugs were placed us follows: 

No. l ... .=n.=p~t=h~o=l~P;lu~g~-l 
From To 

No. of Sacks Used 
oc 

-------~--~--------------

Date 

·' 



Section 6 
\' ., 

LOG OF WELL '·~· .;-. ,, 
Depth in Feet 'l'hlckness 

Color 
From '.i.'o in Feet Type of Mnterial Encountered 

' 

" R ~ -
~ •• '· -~ 
l~ :.ln " "' 
20 ""' "" ' 

-WI- ""' '·" ~ •L•~~ ·------.k<:ll "il>R '·" -• - . 4-GM 
-------;'t?l} """' ~ . ~ 

-$2(!- ·..,;:,--r-· --·· OA~~~ ·-- --···= 
~- ... - • 

' 

"' L S Elev "'J2 0,.---- uepm •o 
Trc37.2- 2...-Ele¥ of ~ 

_:_:··.t //'. '7_3-~.:'.> , ,-::-: (:-?,·;n r 

... 
d~9. Sur11ey Eh1ld CbGQI! ~ 

SOURGE OF ~I rrrnn> "!''::; 
lnterpolatr.d from ToQo. SIF"!. ~ 
Dete;m;ned by In st. Leveling 
other 

-

' 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well. 

-·"-----------------:___--~----------------------
Well Driller 

1- 31}3 



STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONS: T,his form shoUld be e_xecuted in triplicate, prefeia:bly typewritten,_ and !iUbtni,tted to- the 
n~arest di!?trict of.(:ice of the State Engineer. All sections, except aection 5, .sball be answereif_ as ~ompletely !Uld 
accurately as possiblo when ~Y. well 4;· drilled, J.'epaired or deepened. When this for;m_ is ·\l:led a,s a pluggtng 
record, o,nly Section lA and Section 5 need be- completed · _ 

Section 1 

I 

I 
1---'-

(Plat of 64Q acres) 

(A) Owner o! we!L.. ___ ,__p,),<~llin-Petro-l~~----~---

Street and Nwnber __ c~ ?5Sr· . .L·:o~--------
. " ' C1ty --~---_,, :·-· f~Ohba __________ :---~- State --~-New-~----

Well was drilled Under Permit No ........... .LJIJ.l-:---------~d is locateJi. in the 

-----'1<---~ll!o:-.• '14 .... ; ... !!\1: .. V. of_ Section.~ . .a,;~ .. _.Twp ..... ~?--5:-J!ge ... _ .... :lj .. E" 

(B) -Drilling Contr~ct~i"--:~P -Drillih-6--C:O...---..,...Licepse_No.-~. 
Street and Number __ ll2L..SCuti,h 11ntte ---------·-----

City _ _!.~~on----"----.............. - .......... State _!!.!!\'! .. ~ 

Drilling was conunep.ced .......... ~---.Ji~ID!-)L.-~~"'-..... ------.-----~ 19_S11.,.. 

Drilling was complete<L ............ c. .. _~,-----· ·-· .:. .. _ ... __; ..... ____ 10 ... :$6 .. 

El~vation at top of casing in feet abOve sea leveL ________________________ Total depth of welL\---....:..___2.~---~-

State whether well is shalloW or. a:rtesi~..ha.llPa.. ... ,.... .. ___ Depth to Water_ upon corilpl~tio~~~Q.....£t_,.,...__ 

Section 2 

No,-

. I 

2 

3 .. · 

4 

5 . 

ec 1on 

Dl• -.• 
m. 

SeCtiOn 4 

PRINCIPAL WATER-BEARING STRATA 

Depth_in Feet_ 
From· To 

Thickness in 
Foet 

Description of W'a.ter-'Bearin.g Fof"D'!aUon 

... 

. 

. 

RECORD OF CASING 

Poundg Threads Depth . 
.. 

Sl).t;l~ -
> .•. Perforfltioris 

It, in 'I'oP Bottom· 
:reet Type From-

. 

RECORD OF MUDDING AND CEMENTING 

Depth in Feet Di~IJI.et.ef Tons No. SackB o:r: 
M~Qds l)s~d 

"'om To Hole in, !n. Clay ~ement 

. 

· . 

I • 

Section 5 PLUGGING RECORD 

Name of Plugging· Contractor~-----------------·-'-----.;.------~-----__ ..,. __________ License No .. 

Street and Number-------:-------------__:_ __________ CitY-----~------:__ ___ ~_- st-ate:... ___ . 

-Tons of Clay used ...... ----~-Tons of Roughage used __ , ______ - __ Type of-roughage ____ _ 

To 

·-:-

Plugging metho4 use(l. ate Plugg~ 19_. __ _ 

Plug~g approved }Jy: ·cement Plugs were J?laced ·as follOws: 

Depth ot Pl\lg-. 

From To 
No. NO. of saw Used 

·FOR USE-0 



L 

Sectioit 6 

.. Depth in Feet 

From To 
Thickness 

in Feet 

--·-··--.-··-··---·--· . 

LOG OF WELL 

Color Type of Material Encountered 

--c----+---+-----1------,-----l--+--~hia 13 ""old woll drilled !larch I95'6 

. 

-• 

\ 

" · · 'and latw ·plugged, well was i])O ft. of 7" 

and bailed out hol"l to be 'uoed for on '!!'all 
Drilling purpoo~~ 

~/ •· 

. · .... · :· 

\ 

. 

---~--~--+------f-----------------

----~--~-----L------"--------~--------
The nndersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor
rect record of the above described well 

' ' 



•. 
--~ ~ 

LOG STATE ENGINEER OFFICE 

WELL RECORD 
TNSTRUCT!ONS: This form should be executed in tripliCate, pr_e:feuibly typewritten, and Submitted to the 
nearest district office of the State Engineer •. All sections, excep.t:$ection 5, shall be answered as completely and 
a~curately as possible when any well is drilled, repaired or deepened, When this form is used as a plugging 
~ecm;d, only Section lA and Section-5 ne_ed be completed. < • : __ ,_:_ • 

Section 1 

2 

0 
--·-
-~-

---

. · 

(A) Owner .of we!L_-l'llil.J.f!>ll·)'-el>l'<>l-..<:<>mi"'.., 
Str.€et artd Number BO~:. t!):05.~~----·---------------··----·---·--
City c: ...... _. __________ _&\ih. .. : '----------·-·--·-···- State .--JI.,_~i)_. __ _ 

We_U Wa_s drilled under Permit _1Jb ... Jt...Jl3J.---......,----------and is located in_ th~_: __ , __ -. 
·-----~- y, __ lM ___ II,_S\'L~¥. ot:sectionc __ -2) __ cTwp ....... l'lS:cc, .. Rge ...... )3]l.., ... ; · : -
(B) -D.rillinS Contractor ..... ~lfat44!.:.Well;~---- Lic~nse No. _____ -fm~-:-~~- ·'. 

Street ~nd Number·-----------J~i:~.:...l~----~~"7-----------~'------.
City • ----·'------------·------i.clf4>lit.OI>-------------------·-- State --MoW-.~·-. . 
Dr~lliJ?.g was commenced_~_-'~'-~-::..;-----.------------:·--:----·-· __________ ;..._ IlL ______ . 

(Plat of 64.0 acres) 
_ Dri~ing w_as co~pleted.....-:W.ell--r-O.opo~-~~~J-9--..:.._----"- 19-----·-

. Elevation at top of ca-~ing iii ·feet':~b~Ve sea leveL . .:.. .. -~--~---Total depth of well---33Qi------------

Staie whether well is shallow: hr arte-sia~ gbA) 1 ow ____ :.. . ...,..~Depth to water upon completiotL_..Jf: __ ._~--- _ 

Section 2 . ~RINCIPAL WATER·BEARINlSTRATA 

No, 
Depth in Feet. 

From To" 
Thickness 'in · 

Fi=et. -_-.. 

3 
.. 

. 

4 . · 

Section 3 RECORD OF CASING 

Dla Pounds Threads 
··.· Depth 

Feet ?)'pe Shoe m. ft. in Top Bottom 

--'PL-- 2ll~ .. " :r:c • " ~on "'" 
. 

s t' 4 ec wn RECORD OF MUDDING AND CEMENTING 

Depth 1n Feet Diameter Tons No. Sacks of 

>rom To Hole in in. Clay Cement 

.;: 
' 

. 

I 

Section 5 PLUGGING RECORD 

. 

. . 

Pex:forfl.tions 
>rom . To 

~ 

. 

Methods Used 

Name of Plugging Contractor_-__ __ _, _____________________________________ ----.License No. _______ _ 

Street an? Number ______ -_ __ :..~--------------- CitY-----------.,------ State· 

Tons- of Clay used .... _________ Tons of ~oughage used _______ -------·---:-·Typ~ -9~ roughage 

Plugging method used_________ ' . . . __ ___:_ _______ _.Date Pluggeq._-----'-------~--------~0 __ _ 

Plugging approved by: Cement Pluga ·were placed as follows: 

No. 
DePth of Plug -

No. of -SaCks- Used, 
>rom To 

r,..J; l J" f.:.r;\u 
FOR USE OF STAl'l'Jl:l?~ Y 

. UJ.:ID EiNfBN3 .?1\llSf 
Date Rece1ved __ ----.----- __ 

oz :a wu a ~ON 6s61 

·.' 



Section 6 LOG OF WELL 

De_pth in Feet Thickri.ess 
hom To in Feet Color Type of Material Encountered ' 

llll1L<>l'isinal Jntll ~!il!i:U~l"de· 

' 
' 

; ' 

' 

' ' 

' ' 

' 

--·--· 
' 

' 

' ', ' . 
' I 

L 
' 

' ' 

_, 

' 

' 

' 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor~ 
l'ect re<:ord of the above described well. 

I 



Form Wll-2.3 STAl'E ENGINEER OFFICE 

WELL RECORD 
. ' . 

INSTRUCTIONS: This form should be executed in triplicate, preferably tyP.ewriUen, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be anSWered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, only Section lA and Section 5 need be completed. Land Commissioners 

Prospectors No, M2902 
Section 1 

(A) Owner of welL______ ____ ~ou_~E~.'::~_! _ _!ota_sh-'"C'-o'-. --------

Street and Number _______ B~~~_?~----

---1-'---- City --------· 
Well was drilled under Permit No, __________________ and is located in the 

-~~------lf.l§!____ ¥4__!'!__E__lf.i of Section--~-~-----Twp .... ~ __ Rge_ .. ·--~~!_ ____ _ 

# .5- C-2- 53-5 
(B) Drilling Contractor ______ ....:.!:.. .. ~---~-~E~-~-----' License No. _________ _ 

Street and Number __________ R_.!.Q.Bo~~1434~---1------- -

I 
City ----------------------Hobbs ·---------------- State _ _!i_.__ _______ _ 

Drilling was commenced ................. ...: _____ J\__p_l;'__:i,_L .. _ __a_______________ 19~.Q.-

Drilli_ng was completed___~---------______!_:p_!:il ____ 21__ 19 ___ 1;i_Q_ 
(Plat of 640 acres) 

Elevation at top of casing in feet ubove sea leveL_ __________ ..... Total depth of well________ ____ 230 ______ _ 

State whether well is shallow or artesian__ ___________________________ Depth to -water upon completion___!37 _i!_~Q_~ted); 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in Description of Water-Bearing Formation No. Feet From To 

I 137 187 50 Tertiary Sands and gravels 
- 2 - . -- -- -- ---- - --

3 
---

4 . . 

5 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

Perforf!tlons 

"'- ft. in Top Bottom From To 

13 3/8 New s amless 194 1 8 11 . Bethleham_ 94.1 2 11 193 '4 11 

... exas rau rn 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Tons No: Sacks of Methods Used 
From To Hole in in. Clzy Cement 

' .. 
---

. 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor _____________ ·------------------------------~------License No. ___ -__ - ___ _ 

Street and Number.------------------------------- CitY----~-~--- State- . 

Tons of ClaY used---, _-. ___ Ton.s of Roughage used _______ ----~Type of rotighage ___ ~------

Plugging method used. ate Plugged_ ___ _ 19 __ 

Plugging approved by: Cement Plugs wCre plated· as fOllows: 

No. 
Depth ot Plug 

No. of Sacks Used 
!hom To Basin Supervisor 

FOR USE OF STATE ENGINEER ONLY 

Date Received ___ __::_D::e::ce::m::b::e::r'--.:2:::9:.c•'-.C1e.:9:-5-,2,_ __ 1 

ll& ~5' File No. ___________ _ ___ use __________ Locution No. ___ 17.33.25. 2_i!:-/,L_ 

I 

--



L 

Section 6 LOG OF WELL 

Depth in Feet Thickness I 
I Type of Material Encountered 

From To 1n Feet Color 

0 18 Hard crust tOJ2 soil, caliche various h~;~~rdne ss 

18 28 
- H••nor eoli ehe '' .. 

28 38 LarP"er caliche fra~ments 

38 50 Caliche and fine sil 1 aEJ2l'OX. 20% broWn san d 

50 60 Fine dr~ sand 1 clear red brown !!articles 

60 105 Red brown and clean sand few particles 

hard limestone 

105 110 Fine sil and brown sand~c;iuicksand 

llO ll5 90"t. small clear & brown sand trace of lime 
. 

ll5 130 Sil of various size small brown & clear sa nd 

130 135 S!l and brown and red sand 

135 137 Hit water at 137' brown ·and clear quicksand 

137 160 Laro-er narticles sil-sand more Eov.ous 

160 174 Few large particles brown and clear sill & 

quarts. Small flakes of red compaction s hale 

174 180 Clear.--brOwn red and om:a:no-e sand 

_l&Q____ 185 Sand same - few l." to 1 11
- and e:ravel small 

flakes of red cla" 

185 19or __ _!.l~d _and _b_!"ov_m~_::;:_h clay" in,.,much larger guap 
- --- -

190 200 Eolid red bed sand disannearing faSt 

200 225 Red bed SOlid, no sand encountered. 

r • ... - .1//oo:.?.-
-~~-

Depth to K I~.; 
7 'l(;) r 

Elev of K-Trc39-."13/" 

No. 
I'/, X?.;;. S: JJ/ Jf 4/ 1/,..r 

LOO. 

ij'at6. sm~sy fieltHh<> v 

--
The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor
rect record of the above described welL 

!_ __ _ 

T, M. 'l'heriac 
Well Driller 

SOURCE Of M.TITUDE GIVEN 
Interpolated from Tope. Sii<Je-t_L__._.. 

Determined by lnst. LevelinriL __ _ 

Otherr.;_c:c__;_~-'--~'----

' 



Fo,:, WR-23 &~~ £_ ~. STATE ENGINEER OFFICE Phil l .!. 
-.. WEll. RECORD L~-:~l Lanse 

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and subnfttted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
auurately as possible when any well is drilled1 repaired or deepened. When this form is used as a plugging 
record, o.nly Section 1A and Section 5 need be complefed. 

Section 1 
(A) Owner of well__.ZAP~J:RQLI£Il!IU:::QR,._j>.._, --·-----

1 

Street and Number Box 2216 

- City Mfd)_mjr-l State _TJi."e"Jl:""a""s'------
t---1---+--1----c 

Well was drilled under Permii No .. ~--------~----and is located in the 

_$j'L_:'f4 __ $f:1_.~'f4_1f.:L .. 'h. of Section._.ltft .... _Twp,l7 S_ .... Rge. 33 E 
f----+--+--\----1 (B) Drilling Cont:tactor _ __ltbb-Q.t~~-X!.t"t.!lq~ij. ___ License No. lt/0!"'146 

Street und Number !lox_J\1'L..._ .. __ .... _ .. __________ _ 
1----f--·:~·- -+--1 City .. _Jtoht>_s __ ., _____ State 11QN.J;;exico __ 

Drilling was commenced __________ !l.9to-Qer 21 192Z_ 

L---c-'---'---.,."'---' Drilling was corripleter1 ___ Oct,nbe.r__2J___ 195_1___ 
(Plat of 640 acres) 

Elevation at top of casing in feet ~hove sea level ______________ Total depth of well 2.19 _____ _ 
State whether well is :shallow or artesi8.JL_____ahS.ll~!.....:...--:__ __ nePth to water upon completion______l!Q__l!_~--

Section 2 PRINCIPAL WATER.BEARING STRATA 

No. 
. Dopth ln F.et 

From To 
Thickness in 

F~t 
Descriptio~ of W'ater-Bearing Forii).ation 

I 

2 

4 

5 

Section 3 

Dia 
ill. 

Section 4 

NonE 

Pounds 

'" 
Threads 

ill 

Depth in Feet Diameter 
-,Frceo"m;:.=c;=c:,T;,:oc__l Hola In in. 

Section 5 

' 

RECORD OF CASING 

Depth 

Top Bottom 
Feet Type Shoe 

RECORD OF MUDDING AND CEMENTING 

No. Sacks of 
Cement 

PLUGGING RECORD 

Pcrfori'tions 
From To 

Methods Used 

Name of Plugging Contractor· _______________ , .. ____ .. _ __________License No ... _, _____ _ 

Street and Number----------- City ________ ~ State 

Tons of Clay used. ___________ Tons of Roughage used Type of roughage ______ _ 

Plugging method used.------ -------'----uate Plugg 9 __ 

Plugging approved by: Cement Plugs were placed as follows: 

Date 

File No.~ - ..1?2,1 

Depth of Plug 
No. hFr=om;O-,--.Ti>ooo'-- No. of Sacks Used 

, ___ ---+----~--1 

1--·--1,~-+------1 



s~ction 6 LOG Of WELL 

Depth in Foo.t Tblclm= 

I 
I 

From ·To inFect Color I . Type of :Materful Encountered 

" -

" , ' '-SO.l.' 
t - ____JJ' H ~-""~~ 

'"' ""' '94- dX!1/" 
~-

I 
lli!M 

I 

·-· ,,_., ________ ,. ··-··----

. 

. 

--· 

-----
The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well 

\\ 

i 
I 

' ' 
I 

I .... 



Form WR-23 STATE ENGINEER OFFICE! 

WELL RECORD 
INSTRUCTIONS: This form should be executed in triplicate, prefer8bly typeWritten; and submitted to the 
nearest district office of the State Engineer. All sections; except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o.nly Section !A and Section 5 need be completed. 

Section 1 
(A) Owner of welL ___ ~.!__!aso Natur'!!_ 0Jt~ Comp,n,n'----------'----

Street and Number ... P. 0, Box 1492 _____ _ 

City --~ Pas.~ ··-----~------'- State _!exa~--------- - ---

I ., 

Well was drilled under Permit No.J.IJ..B.Q.L_2~L-_!;)_ol! ____ and is located in the 

__ l!! ___ lf4~-~-%-~-----Y4 of Section ....... ~Twp ... __ )-_7~_.Rge .. .9.!lL_ ___ _ 
(B) Drilling Contractor .. --~~bott -Bros_! _____________ LiCense No. __ · __ _ 

Street and Number~ . .!~ __ t!!.}~~x ~!_ ____________________ ~-----

City ----~ob~_f? ______________________________ , __ ~~-· ----·- State _!_~_!__!lo:d~_l!_ __ _ 

Drilling was commenc~(L________________________________________ 19 __ 

Drilling was completeci: ....... ~-~!¥. __ ~~- 19'5~---·-------- l9c.~_!! __ 
(Plat of 64:0'acres) 

Elevation at top of casing in feet above sea leveL__ _________________ Total depth of welL 244' 

State whether well is shallow or artesian.!I~!'.!!.~!-;-------~----.Depth to wat~er upon completion..__-_204' _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in FeCt Thickness in ' 
No. Description of Water-Bearing Formatioh 

lhom To F~t 

1 185 228 43 Watl$'r Sand 
2 

3 

' -
5 . 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth Perfor<ltions 
------------- Feet Type Shoe -

From in. ft. in Top Bottom To 

6 5/8 0 244 244 168 244 

Section 4 RECORD OF MUDDING AND CEMENTING . 

Depth in Feet Diameter Tons No.-·Sacks ot -" 
Methods Used 

lhom To Hole in ln. Clay Cement 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor _______ . ·---- ·-·-·----~---------, .~icense No. ______ . --·-
Street and Nwnper __________________________ City ________________ State ______________ _ 

Tons of Clay used___ _ __ Tons of Roughage u.sed __________ Type of roughage'-------

Plugging method use'<L-~----·· ·--- ate Pluggecl ____ ~----19_· _ 

Plugging approved by: Cement Plugs were placed as follows: 

No. 
Depth of Plug 

No. of Sock!: Used 
From To Ba.sin Supervisor 

FOR USE OF S'tiWEI#i)i!il.\i®)jtpNLY 
IT JJI~lSIO . 

Date Received 1:114 {0 ~JJPII~Nl XV-±£---

02 :2 Wd I e HUPJ 196! ,-

File No . .£2_.):_.::;._;_.,:' · t.-.S 8 ___ Use ~c{- ..a~_Location No. J~ ~.,.2..2.. 

I 



Section 6 LOG OF WElL 

Depth ln Feet Thickness 
Fwm To in Feet Color Type uf Material Encountered 

0 l l Soil . 

1 18 17 CaUc..lte 
19 so 62 Sand . 

ao 85 5 sand rock 
. 

85 125 40 Sand 

125 185 . 6.0 Tigh-1:--eulnd and -aock 

185 228 43 water, a and 

228 244/ 16 Sand and Red Clav 
-- - -·--- --- ___ ,_"""<·"-~ 

msfl.r 
LS Elev _T-. "'j,._@_rC:, . 

Depm_,-o I{ 
-€\av-o Jrc..?i:ft! # "':' 

+1-· J 5, :J. r. a_.,)_ ol, ,2;2-
Loc. No. 
Hydro. survey a\tHlll 

SOURCE OF AI:Tiftl6E 6\VEf~ 

lnterpOI'iitedll'om 1u~u- -

oetermmed by lust. ~;ii'eli 

--utner= 

--

; "'-..; 
~-

. 
----

The Wldersigned hereby certifies that, to the best of his knowledge and belief, the foregoing js a true and cor-
rect record of the above described well. ' · 

Well Driller 

• ' 



" 

' 4 Revised June l 972 

·S·TATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMA TlON 

(A) Own·er of well Owner's Well No. 
Street or Post Office Address 
City and State 

Well was drilled under Pennit No. and is located in the: 

'·--- ~ ___ ~---~---%of Section Township Range N.M.P.M. 

b. Tm_ct No. of Map No. of the 

c. Lot No _____ of Block No. of ihe 
Subdivision, recorded in County. 

d. x~ fe~t, Y- fed, N.M. Coordinate Syst0m ____ Zone in 

'"' Grant. 

{B) Drilling Contractor Lic~nse No. 

Adtlress "---

Drilling Began Completed Type tools Size of hole ____ in, 

Hcv;:Jtion of land surface or at well is ft. Total depth of well ft. 

Compkt<'d well is D shatlow D artesian. Depth to water u·pori completion of welt ft. 

Section 'l. !KAT A 

Depth in Feet Thickness · Yield 

. Fmm _I"- in Feet Description of Water-Dearing Formation (g;J[~~·;·per minute) 

Section 3. RECORD OF CASING 

Diameter Pounds Tiueads Depth in Feet Length 
Type of Shoe 

Perforations 
(inches). per foot per in. Top Bottom (feet) From To 

Section 4 RECORD OF MUDDING AND CEMENTING 

I Depth in Feet Hole Sacks Cubic Feet 
Method of Placement 

From To Diameter of Mud of c~menl 

Section 5. PLUGGING RECORD 

Plugging Contractor ---~-----------------
Address ______________________________________________ ___ 

Plugging M_ethod ____ ~----------------
No. ~Jkpth in Feet Cubic Feet 

Top llottom of Cement 
Datc Well Plugged_ ___________________ _ 

Plugging appt:oved by: ~- --

3 
State Engineer Representative 4 

Date Received Typed 5/11/78 
FOR USE OF S~ATE ENGINEER ONLY 

Quad--------- FWL ___ _ FSL __ _ 

File N6·---.,--------c---c----- Usc· Oil Location No. 17.33.30.11000 

_j 



~ 

S t' 6 LOG OF HOLE ec ton 

Depth in Feet Thickness 
Color and Type of Material Encountered 

From To in Feet 
.. 

0 28 Caliche and gravel 

28 223 Shale and shells 

223 515 Red rock 

515 533 Anhydrite 

v 
l S Elev 'ftJ3 9 
Depth to Tr 
Elav of v "1'~-.l.lb// 

II<... - -

. 

-

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation CommisSion files llt Hobbs, N.M. 

Location: 17.33.30.11000 
OWner: Continental Oil Co. 

MCA Unit, Battery 4 
Record of Casing: 10 11 

7" 
Rotary 

660' FNL - 660' FWL 

11133 
21' 

3913' 

Elevation: 4039' DF 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and correct r\!cord of the above 
described hole. 

Driller 

INSTRUCTIONSo Thi• folllilii:ould be emu ted in tdplicote, pNfe,bly typewdlten, •nd •ubmitted ,,; '"'"'''"' di"riot offioe 
of the State Engineer. A-ons, except Section S, shall be answered as completely and accurat possible when any well is 
drilled, repaired or deepen .. Trhen this form is used as a plugging record, only Section l(a) and Section .ced be completed. 



·STATE ENG1NEER OFFlCE · 

WELL RECORD 

Section 1. GENERAL INFORMATION 

(A) Owner of well ---c----------,----------,------

l<evised June 1972 

Owner's Well No.-------
Street ·or Post Office Address _________________ ;_ ________________ ;__c.__ 

City and State-------------------------------

Well was drilled under Permit No, _______________ and is located in the: 

'- ___ V. ___ \4 ___ V. ___ \4 of Section _____ Township ______ Range _______ N.M.P.M. 

b. Tract No. _____ of Map No,-------
of the ___________________ _ 

c. Lol No·---~ of Block No. ---~----of th~-----------------------
Subdivision recorded in County 

d. X"'---------·- feet, Y=-----------· feel, N.M. Coordinate System _____________ zone in 
the Grant. 

(D) Drilling Contractor _________________________ Lic~·nse No, ____________ _ 

Drilling Began -------- Completed --------Type tools _________ Size of hole ____ >in. 

Elevation of !and surface or ______________ at well is ______ ft. Total tlcptlJ of well ________ ft. 

Compkkd wull is 0 shallow 0 artesian. Depth to water upon completion of weiJ _______ fL 

~~~~~~--~-~=-~-=-~--~-=-~--~·===-=-==::===:==-=·-:-:s~e~c~ti~on~2J-P~R~l~N~-C~IP~A~Lt::\\W~A~T~E~· R~-!BE~A~RJiiN~G~S!T~R~A~T~A===:====---=-==-===~~~ r· 
__ Dupth in Feet Thickness Estimated Yield 

From To in Feet Description of Water-Bearing Formation (gallons per minute) 

Diameter Pounds Threads f---cc-=D0e,p,th"iin"-'F"'o'o'----1 Length Type of Shoe 1---cP~o~'~fo~'~'et~io~oE''--i 

~~'~'~"~'"~':'cl __ +-_oP:''~fo:n:'c_~_cP:''~in:-__ ~ __ cTco~pc__c+--'""""'''o~·'ne-~--c(:f':':'cl __ -+ ____ c_ __________ -i--'F''"""'oc~~-eTco~~ 

Section 4 RECORD OF MUDDING AND CEMENTING -
~~ Depth in Feet Hole Sacks Cubic Feet Method of Placement 

From To Diameter of Mud of c~·m~nt 

-

Section 5. PLUGGING RECORD 

Plugging Contractor 
Address Depth in Feet Cubic Feet No. ---
Plugging MethOd 'f'{)p Bottom of Cement 
Date Well Plugge I 
Plugging approved by: ' -. 

3 
State Engineer Representative 4 

Date Received TyPed 5/11/78 
FOR USE OF STATE E~GINEER ONLY 

Quad-~----- FWL ---- FSL ___ _ 

File No.-~-'-'-~,---'-'-----~---U"--'-'0'-'i"l~--- Location No. 17. 33. 30.12000 



Section 6 LOG OF HOLE 

Depth in Feet Thickness 
Color and Type of Material Encountered 

From To in Feet 

0 45 Caliche and sand 
-- c<-·• .. --

45 375 . Red bed 

375 1145 Red bed l:ed rock 

/ 
l S Elev {/11.s-? 
Depth !Q Tr ,;; 
.,I __ - _l_ " .... __ J-.1/J 

' ::Jo c11.:~v or Ill,; - ' --

. 

I 

·. 

Section 7. REMARKS AND ADDITIONAL lNFORMATION 

This well record ia an excerpt from Oil Conservation Commission files at Hobbs, N,M. 

Location: 17.3~.30,12000 

Owner: Continental Oil Co. 
Elevation: 4057' DF 

MCA Unit Battery 4 
Record of Casing: 811 

Rotary 

660' FNL - 1980' FWL 

#134 
1185 1 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a tme and correct record of the above 
described hole. 

INSTRUCTIONS: This 
of the State Engineer. 

drilled, repaired or ''"'P'n: 

be executed in triplicate, p·referably typewritten, and submitted 
except Section 5, shall be answered as completely and 

this form is used as a plugging record, only Section I (a) and 

Driller 

appropriate district office 
possible when any well is 

be completed. 



l(evised June l 912 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

(A) Owner of we11------------~------------- Owner's WeH No.-------

Street or Post Office Address-----------'-------------~------------
City and State----------------------------------------

Well was drilled under Permit No. _______________ and is located in the: 

'· ___ y.; --··· y.; ___ y.; ___ 14 of Section _____ Township ______ Range ____ N.M.P.M. 

b. Tract No. ___ _ of Map No.------- of the----------------------

c. Lot No, _____ of Block No. -~~-----o( the ___________________ _ 

Subdivision, recorded in-------------- County. 

d. X,. _______ feet,Y ~--------feet, N.M. Coordinate Sy~tcm ____________ Zone in 

the·-------'------------------- Grant. 

(B) Drilling Contractor ________________________ Ljc~:nse.No. _ __c __________ _ 

Drilling Began--------- Completed ________ Type tools-------- Size of hoi~---- in. 

Elevation of land surface or ______________ at well is ______ ft. Total Ucpth of well------- ft. 

Complct..:d wdl is 0 shallow 0 artesian. Depth to water upon completion of well _____ _ ft. 

Section 2. STRATA 

D~pth in Feet Thickness Estimated Yield 

Prom To in Feet Description of Water-Bearing Formation (gallons per minute) 

S t' 3 RECORD OF CASING cc. !Ofl 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

Section 4 RECORD OF MUDDJNG AND CE.MENTING ' -
I Depth in Feet Hole Sacks I Cubic Feet Method of Placement 

From To Diameter ofMnd of C.:mc-nt 

Section 5. PLUGG£NG RECORD 

Plugging Contractor 
Address Depth in Feet Cubic Feet 
Plugging Method 

No. 
Top Bottom of Cement 

Date Well Plugge I 
Plugging approved by; ' --

3 
State Engineer Representative 4 

-
FOR USE OF STATE ENGINEER ONLY 

Date Received Typed 5/11/78 
Quad------- FWL ---- FSL ___ _ 

File No.-~--,------------- U" _ _:O:::io:l,_ ____ Location N o. _ _cl0:7'-'.,_,3,_,3,_,.'-'3"0'-'.-"lce4"'0coe0"'0'----



Section 6. LOG OF HOLE 

Depth in Feet Thickness 
Color and Type of Material.Encountefcd 

From To in Feet 

0 30 Caliche -
30 85 Caliche and sand 

-· -··- ~--~·----·-·--- ---~· - ---. - -- "ff'"" -
85 810 Red bed and red rock 

. 

-

/ 
I < "'' 

'!~7.2»r 

Depth to f(. Trc :;r 
~· v 

T. r'iR7 

-:- --:-

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation Coml!lission files at Hobbs, N.M. 

Location; 17. 33. 30 .• 14000 
OWner: Continental Oil Co~ 

MCA Unit Ba.ttery 4 
Record of Casing: 1011 

Rotary 

1980' FNL- 1980' l!liL 

ff135 
. 20' 

4062' GL 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. 

INSTRUCTEONS: This 

drilled, repaired or 

be executed in triplicate, preferably typewritten, and submitted 
, except Section 5, shall be answered as completely and 
this form is used as a plugging record, only Sccti011 I( a) and 

Driller 



' 

Revised Jun~ 19?"2 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GEN~RAL INFORMATION 

(A) Owner of well ,-----------------,.----------,-------- Owner's Well No.------
Street or Post Office Address-------------------------------------
City and State-----------------------------------------

Well was drilled under Permit No, _______________ and is located in the: 

'---- '--- •--- •--- % fS r <0 ec Jon To ns.hip w R ange --------NMPM 

b. Troct No, of Map No. of the 

'· Lot No. of Block No. of the 
Subdivision, recorded i'n County. 

d. x~ feet, Y feet, N.M. Coordinate System Zone in 

the - Grant, 

. 

(D) Drilling Contractor License No. 

Addrl'ss 

Drilling Began Com pit! ted Type tools Size of hole in. 

Elevation of land surface or at well is ft. Total depth of well ft. 

Completed well is 0 shallow 0 ortesian. Depth to water upon completion of well ft. 

Sect;on 2. STRATA 

Depth ;n F"t Thickness 
Description of Water-Bearing Formation 

Estimated Yield 

Fmm To in Feet (gallons per minute) 

Section 3. RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

Section 4. RECORD OF MUDDlN_G AND CEMENTING 

L Depth in Feet Hole Sacks Cubic Feet Method of Placement 
From To Diameter of Mud of C<O'mcnt 

Section 5. PLUGGING RECORD 

P!uggi.J1g Contractor 
Address ___ Dept~ in E"cct Cubic Feet 

No. 
Plugging Method _ Top Bottom of Cement 

Date Well Plugge __l_ 
-~ 

Plugging approved by: ____l__ 
3 

State Engineer R~pres~ntativc 4 
- ·---· 

FOR USE OF STATE ENGINEER ONLY 
Date Received Typed 5/11/78 

Quad------- FWL ---- FSL ___ _ 

Oil 1 File No. __ _cc ______________ U.o-'..-~"'----- Location No. 7 .33 .. 30.31111 



-------------

Section 6. L OGOFHOTE - -
Depth in Feet Thickness 

Color and Type of Material EncoUntered 
From To in Feet 

0 66 Sand 
-----~~--

66 73 Rock 

73 06 S"nd 
---· 

a< HO OoA hoA 

160 270 Red sand and red bed 

270 437 Red bed 

437 546 Red bed and shells 

546 608 Red bed and blue shale 

608 628 Red bed 

628 650 Sand 

__ §50 791 Red bed sand shells shale 
. 

791 806 Lime shells 

806 1078 Shale ·:z:ed bed 

l S Elev 11tJJ? 

/ ~~~~:/o ~ 
Tr '1 
T"jfi/7 

Section 7. REMARKS AND ADDITIONAL INFORMATlON 

This well record is an excerpt from Oil Conservation Commission files at Hobbs~ N.M. 

Location: 17.33.30.31111 
Owner: Continental Oil Co • 

. MCA Unit 1119 7 
Record of Casing: 8 5/8" 

7" 

Rotary 

2615 1 FSL- 25' FWL 

128' 
3963' 

Elevation: 4037' DF 

The undersigned hereby ceftifies-·that, to the best" of h~ knowledge and belief, th~ foregoing is a true and c<imect record of the above 
described hole. 

Driller 

INSTRUCTIONS: This .o hould be executed in triplicate, preferably typewritten, and submitted,-· appropriate district office 
of the State Engineer. ·ons, except Section 5, shall be answered as completely and accura possible when any well is 
drilled, repaired or deepen~ hen this form is used as a plugging record, only Section l(a) and Section eed be completed. 

~ 



kcviscd June 1'17"2 

STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

(A) Owner ofwell-----~-----------~-------- Owner's Well No.--~----

Street or Post Offici Address----------------------------------

City and State----------------------------------------

Well was drilled under Permit No. _______________ and is located in the: 

'· -.-- l4 ___ l4 ___ l4 ___ y,j of Section----- Township------ Range _______ N.M.P.M. 

b. Tract No. _____ of Map No.------- of the----------------------

c. Lot No. _____ of Block No.--------- of the _______________________ _ 

Subdivision, recorded ln --------------County. 

d. X"' _______ feet, Y ---------~feet, N.M. Coordinate System ____________ Zone in 

'"' ------------------· ·---------Grant. 

(B) Drilling Contractor _______________________ _ Lic~nse No, _______ _ 

Addrrss-----------------,.--------------------------------

Drill in~ Began --------- Completed ________ Type too]s _________ Size of hole ____ in. 

t:tcvation of land surface or -------,-------at well is ______ ft. Total depth of well _____ _ ft. 

Comp!dc? wdl is 0 shallow D artesian. Depth to water upon completion of well _____ ft. 

.... .. .. , __ . •. .. . ---·- .. .. . . .• . .. 
Section 2. PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness Estimated Yield 

From To in Feet Description of Water-Bearing Formation (gallons per minute) 

. 

s ectmn 3 RECORD OF CASING 

Diameter Poumls Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom {feet) From To 

S t' 4 RECORD OF ~lUDDING AND CEMENTING ec !On ' 
Depth in Feet Hole Sacks Cubic Feet Method of Placement 

From To Diameter of Mud of C.-m~,nt 

Section 5. PLUGGING RECORD 

Plugging Contrnctor 
Address ___ !~rth in Feet Cubic Feet No. 
Plugging Method Top Bottom of Cement 

Date Well Plugger! _l_ 
Plugging approved by: 2 

_.1_ __ 
State Engi_neer Representative 4 

FOR USE OF STATE ENGINEER ONLY 
Da tc Received Typed 5/11/78 

Quad------- FWL ___ FSL __ _ 

File NO·-------~--'-"------ u, __ O~i_l _____ Location No. 17 • 33. 30.420.00 



S I OG OF HOT F ection 6. ~ ~~ 

Depth in FMt Thickness 
Color and Type of Material Enco~uitercd 

From To in Feet 

0 98 Caliche and sand 

98 lff5 Sand and gravel 
- -~ 

145 1171 Red rock and red bed 

. 

v 
l S Elev 

7' ,. t) 

~.epth }" 
v 

Tr . .39/ . .:i-

Section 7. REMARKS AND ADDITIONAL INFORMATION 

This well record is an excerpt from Oil Conservation Cowmission files a~ Hobbs, N.M. 

Location: 17·.33.30.42000 
Owner: Cities Service Co. 

s. M .. _ G. S. A. Unit 
Record o£ Casing: 8 5/8" 

Rotary_ 

1980' FSL 660' FEL 

Tract 1 
1199' 

#2 

Elevation: 4060' DF 

The undersigned herebY certifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. 

Driller 

INSTRUCTIONS: Th:is .o auld be executed in triplicate, prefe_ra_b_ly typewritten, and submitted,.. , appropriate district office 
of the State Engineer. ons, except Section S, shall be answered as completely and accurat possible when any welt is 
drilled, repaired or deepen. en this form is used as a plugging record, only Section !(a) and Section . eed be completed. 



• • Form WR-23 

fiElD ENGR. LOG 
STATE ENGINEER OFFICE 

WELL RECORD 
INSTRUCTIONs: Thi-~ for~ should be exe_cuted in triplicate, prefe~ably typewritten-, and submitted __ 1:o" ~he 
nearest distriCt office of the State Engineer. All sections, except S!'!ction 5,_.shall be answered as _completely and 
accUrately as possible when any well is drilled, repaired or deepened, When this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. '. 

Section 1 

---

.. -- I 
1---:---

I 
(Plat of 640 acres) 

---

(A) Owner of welL.Il:lll.ard . .&d€•l.ta~.~llrinlulL>lJlng3·--'oo"-"•---~-~ 

Street and Number .. ~---~-t2_~----,-

Cit:y -~-¥ State -----~.ma-e------
Well was drilled under Permit No .. ~~-~-4j_~_-____________ and is located in the 

lL!!_'fl_JL1!,_ y,_l!JL __ % of Section--)S------Twp .... I-7--S-------Rge. ____ ""')--E--
(B) Drilling Co~tractor .... Q~~Al~----------License No.!L!L."l2. ___ _ 

Street and Number__1:0_._"-~-------------------------'---·-

City _l.(o_Y_i.llg_l;<ln ------------------------------------ State _II!" lla_J<_i_o_<>. _____ _ 

Drilling was commenced ... ~-~ii.---2.9---------------·--------- 1959---
Drilling was completed. _____ JQD._~-- -·--·------ -19.-6o _ 

Elevation S:t top of casirig in feet aboVe sea leveL ______________ Total depth of wen.___________ ___ 226 __ . __ 

State whether well is shallOw or artesiaJL_ ShAll.O!_ ________________ Depth to water upon completion..._l60 ~--

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet - Thickness in Description of Water-Bearing Formation No. Feet From To 
. 

1 0]0 I80 Ill Brown water I!IU1d - - - - --· - --
2 !83 200 I7 Brown ""to"' sand & gravel 
3 

4 

' 
Section 3 RECORD OF CASING 

-------- --------- --- ------ -

Dla Pound!'! Threads Depth 
Feet Type Shoe 

Perior;~tions 

"'- ft. in Top Bottom_ From To 

ws 1(;,-;;-.:;; "' m OM nno "· T71-. ... 
Section 4 RECORD OF MUDDING AND CEMENTING 

Dept~_ In- Feet Diameter To= No. Sacks of 
Methods Used 

From To Hole in in. Clay Cement "•••"• ,.. ~""" <n ""'~ ""'"• ,..:u ""« beoillg drtlled 
__,/ 

I 

Section 5 PLUGGING RECORD 

Nanie of Plugging Contractor _________________________________ 
7

_.License No. _________ _ 

Street and Numbl;!r __ ; ____________________ City ____________________ State· _ 

Tons of Clay ~se-d.: ..... ________ Tons of Roughage used ____________ Type of roughage. 

-· 

Plugging metho_d used ____ . ----~---·-·--------__nate. Plugged__ ________ l9 __ / 

Plugging- app·ro_~~--by-: Cem-ent Plugs were placed as follows: 

No. 
Depth of Plug 

From To 
No, oi Sacks ·used 

------:--Use __ ~_,_}2_, _______ LoCation No.LZ. 

-- --



Section-6 LOG OF V/ELL 

,Depth in Feet Thickness 
Color Type of Material Encountered 

From To in Feet 

0 2 2 Brown soil 

2 30 28 White Calohie rooll:: 

30 70 40 Brown -sand 

70 I40 70 Red sand 

I40 I50 IO 'White Caliche 
I50 I52 2 Red J llmi<ix Shale 

I52 T?n' TA 
~"" 

t ·"""" I70 IBO IO BroWn water sand 

IBO I80 3 Red shale 

I83 200 I7 Brot.ffi water sand &gravel 

200 ::>::>::>,.--· ?? Red Sh::J., ... -"- ~ ... nd rnclr c 
--- .... ,.,. ···=-· --~~~~"··-~- ...... R9d""~---~b8d'""'..,..,..,_ .. ,~ ... ,.., .. ., ··~- -- _..__, __ 

'222 226 4 Red 
. 

U Bey lf,t;i ?b /' 
Depth to 1c T, 7;1. :/ 
Elov of K_ Trc .3 7 ;,o/2' 

' 

J 7· .3.3 -~3,_y-. .3~/-"/J.r"~ 

' 
LUC, "" _ .. ,. 

' """ y n:Ja Ghee~ X 

--------. 

898HB~ 6. f1TlliJOE oiVEN 
er;o"ln~n~ f. ern To1Jo. '"··" __ x_ 

netP;m;11 <>C Sy ln;:t. l:e~ .. liiJH. 

nth 

. 

'!he undersigned hereby certifies that, to the best of. his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well. 

/>/' /i~l JL' . (?L,_p"··-t-J.-. ? ''--";:-____ aJ-.::. _______________ _ 
Well Drlller v-·-

.. ~ 

• 



Form WR-23 lf
----- ~-- --

STATE ENGINEER OFFICE 

WELL RECORD FIElD ENGR. 
INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sectioru, except Section 5, shall be aJlBWered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. 

Section 1 
(A) Owner of welLJl:'i}/J __ fll-L-.£.'t;fi;;!(Ue~'.!-~;;_1:'f1:-.---:t.f,!JO#_f.':._. __________ _ 

Street rmd Number.~___Jg~~.J£2 ___ _ 

City ----------------'- lf(}_tif.:'i! ... ------------ State ----~:~~ !lf'Z/C(} 
-------- ---

Well was drilled under Permit No, ______________________ and is located in the 

_ _,_'f.~"----lrL -"t'-tf l/4, ___ Si[ ...... ¥4 of Sec~ion .... --.at$--Twp.JSL~-----.Rge.,g.,W..-&-----

(B) Drilling Contractor _____ "t(~~,~~"~'";",t' -~lj'"in;f:;"Yf/&!4$!.---- License No·----~~ 
Street rmd Number.~.~~1.L---I~~_.S_·?" __________________________ _ 

City --------------~------~~Ill!> ____ _:_·-··-- _ State _lf£VL.Ji~--· 
Drilling was commenced. ....... --~--t1, ____ '_ _________________ 19 __ _ 

Drilling was completed. ____________________ ~~'_l __ tL______ 19.H __ _ 

f---

I 
{I 

(Pl_at of 640 acres) 

Elevation at top of casing in feet above sea level ___ . --------------------'---Total depth of well _______ ~$8 ----~--

State whether well is shailow or artesian __ ~h~J:~~--~Depth to water upon completion______lm!_ ____ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness in Description of 'Water-Bearing Formation No. 
From To Feet 

1 lfJl() f!.!Ni. /i;!J rmlU!I' -w. ----

tf 
... --· ··- .. --

F-
----·- ·- -· 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

Pcrforotions 

in. ft. In Top Bottom From To 

l' ;?() J() (1 11M 1$$8 
~~~-

Jtm /il!$f!i 

.. 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth ln Feet Diameter Toru No. Sacks of 

liT om To Hole in ln. Clay Cement '· 
Methods -Used 

.. 

. . 

I 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor_____ icense No·---~-----

Street and Numl)er_______ --------------- CitY-~~-----·--~--~ State'----·------

Toru of Clay used ___________ Tons of Roughage used ..... ~--------····Type of roughage 

Plugging method used_____ ___Date Plugged. 19 __ 

Plugging approved by: Cement Plugs were placed as follows· 

No. 
Depth of Plug 

No. of Sacks Used 
From To Basin SUpefV'isor 

Date 

FOR USE o::l'S'fr 6 
_ ! ,~. -'1' ONLY 

. ]JI:i:IO B33t:ll~iJ~ Jllfi"S / Rece1ved .J.L~-LY~---

SO :B W~ I I Hd\i E9fil 

.. __ Use______.:2'_A}..J2 __ Location No. JJ.....l..i 'sf.'f 3 3 __ 



Section 6 LOG OF WELL 

Depth in Feet Thickness 
From To in Feet Color Type of Material Encountered 

{) t l . ,,u 
1 .1$ '" Hi~ 

_J,_IJ $!$!) 1~ sall<i . 

tt){) :,'f:JQ (;{) !<"l1.~1tf' Stttit 

__1/lfJ. $fli:_f!f- B i!!<lil!<ili DAflin 

.. 

-
The undersigned hereby ce.rtifies that, to the best of his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well. 

~~ -~ ______ '!"Q,_,_ 
Well Drill(!r . c::;>'C" /-

' 



Form WR..;23 STATE ENGINEER OFFICE 

-Jilttltgf tfiLD ENGR. tn . WELL RECORD 
INSTRUCTIONS: This forin shoMg be executed in triplicate, preferably typewritten, and submitted_ to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately -as possible when any well is drilled, repaired_ or deepened. When this form is used as a plugging 
record, o,nly Section lA and Section 5 need be completed. 

Section 1 
(A)./Owner of welL ... ~a,tJl· --(j.)}/H~""it:t~1Uilfft:J~1-----·-----· 

c---__j~~~ ,6::;et and Number. !~:,/"''{' ,<'1~~------ Staie ___ :if.i~t:fi~!} 
Well was drilled under Permit No,_ - L-<C"9. .. ~!. ________ and is located in the 

. : .}:: .-~~:- ~t~~ *--~;:Jt~. :JA ... -. -1'-~'R'__lf4 of Section.-./.-#f-~-Twp .. -j_;.? ... -$-----Rge. __ .;tJ~-i#-
1---1---f;;_;"---p":~',;ci-~c', +;.,--'-I (B) Drilling Contractor~--~Xit~0~l2~.J.Et:t"'~~ift::kp ___ ·_. _License No.:_ :/~-~;w-:~ 

/- -'~-t_-:/;1 Street and Numbe~---··---__l;~{~Jt:_j:.~At.:t1£? -
----1---.,;l-,-~t{}J<-Ii,l'. '---1 City . ---~--,--,--~.----~--~~-~~.:_ ____ ,; _______ State ___j_C"~t! )i.m.;.t1,__tl() __ 

Drilling was commE::nced ____ t:_~~~.o.-.-;~~~:: _____ _:_:____-'----·--------_:_- 19 __ _ 

Section 2 PRINCIPAL WATER-BEARING STilAtJii'"·.:, 

Depth in Feet Thickness in 
Feet 

3 

4 

5 

Section 3 

Dia 
in. 

Section 4 

Pounds 
ft. 

Depth in Feet 

>Tom To 

-
I 

Section 5 

Threads 
in 

. ,J, 
.--~ 

... · 
. 

RECORD OF CASING 

- - ·-

RECORD OF MUDDING AND CEMENTING . 
·' Diameter Toru No_. Sacks of ' 

Hole in in. Clay Cement ·• 

'· 
-

. .' 

-
. 

~ 

PLUGGING RECORD 

Methods Used 

. 

Name of Plugging Contractor · ---------------· _· ~.:.:.~icense No .. _____ , __ 

Street and Number_ ______ ~--------: _______ . ___ City sta:ta __ 
Tons of Clay used ... ~--- Tons of Roughage used ___ _ Type of roughage______________ _____ _ 

Plugging method used. _______ _ _ ______ ___Date. Plugged_ 19 __ 

Plugging approved by: Cement Plugs were placed as follOws·-

Depth of Plug -~ 

No, No:_ of &cks Used 
From To Basin Supervisor 

. 

. 

. Date 

fr
, '"I 'TIJ:c C'fl\1 

FOR US- STNrEJ:EuGmEER ONLY 

I J:JIUlS/0 
ReceJ/l~JdO li3JNff/Nl ii\IIS ~ 

so :e w~ 1 1 ~d~ m1 

File No.__l_,_ S'o ?s~ Use~-~--Location No./$. 3 3. 36:1.~ ::\.7Y 



,::;._ .. 'f. 

Section 5 LOG OF WEll. 

Depth in Feet Thickness 
Type of Material Encountered 

Fmm To in Feet Color 

c l '$ J. ""ill 
. 

l J;f!i ,1'1 
$il'l 15/J J$3 4ll1!1'41 
I,J;if) }jt;f,t) ~-a- """'t..;; ~<kt<d 

2$li 2-lf."'>r IJ -Q:tMJ':~t ~~~u 
. 

.. - ,......,,." - --·- . -- "....-..-p - ,_,, ., ... ____ 

-

n-"ev 
/jl/. o/ 

nenlh to K rj:272::33r· 
Elov of K Tro<f!! flJ<' 

loc. No. I 7. :I-;}.3.5 1/3.:.'1.32../ . 
X -""'~ 

Hydro. Survey .Field Chec~ 

SOURCE OF ALTITUDE GIVEN 

Interpolated from Topo. Sheet Y· 
Determined by In st. leVIlling 

Other 
~-

·- - -

-

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor~ 
rect record of the above described well 



SECIION __ _ 



STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

Revised June 1~72: 

Well was drilled under Permit No. __ ~C~P~-::25~6~6'--------- and is located in the: 

'· ___ \1.1 ~ 1/.i ____l2E. 1/.i __IDi_ 1/.i of Section----"~- Township __ ].l.l;l8>;SL__ Range __ .:;3c;2:;EL_N,M.P .M. 

b. Tract No. _____ of Map No. ______ _ ol the----------------------

c. Lot No. _____ of Block No. 
Lea 

of the __ o-O"'h,.,a0"P;;P~ar==.:eec1=------------
Subdivision, recorded in Countr. 

d. X-------- feet, Y _________ feet, N.M. Coordinare Syst~m---------· __ Zone if! 
the________________________ ---------Grant, 

(D) Drilling contractor_---'}~.b'!_;b~o~t"-'t'-'1l~r~o~s~.~· ____ _ _______ Lic.-nsc No. _ _,.WD-~:::4~6:_ ____ _ 

A<Jdr~ss P.O. Box 637. Hobbs, New Mexico 88240 

Drilling Began 6/1/77 Completed ___ __,6,/c.3li/.17_!1 Type tools _ _,o,.a~b"'1"'e'----Size of hole_.;S;:ia__in. 

Elcv:ltion of land surface or ----~--------at well is-----ft. Total dl.lpth of well_~l=.-3~3,_ ___ ft. 

Compktcd wdl is ![] shallow 0 artesian. Depth to water upon completion of well ___ 6,.5c_ __ ft. 

Section 'J PRINCIPAL WATER BEARING STRATA .. 
Depth in Feet Thickness 

Description of Water-Bearing Fonnation 
Estimated Yield 

From To in Feet (gallons per minute) 

65 133 68 Sand 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe Perforations 
(inches) per foot per in. Top Bottom {feet) From To 

6 5/8 21 Welde 0 133 133 None - 65 133 

Section 4 RECORD OF MUDDING AND CEMENTING 

I Depth in Feet Hole Sacks Cullic Feet 
From To Diameter of Mud of C1.'m.:nt Method of Placement 

Cement at top 

Section 5. PLUGGING RECORD 

Plugging Contractor -
Address Depth in Feet Cubic Feet No. Plugging Method Tnp Bottom of Cement 
Date Well Pluggecl I 
Plugging approved by: 2 

3 
State Engineer Representative 4 

·-
FOR USE OF STATE ENGINEER ONLY 

DateReceived June 13, 1977 

Quad------- FWL ---- FSL __ _ 

j File N o._&Cii;Po;-:o5;,6=6'----------- U" __ .JD.lJOOJffiEJL-___ Location No. 18 • 3 2 ~ 4. 144 

-~ 

I 



Section 6. LOG OF HOLE -···· .. 
Depth in Feet Thickness Color and Type of Material Encountered 

From To in Feet 

0 2 2 Surface soil I 

2 26 24 Caliche 

26 h" <;q Sand-ti,.ht 

h'i _91 26 Sand-water 

01 107 ] 6 Sand-titzht 

107 1 ?Q ?2 Sand-water 

120 1'1'1 4 Sandy c1a:v 

..• . .. ... . .. 
.. .•. ... --·--- . ... . 

~'":4 

"' . 
-; ...., 
D ...., 

::2' nl "-
"" ,-;·; ; fl "" ' Section 7. REMARKS AND ADDITIONAL INFORMATION 

.. -.:: ::2 
"' ;;.-; -- ;"'""} 

~ n~ -·:o. 
. "" ~ 
.~o - ! -., 

I ::::> 
0 "' . 

"' - i 

' 
-

' 
The undersigned hereby ce.rtif~es that, io the ~st of his knowledge and belief, the foregoing. is a true and correct record of th.c abOve 
described hole, 

~ ~ 
Driller h'-8. 

INSTRUCTIONS:~:::·r:~~~~bo """"'In tdpliooto, P"fmbly typtwtHton, •nd '":~:~;;:,::~~::"' dl.tdot offloo - of the State Engineer. except Section 5, shaH be answered as completely and when any well is 
·.drii.J~d, repaired or this form is used as a plugging record, only Section !(a) and . be completed. 



J 

~ 

(•) Owner of well 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

Virgil Linam Estate 

Reviacd Jum: 1~72 

Owner's Well No.-------
Street or Post Of ficeAddress% Faye L. Klein. 

____ jj.nhhS New Mexico 
P.O. llox ]_503_ 

88241 City and State 

Well was drilled under Pennit No., __ ~C~P~---=6~7~2=--------- and is located in the! 

Cente r of 
__ Y.i _____!.!!.. Y.i ~ Y.i of Section _ __,_7 __ Township _ _,1_,a_,sc__ Range _ _:3::_2::_E~ ___ N,M.P.M. 

'·--- Y. 

b. Tract No. ___ of Map No.------
of the ___________________ _ 

'· Lot No. __ of Bleck No. _______ of the'-----------------~..-
Subdivision, re corded fn Lea County. ·"t. 

d. X 
tho 

<::) >-, 
___ feet, Y-_________ feet, RMo Coonlim"!te Sy3tem----------~--"'··· Zone in 
--------------------------------~..;;;;:-Grant. 

(B) Drilling Contract "'-~A~h~h"-"o~t~t~-__:B~r~o=s~-c_:D:o,:r~i~l~l:;_::i~n~g,__ _______ License No. __ _:ll~D=--~4~6:___...,~~-~=----

Address P.O. Rox 6~7, Hobbs, New Mexico 88240 
,_ 

Drilfing Began 7/1 L7L/29c_,2c__ __ Completed _ _,8CL/.;7CJ/c.9"-"2 ___ Type tools _,C"'a"b'-'l"e"------ Size of h~ie ·t 0 in. 

ElevatiOn of land surfac o oc ------------at well is _____ ft. Total depth of wen_5~2:!4 ____ ft, 

Completed well is 

Depth in Feet 

From T 

Dt shallow 0 artesian. Depth to water upon completion of weJ1_4~3~0!.__ ___ ft. 

Section 2. PRINCIPAL WATER-BEARING STRATA 

0 

Thickness 
in Feet Description of Water-Bearing Fonnation 

Estimated Yield 
(gallons per mlnu1e) 

460 517 57 Sand 

Section 3. RECORD OF CASING 

Diameter Pou Threads Depth in Feet Length Perforations 
(inches) 

nd• 
oot perf per in. To Bottom (feet) Type of Shoe 

From To 

9 5/8 33 Welded 0 125 125 None 

5% 15 Welded 0 527 527 459 524 

Section 4. RECORD OF MUDDING AND CEMENTING 

Depth in Feet 
From T 

Hole Sacks Cubic Feet 
oc__+-_o_;_,_m_o_t'_'-1---o_r_M_u_• __ -+ __ or_c_,_m_o_nt_4------M-'_lli_od __ o_r_P_I'_''_m_•n_t ______ 

1 

--~---+--------4--------~·----··-------------~ 

Section 5, PLUGGING RECORD 

Plugging Contractor 

Address DeDth in Feet Cubic Feet No. Plugging Method Too Bottom of Cement 
Date Well Pluggetl I 
Plugging approved by: 2 

3 
State Engineer Representative 4 

-
FOR USE OF STATE ENGINEER ONLY 

Date Received- August 12, 1992 
Quad------- FWL FSL ___ _ 

CLOIJ 
File No. CP- Usc _ _;S!!T~O"CE"-----Location No. 1.8.32. 7 ~44233 

··~ 



-- --"- ""~---··· ----- -----------

Section 6. LOG OF HOLE 

Depth in Feet Thickness Color and Type of Material Encountered 
From To in Feet 

0 6 6 Ton soil 

6 21 15 Caliche 

21 94 73 Red and brown clav 

94 100 6 Grev sand (Water cased off with 9 518" nine) 

100 402 302 Red bed with brown & blue stroat-., 

402 456 54 Red clav 

' 456 460 4 Brown clay 

460 489 29 Sand W/clav streaks (WATER l 

489 493 4 Red clay 

493 517 24 Sand W/clav streaks 

517 524 7 Red Eed 

- - ----· -- - - •.. ·- -- -- ·- . - . 

'!'.. ._;, ":!!,.,.. 

Section 7. REMARKS AND ADDITIONAL INFORMATION ""' ~<" 
-~ 

""~ ·c;:> <;:-<> 
-~ ~~ 

"""" ~ "'<;, 
~0 

·.,t_,~ -~~ 
. ..$. c; -o 
\~ 0 {'(\ 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole, 

'nl~/?e.tb ~LtJ.m 
Driller ..)/,{]__ .. 

On1~~fS'' "'""' o. ""~"· •'··~ ,,..,~,- -~•~ appropriate district office 
of th,e State · except Section 5, shall be answered as completely and when any well is 
drilled, repaired. or this fonn is used as a plugging record, only Section l(a) and · be completed. 

·-



) 

Revised J u ne 1972 

STATE ENGINEER OFFICE 

WELL RECORD 

(A) Owner's Well No.----

Wei! was drilled under Penn it No. ____ ~C~p~G~7:::2 _______ and is located in the: 

'· _____ Y, ____ \4 ~ 'A ~ \4 of Section -~7 ___ Township -~l~B~S:__ __ Range -~3~2~E:__ ___ N .M.P.M. 

b. Tract No. _____ of Map No.------- of the---------------------

c. Lot No. ____ of Block No. ---~-c---- of the ___________________ _ 

Subdivision, recorded in Lea County. 

d. X _______ feet, Y ---------feet, N.M. Coordinate Syst~m ___________ z one in tho _______________________________________ _ Grant. 

(H) Drilling Contractor ------~L,,a~r~ry'-'-~' s"-cD""r~i~l~li~·~n~g.__ ______ License No. __ ~W~D~8~8~2c__ ___ _ 

AddresS 2601 \~."Bender Hob b...§...,"NM"'--'8'-'8,_.2,_,4,0c_ ___________ _ 

Dril!ing Began 1-22 --85 Completed 1-29-85 Type tools_~t~r~;~c~o~n~eo_ ___ Size of hole 83/ 4 

Elevation of land surface or-------------- at well is----- ft. Total depth of wel!-5~4~0,_ __ _ 

Completed well is I:D shallow 0 artesian. Depth to water upon completion ofweii __ _.4~6~DL_ 

Section 2. PRINCIPAL WATER-BEARING STRATA 

o) 
Depth in Feet Thickness Estimated Yield 

· F t Description of Water-Bearing Formation ( -•t · ·t 
From ~r--~•n~~''~-~----------------------f-_c~g=~~o=n~'~P='='=m=•=ncc" 

498 510 12 clay & gravel, small amt. of san 12 

Section 3. RECORD OF CASING 

Depth in Feet Perforation ' Diameter 
(inches) 

Pounds 
per foot 

Threads 
per in. Top Bottom 

Length 
(feet) Type of Shoe 

From To 
160PVC 

Depth in Feet_ 
From To 

-1 540 541 

Section 4. RECORD OF MUDDING AND CEMENTING 

Hole 
Diameter 

Sack~ 

of Mud 
Cubic Feet 
of Cement 

Section 5. PLUGGING RECORD 

Plugging Contractor ------------------------

480 54 0 

Method of Placement 

Address ,---.---~D-,p-t~h-;~n~F~,-,7,---,-C~o~b~;-,-=F "' 
'"' Plugging Method------------------------ f--N~o_. -j---'T~o~p'---1-~B~o~t~to~m"---j-_co~f~C"-"om:e: 

Date Well Plugge~--------------------------- t 
Plugging approved by: +-~2;--+--------j------+-----

3 
State Engineer Representative 4 

FOR USE OF STATE ENGINEER ONLY 
Date Received February 8, 1985 

Quad FWL ---- FSL __ 

File No. __ ._!""c.IL'-"-------------- Use STOCK L t . N _ __,lc::B:,:• 3:.:2:.:•.:._7:_:• 4:::4:=1::44::__ --- oca 10n o. 

in. 

ft. 

ft. 

-



' 

I 

' 

i 

l 

S 6 LOG OF HOLE ectwn . --
Depth in Feet Thickness 

Color and Type of Material Encountered 
From To in Feet 

0 6 6 u..,.,. ... d 

• .. 6 ...... & vhite ea4 .. tA • •1>1!• ""11""• .. <A •• b-s1-

•• '"" ... .... d d ... 

""' '"" "' ·~·- ~·-. ., AU •n -A~·- ...... eff. f.trv.tn • u... <ll.D ... .. A •• _,. -• b~ st-

.. A ..... "' '-•~ & _. mt-

Section 7. REMARKS J\ND ADDITIONAL INFORMATION 

The uildersigned hereby certifies that, to the best of his knowledge lind belief, the foregoing is a true and correct record above 
described hole. 

IN;fRUCT.IONS: 
• of the State Engineer. 
drilled~<repaircd or 

be executed in triplicate, pr;ferably trc>ewfuten, 
except Section 5, shall be answered as completely and 

this form i~ used as a plugging record, only Section 1 (a) and 

]'''""''''"''district office 
when any well is 

I 
I 

I 



Reviled Jt1ne 1972 

STATE ENGINEER OFFICE 

WELL RECORD 

(A) 

/)~~ ,,s5_3l}9n ! .• GENERAL INFORMATION ~ 

Owner of well C/!!_,.,~-lj~ ,LV Owner'sWellNo.Y '-j 
Street or Post Office A~s ~7·~=----~.,--,,---------------------------
City and State L2:}.l'L __ ~~ • I~ 5'2J. J 4' 

Well was drUled under Fennit No. ______________ and is located in the: 

a.~ 14 ?(.J) Y.!~C! \4 }.lg V..ofSection /C Townm;p_L/Qff"~S"---- Range _o::J:c~=~=-N.M.P.M. 

b. Tract No. _____ of Map No.----------
of the _________________________________ __ 

c. Lot No.------- of Block No. ------------of the _____________________________________ _ 

Subdivision, recorded fn ---------------County. 

d. X= _______ feet, Y ---------feet, N.M. Coordinate System ___________ zone in 
the ______ --,,_ _______ :;-:;-------------------------Grant. 

7' E---;7~1, / (B) Drilling Contractor_,;~z._U!«~<-~-..,L~~~-"'<:ft:~~~-""""--------License No. ___________ _ 

Addm~ ~~~~ 
DrilfingBegm f'Jk Completed 94& Size of hole S4 in. 

Elevation of land. surface or -------------at well is-----ft. Total depth of well-6'-'CJ"'-=0'-------"· 

Completed well is 0 shallow 0 artesian. Depth to water upon completion of wep_./2"-'~~~~=~-ft. 

Section 2 PRINCIPAL W ATER·BEARING STRATA 
Depth in Feet Thickness 

Description of Water-Dearing Formation 
Estimated Yield 

From To in Feet (gallons per minu1e) 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Too Bottom (feet) From To 

Section 4 RECORD OF MUDDING AND CEMENTING 
Depth in Feet Hole Sacks Cubic Feet 

Method of Placement 
From To Diameter of Mud of Cement 

Section 5. PLUGGING RECORD 

Plugging Contractor 
Address Depth in Feet 

No. CUbic Feet 
Plugging Method Top Bottom of Cement 
Date Well Piuigerl. l 
Plugging approved by: 2 

3 
State Engineer Representative 4 

FOR USE OF STATE ENGINEER ONLY 
Date Received 

Quad FWL ---- FSL __ _ 

FileNo.~ 



S t" 6 LOG OF HOLE ec 10n , 

i Depth in Feet Thickness 
Color and Type of Material Encountered 

From To in Feet 

0 /-0 ;z_.o /) _() 

;J.o :J(. ;c. /?, _t7 
/-)~ 

f/ 

3C l.f7-- (,- A ..t7 
/ 

/ A/J,~b?. 

'-/'J- 70 ;;-? /Jo./ =-~- &_:dl ~d~-tl 7? 

I 70 77 q /h_/ /£, A ~ / I I 79 'i-S- & LJ/7, -jf I' 
! 
i &-5 9Y 9 //_ ..tl-=..i? _e 

'lf/ /&0 (, AnAl !"Jl.o / 
(/ 

; 

' 

I 
- ··- ·--·- ··- . - --··- - - . - ---

' 

I 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

The u"ndersigned hereby certifies that, to the best of liis knowledge and belief, th 
described hole. 

INSTRUCTIONS: This fonn should be executed in triplicate, preferably typewritten, and submitted to the appropriate district office 
of the State Engineer. Ail except Section 5, shall be answered as completely and when any well is 
drilled, repaired. or this form is used as a plugging record·, only Section l(a) and completed. 



J 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

(A) Ownerofwell T X 0 7roa1 frt l il 
Street or Post Office Address C 0 enn 

1 
S a GI' 1 e Service. 

88267 

Owner's Well No. 
Inc. 

City and state Box 692 Tatum, New Mexico 

Well was drilled under Penn it No. ___ _,C,Pc_-::..;6"7-'7'------ and is located in the: 

'·--- ¥4 W:l_ Y41f.L V.._NJL !4 or Section--<2cs6,_ __ Township 18-S, Range 32-Ee N.M.P.M. 

b. Tract No. _____ of Map No.------- of the-----------~-------

c. Lot No. ____ of Block No.------- of the------------------'----
Subdivision, recorded in County. 

d. X- _______ feet, Y _________ feet, N.M. Coordinate System ___________ Zone ill 

th'--------------------------------------Grant. 

(B) Dri!lingContr8ctor Glenn's Water Well Service 

Addm< Box 692 Tatum, New Mexico 88267 

Drilling Degan ~5!L/..:;9u/_,8,_5'---- Completed __ 5..,/c;9,/cc8\<5.L __ Type tools Rotary Sizo of holo 7 7/\l;,, 

Elevation of land surface or _____________ at well is _____ ft. Total depth ofweu_7cO,O,_ ___ ft. 

Completed well is [XI shallow D artesian. Depth to water upon completion of well _______ ft. 

Section 2 PRINCIPAL WATER·IlEARING STRATA 

Depth in Feet Thickness Estimated Yield 
From To in Feet Description ofWntcr-Bearing Formation (gallons per minu1e) 

Dry Hole 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

. 

Se ti 4 RECORD OF MUDDING AND CEMENTING c on 
Depth in Feet Hole Sacks Cubic Feet Method of Placement 

From To Diameter of Mud of Cement 

well wa nlutted with sand a d ll!Ud 

-----

SectionS. PLUGGING RECORD 

l'tugging Contractor 
Address c" -- Depth in Feet Cubic Feet 
Plugging Method No. 

Top of Cement Bottom 
Date Well PluggecL I 
Plugging approved by; 2 

3 
State Engineer Representative 4 

FOR USE OF STATE ENGINEER ONLY 
Date Received May 15, 1985 

Quad------- FWL ---- FSL ___ _ 

File No. _ ___,C,P_-_,6'-'7-'-7 ___________ Use _ _:0:::WD:::__ ____ Location No._..:JLBIL..33_22:.._;21.J61L..ll _ll.]lJ4l:3L_ 

--



~~---~~- . ---------------~--~~ ------- --·--. -- ·-· 

Sootioo 6. LOG OF HOLE 

Depth in Fe~! Thickness 
Color and Type of Material Encountered 

From To in Feet 

" 1 ? ~ 1? Rond-1 nose · 

1? ?!< 1? clav 

?J. J.? ?'I ool eeho 

),? <;R 11 Rond 

"" Rt ?~ 0 '"' o1 ov 

"''' ~ 1 I>? 1ft l"ede1 lekv 

""' 
, , ~ "' ... .... ~' 

llh ~li2 .. ~~ " ,, •H ,b 

, .? ,, " , .,, h ·n~ •1 ov 

'<1_<; ·~" 
,, ,, ., 

'<?S ':?i\ "" ,.od o1ov 

.. .,. 1,1"\R "" ,, ""' .... ,, .v 
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Section 7. REMARKS AND ADDITIONAL INFORMATION "' \~~ ~' 

o:o \- ~ 

~ 
. 

~ " 
~ 

.. 

. 
The undersigned hereby certifies that, t_o the best of his knowledge and belief, the foregoing is a true and orreod of the above 

dosoribed hole. ~,- ~ 
.;rz ·7 -rYrb/1-~ 

{/ Driller 

JNSTRUCTI:;;~;~,.,;r::::lbe """ted m trtphoote, p<efmbly typewrtttoo, .od 
the appropriate district office 

of the State except Sectwn 5, shilll be answered as compktely as possible when any well is 
drilled, repaued or When tlu~ furm 1s us~U as a pluggmg record, only SectiOn l(o) and 5 need be completed. 

-



STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

Revilled June !972 

(A) 
Duval Corporation 

Owner of well ------~~'o-:-:-;:"-;;-;-::'=-:.;~------------ Owner's Well No.------
Street or Post Office Address -;;5~3~5~7c:-'E~a~s~tC;'P_i~m~a""S~t~. -------------------------
City and Stat!! ______ T~u"c"s"'o"'n"'--'A"Z~_,Bc.5u7_o1_,2~----------------------

Well was drilled under Penn it No. ___ o_-_1 ~3_-~0~0_2 _______ and is located ln the: 

a.~ \i ~ Y.i ~ \/,i ~ Y.i of Section_c-3~2 __ Township --'1"8'-'S'---- Range _ _,3"2'--'E'--__ N.M.P .M. 

b. Tract No. _____ of Map No.------- of the----------------------

c. Lot No. ____ of Block No. ________ of the _____________________ _ 

Subdivision, recorded in County. 

d. X""------ feet, Y-_________ feet, N.M. Coordinate System ___________ Zone in 
the Grant. 

(B) Drilling Contractor Boy 1 es -~B~r~o~s~.'-------------- License No. ___________ _ 

Address _______ _ci6~2~4~P_i"o~n~e"e"r_cR"o"a"d2,-=S~a~l"t_ola~ke=-C~it~y~,~U~t"a~h:_~8~4cci"0~4-----------

Drilling Degan May 31, 1977 Completed June 22, 1977 Type tools-------- Size of hole ____ in. 

2060 
Elevation of land surface or at well is _____ ft. Total depth of well _______ ft. 

Completed well is 0 shallow 0 artesian. Depth to water upon completion of well _______ ft. 

Section 2 PRINCIPAL W ATER·BEARJNG STRATA 

Depth in Feet Thickness 
Description of Water·Bearing Formation 

Estimated Yield 
From To in Feet (gallons per minute) 

-

274 TRC 

575 TRS 

Section 3 RECORD OF CASING 

Diameter Potmds Threads Depth in Feet Length 
Type of Shoe 

Perforations 
(inches) per foot per in. Top Bottom (feet) From To 

7 0 20 

41 91 0 1195 

'------

Section 4 RECORD OF MUDDING AND CEMENTING 

I Depth in Feet Hole Sacks Cubic Feet 
Method of Placement 

· From To Diameter of Mud of Cement 

1195 5 7/8 10 Displacement 

Section 5. PLUGGING RECORD 

!'lugging Contractor ---TB7o~yT1~•~sco'B~r~o~s'-'-~,--.::-.7-,--,---,.,.,,-, 
Address__ 1624 Pioneer Rd, Salt Lake City,Ur--r---·-;0~,~p~thc;c;n:CCF~oe~t,----,-~C~n~b,~.,-p~,-,~,-, 
Plugging Method D i sp 1 a cement No. Top Bottom of Cement 
DateWel!Plugge/~ne22;1.5J77 i' 1 0 20t.~O lb5 
Plugging approved bk: b-a ~- ~/_/ 2 

( 4
3 

State Engine;Vepre!fcntative 

FOR USE OF STATE ENGINEER ONLY 
Date Received July 20, 1981 

Quad ______________ __ FWL ___ _ FSL __ _ 

File No. 0-13-002 u., _ __,_E,X,_P ____ Location No. 18, 32. 32. 11124~ 

I 



Section 6. LOG OF HOLE -
Depth in Feet Thickness 

Color and Type of MateriaJ Encountered 
From To in Feet 

" " 

- --- -- --- "" --- . - -· - "" ---

-

Section 7. REMARKS AND ADDITIONAL INFORMATION 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. 

INSTRUCTIONS: This 

drilled, repaired or 

be executed in triplicate, preferably typewritten, and 
except Section 5, shall be answered as completely and 

this form is used as a plugging record, only Section l(a) and 

Driller 

' appropriate district office 
possible when any well JS 

be completed. 

- --



SfCIION ___ _ 

TOWNSHIP.......~...\ ({.ld......ls ............... _ 

RANGE <ys£· 



,. 

j 

Revised June 1972 

STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

WellwasdrilledunderPermHNo, CP-758 Exploratory and is located in the: 

'· ___ ~ __ ~ ___ I/.; --S.Ll,.._ \4 of Section_-4--- Town&hip _--JJ~S~S"---- Range __ ~3~J~FC----N,M.P.M. 

b. Tract No, ____ of Map No.------ of the--------------------

c. Lot No. ____ of Block No. ________ of the _____________________ _ 

Subdivision, recorded in County. 

d. X= _______ feet, Y=-------- feet, N.M. Coordinate System ___________ Zone ln 
the Grant. 

(B) DdllingContractor Dubose Drilling Inc. License No. _ _::ll_::Dc_-_,lc:lc:0:.;7c_ ___ _ 

AddresS 5407 N. Golder Odessa Texas 79764 

Drilling Began _,;_5_:-.=8c:-:c9'-'1'--- Completed c5:..--'cl.::Oc..-.c9:cl,_ __ Type tools -'r'-e"-'-r-"u"-n,_ ____ Size of hole 12 3/ 4m. 

EleYatiOn of land surface or -------------Rt well isoX~ll=ll:,_ ___ ft. Total depth of well-!2~5~0"------ ft. 

Completed well is 0 shallow 0 artesian. Depth to water upon completion of well a bs en t ft. 

Section 2 PRINCIPAL WATER BEARING STRATA 

Depth in Feet Thickness Estimated Yield 
From To in Feet Description of Water-Bearing Formation (gallons per minu1e) 

ABSENT 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

Section 4 RECORD OF MUDDING AND CEMENTING 
Depth in Feet Hole Sacks Cubic Feet Metb.od of Placement 

From To Diameter of Mud of Cement 

Section 5. PLUGGING RECORD 

Plugging Contractor ,Dun uh '""'"' ee,n ,,rccil ,.],,,·n" >g•T' '"" rr 
Address Depth in Feet Cubic Feet 
Plugging Method Back fj 11 1·d thet:~:ttiags No. 

Top Bottom of Cement 
D.co WoH P!"gg~1 0-.Q 1 I 
Plugging approved by: 

Ken Fraguez 2 
3 

State Engineer RepresentatiYe 4 

FOR USE OF STATE ENGINEER ONLY 
Date Received May 16, 1991 

Quad ______________ __ FWL ---- FSL __ _ 

File No. GP-758-Exploratory u., _ _,EXP='-----Location No, __ 1.!.8o.... 3.>3;t,.c4"-·~3l!4'L2<.3;>.3L __ _ 



J 

Depth in Pect 

From To 

. ,. 

')'! 

., - " 

,,. .. 

•c {"'-<\ 

0.0 "'' 
., •. ' ' 

'n.; , .. 
1 r, > 

250 !)"';;; 

--

.. 

S LOG OF HOLE ection 6. 

Thickness 
Color and Type of Materia] Encountered in Feet 

-'j- "" ·C ""~ ,, .• ' 1 

___}J__ "H•·•w 

H '' " I -' 
' . - .. -' o> . ' . ... , - ,, , .. • ' > 

o• . --' . '·' .. . ' ,, .. 
' ,, " ,,_, 

"' I 
'· ·' 

< ' -' 
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-· 
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.. " _, _, '-

. 

1--

--c• -

--Section 7. REMARKS AND ADDITIONAL INFORMATION 

c-. ·::--) 
1"7; 

·' ., 

., . 

The ui-tdersigncd hereby certifies that, to the best of ii.is knowledge and belief, the foregoing is a true an~._£?rrect record of the above 
described hole. · -

l ., 
·-~:>-·. 

INSTRUCTIONS: This fonn should be executed in triplicate, preferably typewritten, and submitted to 
of the State Engineer. except Section 5, shall be answered as completely and 
drilled, rep,aired_or this form is used as a plugging record, only Se~;tion l(a) and 



(A) 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

Revised June l972 

F.IEl'' r·~·G" ~ ,._.. - ;_; ~--'ll J'\. lVQJ 

Owner of well • • VWilet sWell No.------B J Woolle7 dba Caprock Sand & Gnovel 
Street or Post Office Address :c-=B~o~X';;:;~7~,.:6;;:;;~;-;:;--.'<f5'>,-----------------------
City and State ---'E,.u;,no!ol:.' "C_sec.__,N,_e"w"-_,i~;,e'-'x"l"-. c"-"a'-'8-,8,_2,_3"-=l---------------------

Well was drilled under Permit No,_,C~P~-::..<5~4~6,_ _________ and is located in th.e: 

NW~ S E~_N_E_ ~ __ N_E Y.t _S_E_ " __ Y.t of Section __ .<9_ Township --'l=-8=---ccS __ Range --'3_,3_-_E ___ N.M.P .M. 

I 

b. Tract No, _____ of Map No.------- of th.e ----------------------

c. Lot No, ____ of Block No. -.-::-:c------of the _____________________ _ 

Subdivision, recorded in Lea County. 

d. X-------- feet, Y---------- feet, N.M. Coordinate System ____________ Zone in 
th.e Grant. 

(D) Drilling Contractor __ ~··~"~~·-"1'-"'". _,V~a~n"-~N~o~y,_ ____________ License No. WD-208 

Address __ .;B,a"'x'---7'-'4±. __ 0"-"i"'l'--"C"e"n'-'t...,e;crw._. _N"-"e"w--"Ivl"e'"x"i"c'-'a"-'8"'8"-"2"6"6 _______________ _ 

u 
Dri!ling Degan _JJJ,_ne 1 1 197 5 Completed June 3 • 197 :)ype toots _ _,S:.zPo:Uood=d.oecor __ Si2e of hole lOin. 

Elevation of land surface or _____________ at well is _____ ft. Total depth of well_--'9~0'-,.,r,---- ft. 
70 

well 0 shallow D of wen ft. 

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness Estimated Yield 

From To in Feet Description of Water-Dearing Formation (gallons per minute) 

70 85 15 fine water sand. 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inch.es) per foot per in. Top Bottom (feet) From To 

6 5/8" welde~ 0 90 90 none 70 85 

Section 4 RECORD OF MUDDING AND CEMENTING 
Depth in Feet Hole Sacks Cubic Feet Method of Plaeement 

From To Diameter of Mud of Cement 

Section 5. PLUGGING RECORD 

Plugging Contractor 
Address Depth in Feet Cubic Feet 
Plugging Method No. 

Top Bottom of Cement 
Date Well P\ugge I 
Plugging approved by: 2 

3 
State Engineer Representative 4 

Date Received 
FOR USE OF STATE ENGINEER ONLY 

October 2, 1978 
Quad------- FWL FSL ___ _ 

;3 
Location No. 18 • .3--if. 9.42241 File No. CP-546 Use COM. 

·.: " : :C:::'¢1 



Depth in Feet 

From To 

0 5 

5 30 

30 65 

65 70 

70 85 

85 90 

S 6 LOG OF HOLE , ectwn 

Thickness 
Color and Type of Material Encountered in Feet 

5 top soil 

25 caliche 

35 brown sand rock 

5 hard rock 

15 fine water sand 
-----.-- --~-- -··· ···----~ 

5 red bed. 

l s Elev 3'178 

Depth to K Trc 
~'"" ,, K Tic""8'J..<'l 

"' /f,33. 51. .f/:2-:b -9'/ 

Hydro. Survey field Chec~ F13 
' 

onunnr nr ., TITIIne fliVrN 

Interpolated from Topo. Sheet X 

Determined by lnst. Leveling 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

' 
i·-

~~, 

~ -·· _:..-_-

··---

V"> 
~ ..• j 

c..:> 

The undersigned hereby certifies "that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. 

INSTRUCTIONS: This f{_. uld be executed in triplicate, preferably typewritten, and submitted 'Hppropriate district office 
of the State Engineer. A .ons, except Section 5, shall be answered us completely and accurat possible when any well is 
drilled, rePaired or dcepene<~ When this form is used as a plugging record, only Section l(a) and Section need be completed. 

~ 



Reviud Jun~ 1!172 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I, GENERAL INFORMATION 

(A) 1 Owner of well Hey-co 1 s E:arHey Yates Owner's Well No.-------
StreetorPostOfficeAddress c/o Glenn 1 s Water Well Service, Tpc 
CityandState Box 692 Tatum. N.M. 88267 

Well was drilled under Penni! No,_~C~P~-=-~7~0,cc2 ________ and is located in the: 

Township 18-S, Range 33-E. N.M.P,M. 

b. Tract No. ____ of Map No.------ of the ____________ "-______ _ 

c. Lot No. ____ of Block No,------ _of the __________________ _ 

Subdivision, recorded in------------- County. 

d. X= _______ feet, Y=--------C feet, N.M. Coordinate System----------- Zone in 
the Grant. 

(B) Drilling Contractor Glenn's Water WelJ Seryj ce, Inc. License No. _ _.w.,n"--'4"-"2-'l-____ _ 

Address __ _,i;Bll.O!.lXLJ6:t9'-<2;;_:TJ.Ca"-"tJAUJ>Wc,1--'NL.LfMeL.~-8QQ8.r;;2.t:6L17'------------------------

Drilling Began 10/21/86 Complcted --"'1-"0"-/-'2='1'-'/-'8'-'6"-- Type tools ____E.g_ t"a"'r..,'Yc_ ___ Size of hole 9 7/8 In. 

Elevation of land surface or------------- at well is----- ft. Total depth of well--'1~0~0"-----ft 

Completed well is G9 shallow 0 artesian. Depth to water upon completion of well ft. 
----·- ------·-·------------·--------------·--------·--·---------------·-------·---·-----------------·-----

Section 2 PRINCIPAL WATER-BEARING STRATA 
Depth in Feet Thickness 

DeBcription of Water-Bearing Formation 
Estimated Yield 

From To in Feet (gallons per minule) 

52 B2 _3()_ ~re· cl 40 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Bottom (feet) From To 

6 5/8 .156 50 90 

Section 4 RECORD OP MUDDING AND CEMENTING 
Depth in Feet Hole Sacks Cubic Feet Method of Placement 

From To Diameter of Mud of Cement 

Section 5. PLUGGING RECORD 

Plugging Contractor 
Address Depth in Feet Cubic Feet 
Plugging Method 

No. 
To Bottom of Cement 

Date Well Pluggen l 
Plugging approved by: 2 

3 
State Engineer Representative 4 

Date Received October -27, 1986 
FOR USE OF STATE ENGINEER ONLY 

Quad ______________ __ FWL ___ __ 
FSL--~ 

Fill~ No. _ _.:CooP,_-~7co0,_,2,_ ___________ u,. D:WD""'----- Location No. _ _.,1"8"-'"-3"-3-".leol'-c•eo3c.l,:,4:ol"'l;2 __ 



Section 6. LOG OF HOLE 

Deptlt in Feet Thickness . Color and Type of Materia] Encountered 
From To in Feet 

A 2 2 soil 

2 21· 22 calecche 

21· S2 2A sond 

52 A? ">;Q •r"vel 

A? 1 ()() lA red elov 

< 

< ' 

~ 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

' The undersigned h!!rcby certities that, to the best of his knowled11e and bellef, the foregoing is a true and correct record of the above 

deKribed hole. . "'i / j_ ~1 

INSTRUCTIONS: This fotm 
of the State Engineer. All · 
drilled, repajred or deepened. 

(n ~'-;} ~/1-j'\ 

executed in triplicate, prefet<~bly typewritten, and submitted 
Sec!ion 5, shali be answered as completely and 

form is used as a plugging record, only Section I (a) and Section 

district office 

., 

( 

\ 



(A) 

STATE ENGINEER OFfiCE 

WELL RECORD 

Section I. GENERAL INFORMATION 

ReviJfll June 11172 

owner of well Heyco' 6 Harve Yates Owner'sWeiiNo.-----

Street or Post Office Address ,c'-"o""G"'l""e-jin~nt.',cse.,-"W-'ia"t"e"r'-W*"e'fl;'l'---'S"J(e');r-lvcli>!c<Ce"-'--"I"'n"c~.,_---------
City and State -------'B"o'-'x'--'"-92.2"--"T"-a'-'t'-"u"'m'-'''-'N'-.'-'M"-'-. _,8,8c,;2"'-'7'----------------

Well was drilled under Penni! No ___ ~C~P~-~7!:0"'-"1~--------- and is located in the: 

'·--- \4 M_ Y.i_l!L Y.i~ ll.i ofSeclion~l,_l..__ __ Township 18-S. Range __ 3,_3c-C>Eu, __ N,.M.P.M. 

b. Tract No. _____ of Map No.------- of the __________________ _ 

c. Lot No, ____ of Block No.------ of the ___________________ _ 

Subdivision, recorded fn -------------County. 

d. X-------- feet, Y=--------- feet, N.M. Coordinate System ____________ Zone in 
the Grant. 

(B) DrillingContractor Glenn's Water Well Seryice. Inc. License No. __ ,W:u;D4"2;..).._ ____ _ 

Addms __ __.B,o"'x'--'6'-'9'-'2'--'T'-'a'-'t'-'u"'m'-',L.!Nueuw,__,M,e;c;x"i'-'c"o'--'8"8J.J2~<e'-----------------

Drilling Began 10/20/86 Completed 10/20/86 Type tools Rotary Size of hole 9 7/8 ln. 

Elevation of land surface or _____________ at well is----- ft. Total depth of well_~]~QtlOL.. ____ ft, 

Completed well is QJ shallow D artesian, Depth to water of wen 

Sectlon 2 PRINCIPAL WATER BEARING STRATA 
Depth in Feet Thickness Estimated Yield 

F'rom To in Feet Description of Water-Bearing Fonnation (gallons per mlnu1e) 

54 84 30 gravel 40 

--

Section 3 RECORD OF CASING 
Pounds Diameter Thread5 Depth in Feet Length Perforations 

(inches) per foot per in. Top Bottom (feet) Type of Shoo 
From To 

6 5/ .156 50 

Section 4 RECORD OF MUDDING AND CEMENTING ' 
Depth in Feet Hole Sacks Cubic Feet 

From To Diameter of Mud of Cement 

Section 5. PLUGGING RECORD 

Plugging Contractor ------'-'------------
Address 
Plugging Method No. 

Date Well Plugged.. 1 
Plugging approved by: 2 

State Engineer Representative 
3 
4 

rJ Date Received 
FOR USE OF STATE ENGINEER ONLY 

October 27, 1986 

Method of Placement 

Depth in Feet 
Top Bottom 

90 

Cubic Feet 
of Cement 

ft. 

Qu•d -------
FWL ___ _ FSL __ _ 

File No ____ -"C£P-=.c70.,_l.__ _________ U"--'0"-l"ID"------Location No._~l,Bec•co3<o3,_,.'-'lc!lo.:·-=3"1:;,4c=lc02c=l~--

' 



l 

Section 6. L G 0 OF HOLE 

Devth in Feet Thickness 
From To in Feet Color and Type of MateriaJ Encountered 

0 2 2 soil 

2 22 20 caleche 

22 ~~. "' sand 

~L. P.L. -;o ~.-~vel 

"'' 1nn 1A ~-d cloy 

-

. 

Section 7. REMARKS AND ADDITIONAL INFORMATION . . 

The undersigned hereby certifies that, to the best of liis knowledge and belief, the foregoing is a true and correct record of the above 

'""ibed hole. arz#: ~"' 
riller ' 

..-f the State 
be executed in triplicate, preferably typewriHen, and 
except Section 5, shall be answered as completely and 

this form is used as a plugging record, only Section I( a) and 

!lppropriate district office 
possible when any well is 

5 need be completed. 



Revised June 1972 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

Well was drilled under Permit No·---"""'""'"'--------- and is located in the: 

'·--- ~ __ ';4____$}}__ ~____.Sl!l_ 14 of Section 1Z Township --+1&&89---- Range --l:L3,Ec_ __ NI.M.P ,M, 

b. Tract No. _____ of Map No.-------
of the ____________________________________ __ 

c. Lot No.------,- of Block No, ________ 
7 

___ of the ____________________________________ _ 

Subdivision, recorded fn County, 

d. X=------ feet, Y -------~-feet, N.M. Coordinate System ____________ Zone in 

th'------------------------------~---------- Grant . 

....... , V·""··a 
(B) Drilling Contractor-----~~=""'-''-'~'""~'-"'~H----------Licensc No. --~IM•!l)llJ<8K8z7 ______ _ 

Add'"'----------'2,_6.,0._1_,W,,c..eBc:en"'dvr.""''----'-N"'a"'b"'b.\4--"N"'M~Bru8'-'2""4"'0-__________ _ 

Drilling Degan c5:.-_1,_1,_-:,8,_,2,_ ____ _ Completed -~5~-:.c1L1-::.o8~2 __ Type tools buftow bif Size of hole 9 7/iJn. 

Elevation of land surface or------------- at well is ______ ft. Total depth ofwell-7.Ji.-----1t. 

Completed well is ~ shallow D artesian. Depth to water upon completion of well ft. 

Section 2 PRINCIPAL WATER BEARING STRATA 

Depth in Feet Thickness Estimated Yield 

From To in Feet Description of Water-Bearing Formation (gallons per minute) 

60 80 20 hand & Jl!t<tv<'..f. 60 

---------1------

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in. Top Dottom (feet) From To 

6 5/8 160PV +1 79 80 XJJ. 60 10 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Hole Sacks Cubic Feet 
Method of Placement 

From To Diameter of Mud of Cement 

Section 5. PLUGGING RECORD 

p lugging Contractor 
Address Depth in Feet Cubic Feet 
Plugging Method No. 

Top Bottom of Cement 
Dote Well Plnggerl. I 
Plugging approved by: 2 

3 
State Engineer Representative 4 

FOR USE OF STATE ENGINEER ONLY 
Date Received September 24, 1982 

FWL ---- FSL __ _ Quad /CJ?. 2. 0 

v 
L-8288 

File No.------------------------------ u" __ ..:C..:O.:.MM=Ec..R..:C.::I:::AL:::..._Location No._c1:.8:.•..:3:.3:.•:.:1::2:. • ..:3:.:3:.:3:.:3:..4:..... ____ _ 



Section 6 LOG OF HOLE 

Depth in Feet Thickness 
From To in Feet Color and Type of Material Encountered 

0 z z bw ~and 

z 15 13 

15 59 44 Mnd 

UY <n .. 20 
·--·----~-·--··· 

79 so 

L S !:lev 
[',;,ptn to K _____ =rrc=:z::z __ 

E!cv of /(_______ .Tn: -"~'114 

·. 

Hydro, Survey 

othec 

. 

Section 7. REMARKS AND ADDITIONAL INFORMATION 

r--.- '-·',' --- ; . --· 
c . __ , 

The undersigned hereby certifies that, to th~ b~st of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. ' ' 

,. 
IN .. S7RUCTIONS: 
of the State Engineer. 
drilled, repaired or 

·, except Section 5, shall be answered as completely and accurat JOssible when any well 1s 

this form is used ilS a plugging record, only Section I( a) and Sectior .~ed be completed. 

be executed in triplicate, preferably typewritten, and submitted 'appropriate district office 

L_ _______ -"'L.________ - -



Form WR-23 STATE ENGlNEER Qlo'FICE 

WELL RECORD 
INSTRUCTIONS: This form should be_ executed in triplicate, preferably typewritten, artd submitted to the 
nearest district office of the State -Engineer. All sections, except Section 5, shall be allBWered a.s completely and · 
accurately as possible when any well is drilled, repaired or deepened, wp.en this form is used as a plugging 
record, O)lly Section lA and Section 5 need be completed, 

Section 1 
.----,---,---,---. (A) Owner of well~ ... ~..--+v-¥t:.Wa----Dr:!1l1u€;"'i}ompq 

Street and Number. __ lU ·'ali'F01'--;Ju!.~---------
City ·----- Ar¢-eud.a ----------- State ~--- Uox&~o--
Well was drilled under Permit No;r....?..g-?..g__ _______________ and is located in the 

1---f---J---f---l ......... __ 1'4-----&lll----1'<-----!;El--· ¥< of Section ....... !!;2--TwP·--lJJs ... -... .Rge._.:J:'JB--·
(E) Drilling Contractor .. _ 0~-~-----~-- License No ... ~'fD)!t----

Street and Number _____ ~ ~~·anhtogt.rm. ________________ _ --,--1---1 City ------tolf'lngt® ... -............. -.................. - .......... State ~--!;le~--
Drilling was conunenced _________ ~-------------------------~- 19$--

L _ _L _ __j.....J_.L_...J Drilling was completed... ______ ...,lQ_________________ 19.!05----
(Plat of B40 acres) LJOC( 0 

Elevation at top of casing in feet above sea level~-~ ............... Total depth of we11 20l---
State whether well is shallow or artesia~----------~--Depth to water upon completion..------150------

Section 2 PRINCIPAL WATER-BEARING STRATA 

No. 
Depth in Feet Thickness in 

Foet 
Description of Water~Bearing Formation 

From To 

' 
-~'_L ____ _L ____ ~ ______ _L ________ ~~------~------------------

Section 3 

Dia 
in. 

Pounds 
1L 

_6 2 

Threads 
in 

RECORD OF CAS.JNG 

Depth 
Feet Type Shoe 

Per1or11tlons 

----~-----+-----+-----1-----l-----+------~------~---------

Section 4 

__ ;_D::e:>p:th::_;:in::.;:F_:'ee;:t~-l Diameter 
From To Hole in in. 

-

RECORD OF MUDDING AND CEMENTING 

Ton> 
Clay 

No. Sacks of 
Cement Methods Used 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor-------------------·--·-------·-· ic~~J,c·.~:;=""\':>C~ \ _ 

Street and Number. ___________________________________ CitY------------------------l~~~~~y:~u.: ~-~·:!.~:~J<l~<..? ~wo--
Tons of Clay used ________________ 'tons of Roughage used--~----~---Type of roughage _____________ _ 

Plugging method used ... -------------------------- Date Plugged... .19. __ 

Plugging approved by: 

Date 

FOR USE (;STATE ElllGINEER ONLY 

Received--~ ;'Z'l I -/9--£..=£.. __ 

No. 

Cement Plugs were placed as follows: 

Depth of. Plug 
No. o1 Sacks Used 

From To 

I.File No .... ....L.-___ 2_ __ Use __ _{(2;/_ _______________ Location No/~Lh__Yfd_/· 
ij il . ':' y t 



l 
Section 6 LOG OF WELL 

Depth in Feet I Thickness 

-~·4<!.-lH.e!w 
From To In Feet Color Type o! Material Encountered 

0 :!,0 '" .... .., 
~ ~$e1g 

-~n lon "' •"h -ti-Uel'!<l> ... l!'O@l< 

'·" M '·" ·" .. .. 
oo 1&11 nn uh ... A ~ 

;!/ill ''""' .. ~ ....,. ' • z 
-·- ;w:·· -- ·--· -ri ... 

·-·~:.-···· . ... , .. 
---~~·-·· ..,. ··-·----~~-~----- -· --···••-q'~~· 

200 -
~ 

J/~?'1 / 
l s Elev r'! 0 ,-
Ueptn TO K. -'"-."8 t2 ,. 
lev of K ltc ' ""' ;y 

loc, Ho./.5" . .?.?,;;> IJ!//,,'~ 7 __ ~ 

Hvdro. Survev Field Check 
_,. 

----
SOURCE Of ALTITUDE GIVEN 

Interpolated from Topo. Sheet. 2. 
Determined by In st. Leveling 

Olha! 

-------- - ----

·,: 

' . 
' -

-

-
The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor
rect record of the above described well, 

.r:·' (I "'-/c/:;,7'.u_JI~ .....LcuL<..<.-41"' 
--------·--·-·-··---------··-------····-----.::.~.ii.:~-

Well Driller 



I 
' Revio;ed June 1972 

STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION tlELD ENGR. LUG 
B.J. Wooley 

Owner of well ____ _.:c:.c:_:c;,:..;,~=--;;n.;-------------- Owner's Well No.-------
Street or Post Office Address --~Pt•~01.~B~a~xT;;2'i'9~1;..,.-;;-------------------------
City and State ______ _,H,.a,b,.,bl,,._,_, -'N"'M,_,8._,8e,2:t.4.\!0 ____________________ _ 

(A) 

Well was drilled under Permit No. ___ ~C~PD6~2u.3 _______ and is Located in the: 

a.--- ~ -- Y4 .J:M_ \4 _1M_ 1j,j of Section 13 Township_!l.ll8,:sS ___ Range --~3;;3tE--N.M,P .M. 

b. Tract No. _____ of Map No.------- of the----------------------

c, Lot No. ___ -,-of Block No. ----,----of the ___________________ _ 

Subdivision, recorded in County, 

d. X= -======~fo:o~t~, Y=-=================~foo:o~t,~N~.M~.~C~o:o:•~d•:··~•:to~S~y~'~":m~-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-~~Zone in the_ Grant. 

~·~ V~ng WV882 
(B) Drilling Contractor---------------------- License No, ___________ _ 

2601 w. B<ndV<. Hobbl,, NM 
AddresS--------------------------------------------
Drilling Began _ __,5c:·:.;1c;Oc:·:;8,_,2~- Completed __ 5~·::J.1Q0=-.. 8~2 ___ Type tools huffon bl t Size of hole 97/8 in. 

82 
Elevation of land surface or------------- at well is'----- ft. Total depth of well _______ ft. 

60 
Completed well is C!l shallow 0 artesian. Depth to water upon completion of well ft. 

Section 1 PRINCIPAL WATER BEARING STRATA 

Depth in Feet Thickness Estimated Yield 

From To in Feet Description of Water-Bearing Fonnation (gallons per minute) 

70 80 10 ~an.d f, gJulve.t. 40 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in FBet Length Type of Shoe 
Perforations 

(inches) per foot per in, Top Bottom (feet) From To 
6 5{8 160PVC ;1 82 /!3 10 80 

Section 4 RECORD OF MUDDING AND CEMENTING 

I Depth in Feet Hole Sacks Cubic Feet 
Method of Placement 

From To Diameter of Mud of Cement 

Section 5. PLUGGING RECORD 

PI C uggmg on tractor 
Address Depth in Feet Cubic Feet 
Plugging Method No. Top Bottom of Cement. 
Date well Plugge I 
Plugging approved by: 2 

3 
State Engineer Representative 4 

FOR USEOFSTATEENGINEERONLY 
Date Received September 24, 1982 

FSL __ _ Quad /o 7 2. t? FWL ___ _ 

j File No. __ c_P_-6_2_3 ___________ u, __ CO_MM_E_cRccl=.C=.AL=- Location No. --'1o-Boc•:.:3-c3"''-'1:o:3:.:·co10-'10-'10-'1o:2:__ __ 
!;8'. _.~:s·,)~·· 1·.1• ,, 

"-'---- .. ----



S 6 OGOFHOLE ectlon .L 
l 

Depth in Feet Thickness 
Color and Type of Material Encountered 

From To in Feet 

0 6 6 b.tou1 .&and -· 

6 11 5 
""' 1 ""' 

11 10 59 \n•d 

'" '" J1L tnvv<r ,, . " 
--.. ---· ;;- ·---.··- 1--· •• ri ho ri 

---

l S Elev _:;9;;_;,t 
Dcpln lo ' -' rc 
Elcv of K Trc39o:?'f 

/f. :u. /3. I //I ,2.-
-
Hydro. Survey Field Chec~ ,rg 

SOU!lCE OF 1\LT!TUD£ Gl\'EN 
lnterpolulcd from Tnna. Shs-et X 
n. · W b) Jnst. le ' 
Other 

' 

- -

Section 7. REMARKS AND ADDITI9NAL INFORMATION 

<::;/.) 

"' ~ .. 
r 
-
c 

~-~· 

~~: ·.; 
-·: 

= 
"" 

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and corrt'ct record of the above 
described hole. ' . 

, ~N(f'-- ~~,~~ 

INSTRUCTIONS This fo!hould be executed m tnplicate, preferably typ<'wntten, and 'iubmltted propriatc district office 
of the State Engmeer. A ons, except Sedwn 5, shall be answered as completely and · when any well is 
drilled, repatred or deepen en thts form ts used as a p\uggmg record, only Sectwn J(a) and 

' 



/ 

Revisd J un~ 1972 

STAn: ENGINEER OFFICE 

WELL RECORD 

Section l. GENERAL INFORMATION 

(A) Owner of well ---""""--'.!.l.7-=--~-,.,--;---cc-O"O-oo----c---,- Owner's Well No.------
Str~et or Post Office Address @_ . .Glenn 1 S Wr.!l&r____ylell Service, Inc, 
City and State Box......6.9_2,;,_J.T.oa"t'-'ul!lm!,,wN:L.oJM'k. __Q8.Q8<:2:m'-------------------

Well was diilled under Penn it No. CP-689 and is Located in the: 

'---- V. __ !I.! _____HE_ !t.i_NW+ Y.i ofScctiun_lJ ___ Township 18-S, Range -----.3.3.=:.E.a...._N .M .P, M , 

b Tract No, ______ of ~bp 1\o .. -------- of t!w ------------------------

c. Lot No, ____ of Hlock No. ______ _ _ (,f the _______________________ _ 

Subdivision, recorded in--------------------- County. 

d. X=------ feet,¥"------------·- feet, N.M. Coordinate System ___________ Zone in 
the Grant. 

{B) Drilling Contrador Glenn's Wai.er Wel 1 __seryi ce License No.cVuffiu..J4~2"-J.l _______ _ 

Address Box 692 Tatum, N M.,__.B..826L---------------------------

Drilling Began 12/7/8 5 Cumplctcd 12/7/8 5 Type tools rotary Size of hole 9 7/8 in, 

100 Elc\'ation of land surface or----------------- at well is----- ft. Total depth of well------"Coe"-._ ft. 

C'ompleted well is ~ shallow [] artcsi;Hl. Depth to water upon 

Sl'o:tiuu1. l'IUN('Il'AI_ WATER-BEARING STRATA 

'J hkk!il'SS Depth in Feet 
Description of Water-Rcuriug Formation 

To 

of well 

Estimated Yield 
(gallons per minute} 

ft. 

f-----'-' 7<0,__-t-~9,..5'----+-----'2~5'---+------__gravel_ _______ ~-t-~1~2"'0'---~-----l 

1-----j----t--------

Uiametcr Pounds 
(indies) per foot 

102 1 .142 -

&ction 3. RECORD OF CASING -,-----,---,---:= 
Tl1re~ds Depth in Fl:'ct Length. 

(feet) per in. To> Bolt om 

f5teel asing 

From To 

Perforations 
Type of Shoe 

65 100 

r---~~~~---c----.---cc--'S~c~c0llco~._±:_ RE~'O_R_D_O_F_: ~HJ[JIJINft AND CEMENTING 
! Deplh in Feet Buk Sarks Cubic Feel Method of Placement 

From To Diumetl'f of Mull uf Cement 
~--:_:_cc:'---+-----t------1 -------- __ :_:c::_:::__+------------j 

1----j---t----t---------

Secrion S. I'LU<;t,JNG RECORD 

Plugging Contrnl'tor -------------------·----
Addrl:'ss ---------------------------
!'lugging Mdhod ----------------
ll;Jk Well I'Jugged---------------------
I'Jugging approved by: 

,-
No. 

FOR USE OF STAll' I:NGINU:R ONLY 

Depth in Feet 
Top Bottom 

Cubic Feet 
of Cement 

December 13, 1985 
()uad -------- _ FWL ---- FSL __ _ 

Fik Nn. CP-68_9 _____________ u" ___ O""W,~D,__ __ Loc.tia.. No. ---cl'-'8'-'"'-'3"'3-'-.l-"3"-"'-'1"2_:_1:::22::_, __ 
J 0 . ]_?, /.~:· .-



~,.·, lit.lll h_ I l'fj 1!_~1}!_)_!-!_._==·-

rrom To In h·cc'--1--------- ----·· 
" "'"'"" .,.. ~~y;'"; , ... ""'" ...... ,. ~--·~ 

n 5 -- - _ __sand____ __________________ . 

S ?o i-z.4-- ···-+-C.E"LL'•ru::.he>------------------

?0 ~" 

C<; "" 
O<; 1nn 

. :G.____ ~nnrl 

~ ol 

" 

Section 7. REMARKS AND ADnJTIONAL INFORMATION 

,., 
·· . • (" .. <::: 

;:,:~~:;·~~;~' hmby "'""" '"''· to tho b<>< of"" k"owtedgo '"' h'"a"· '"; fo10go~, '"'~' '"' ooneo< '"o'd of tho •ho" 

/~( ;_,.::::; / {l.-1.-L - /) - --
iller 

INSH\UCTIONS: Th.is be executed in triplicate, preferably lypo.:writtcn, and ·-•lbmi!!(;tl 

exc~·pl Section 5, shn!l be ;mswercd as completely and 
this form is used as a pluggin~ rec• .. J. only Section !(a) and SrcH· · 

dhtrict office 



RC>viacd June 1972. 

. ' STATE E-NGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

owner or weu __ _c.K""M"R""':::-~I~N::-~c~:..·f~~[·~~~i!~:~~~r~-;;;;:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-:::-::..:o~w:n:•:•~·,~w~e~H~N~o~. ====== Street or Post Office Address p.., 0 r BOX -1832 
ROBBS, .NM 88240 City and State ________ :.:::"""""'-'"'-'-'::;.:::...:.:::._ ___________________ _ 

(A) 

Well was drilled under Penn it No,_C"'-P_-:._7_,6"9'---=E::Xc:.P_,Lo.;O"'R-'-A"-'T.::O::.R:..Y:..__ and is located in the: 

a. __ V. _ill:! v._llli__ V. ___i'li_ V. of Seotion_.::l:=3'-'- Township __ l"-8"-S"-- Range _ _:3..:3c.:Eo._ __ N.M.P.M. 

b. Tract No,, _____ of Map No.------ of the--------------------

c. Lot No, ___ ,- of Block No. _______ of the•----------------,-----
Subdivision, recorded in County. 

d. X=-======~~:·~t,~Y~-~=-=-=-=-=-=-=-=-=-=-=-=-=-=-~f~ee~t,~N~.~M~.~C~o:or~d~in:•:re~S~y~s~te:m~-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-~Zonein the_ Grant 

LARRY'S DRILLING, INC, WD882 
(B) Drilling Contractor----------~-----,~----License No. __________ _ 

2116 W, BENDER HOBBS, NM 88240 
Address---~----------------------~----------------

5-6-92 5-6-92 BUTTON BIT 
Drilling Began------- Completed _______ Type tools ________ Sb.e of hole 97/Brn. 

115 
ElevatiOn of land surface or------------ at well is _____ ft. Total depth of well ______ ft. 

Completed well is IXl shallow 0 artesian. Depth to water upon completion of well 70 ft. 
-------------·-----------------------------------------------------------------------

Section 2 PRINCIPAL WATER-BEARING STRATA 

Depth in Feet Thickness Estimated Yield 
From To in Feet Description of Water·Beariflg Fonnation (gallons per mmule) 

. . .. 

o~ 115 35 SAND & SANDSTONE 20 

Section 3 RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Perforations 

(inches) per foot per in, Too Bottom (feet) From To 

6 5/8 160PVC 0 115 115 90 110 

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Hole Sacks Cubic Feet 
Method of Placement 

From To Diameter of Mud of Cement 

Section 5. PLUGGING REC!?RD 

Plugging Contractor 
Address Depth in Feet Cubic Feet 
Plugging Method No. 

Too Bottom of Cement 
Date Well Pluggen I 
Plugging approved by: 2 

3 
State Engineer Representative 4 

FOR USE OF STATE ENGINEER ONLY 
Date Received May 21, 1992 

Qu,d ------- FWL ---- FSL---

File No. CP-769-Exoloratorv Use EXP Location No.--.Jlu8l.-'1Lel>..Jl..;3L...<2ctl-'l.!l4e<2c__ __ _ 

(THIS WELL WILL NOlol BE CP-72-A - TO BE USED FOR COM USE) I/?, 'c ·•· . . 2. I i 7;).., 



Section 6. LOG OF HOLE 

Depth in Feet TI1ickness 
Color and Type of Material Encountered 

From To in Feet 

0 12 12 SAND 

12 21 9 CALICHE 

21 36 15 SAND &_r,o AV"' 

36 52 16 MXMXJi~" SAMT1 · 0 en "' . " 
52 66 lLi RTn o~Mn 2. on~c e ·,;, 

56 85 19 ~ANn R. ~~~" r-o•;,~, 

85 llO 25 ~ANn R. ~R A\l~l 

110 115 05 RED BED 

• 
"'~ <o 
l:"' "" 

Section 7, REMARKS AND ADDITIONAL INFORMATION '"'"' """ 

The u·ndersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and correct record of the above 
described hole. 

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted appropriate Q strict office 
··.I of the State Endneer. , except Section 5, shall be answered as completely and when any well is 

drllled, repaired. or this form is used as a plugging record, only Section l(a) and be completed, 



-,, 
Form WR-23 STATE ENGmEER OFFICE ©@IF>W .,-, -, 

L~G WELL RECORD h~LU L.~ .. \::i i \., 
INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened .. When 'this form is used as a plugging 
record, o.nly Section lA and Section 5 need be completed. 

Section 1 
Soherbaue.r .. Cftttla. Compa~o-(A) Owner of welL __ 

Street and Nwnber __ Box..J.4ll_ _____________________ 

---

I~ 
··----- City ------------·-------- M i d 1 end • _________ :_ ______ State . .T.axa s 

(ff)\5 
b. ..... Well was drilled under Permit No.L-!'!6347-...... ______________ and is located in the 

' ! LJ)~ -·--···-··· '1<--BK.- 'I< .... BE .... % of SP.ction .. l2 ___ Twp .. lBfL _____ Rge .. JJE _________ 

(B) Drilling Contractor .. O..-R-.JllUliSlBWhi.ta_~-- License N o._W_D99. _______ 

Street and Number ___ .... llox ... 56.-.... - ---------------~--------~-~~--------

--- ·------ -~ --- City ·----·····------·-··----·--·------·--Rnhbll., __________ State .P...ew...Mazko _______ 

I 
... -----

Drilling was commenced. .... il:!!l_,y_lJ~ ·-·--- -------------------~-------- !9.Ji.L 

Drilling was oompletecl ..... J.uly_l2 .... -·-------·--~--------·---·-- 19._6_8._ 
(Plato! 640 acres) 

Elevation at top of casing in feet above sea level ____________ ------------ ..... Total depth of wel!__l 7_Q __________________ 

State whether well is shallow or artesian----Sh.e.llow. .. ---------- ..Depth to water upon completion. .. ..l)O-~---

Section 2 PRINCIPAL WATER-BEARING STRATA 

Dopth [nF~t Thickness in Description of Water-Bearing Formation No. 
nom To Feet 

I 
(!1 u••a' nnt. n1' wA11 

3 

4 

5 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

Perforfltions 

in. ft. in Top I Bottom From To 

~ 10 t=---------- ---

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter Tons No. Sacks of 

From To Hole in in. Clay Cement Methods Used 

~-·-· -

~--

I . 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor _______ . -------····-··- --------------------------------------------------------License No·-----------~-

Street and Number-----~-~------------- ---------- _____ CitY--------~------------- State~---~-~-

Tons of Clay used _____________ Tons of Roughage used ___________________ Type of roughage 

Plugging method used.----------~----- ________ _______nate Plugged. !9 __ 

Plugging approved by: Cement Plugs were placed as follows: 

I ---- No. 
Depth of Plug ----------------- No. of Sacks Used 

Bll3in Supervisor From To 

FOR USE 
--~~-~1 •t:-:-; 

.ll· _Q _(.__. -·' i 
Date Received 

JUL 22 l~bB r-
Vi·;-lCo. .4/'-CI. !J 

File NoLd?_j_tfJ: GRO~b~~~~~~~~ ~ ~~~~~;:~j £~~ ___ Location No. LU 3.o!d. · {£&_ 

v--· i 



Section 6 

Depth in Feet 
From To 

Thickness 
in Feet 

LOG OF WELL 

Color Type of Material Encountered 

------------------

----------+---+------+----------------

The undersigned hereby certifies that, to the best oi his knowledge and belie~, the foregoing is a true and cor-
rect record of the above described well. . J ~ 

. _4]~~----

,, 



r ~~:; ) .• - ST~~==~:CE • -

I 
! 
I 
' ' 

1NSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the 
nearest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and 
accurately as possible when any well is drilled, repaired or deepened. When this form is used as a plugging 
record, oply Section lA and Section 5 need be completed. 

Section 1 
(A) Owner of we]]__)}JX......._:fl_._jL_ _ _Ell_i:3QD .. ____________ _ 

Street and Number ..... J2.t..B.LROU1.G :S.IL.----·------------
City ~_Hobbs ........... _____ State _New Maxi co _ -·-'--Well was drilled under Permit No ... 1!~JJJ__5_il, ________ and is located in the 

.. lLJL IH' ... E ... C.<I'O::llill' .... 11. of Section .. JQ .......... Twp.J.!L!L_Rg.J.J_]L_ __ _ 
1---+--t---+--1 (B) Drilling Contracto,c.J_,J{ •· MU!!.ilil'111H.~.--- License No . .\'i_!L.2.2 .... 

Stteet and NumbeL!'.ll--BoX-56-----·-···-·-··--·-·-·---------

1---\·--~:--+---J City .. Ho.b.b.EL.. ····-·······---·-·-------··· ---··----·- State .New Max!..o.lL_ 
Drilling was commenced.-~.M.a.r.ch__2:9_ ............. -------------- 19...5.L 

'---L---'----.1---' Drilling was completed_ ........... M.~.!'.9J~.--J..Q_-···----------------------- 19 _ _i7_ 
(Plat of 640 acres) 

Elevation at top of casing in feet above sea leveL~-----................ Total depth of welt____________l_Q_Q__ ________ _ 

State whether well is shallow or artesian~l.l.o.w _________________ .Depth to water upon completiolL____15 ___ _ 

Section 2 PRINCIPAL WATER-BEARING STRATA 

No. 
Depth in F'"t Thickness in 

Fret 
Description of Water-Bearing Formation 

nom TO 

1 70 Q'l 2? Red sand and s:1nd rook 
2 

4 . 

5 

Section 3 RECORD OF CASING 

Dia Pounds Threads Depth 
Feet Type Shoe 

Perfor11tions 

in. it. in Top Bottom From To 

.1(_!_8 20 nn•~ !) ..lli.Q_ l100 MM .,, 1nn 

----1------f----~----------~--~----~--------l--------

Section 4 RECORD OF MUDDING AND CEMENTING 

Depth in Feet Diameter 
->r""o;;;m;--.,--.....,T;;:;o;---1 Hole in in. 

Toru 
Cloy 

No. Sacks of 
Cement Methods Used 

Section 5 PLUGGING RECORD 

Name of Plugging Contractor ___ --------------------------------·- ---.. ·----------------------License No. _________ _ 

Street and Number ... ------------------------------ City ________________________ State:._ ___________ _ 

Tons of Clay used _________ Tons of Roughage used ______________ Type of roughage _________ . __ 

Plugging method used __________________________________ _vDate Plugged.._ _________ l9 __ 

Plugging approved by: Cement Plugs were placed as follows: 

Depth of Plug 
No. hFro=moO-,---;;T"-'o::.___l No. of Sacks Used 

Basin Supervisor 

FOR USE OF STATE FJITGINEER ONLY 

Date Received ----------------1 

r. f-" ,: 1 (. 0: 



\ 

Section G LOS OF WEll 

Depth in Feet Thickness 
Type of Material Encounlered if"'m 1To Dj_ Feet I cruM 

I n~~··n """ l i 25 
' 

24 White ' Cleanhig and rock 
2~ 50 25 Grey Sandy ollale 
50 97 47 Red "• •A ,A ~' "' "" 

9 7 lOO 3 """ Quartsite 

L s Elev 
Depth to '- -"' T, 
b<O' 

' I 

The undersigned hereby certifies that, to the best ol his knowledge and belief, the foregoing is a true and cor
rect record of the above described well 

' 
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ATTACHMENT II.8.B 

VADOSE ZONE MONITORING FORM 

(TYPICAL) 

 

 
P:\FILES\542.01.01\PermitApp\RAI No. 1\Vol 2\II.8-VZMP\DNCS-II.8-VZMPlan_Nov 2013_RAI.docx 



P:\FILES\542.01.01\PermitApp\Volume II\II.8-VZMP\DNCS-II.8-Att II.8.B-VZMForm\VZMForm

Monitoring Personnel

Weather Information 

Temp: °F 
Wind Speed: mph

Wind Direction:
Barometric Pressure: inches mercury (Hg)
Weather Conditions:

Equipment Information

Temperature     
(oC)

pH             
(standard units)

Specific 
Conductance       

(mS/cm)

Methane    
(%) or                             

(% LEL)
Y N

VM-1

VM-2

VM-3

VM-4

VM-5

VM-6

VM-7

VM-8

VM-9

VM-10

Notes:
•  fmsl: feet above mean sea level 
•  fbtoc: feet below top of PVC casing

Date and Amount of Last Precipitation:

Monitoring Equipment Used:

Sample Collected?

Monitoring Equipment Used:
Date and Time Last Calibrated:

Observations                            
(e.g., color, odor, clarity, etc.)

Water      
Volume    

Removed                              
(gallons)

ATTACHMENT II.8.B
Vadose Zone Monitoring Form (Typical)

DNCS Environmental Solutions

Date and Time Last Calibrated:

Well                  
I.D.

Monitoring                           
Date       

(dd/mm/yy)

Total                           
Well       Depth                  

(fbtoc)

Depth                              
to                          

Water                  
(fbtoc)

Field Parameter Measurement
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VOLUME II:  LANDFILL MANAGEMENT PLANS 
SECTION 9:  LEACHATE MANAGEMENT PLAN 

 

 
 

TABLE OF CONTENTS 
Section No.     Title                  Page 
1.0 INTRODUCTION ..................................................................................................II.9-1 
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1.0 INTRODUCTION 

DNCS Environmental Solutions (DNCS Facility) is a proposed Surface Waste Management 

Facility for oil field waste processing and disposal services.  The proposed DNCS Facility is 

subject to regulation under the New Mexico Oil and Gas Rules, specifically 19.15.36 NMAC, 

administered by the Oil Conservation Division (OCD).  The Facility is designed in compliance 

with 19.15.36 NMAC, and will be constructed and operated in compliance with a Surface 

Waste Management Facility Permit issued by the OCD.  The Facility is owned by, and will be 

constructed and operated by, DNCS Properties, LLC. 

 
1.1 Site Location 

The DNCS site is located approximately 10.5 miles east of the US 82/NM 529 intersection and 

6.3 miles south of Maljamar in unincorporated Lea County, New Mexico (NM).  The DNCS 

site is comprised of a 562-acre ± tract of land located south of NM 529 in portions of Section 

31, Township 17 South, Range 33 East; and in the northern half of Section 6, Township 18 

South, Range 33 East, Lea County, NM (Figure II.9.1).  Site access will be provided via the 

south side of NM 529.   

 
1.2 Description 

The DNCS Facility is a proposed new Surface Waste Management Facility that will include 

two main component;, a liquid oil field waste Processing Area (177 acres ±), and an oil field 

waste Landfill (318 acres ±).  Oil field wastes are anticipated to be delivered to the DNCS 

Facility from oil and gas exploration and production operations in southeastern NM and west 

Texas.  The Permit Plans, Sheet 3 identifies the locations of the Processing Area and Landfill 

facilities.   
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1.3 Purpose 

A leachate management plan must be developed per 19.15.36.8.C.(12) NMAC that describes 

the anticipated amount and quality of fluids collected, along with the proposed management, 

storage and disposal technologies.  This Leachate Management Plan (the Plan) details the 

procedures that will be used to manage contact waters generated at the DNCS Facility Landfill 

during the permit period and following closure.  This Plan has been developed to address the 

design and performance requirements of 19.15.36.14 NMAC, and addresses the following 

items:  

1. Projected amounts and rates of leachate generation 
2. Expected duration of leachate generation 
3. Leachate disposal options 
4. Proposed treatment and disposal methods 

 
 
2.0 LEACHATE COLLECTION SYSTEM 

The leachate collection system designed for the DNCS Landfill meets or exceeds the minimum 

design and performance standards specified in 19.15.36.14 NMAC, specifically: 

1. The minimum design slope on the landfill liner is 2.8%; and the minimum slope on the 
leachate piping system is 2.0%. 

2. The leachate piping system will consist of perforated and solid pipe with a minimum 
diameter of 6 inches. 

3. Both schedule 80 polyvinyl chloride (PVC) and standard dimension ration (SDR) 11 
high density polyethylene (HDPE) piping are demonstrated to meet the site-specific 
performance standards. 

4. The protective soil layer (minimum 24 inches of pervious soil) will provide both 
protection for the liner and leachate flow to the piping and extraction system.   

5. There is a geonet leak detection layer and secondary 60 mil HDPE below the primary 
liner and leak collections system. 

 
Each new cell will be outfitted with perforated leachate collection piping that is enveloped in 

aggregate and geotextile to promote flow while minimizing the intrusion of fines.  The cell 

floor and liner system will be sloped at 45º to each pipe, and leachate will flow through the 

protective soil layer (PSL). 
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Permanent leachate sumps are designed for each cell at the DNCS Landfill.  Temporary sumps 

and cleanout risers may also be installed as filling progresses in each cell.  Therefore, each cell 

is designed with its own collection piping.  Two solid pipe risers will provide access to each 

permanent leachate sump at the toe of the slope: 

• The leachate extraction riser will be used to measure leachate levels in the leachate 
sump, and to provide access for a submersible pump to remove accumulated fluids. 

• A cleanout riser is connected with a pipe elbow to the collection pipe to facilitate 
cleaning or flushing if necessary. 

 
Compliance with the design standards of 19.15.36.14 NMAC is demonstrated in the Permit 

Plans (Volume III.1).  The performance standards specified in the same subsections are 

addressed as follows: 

1. The Liner Construction Quality Assurance (CQA) Plan (Volume II.7) specifies the 
materials and installation techniques which will be used for construction of the leachate 
collection system and protective soil layer. 

2. The performance of the design and the specified materials are documented to meet 
OCD requirements in the following Landfill Engineering Calculations: 

• Pipe Loading Calculations (Volume III.5) 
• Geosynthetic Applications and Compatibility Documentation (Volume III.6) 
• Settlement Calculations (Volume III.9) 

 
 
3.0 LEACHATE GENERATION 

Leachate in the permanent extraction risers will be measured monthly and after significant 

rainfall events.  The storage capacity in each sump is approximately 1,500 gallons.  The 

maximum head accumulation on the liner is not to exceed 12 inches per 19.15.36.14.F NMAC.  

Fluid levels on the cell floor will be maintained below the regulatory threshold through regular 

pumping as recorded and reported to OCD.  DNCS will maintain a record of actual leachate 

generation and management volumes, using a form similar to the one provided as Attachment 

II.9.A to track the amount of leachate removed from the sumps throughout a given year at the 

Facility. 
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Leachate production is projected to approach zero because of the solid nature of the waste and 

the paint filter restriction.  Therefore, leachate generation is attributable solely to precipitation; 

and particularly fluids from precipitation in the very early stages of cell development. 

 
The leachate generation rate decreases to nearly zero following the placement of the first lift 

of waste on the liner.  This has been calculated in the HELP Model (Volume III.4) and 

confirmed through experience at other facilities.  As demonstrated in the HELP Model, the 

field capacity of the waste and the local evaporation rate far exceed the volume of rainfall 

experienced at the site, and therefore liquids do not typically reach the leachate collection 

system.  As discussed in detail in the Operations, Inspection, and Management Plan (Volume 

II.1), routine site operation procedures will dictate that a loose lift of waste (approximately 5 

feet thick) be placed over the entire floor of a newly constructed cell as soon as practical.  This 

process will protect the liner and leachate collection system; and reduce the generation of 

contact water, which is stormwater collected within the cell footprint.  During the post-closure 

care period, the site will have been capped and vegetated (Permit Plans); and leachate 

production is modeled to decline to near zero.   

 
 
4.0 LEACHATE MONITORING 

Routine monitoring of leachate levels and extraction of leachate from the sumps will ensure 

that the fluid accumulation on the liner will not exceed the regulatory 12-inch threshold.  

Procedures to ensure leachate does not accumulate on the liner will include the following: 

• The level of the leachate in the sumps will be monitored at least monthly, and leachate 
will typically be extracted on a minimum quarterly basis; or as needed to maintain <12 
inches of head on the liner. 

• The leachate will be extracted from the sumps with portable submersible pumps, 
vacuum trucks, or other suitable devices.   

• In the future, the leachate sumps may be equipped with remote level sensors and/or 
dedicated submersible pumps, if routine leachate removal is required. 

 
The Leachate Monitoring Form provided as Attachment II.9.A is a template for monitoring 

levels and extraction data, as well as the disposal technique used. 
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5.0 LEACHATE DISPOSAL 

DNCS is requesting approval to recirculate leachate over lined areas of the landfill during the 

active life of the DNCS Facility.  The following procedures will be adhered to when performing 

recirculation of leachate at DNCS: 

• On an as-needed basis (initially anticipated to be quarterly), leachate will be pumped 
from the sump(s) with a portable or permanent submersible pump or vacuum to a tank 
truck, equipped with appropriate fluid transfer hoses, and will be transported to the 
active cell.  Prior to applying daily cover to the cell, the leachate will be sprayed onto 
the exposed waste.  Cover will be placed after the recirculation activities are complete. 

• For the most effective recirculation, and to avoid short-circuiting, the leachate will be 
applied only in areas where the cell surface is at least 10 feet above the liner system.  
In addition, the leachate will be applied on cells upgradient in the collection system 
whenever possible.  No leachate recirculation will be conducted within 50 feet of the 
solid waste boundary. 

• Monitoring and recirculation activities will be documented on the Leachate Monitoring 
Form (Attachment II.9.A).  The information will be maintained in the Facility 
Operating Record.   

 
Leachate recirculation will be accomplished via similar collection, transport, and application 

methods in future cells.  Alternatively, leachate may be applied directly to waste deposits in 

lined cells with pumps and hoses attached directly to the collection system.  DNCS is seeking 

OCD’s approval of additional leachate management alternatives that include, but are not 

limited to: 

• disposal onsite through the Produced Water processing/evaporation process 
• use of dilute leachate for dust control over lined cells 
• disposal offsite at a OCD-approved facility 

 
Disposal of leachate onsite through the Produced Water evaporation process will be 

accomplished by pumping leachate directly from the sump with a submersible pump or 

extraction hose to a tanker truck, equipped with appropriate fluid transfer hoses.  The leachate 

will be transferred to the Produced Water Load-Out Station and unloaded into the Produced 

Water Receiving tanks for processing with the routine waste stream. 
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The use of dilute leachate for dust control over lined cells will be accomplished as follows: 

• Leachate will be diluted with collected stormwater to minimize the potential for odors. 
• The leachate application method will consist of spraying the dilute leachate with the 

site’s water wagon, or similar type vehicle. 
• The application of leachate will be conducted only over lined cell areas.   
• Leachate will be sprayed evenly and thinly over lined cell areas to provide for effective 

dust control and evaporation, and to minimize the potential of recirculation through the 
waste. 

• To enhance safety, leachate will be sprayed only when personnel are not near the spray 
surface.  In addition, leachate will not be sprayed on windy days. 

• If there are any issues regarding the potential composition of the leachate (for example, 
leachate being generated by some means other than heavy rainfall on a new cell), 
leachate may be analyzed prior to beneficial use in consultation with OCD. 

 
Disposal of leachate offsite at a POTW or OCD-permitted liquids processing facility following 

closure may be conducted by pumping leachate directly from the sump with a submersible 

pump or extraction hose to a tanker truck, equipped with appropriate fluid transfer hoses.  If 

the leachate is required to be sampled and analyzed by the disposal facility, the parameters to 

be analyzed will be determined in consultation with the POTW.  Prior to transport, leachate 

samples will be collected and analyzed to demonstrate compliance with the disposal facility’s 

leachate acceptance criteria for analytical parameters and concentrations.  Prior to disposal, the 

Leachate Management Plan may be updated with OCD approval to reflect the analytical 

parameters and concentrations, as well as transport methods specified by the selected disposal 

facility.  The updated Plan will be submitted to OCD for approval as an administrative change 

to the existing Plan prior to implementation of disposal activities.  The analytical test results 

for leachate disposal at the off-site Facility will be maintained in the Facility Operating Record. 

 
Following closure, the most effective treatment and disposal technology for leachate (if 

produced) will be determined and implemented with the approval of OCD.  This disposal 

technology may include hauling off-site for treatment at an OCD-approved Facility.  Leachate 

monitoring during post-closure will be conducted at least semi-annually.  Leachate 

management information will continue to be documented and maintained in the Facility 

Operating Record. 
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6.0 LEAK DETECTION MONITORING 

Routine inspection of the leak detection system and sump in each of the Landfill cells and 

evaporation ponds will be conducted on at least a monthly basis; and documented on the 

Leachate Monitoring Form (Attachment II.9.A), or the Pond Integrity/Leak Detection 

Inspection Form (Attachment II.9.B).  At a minimum, the following items will be 

documented: 

• Inspection date, time, and conditions 
• Inspector identification 
• Depth of liquids in sump 
• Sump and piping condition and status 
• Volume collected 

 
Prior to placing a newly constructed landfill cell or evaporation pond (or an evaporation pond 

that has undergone repair or cleaning) into service, liquids will be removed from above the 

primary liner and from the leak detection system.  Once in service, it is anticipated liquid may 

be present at all times due to condensation and nominal leakage through the primary liner.  The 

sumps are 2 feet deep and have a capacity of approximately 1,500 gallons (gal) using a porosity 

of 0.40 for the granular material.   

 
Attachment II.9.C is a summary table from an authoritative publication on potential 

geomembrane liner leakage for 40 mil HDPE lined ponds.  As shown on the table, the 

combined projected permeation/pinhole leakage rate ranges from 9.5 to 138 

gal/acre/day.  Using a very conservative value of 75 gal/acre/day for the combined 

leakage/permeation rate (Attachment II.9.C), this provides 16 days of storage at a depth of 2 

ft in the sump.  The rate of 75 gal/acre/day is considered very conservative as it is based on 40 

mil HDPE (vs. the actual 60 mil); a fluid depth of 10 ft; and a high number of large pin-holes.  

Considering that the Landfill leachate collection system is designed to maintain less than 1 ft 

of liquid on the liner this is and extremely conservative analysis for the Landfill. 

 
The liquid levels in the leak detection sumps will be monitored at least monthly and 

immediately after the cells or ponds are put into service, and documented.  In the event and 

excessive liquid level [i.e., > corrective action level (ACL)] is observed in a leak detection 
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system, OCD will be notified within 24 hours.  If this liquid level is observed in a Landfill cell 

the Facility will initiate corrective action which may include but is not limited to:  

• Additional sump liquid level monitoring and pumping frequencies  
• Liquids analytical testing and submittal of results to OCD 
• Enhanced vadose zone monitoring (if applicable)  

 
If this liquid level is observed in an evaporation pond, the affected pond area will be 

drained.  Prior to placing the pond back into service, the Facility will initiate corrective action 

which may include but is not limited to:  

• Actions undertaken to locate source of leakage  
• Repair procedures  
• Additional sump liquid level monitoring and pumping frequencies  
• Liquids testing and submittal of results to OCD 
• Groundwater monitoring (if required) 

 
Any liquids recovered from the Leak Detection Sump will be disposed of in the same manner 

as leachate generated from the landfill cells. 
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ATTACHMENT II.9.A 

LEACHATE MONITORING FORM (TYPICAL) 
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Monitored Volume
By Pumped (gal)

DNCS Environmental Solutions

ATTACHMENT II.9.A

Date CompanyDate Time

Leachate Monitoring Form (Typical)

Leachate Level Data Pumping Data

Sump I.D. Notes
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ATTACHMENT II.9.B 

POND INTEGRITY/LEAK DETECTION INSPECTION FORM (TYPICAL) 
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Date: Inspector(s): 

Time:

Weather:

Temperature deg. F Precipitation (last 24 hours) ______________ inches

Skies

Wind Speed mph

Wind Direction (direction blowing from)

NOTES:  

Vegetation
Established

Depth of Structural
H2O Defect

NOTES:

Sample

ATTACHMENT II.9.B
Pond Integrity/Leak Detection Inspection Form (Typical)

Pond Condition

"X" indicates that a Deficiency has been noted.  "P" indicates that a Photograph has been taken.  "S" indicates that a Sample has been 
collected.  Complete descriptions of Deficiencies, Photographs, and Samples are provided on attached pages.  Items are referenced by 
Location.

Riser #
Deficiency

Item

Page _____ of _____

DNCS Environmental Solutions

Leak Detection System 

Location Erosion Vectors
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POTENTIAL GEOMEMBRANE LINER LEAKAGE 
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Title: Leakage Through Liners Constructed with Geomembranes - Part 1. Geomembrane Liners 

Written by: J.P. Giroud and R. Bonaparte 
Published in: Geotextiles and Geomembranes Volume: 8 Issue: 2 Pages: 27 to 67 

Phone: +31 20-485-3757 ~ Web Site: http://www.elsevier.com 

How impermeable are 'impermeable liners'? All liners leak, including geomembranes, but how much? What are the mechanisms of leakage through 
liners constructed with geomembranes? To answer these questions, a detailed review of leakage mechanisms, published and unpublished data, and 
analytical studies has been carried out with the goal of providing practical design recommendations. In particular, it appears that a composite liner 
(i.e. geomembrane on low-permeability soil) is more effective in reducing the rate of leakage through the liner than either a geomembrane alone 
or a soil liner (low-permeability soil layer) alone. However, the paper shows that the effectiveness of composite liners depends on the quality of the 
contact between the geomembrane and the underlying low-permeability soil layer. 

Table 1 
Calculated Leakage Rates Due to Pinholes and Holes in a Geomembrane 

Table 2 
Calculated Unitized Leakage Rates Due to Permeation of Water Through an HDPE Geomembrane 

Notes: These values of utilized leakage rates were calculated using eqn (5) and assuming a geomembrane thickness of 1 mm (40 mils). The 
coefficients of migration used to calculate the unitized leakage rates in this table were obtained from eqns (19) and (20), with  
C1= 1x10-22 m4 kg-2s3, n= 2, and mgmax= 3x10-13 m2/s.

The water depths used here correspond to the typical values defined in Section1.3.6. (To use eqn (19), it is necessary to know the pressure 
difference, Δ p. According to eqn (1), water depths, hw, are approximately equal to hydraulic head differences, Δ h, which are related by eqn (12)
to pressure differences, Δ p.)  

Water depth on top of the geomembrane, hw 

Defect  
Diameter 

0.003 m 
(0.01 ft) 

0.03 m 
(0.1 ft) 

0.3 m 
(1 ft) 

3 m 
(10 ft) 

30 m 
(100 ft) 

Pinholes 

0.1 mm 
(0.004 in) 

0.3 mm 
(0.012 in) 

0.006 
(0.0015) 

0.5 
(0.1) 

0.06 
(0.015) 

5 
(1) 

0.6 
(0.15) 

50 
(13) 

6 
(1.5) 

500 
(130) 

60 
(15) 

5000 
(1 300) 

Holes a 

2 mm 
(0.08 in) 

11.3 mm 
(0.445 in) 

40 
(10) 

1 300 
(300) 

130 
(30) 

4 000 
(1 000) 

400 
(100) 

13 000 
(3 000) 

1300 
(300) 

40 000 
(10 000) 

4000 
(1 000) 

130 000 
(30 000) 

Values of leakage rate in liters/day (gallons/day) 

Water depth on top of the geomembrane, hw 

0 m 
(0 ft) 

0.003 m 
(0.01 ft) 

0.03 m 
(0.1 ft) 

0.3 m 
(1 ft) 

3 m 
(10 ft) 

>10 m 
(>30 ft) 

Coefficient of  
migration, mg(m

2/s) 

Unitized leakage rate,qq
(m/s) 
(lphd) 
(gpad)  

0 

0 
0 
0  

9x10-20 

9x10-17 

8x10-5 

8x10-6 

9x10-18 

9x10-15 
0.008 
0.0008 

9x10-16 

9x10-13 
0.8 
0.08 

9x10-14 

9x10-11 
80 
8 

3x10-13 

3x10-10 
260 
28 
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APPLICATION FOR PERMIT 
DNCS ENVIRONMENTAL SOLUTIONS 

 
VOLUME III:  ENGINEERING DESIGN AND CALCULATIONS 

SECTION 1:  ENGINEERING DESIGN 
 
 
1.0 INTRODUCTION 

DNCS Environmental Solutions (DNCS Facility) is a proposed Surface Waste Management 

Facility for oil field waste processing and disposal services.  The proposed DNCS Facility is 

subject to regulation under the New Mexico Oil and Gas Rules, specifically 19.15.36 

NMAC, administered by the Oil Conservation Division (OCD).  The Facility has been 

designed in compliance with 19.15.36 NMAC, and will be constructed and operated in 

compliance with a Surface Waste Management Facility Permit issued by the OCD.  The 

Facility is owned by, and will be constructed and operated by, DNCS Properties, LLC. 

 
1.1 Description 

The DNCS site is comprised of a 562-acre ± tract of land located south of NM 529 in 

portions of Section 31, Township 17 South, Range 33 East; and in the northern half of 

Section 6, Township 18 South, Range 33 East, Lea County, NM.  A portion of the 562-acre 

tract is a drainage feature that will be excluded from development.  The drainage feature 

includes a 500-ft setback and totals 67 acres ±.  The DNCS Facility will include two main 

components; a liquid oil field waste Processing Area (177 acres ±), and an oil field waste 

Landfill (318 acres ±); therefore the DNCS Facility comprises 495 acres ±.  Oil field wastes 

are anticipated to be delivered to the DNCS Facility from oil and gas exploration and 

production operations in southeastern NM and west Texas.  The Site Development Plan 

provided in the Permit Plans, Sheet 3, identifies the locations of the Processing Area and 

Landfill facilities.   

 
 
2.0 DESIGN CRITERIA 

This Section, “Engineering Design” is provided as a summary of the engineering design 

elements for the DNCS Landfill and Processing Facility.  The Engineering Design has been 

developed in accordance with the Oil and Gas Rules. More specifically, 19.15.36.17.A 
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NMAC requires an “Engineering Design Plan” for evaporation, storage, treatment and 

skimmer ponds. In addition, the construction standards for these facilities are also addressed 

in compliance with 19.15.36.17.B NMAC.  Engineering requirements specific to landfills as 

referenced in 19.15.36.14.C-F NMAC, including landfill design standards, liner 

specifications, requirements for the soil component of composite liners, and the leachate 

collection and removal system are addressed herein.  The Engineering Design also addresses 

the requirements of 19.15.36.13.M NMAC pertaining to the control of run-on and runoff 

from the 25-year, 24 hour design storm (Volume III.4 and Permit Plans, Attachment 

III.1.A). 

 
Compliance with the design standards is demonstrated on the Permit Plans listed in Table 

III.1.1, which are sealed by Mr. I. Keith Gordon, P.E., of Gordon Environmental, Inc., a 

New Mexico Professional Engineer with extensive experience in geotechnical engineering 

and waste containment design employing geosynthetics.  The Permit Plans are provided for 

reference in Attachment III.1.A as 11 x 17 inch (in.) plots and are also submitted as “D” 

size sealed plots (i.e., 24 x 36 in.) as part of this Application for Permit.   

 
Table III.1.1 

List of Permit Plans 
DNCS Environmental Solutions 

 
Sheet No. Title 

1. Cover Sheet and Drawing Index 
2. Existing Site Conditions 
3. Site Development Plan 
4. Landfill Base Grading Plan 
5. Landfill Final Grading Plan 
6. Landfill Cross Sections 
7. Landfill Completion Drainage Plan 
8. Liner System and Cover Details 
9. Leachate Collection System Details 
10. Stormwater Drainage Details 
11. Processing Area Layout 
12. Evaporation Pond Details 
13. Evaporation Pond and Stabilization/Solidification Area Cross Sections  
14. Processing Area Cross Sections 
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3.0 LANDFILL DESIGN STANDARDS 

The proposed DNCS Landfill will be located within “eastern tract” (318 acres ±) as shown 

on the Permit Plans, Sheet 3 (Attachment III.1.A).  The DNCS Landfill disposal footprint 

will be approximately 234 acres ± in size with a depth from the top of the 15-foot (ft) 

perimeter berm to the base grades of approximately 20 ft on the east end and 50 ft on the 

west end. The base grades of the Landfill are in excess of 100 ft from groundwater.  The 

Landfill consists of nine independent units (Units 1 through 9), each having an independent 

leachate collection system, cleanout riser, and collection sump located at the west end 

(Permit Plans, Sheet 4). 

 
3.1 Liner System 

A double liner and leak detection system design is proposed for the DNCS Landfill. An 

alternate liner system is being proposed that meets the requirements of 19.15.36.14.C NMAC 

demonstrated as equivalent in the United States Environmental Protection Agency (USEPA) 

Hydrologic Evaluation of Landfill Performance (HELP) Model (Volume III.4) and has a 

demonstrated track record for long-term waste containment performance. The liner system 

consists of, from top to bottom: 

• 24-in. protective soil/leachate drainage layer (on-site soils with permeability ≥ 5.2 x 
10-4 cm/sec) 

• 60-mil HDPE primary liner 
• 200-mil HDPE geonet leak detection layer 
• 60-mil HDPE secondary liner 
• Geosynthetic Clay Liner (GCL) 
• 6-in. soil compacted subgrade 

 
The liner system is designed to meet the performance requirement of no more than one foot 

of leachate on the primary liner as required in 19.15.36.14.F NMAC and demonstrated in the 

HELP Model (Volume III.4). 

 
HDPE material is proposed for the leachate collection layer, leak detection layer and liners as 

HDPE has proven to be the preferred material for waste containment facilities due to its 

durability and resistance to degradation by waste constituents.  Volume III.6 provides 

documentation regarding HDPE material compatibility in compliance with 
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19.15.36.14.D.(2)(a) NMAC. 

 
3.2 Leachate Collection and Leak Detection System 

The leachate collection system designed for the Landfill consists of an alternate 2-ft 

protective soil/leachate collection layer consisting of "SM" soil material with a permeability 

of ≥5.2 x 10-4 centimeters per second (cm/sec).  The leak detection system layer will 

incorporate a 200-mil geonet specifically prescribed for this application (Permit Plans).  

With a design transmissivity of 1 x 10-3 square meters per second (m2/sec), the geonet will 

provide fluid flow potential superior to the prescriptive soil leak detection layer of 2 ft of 

pervious soils (19.15.36.14.C.(3) NMAC and 19.15.36.14.C.(5) NMAC).  This fact has been 

demonstrated in the HELP Model (Volume III.4).   

 
The leachate collection layer slopes at 2.8% to a 6-in. diameter standard dimension ratio 

(SDR) 11 high density polyethylene (HDPE or Sch 80 PVC) perforated leachate collection 

pipe to the center of the units and is directed at a 2% slope to the leachate collection sumps 

on the west end of the Landfill (Permit Plans, Sheet 4). The leak detection geonet slopes at 

2.8% to the center of the units and is directed at a 2% slope to each of the nine leak detection 

sumps located on the west end of the Landfill (Permit Plans, Sheet 4).  Each of the sumps is 

approximately 2 ft deep and contains ¾-in. to 2.0-in. diameter pre-qualified select aggregate 

installed on and wrapped in a geotextile cushion placed over the HDPE liners.  Classification 

criteria for the aggregate are specified in the Liner Construction Quality Assurance (CQA) 

Plan (Volume II.7), which state that it not be angular (i.e., sharp edges which could damage 

the liners) or calcareous (which could degrade over time). 

 
The fluids collected in the leachate collection and leak detection sumps will be monitored 

and collected by separate 12-in. diameter sidewall riser pipes, that do not penetrate the liners, 

in compliance with 19.15.36.14.C.(10) NMAC.  The piping is demonstrated to resist 

degradation by the waste constituents as documented in the Geosynthetic Application and 

Compatibility Documentation (Volume III.6). 
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The leachate collection system pipe will consist of a minimum 6-in. diameter perforated SDR 

11 HDPE. The leachate collection and leak detection sump riser pipes will consist of a 12-in. 

diameter, SDR 11 HDPE; and will be perforated or slotted for the bottom 2 ft depth within 

the sump (i.e., 8 ft length at 4:1 slope).  HDPE piping has shown superior characteristics for 

waste containment applications vs. the Schedule (SCH) 80 polyvinylchloride (PVC) 

specified in the Oil and Gas Rules; and has a greater wall thickness as shown on Tables 

III.1.2 and III.1.3.  The piping is demonstrated to resist degradation by the waste 

constituents as documented in the Geosynthetic Application and Compatibility 

Documentation (Volume III.6). 

 
 

TABLE III.1.2 
Comparison of 6-in. Diameter PVC and HDPE Leachate Collection Pipe 

DNCS Environmental Solutions 
 

Characteristic 
6-in. Diameter Leachate Collection Pipe 

Schedule 80 SDR 11 HDPE 
Dimension Ratio 15.3 11.0 

Method of Joining Gasketed/Glued Welded 
Manning’s Number (n) 0.009 0.010 
Outside Diameter (in.) 6.6251 6.6252 

Min. Wall Thickness (in.) 0.4321 0.6022 

Tensile Strength (psi) 5,000 5,000 
Modulus of Elasticity (psi) 400,000 130,000 

Flexural Strength (psi) 14,450 135,000 
Notes:  
   1Handbook of PVC Pipe, pg. 340 (Attachment III.1.G) 
   2PolyPipe, A-4 (Attachment III.1.G) 
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TABLE III.1.3 

Comparison of 12-in. Diameter PVC and HDPE Sump Riser Pipe 
DNCS Environmental Solutions 

 

Characteristic 
12-in. Diameter Leachate and Leak Detection Riser Pipes 

Schedule 80 SDR 11 HDPE 
Dimension Ratio 18.6 11.0 

Method of Joining Gasketed/Glued Welded 
Manning’s Number (n) 0.009 0.010 
Outside Diameter (in) 12.751 12.752 

Min. Wall Thickness (in.) 0.6871 1.1592 
Tensile Strength (psi) 5,000 5,000 

Modulus of Elasticity (psi) 400,000 130,000 
Flexural Strength (psi) 14,450 135,000 

Notes:  
   1Handbook of PVC Pipe, pg. 340 (Attachment III.1.G) 
   2PolyPipe, A-4 (Attachment III.1.G) 
 
 
 
The details in the Permit Plans, Sheet 10 reflect the deployment of SDR 11 HDPE piping 

for the leachate collection pipe and leak detection sump riser pipes.  HDPE flat stock or four 

layers of geonet will be placed beneath the beveled edge of the perforated risers in the sumps 

to prevent potential liner damage (Permit Plans).  Solid-wall HDPE piping will extend from 

above the sumps to the permanent wellheads shown on the Permit Plans.   

 
The entire leachate collection system will be covered by 2 ft of protective soil with a 

hydraulic conductivity greater than or equal to ≥5.2 x 10-4 cm/sec.  The HELP Model, 

provided in Volume III.4, confirms that the design meets the requirements of 19.15.36.14.F 

NMAC. 

 
The leachate collection system and protective soil cover on the top of the liner system in the 

Landfill will protect the floor and sidewall liner by providing ballast and blocking sunlight 

(i.e., UV rays), with the upper sections of sidewall liner secured by the anchor trench as 

depicted on the Permit Plans.  
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3.3 Landfill Final Cover System 

The final cover for the top of the Landfill will utilize the prescriptive final cover (defined by 

19.15.36.14 (C) (8) NMAC) and consists of the following layers: 

• 12-in. soil erosion layer 
• 12-in. protection layer 
• 12-in. drainage layer (w/saturated hydraulic conductivity ≥1 x 10-2 cm/sec) 
• 60-mil HDPE liner 
• 12-in. foundation layer 
• Oil Field Waste and soil compacted to 80% Standard Proctor 

 
The sideslopes will utilize an alternative cover system consisting of the following: 
 

• 12-in. erosion layer 
• 24-in. infiltration layer 
• Oil Field Waste and soil compacted to 80% Standard Proctor 

 
On-site soils will be used to construct the final cover, and the cap will be placed as the 

Landfill reaches final grades.  The Landfill will have 4:1 design sideslopes with drainage 

benches spaced at a vertical distance of approximately 30-ft; and a top slope of 5%.  The 

final cover (sideslope) was modeled using the HELP Model (Volume III.4), and results 

indicate that percolation through the cover will not exceed that of the bottom liner as required 

in 19.15.36.14.C.(9) NMAC. 

 
 
4.0 LANDFILL CONSTRUCTION 

Construction of the Landfill will be accomplished by constructing individual cells within the 

units. Detailed Construction Plans and Technical Specifications will be prepared for the 

proposed DNCS Landfill cells and submitted to several pre-qualified Liner Installation 

Contractors for quotes.  The cell excavation, construction, floor grading/compaction, and 

geosynthetics installation will be subject to the rigorous CQA standards specified in the Liner 

CQA Plan (Volume II.7).  
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OCD will be provided a major milestone schedule in advance of construction; and will be 

notified via e-mail or phone at least 3 working days prior to the installation of the primary 

liner.  An Engineering Certification Report, sealed by a Professional Engineer with expertise 

in geotechnical engineering, will be submitted to OCD documenting compliance of 

completed construction with the Permit, regulatory requirements, industry standards, and the 

plans and specification. 

 
The Engineering Design, as demonstrated by the Volumetric Calculations (Volume III.2) 

deliberately provides a “sustainable” configuration that does not require the import of off-site 

soils.  The materials equation provides an excess of soils excavated (i.e., cut) and fill for the 

cover and perimeter berms.  The in-situ and on-site fill soil will be pre-qualified in 

accordance with the CQA Plan (Volume II.7).  At least one Standard Proctor Density test 

will be conducted in the laboratory for each 5,000 cubic yards of subgrade soils, fill material 

or a change in subgrade material.  These tests will be the basis for field density 

measurements during construction (i.e., 90% standard Proctor dry density) conducted at a 

minimum frequency of 4 tests/acre/lift. 

 
Fill for the berms will be placed in horizontal compacted lifts that do not exceed 12-in. in 

thickness.  The subgrade surface will be inspected to confirm the absence of any deleterious 

materials, abrupt changes in slope, evidence of erosion, etc.  The compliance of the 

completed subgrade construction will be confirmed prior to secondary liner installation, and 

documented in the Engineering Certification Report. 

 
The 60-mil HDPE secondary liner will be installed for the proposed Cells in direct contact 

with the prepared and certified subgrade liner in accordance with the CQA Plan (Volume 

II.7).  Installation of the geonet; geotextile, aggregate and riser pipes in the sumps will 

follow.  The installation of all soil and geosynthetic components will meet or exceed the 

requirements of 19.15.36.14.C NMAC, as detailed in the CQA Plan.  Finally, the primary 

liner will be constructed, and liner/leak detection/leachate collection system elements (i.e., 

secondary, geonet, primary) will be secured in the common anchor trench at the top of the 

Landfill sideslope.  The anchor trench will be carefully backfilled with select on-site soils 
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compacted to 90% of standard Proctor dry density by mechanical and/or hand-tamping 

devices as required by the CQA Plan.  Documentation will be provided in the Engineering 

Certification Report submitted to OCD upon completion of construction. 

 
 
5.0 POND DESIGN STANDARDS 

The designs for the Ponds are identical, except that Pond elevations are different depending 

on their site location (Permit Plans, Sheets 12 and 13; Attachment III.1.A).  Each pond is 

approximately 420 ft east-west by 200 ft north-south as measured at the top of the 

surrounding berms, for a footprint of 2.0 ± acres each.  The floor of the ponds is designed 

with a 2% slope to facilitate drainage in the leak detection system to the two sumps in each 

basin situated on the interior sidewall. 

 
Because the berms have a uniform top elevation, the 2% floor slope creates a pond depth that 

ranges from a maximum of 12 ft to a minimum of just less than 8 ft.  The maximum water 

depth occurs at the sump locations and does not exceed 8.5 ft.  Maintaining a high water 

elevation of 3,966 ft in the Phase I Ponds; 3,965.5 ft in the Phase III Ponds; and 3,965 ft in 

the Phase IV Ponds; will provide a freeboard in excess of 3.5 ft in each pond.  This is more 

than adequate to meet the 3 ft minimum freeboard standard; while also accommodating the 

minimal impact potential of rainfall or wave action (Volume III.12).  The resultant capacity 

of each pond is approximately 9.5 acre-ft, not including freeboard, below the maximum 10 

acre-ft volume prescribed by 19.15.36.17.B(12) NMAC.   

 
Section 5.0 (Pond Construction) below and the CQA Plan (Volume II.7) provide 

documentation on the installation of berms, soil subgrade, and geosynthetics.  Exceeding the 

standards specified in 19.15.36.17.B(4) NMAC, both the exterior and interior sidewalls of all 

of the Ponds have design slopes of 3:1.  The top platform of the berms surrounding the Ponds 

has a minimum design width of 10 ft, which is more than adequate for the 2 ft anchor trench 

shown on the Permit Plans; and to accommodate pipe risers.   
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5.1 Liner System 

A double liner and leak detection system design is proposed for each pond. An alternate liner 

system is being proposed that meets the requirements of 19.15.36.17.B(9) NMAC and has a 

demonstrated track record for long-term waste containment performance. The pond liner 

system consists of, from top to bottom: 

• 60-mil HDPE primary liner 
• 200-mil HDPE geonet leak detection layer 
• 60-mil HDPE secondary liner 
• GCL under the leak detection sumps 
• 6-in. compacted soil subgrade 

 
HDPE material is proposed for the liners and leak detection layer as HDPE has proven to be 

the preferred material for waste containment facilities due to its durability and resistance to 

degradation by waste constituents.  Volume III.6 provides documentation regarding HDPE 

material compatibility in compliance with 19.15.36.17.B(3) NMAC 

 
5.2 Leak Detection System 

The leak detection system layer designed for the ponds consists of a 200-mil geonet 

specifically prescribed for these applications (Permit Plans).  With a design transmissivity 

of 1 x 10-3 m2/sec, the geonet will provide fluid flow potential superior to the prescriptive 

leak detection layer of 2 ft of pervious soils (19.15.36.17.B(9) NMAC).   

 
The underlying 60-mil HDPE secondary liner, the 200-mil geonet leak detection layer, and 

the overlaying 60-mil HDPE primary liner, will slope at 2% to the 2 leak detection sumps 

located in each pond (Permit Plans).  Fluids collected in the leak detection layer, which 

encompasses the entire footprint for each pond, are directed with the 2% slope to the leak 

detection sumps.  Each of the sumps will be approximately 2 ft deep, as measured from the 

secondary liner to the primary liner.  The sumps will contain ¾-in. to 2.0-in. diameter pre-

qualified select aggregate installed on a geotextile cushion placed over the secondary liner.  

Classification criteria for the aggregate are specified in the CQA Plan (Volume II.7), which 

state that it not be angular (i.e., sharp edges which could damage the liners) or calcareous 

(which could degrade over time).   
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The fluids collected in the leak detection sumps will be monitored and removed through a 6-

in. diameter, SDR 11 HDPE sidewall riser pipes that do not penetrate the liners. The leak 

detection sump riser pipes will be perforated or slotted for the bottom 2 ft depth within the 

sump (i.e., 6 ft length at 3:1 slope).  HDPE piping has shown superior characteristics for 

waste containment applications vs. the SCH 80 PVC specified in the Oil and Gas Rules; and 

has a greater wall thickness as shown on Table III.1.4.  The piping is demonstrated to resist 

degradation by the waste constituents as documented in Volume III.6. 

 
TABLE III.1.4 

Comparison of 6-in. Diameter PVC and HDPE Sump Riser Pipe 
DNCS Environmental Solutions 

 

Characteristic 
6-in. Diameter Leak Detection Riser Pipes 
Schedule 80 SDR 11 HDPE 

Dimension Ratio 15.3 11.0 
Method of Joining Gasketed/Glued Welded 

Manning’s Number (n) 0.009 0.010 
Outside Diameter (in.) 6.6251 6.6252 

Min. Wall Thickness (in.) 0.4321 0.6022 
Tensile Strength (psi) 5,000 5,000 

Modulus of Elasticity (psi) 400,000 130,000 
Flexural Strength (psi) 14,450 135,000 

Notes:  
   1Handbook of PVC Pipe, pg. 340 (Attachment III.1.G) 
   2PolyPipe, A-4 (Attachment III.1.G) 
 
 
The details in the Permit Plans reflect the deployment of SDR 11 HDPE piping for the leak 

detection sump riser pipes.  HDPE flat stock or four layers of geonet will be placed beneath 

the beveled edge of the perforated risers in the sumps to prevent potential liner damage 

(Permit Plans).  Solid-wall HDPE piping will extend from above the sumps to the 

permanent wellheads shown on Permit Plans.  The sidewall liners and leak detection geonet 

will be secured by the anchor trench as depicted on the Permit Plans. 
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6.0 POND CONSTRUCTION 

Detailed Construction Plans and Technical Specifications will be prepared for the proposed 

Ponds, and submitted to several pre-qualified Liner Installation Contractors for quotes.  The 

berm construction, floor grading/compaction, and geosynthetics installation will be subject to 

the rigorous CQA standards specified in Volume II.7.   

 
OCD will be provided a major milestone schedule in advance of construction; and notified 

via email or phone at least 3 working days prior to the installation of the primary liner in 

compliance with 19.15.36.17.B(10) NMAC.  An Engineering Certification Report, sealed by 

a Professional Engineer with expertise in geotechnical engineering, will be submitted to 

OCD documenting compliance of completed construction with the Permit, regulatory 

requirements, industry standards, and the plans and specification. 

 
The Engineering Design presented on the Permit Plans (Attachment III.1.A) deliberately 

provides a “sustainable” configuration that does not require import of off-site soils.  The 

materials equation provides a balance between soils excavation (i.e., pond) and fill for the 

sidewalls.  The in-situ and on-site fill soil will be pre-qualified in accordance with the CQA 

Plan (Volume II.7).  At least one standard Proctor dry density test will be conducted in the 

laboratory for each pond footprint, 5,000 cubic yards (cy) of fill material for berms, or 

change in subgrade material.  These tests will be the basis for field density measurements 

during construction (i.e., 90% standard Proctor dry density) conducted at a minimum 

frequency of 4 tests/acre/lift. 

 
Fill for the berms will be placed in horizontal compacted lifts that do not exceed 12 in. in 

thickness.  The subgrade surface will be inspected to confirm the absence of any deleterious 

materials, abrupt changes in slope, evidence of erosion, etc.  The compliance of the 

completed subgrade construction shall be confirmed prior to secondary liner installation, and 

documented in the Engineering Certification Report. 

 
The double liner and leak detection system design, planned for the ponds, consists of proven 

technology with a demonstrated track record of long-term waste containment performance.  

The secondary liner proposed for the ponds, consists of a smooth 60-mil HDPE 
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geomembrane placed in direct contact with a prepared and compacted soil subgrade, certified 

in accordance with the CQA Plan (Volume II.7).  The same HDPE material will be used for 

the primary liner and the geonet for the leak detection layer.  HDPE has proven to be the 

preferred material for waste containment facilities due to its durability and resistance to 

attack by waste constituents.   

 
Volume III.6 provides documentation regarding liner and leak detection material 

compatibility in compliance with 19.15.36.17.B(3) NMAC.  An additional layer of 60-mil 

HDPE (22.5 ft x 40 ft ±) will be welded above the primary Pond liner where active 

wastewater discharge will occur (Permit Plans).  This will protect the Pond liner from 

excessive hydrostatic force or mechanical damage.  External discharge lines and leak 

detection system discharge lines will not penetrate the liner.  The CQA Plan (Volume II.7) 

provides the most current technical specifications for the geosynthetics. 

 
Fluid in the Ponds will protect the floor and lower sidewall liner by providing ballast and 

deflecting sunlight (i.e., UV rays).  The upper sections of pond sidewall liner will be secured 

by the anchor trench.  The anchor trench will be carefully backfilled with select on-site soils 

compacted to 90% of standard Proctor dry density by mechanical and/or hand-tamping 

devices (per the CQA Plan).  Documentation will be provided in the Engineering 

Certification Report submitted to OCD upon completion of construction. 

 
Although the freeboard zone of the pond sidewall liner will be exposed to the elements, 

recent research indicates that exposed HDPE in similar environments has a functional 

longevity in excess of 25 years (Attachment III.1.B).  GEI has inspected several similar 

water storage ponds in New Mexico and has found exposed geomembrane liners to be 

functionally intact after over 25 years. 

 
 
7.0 POND OPERATION 

Detailed plans for the operation of the Ponds are prescribed in the Operations, Maintenance, 

and Inspection Plan (Volume II.1).  Essentially, it is anticipated that some fluids will 

accumulate in the leak detection sumps as a result of condensation, construction water, etc.  

As described in Volume II.1, the leak detection sumps will be monitored at least monthly for 
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the presence of fluids, which may be extracted and tested when the level in the sump(s) 

exceeds 24 in.  A reduced monitoring frequency may be proposed to OCD dependent upon 

historical results.  The design of the Ponds allows for isolation of potential leaks into isolated 

drainage basins, facilitating necessary evaluation or repair by allowing each pond to be 

emptied. 

 
 
8.0 PROCESS AREA TANK CONTAINMENT 

As proposed in this Application, produced water receiving tanks, produced water settling 

tanks, and the crude oil receiving tanks depicted in Attachment III.1.C and oil sales tanks as 

depicted in Attachment III.1.D will be installed in the excavated tank farm as shown on the 

Permit Plans.  Detailed operations of the tanks are described in the Operations, 

Maintenance, and Inspection Plan (Volume II.1), and a schematic of the process area is 

provided in Attachment III.1.E.  The tanks will be constructed with an underlying, 

continuous, system which is designed to capture any fluids within the watershed of the tank 

farm.   

 
The secondary containment liner in the tank area is a 30-mil polyester liner (XR-5 8130 

Reinforced Geomembrane).  The use of the XR-5 8130 Reinforced Geomembrane in the tank 

area is primarily based on the chemical compatibility and puncture resistance of the material 

compared to either PVC or HDPE material.  The chemical resistance of the XR-5 material 

exceeds the chemical compatibility of either PVC or HDPE to hydrocarbon products (see 

Chemical Resistance Chart, Page 13, “Technical Data and Specifications for XR-5”, 

Attachment III.1.H).  Since PVC material has marginal chemical resistance in a 

hydrocarbon environment, physical properties of the XR-5 geomembrane (Attachment 

III.1.H) are compared to 60-mil HDPE geomembrane (Attachment III.1.I) as shown in 

Table III.1.5:  

III.1-14 
P:\FILES\542.01.01\PermitApp\RAI No. 1\Vol 3\III.1-EngDesign\DNCS-III.1-EngineeringDesign_Nov 2013_RAI.doc 



 

TABLE III.1.5 
Physical Properties:  XR-5 8130 Reinforced Geomembrane  

and 60-mil HDPE Geomembrane 
DNCS Environmental Solutions 

 
Property XR-5 8130 60-mil HDPE 

Thickness 30-mil 60-mil 
Tear Strength 40 lbs 42 lbs 
Puncture Resistance 275 lbs 108 lbs 
Break Strength 400 lbs/in. 228 lbs/in. 
Break Elongation 25% 700% 
Hydrostatic Resistance 800 psi   > 450 psi 
Hydraulic Conductivity 1 x 10-12 cm/sec 2 x 10-13 cm/sec 
Seam Properties   
        Shear Strength 500 lbs 120 lbs/in. 
        Peel Strength 40 lbs/2 in. 91 lbs/in. 

 
 
The necessary storage capacity for the interconnected tank/containment system will be 

sufficiently managed by the proposed lined volume of the Ponds.  In the unlikely event of a 

total failure of all affected storage units, the contents of the tanks will flow into the ponds, 

which have a lined storage capacity of 884,400 barrels (bbl) ± (excluding freeboard).  When 

the freeboard is included, the storage capacity of the ponds is over 1,714,600 bbl, which 

results in a net surplus of over 830,200 bbl.  The entire volume of the proposed receiving 

tanks will be 70,000 bbl, providing a net excess capacity of over 760,200 bbl.  Thus, the 

Ponds will hold the entire volume of the receiving/settling tanks within the required 

permanent freeboard of 3 ft.   

 
The maximum proposed number of interconnected tanks is five 1,000 bbl tanks for a total of 

5,000 bbl.  Allowing for an additional 30% capacity will require a minimum of 6,500 bbl of 

bermed capacity in the tank farm.  The containment area is conservatively sized to surround 

the entire tank farm, which results in a holding capacity of 13,100 bbl, and is 12,100 bbl 

greater than the capacity of the largest tank (1,000 bbl) and 6,600 bbl greater than the 

combined connected tank volume, including a 30% factor of safety within the containment 

area.  Therefore the containment area surrounding the receiving/settling tanks is more than 

sufficient.  Included in this Section is a spreadsheet (Attachment III.1.F), that identifies all 

of the proposed tanks and Evaporation Ponds in this Application. 

III.1-15 
P:\FILES\542.01.01\PermitApp\RAI No. 1\Vol 3\III.1-EngDesign\DNCS-III.1-EngineeringDesign_Nov 2013_RAI.doc 



 

 
 
9.0 STABILIZATION AND SOLIDIFICATION AREA  

The design for the stabilization and solidification (S&S) area relies on many of the Pond 

design characteristics, except that the S&S area is designed to allow dump trucks and tanker 

trucks delivering materials that require stabilization and/or solidification to discharge directly 

into the S&S area from a concrete unloading pad.  (Attachment III.1.A).  The S&S area 

covers approximately 5-acres and measures 660 ft east-west by 330 ft north-south at the top 

of the surrounding berms.  The floor of this area is designed with a 2% slope to facilitate 

drainage on the liner and in the leak detection system to collect in a sump situated along the 

east sidewall of the area. 

 
Because the three perimeter berms have a uniform top elevation, the 2% floor slope creates a 

pond depth that ranges from a minimum of 5 ft at the unloading pad to a maximum of 20 ft at 

the sump along the eastern perimeter berm.  The bottom liner slope allows for a 5-ft-thick 

protective and operational cover on the liner. This slope also provides operation capacity for 

the S&S function proposed for this area while providing the capacity to meet the 3 ft 

minimum freeboard standard and accommodating the minimal impact potential of rainfall.  

The resultant capacity of the S&S area is approximately 5.6 acre-ft, not including freeboard, 

well below the maximum 10 acre-ft volume prescribed by 19.15.36.17.B(12) NMAC.   

 
Section 5.0 (Pond Construction) and the CQA Plan (Volume II.7) provide documentation on 

the installation of berms, soil subgrade, and geosynthetics.  Exceeding the standards specified 

in 19.15.36.17.B(4) NMAC, both the exterior and interior sidewalls of S&S area have design 

slopes of 3:1.  The top platform of the berms surrounding the S&S area has a minimum 

design width of 10 ft, which is more than adequate for the 2 ft anchor trench.   

 
9.1 Liner System 

As with the Ponds, the S&S area is designed with a double liner and leak detection system 

proposing the same alternate liner system that meets the requirements of 19.15.36.17.B(9) 

NMAC and has a demonstrated track record for long-term waste containment performance. 

The S&S Area liner system consists of, from top to bottom: 
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• 5 ft protective soil and operational layer 
• 60-mil HDPE primary liner 
• 200-mil HDPE geonet leak detection layer 
• 60-mil HDPE secondary liner 
• GCL under the leak detection sumps 
• 6-in. compacted soil subgrade 

 
HDPE material is proposed for the liners and leak detection layer as HDPE has proven to be 

the preferred material for waste containment facilities due to its durability and resistance to 

attack by waste constituents.  Volume III.6 provides documentation regarding HDPE 

material compatibility in compliance with 19.15.36.17.B(3) NMAC 

 
9.2 Leak Detection System 

The leak detection system layer designed for the S&S area consists of a 200-mil geonet 

specifically prescribed for these applications.  With a design transmissivity of 1 x 10-3 

m2/sec, the geonet will provide fluid flow potential superior to the prescriptive leak detection 

layer of 2 ft of pervious soils (19.15.36.17.B(9) NMAC).   

 
The underlying 60-mil HDPE secondary liner, the 200-mil geonet leak detection layer, and 

the overlaying 60-mil HDPE primary liner, will slope at 2% to the leak detection sump 

located on the eastern berm of the S&S area.  Fluids collected in the leak detection layer, 

which encompasses the entire footprint of the S&S area, are directed with the 2% slope to the 

leak detection sump.  This sump will be approximately 2 ft deep, as measured from the 

secondary liner to the primary liner.  The sump will contain ¾-in. to 2.0-in. diameter pre-

qualified select aggregate installed on a geotextile cushion placed over the secondary liner.  

Classification criteria for the aggregate are specified in the CQA Plan (Volume II.7), which 

state that it not be angular (i.e., sharp edges which could damage the liners) or calcareous 

(which could degrade over time).   

 
The fluids collected in the leak detection sump will be monitored and removed through a 12-

in. diameter, SDR 11 HDPE sidewall riser pipe that does not penetrate the liners. The leak 

detection sump riser pipe will be perforated or slotted for the bottom 2 ft depth within the 
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sump (i.e., 6 ft length at 3:1 slope).  HDPE piping has shown superior characteristics for 

waste containment applications vs. the SCH 80 PVC specified in the OCD standards; and has 

a greater wall thickness as shown on Table III.1.4.  The piping is demonstrated to resist 

degradation by the waste constituents as documented in Volume III.6. The details in the 

Permit Plans reflect the deployment of SDR 11 HDPE piping for the leak detection sump 

riser pipe. 

 
HDPE flat stock or four layers of geonet will be placed beneath the beveled edge of the 

perforated riser in the sump to prevent potential liner damage.  Solid-wall HDPE piping will 

extend from above the sump to the permanent wellhead shown on the Permit Plans.  The 

sidewall liners and leak detection geonet will be secured by the anchor trench as depicted on 

the Permit Plans.  

 
9.3 Stabilization & Solidification Area Construction 

Detailed Construction Plans and Technical Specifications will be prepared for the proposed 

S&S area, and submitted to several pre-qualified Liner Installation Contractors for quotes.  

The berm construction, floor grading/compaction, and geosynthetics installation will be 

subject to the rigorous CQA standards specified in Volume II.7.   

 
OCD will be provided a major milestone schedule in advance of construction; and notified 

via email or phone at least 3 working days prior to the installation of the primary liner in 

compliance with 19.15.36.17.B(10) NMAC.  An Engineering Certification Report, sealed by 

a Professional Engineer with expertise in geotechnical engineering, will be submitted to 

OCD documenting compliance of completed construction with the Permit, regulatory 

requirements, industry standards, and the plans and specification. 

 
The Engineering Design presented on the Permit Plans (Attachment III.1.A) deliberately 

provides a “sustainable” configuration that does not require import of off-site soils.  The 

materials equation provides a balance between soils excavation (i.e., S&S area) and fill for 

the sidewalls.  The in-situ and on-site fill soil will be pre-qualified in accordance with the 

CQA Plan (Volume II.7).  At least one standard Proctor dry density test will be conducted in 

the laboratory for the S&S area footprint, 5,000 cubic yard (cy) of fill material for berms, or 
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change in subgrade material.  These tests will be the basis for field density measurements 

during construction (i.e., 90% standard Proctor dry density) conducted at a minimum 

frequency of 4 tests/acre/lift. 

 
Fill for the berms will be placed in horizontal compacted lifts that do not exceed 12 in. in 

thickness.  The subgrade surface will be inspected to confirm the absence of any deleterious 

materials, abrupt changes in slope, evidence of erosion, etc.  The compliance of the 

completed subgrade construction shall be confirmed prior to secondary liner installation, and 

documented in the Engineering Certification Report. 

 
The double liner and leak detection system design planned for the S&S area consists of 

proven technology with a demonstrated track record of long-term waste containment 

performance.  The secondary liner proposed for the area, consists of a smooth 60-mil HDPE 

geomembrane placed in direct contact with a prepared and compacted soil subgrade, certified 

in accordance with the CQA Plan (Volume II.7).  The same HDPE material will be used for 

the primary liner and the geonet for the leak detection layer.  HDPE has proven to be the 

preferred material for waste containment facilities due to its durability and resistance to 

attack by waste constituents.  Volume III.6 provides documentation regarding liner and leak 

detection material compatibility in compliance with 19.15.36.17.B(3) NMAC. Leak detection 

system discharge lines will not penetrate the liner.  The CQA Plan (Volume II.7) provides 

the most current technical specifications for the geosynthetics. 

 
Protective cover in the S&S area will protect the floor and lower sidewall liner by providing 

ballast and deflecting sunlight (i.e., UV rays).  The upper sections of S&S area sidewall liner 

will be secured by the anchor trench (Permit Plans).  The anchor trench will be carefully 

backfilled with select on-site soils compacted to 90% of standard Proctor dry density by 

mechanical and/or hand-tamping devices (per the CQA Plan).  Documentation will be 

provided in the Engineering Certification Report submitted to OCD upon completion of 

construction. 

 
Although the freeboard zone of the S&S area sidewall liner will be exposed to the elements, 

recent research indicates that exposed HDPE in similar environments has a functional 
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longevity in excess of 25 years (Attachment III.1.B).  GEI has inspected similar 

applications in New Mexico and has found exposed geomembrane liners to be functionally 

intact after over 25 years. 

 
9.4 Stabilization and Solidification Area Operation 

Detailed plans for the operation of the S&S area are prescribed in the Operations, 

Maintenance, and Inspection Plan (Volume II.1). To ensure compliance with the capacity 

limits imposed on the operation of this area, volumes in and out of this area will be tracked to 

document the volume in processing at any time.  Equipment operating within the S&S area 

may be equipped with Global Positioning System (GPS) equipment (see Attachment III.1.J 

for information on the Computer Aided Earthmoving System provided by Caterpillar) to 

monitor the location of the equipment relative to the liner system.  This system may be 

implemented to maintain adequate separation of equipment and the liner system during the 

stabilization and solidification operation.  Material that has completed the S&S operation will 

be relocated to the Landfill for disposal.  Solidification material will be excavated from 

borrow sources within the solid waste management facility. 

 
 
10. FACILITY DRAINAGE DESIGN 

The Permit Plans, Attachment III.1.A, show the stormwater management systems that will 

be employed to manage both run-on and runoff for the DNCS Landfill and Processing 

Facilities.  The design event, pursuant to 19.15.36.13.M NMAC (i.e., 25-year, 24 hour storm) 

will be managed by a series of drainageways that surround the proposed Ponds, Processes, 

and Landfill and capture stormwater from other on-site areas.   

 
Stormwater detention basins are planned for installation as shown on the Permit Plans; and 

the Stormwater Management Plan is included in Volume III.3 that demonstrates the efficacy 

of the proposed system. 

 
The berms surrounding the Landfill and processing area have a maximum exterior slope of 

3:1, and an average height of less than 10 ft, minimizing the potential for soil erosion.  The 

drainageways and detention basins will be regularly inspected and cleaned out, as necessary. 
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UNIT1 
(13.5 ACRES:t) 
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N e:, soo 

N fi51, )QQ 

LEGEND 
SITE BOUNDARY {562 ACRES± ) 

DR~NAGE FEATURE SETBACK (67 ACRES±) 

LIMIT OF WASTE 

- - - - LNJDFILL PHASE BOUNDARY 

- - - - LNJDFILL UNIT BOUNDARY 

--3970-- 25' EXISTING CONTOUR 

5' EXISTING CONTOUR 

---:<------- EXISTING FENCE 

--->;------------- PROPOSED FENCE 

PAVED ROAD AND SHOULDER (NM 529) 

EXISTING UNPAVED ROAD/TRAIL 

PROPOSED FACILITY ACCESS ROAD 

POWER POLE (TO BE RELOCATED IN ADVANCE OF CONSTRUCTION) 

N 65l.')()(] 

N 8~0.000 

N 64S.500 

N &4-S,')Q(] 

N 64 ,500 

N 54 XXl 

EXISTING CULVERT 

CADLE GUARD 

HYDROGEN SULFIDE MONITORING STATION 

ROAD SIGN 

ABANDONED WELL 

'"""' 201 SURVEY CONTROL POINT 
3988.16 

SITE GRID 

SURVEY CONTROL POINT DATA 
POINT NORTHING EASTING ELEVATION 

22 646760.31 732525.87 3918.66 

23 64942 2.09 732509.41 3955.82 

24 651498.31 732504.10 3968.30 

26 646793.35 737874.03 3971.91 

29 649469.84 737853.32 3991 .09 

30 649446 48 73522056 3957 12 

200 65149813 73521257 3972 73 

201 651518.82 737659.97 3988.76 

202 6467 89.93 735196.36 3948.21 

NOTES; 

1. BASE MW PROY10ED BY DALI.AS AERI.AL SURVEYS, INC 

2:. FlELD :5LJRVEI PF«J\o10ED BY PETm;REW l< AS:>OCIATE:S PA (12/ TJ/2012) 

3 DATE OF AERIAL PHDTDr;RWHY: 02-2!!.-201 ;<.. 

4 SITE CRIJ BASED ON Nnt/ '-IEXICO STATE PLANE COORDINATE S"f'STEM, EAST 
:ZONE, NAVD 88 

5 "THE DNCS SURFJICE WASTE MANAGEMENT FACIUTY COMf"RjSES 
A TOTAL OF 49!) ACRES ± (i.e., the proce!l! inoC] orc:o (1 77 ceres ±) and 
11'1"' lrmd1fl {."l1l'l <lt:n•"• :t) 

300 GOO 

SITE DEVELOPMENT PLAN 

I. KEITH GORDON, P.E. 
N.M. PROFESSIONAL ENGINEER NO. 101184 

All reports, drawings, specifications, computer files , 
field data, notes and other documents and instruments 
prepored by the En9ineer as instruments of s e rvice 
::shall remain the property of t he Engineer. The 
Engineer shell retain ell common low, statutory ond 
other n:::served ri g ht~. includin<;l the copyright thereto. 

DNCS ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

_j II L Gonion Environmmd81, me. 

1111 c-~--
DATE: CI!I1DIZJ14 CN:I: 03 SrTE IEV.IMO 

DRAW\! BY: tM REVIEWED BY; MRH 

21as. Comloo dolf'uolllo 
ll«nollo, Nowlloodco, USA 
Phone: 506~-8990 
Fox: &>6-887.-t 
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I. KEmt GORDON, P.E. 

LEGEND 
SITE BOUNDARY (562 ACRES± ) 

WATER FEATURE SETBACK (67 ACRES±) 

- • - • - UMIT OF WASTE 

LANDFILL PHASE BOUNDARY 

LANDFILL UNIT BOUNDARY 

---:<-------- EXISTING FENCE 

---:<-------- PROPOSED FENCE 

--J975--- 25' EXISTING CONTOUR 

5 ' EXISTING CONTOUR 

---mo-- 25' DESIGN CONTOUR 

5 ' DESK;N CONTOUR 

TOP / TOE OF SLOPE 

PA\i£0 ROAD AND SHOULDER {NM 529) 

EXISTING UNPA\i£0 ROAO/ TRI>JL 

PROPOSED FACILITY ACCESS ROAD 

DIRECTI ON OF STORMWATER FLOW 

LEACHATE COLLECTION SUMP 
& EXTRACTION RISER PIPES 

SURVEY CONTROL POINT 

EXISTING CULVERT 

NEW CULVERT 

HYDROGEN SULFIDE MONITORING STATION 

0 PPE AND EMERGENCY EQUIPEMENT 

~· 

A N 

LJ 
EB 

ROAD SK:N 

SITE GRID 

CROSS SECTION LOCATION 

DETAIL NUMBER 

SHEET NUMBER 

SURVEY CONTROL POINT 

POINT NORTHING EASTING 

22 646780.3 1 732525.67 

23 649420.79 732507 .95 

24- 6514-97.01 732502.64 

28 645792.06 7378 72.55 

29 649468.54 737 851.84 

3 0 64944-5.19 73 5219.09 

200 651498 13 7 35212 57 

201 65151882 737859 97 

202 646789 93 7 35196 38 

1. BA.SE M4P PRO....,DED BY DALLAS AERI.o.L SUR'I.flS , INC 

DATA 

ELEVATION 

3916.86 

3955.82 

3968.19 

3971 .24 

3 991.09 

3957.12 

3972 73 

3988 76 

3948 2 1 

Z:. Fl£LD SUR\£1' PROY1DED BY PffiiGREW & ASSOCIATES PA (12/ 13/2Cl12) 

J. DATE OF AERlAI... P'HOTOc;MPHY: 02- 2o!!- 201 J 

5 lHE DNCS SURFACE WASTE MANACE~ENT FACLITY COMPRISES A IDTAL OF 
495 ACRES ::1:: (i.~t., the pnx;esuin9 Qf"VCJ (177 t~cn~s ±) end the k:m dn t 
{J.lol! Q~rc' ±). 

I..N>IJFLL EXCAVATION MD 
PERI METER BERM Fl ... L \.U_UME'S 

Cl/T VOLUME 62579 69 CUBIC YMOS 
FL L VOLU~E 646225 CUBIC YARDS 
NET VOWM E: 5611744 CUBIC YARDS <CUD 

N.M. PROFESSic.tAI.. ENGittEER NO. 1[1184. 

1100' 

LANDFILL 
BASE GRAD ING PLAN 

DNCS ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

N l reports, d rawings, specifications, computer files, 
field data, notes and othl': r docum l':nb and in::<~trum ents 

prepared by the Engineer as instruments of service 
shall remain the property of the Engineer The 
Engineer shall reta in a ll common law, statutory and 
other reserved rights. including the copyright thereto 

_j IILGmdon EnYinmmenta1, Inc. 

~~~ c ... ..._.....,..,. 
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~ I" I. KEITH GORDON. P.E. 

LEGEND 
SITE BOUNDARY (562 ACRES±) 

WATER FEATURE SETBACK (67 ACRES±) 

- ' - ' - LIMIT OF WASTE 

LANDFILL PHASE BOUNDAR~ 

LANDFILL UNIT BOUNDARY 

---:<------- EXISTING FENCE 

---:<------- PROPOSED FENCE 

--3075--- 2~5' EXISTING CONTOUR 

5' EXISTING CONTOUR 

---3975-- 25' DESIGN CONTOUR 

5' DESIGN CONTOUR 

TOP/ TOE OF SLOPE 

PAVED ROI'D AND SHOULDER (NM ~29) 

EXISTING UNPAVED ROAD/TRAIL 

PROPOSED FACILITY ACCESS ROAD 

I 

A N 

LJ 
ffi 

DIRECTION OF STORMWATER FLOW 

LEACHATE EXTRACTION RISER PIPES 

LEACHATE CLEANOUT RISER PIPES 

SURVEY CONTROL POINT 

POWER POLE 

EXISTING CULVERT 

NEW CULVERT 

HYDROGEN SULFIDE MONITORING STATION 

ROAD SIGN 

SITE GRID 

CROSS SECTION LOCATION 

DET!'JL NUMBER 

SHEET NUM BER 

SURVEY CONTROL POINT DATA 
POINT NORTHING EASTING ELEVATKJN 

22 646780 31 73252587 3918 86 

23 649420.79 732507.95 3955.82 

24 651497 .0 1 732.:502.64 3968.19 

28 545792.05 737872.55 397 1.24 

29 649468.54 737851.84 3991.09 

30 649445.19 735219.09 3957.12 

zoo 651498.13 7352 12.57 3972.73 

201 651518.82 73785 9.97 3988.76 

202 646789.93 735196.38 3948.2 1 

1. BASE t#tP PROYIDED BY D;'lltAS AERIAL SURVEYS, INC 

2.. FIELD SURI£Y PRO.,DED BT PETTIG~EW &: ASSOCIATES PA (12./ U/2012.) 

J. DATE OF AERIAL PHOTOGRI'IP'HT: Oz~ze~2.01 J 

+. SITE GRV 61\SED ON NEW MEXICO STATE P'L.ANE COORDI'IATE SYSTEM. U!ST 
ZONE. NAW ee. 

:"':! THE DNC'S 'SURFJICE WA'SIE MANAGEMENT FACIUTY COM PRI"S£'5 A IDTAL OF 

490 ACRES ± (i.e., th-e processint;~ a rec (1 7 7 ceres ±:] a nd 1he lond1il 
(318 ccre! ±). 

I.JWOFLL VOLUME 

GR<lSS flU. VOlUME: J~.t:i-59,!:!1W CUBIC YAROS 

N.M. PRC»'ESSIC»>AA... ENGitEER NO. taiB4 

>liD' 000' 

LANDFILL 
FINAL GRADING PLAN 

DNCS ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

.AJI reports, d rawings, specifications, compu ter files, 
field date. nates and at her documents r::md instruments 
prepared by th e Engineer a:s in::~t rumen t:~ of :~ervice 

shall remain the property of the Engineer. The 
Engin~e r :shall r~to in all common law, statutory ond 
other rese rved r ights, including the copyright thereto. 

_j II L9ordon Enviromnemal, me. 
~~~~=c== ..... =,..,.=. ==-=.=-====== 

213 8. C.ninl:)d .. P~bll:) 
B.-nalilla. N.w M•ic:a. USA 

Phone: IS06-S57-GI8J 
Fu:: 60&&7-e&l1 

DAlE; 0811012014 GAD: DSRNALGRADIIIB .dwg 
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UNIT 9 

ELEVATION (FEET) 
4 1 

STATION 

C-C' 

UN IT 8 UN IT 7 

lNT 7 BDY 
PHA~E 2 ~ BDY 

UNIT 6 UNIT 5 

C ROWN FI NAL COVER I 

G) CROSS SECTION A-N 

A-A' 

BASE GRADE 

29 +-00 30+CIO 3 1 +DO 32+ 00 33-+00 34-+00 35+00 36+00 

(]) CROSS SECTION B-8' 

UNIT 4 UNI 3 

A-A' 

UNIT 2 

ElEVATION {FEET) 
41 

UNIT 

ELEVATION (FEET) 
41 ---r ------------------------------------------- ------------------r --

NOT FOR CONSTRUCTION 
o.-inii;~'--I20CIS\e42.01 .01\P6WIT ~ ~lhu 

DIIIWnm.:Jun. 13,.M14-11:01::10;; LAVOIJT:D(L9) 
CcPJriltt U All Mi_.. Ruarvad, Oanlanl!nvi~h1..a:t18 

-~--------

CROWN FIN,Iol COV£R 

~, _________ , ______________ , ______ ~-~~E~~~~~--- -~-----------

l£ACK4 TE CO LllCTION 
1!i FLOOR LINER SYSTEM PIPE AND TRENCH 

+HOO +2+00 i.::l+OO H+OO +~ +00 <1-15+00 +7+00 +M OO i'Sl+OO :50+00 :.1 +00 :.2+00 !lJ+ OO :iHOO :5-!l+OO :5(i+00 :.7 +00 :)!!+00 !l!HOO 

(]) CROSS SECTION C-C' 

200 ' 

I 00' 
~ 
ffi CROSS SECTION 
> SCALE 

HORIZONTAL 

0•~~~;;2~0~0~~~~4~00 ' 

LEGEND 

-~-~-
LIMIT OF WASTE 

LANDFILL PHASE BOUNDARY 

LANDFILL UNIT BOUNDARY 

---------- EXISTING GRADE 

BASE GRADE 

FINAL GRADE 
A A' 

LJ CROSS SECTI ON LOCATION 

ffi DETAIL NUMBER 

SHEET NUMBER 

STATION 

A' ffi 
--, 

/ 

LI<IT1 
(13.6t ........ l 

-j 

I' 

r- ---

I 
I 

I 
I 

L ____ _ 

I. KEITH GORDON, P.E. 

I 

L-

t-
1 

N.r.l. PROFE8810NALENGINEERN0.1CBIM 

Al l reports, d raw in9~. ~pecific<ltio ns, compu t er f iles, 
fie ld da ta , note::~ ond othe r documenb and i n::~trument::s 

pre pared b)' t he Eng ineer as instrum ent s o f service 
::s ha ll remain the property of t he Eng ineer. The 
Engineer shall retain au common la w. statutory and 
ot h ~ r r!"::sc:rvc:d righb; , including the: copyri ght th'!": rc:to . 

UIITO 
(27'.3.tACIE5) 

PHASE3 
UIITI 

KEY MAP 
N.TS 

R' EB 
I 
I 

--1 

l 

C' 

' J 

LAND FILL CROSS SECTI ONS 
DNCS ENVIRONMENTAL SOLUTIONS 

LEA COUNTY, NEW MEXICO 

_j II L Gordon llnvironmcnlal, Jnc. 
~~~~=c= .... =....,..=. =-=.= ... ~== 

213 s. Climlnodll Pueblo 
B.,allllo,. NWI M•lco,. USA 
Phone: 606-S57-818J 
Fu:: 60&&7..-1 
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NOT Ft»t CONSTRJCrlt»t 
nr-tng:P:WI:ad~M2.01.01\RAI1\PI;:RMITPLM ~llRMIItidi='PUtl ... 
~mc.lun.1,_,2D14-12:31t311; LAYCUT:D(LS) 

LEGEND 
SITE BOUNDARY (562 ACRES±) 

WATER FEATURE SETBACK (67 ACRES±) 

- I - I - LIMIT OF WAST E 

LANDFILL PHASE BOUN DARY 

LANDFILL UNIT BOUNDARY 

---><--- EXISTING FENCE 

---><---- PROPOSED FENCE 

--3g75--- 25" E XISTING CONTOUR 

5' EXISTING CONTOUR 

---3975------- 25' DESIGN CONTOUR 

5' DESIGN CONTOUR 

TOP/ TOE OF SLOPE 

PAVED RONJ AND SHOULDER (NM 529) 

EXISTING UNPAV!:D ROAD/TRAIL 

PROPOSED FACILITY ACCESS ROAD 

·-- DIRECTION OF STORMWATER FLOW 

I LEACHATE EXTRACTION RISER PIPES 

• LEACHATE CLEANOUT RISER PIPES 

DRAINAGE AREA 

SURVEY CONTROL POINT 

EXISTING CULVERT 

NEW CULVERT 

HYDROGEN SULFIDE MONITORING STATION 

RONJ SIGN 

DETAIL NUMBER 
SHEET NUMBER 

SITE GRID 

I BASE MAP PROVIDED BY DALLAS AERIAL SUR\.£fS, INC 

2. FIELD S:UR'.U PROYIDED BY PffiiGREW b: ASSOCIATES PA (12/1J/2D1Z:) 

3. DATE OF AER~ PHOTOGRAPHY: 02 ~28-2013 

+. SITE GRV BASED ON NEW MEXICO STATE Pl..N>IE COORDINATE SYSfEM, &sf 
ZONE. NAVO ee. 

:":! THE ONCS SURFACE WASTE MANAI::EMEI'IT FACILITY COMPRISES 

A TOTti_ OF 495 ACRES ± (i.e., th-e processinQ cr.e<1 {177 <1cres ±) end 
the kmdfil (J18 cere:! ±). 

STORMWATeR DISCHARGe 

DRAJNAGE ID 
DRAINAGE AAEA FLOW AATE VOLUME 

(ACRES) (CFS) (ACRE-FT) 

A " ·~ 
1> 

1 
I 4 1 1.1 

D "" 142 7.9 

JS 10J 
F "' 

,.. HL~ 

RETeNTION BASIN CAP ACmES 

CONTRIBUTINC DR6JNACE 
DISCHARGE 

BASIN ID VOLUME 
AAEAS (ACRE-FT) 

1 + ~~.2 

2 A+B+C+E+F+SE RUN ON 5~.1 

I. KBTH GORDON, P.E. 

N.M. PROFESSIONAL. ENGINEER NO. 1DiiiM 

All reports. drawings. specifications. computer files. 
field data, note!'i and other documents and instrum t": nt!'i 
prepared by the Engineer as instruments of ser'.'ice 
shell remain the property of the Engineer. The 
Engineer shall retain all common law, s tatutory end 
other reser'.'ed r ights, including the copyright thereto 

tl<>O>IN 
CAPI'\CrT'f 

W/ 1 FT. 
FREEBOARD 
(ACRE-FT) 

!!11.~ 

• ;::IN MAX 
CAPACrT'f 

W/0 1 FT. 
FREEBOARD 
(ACRE-FT) 

a e. a 

FACTOR OF 
SAFETY 

I . 
1.2 

2011 -

LANDFILL COMPLETION 
DRAINAGE PLAN 

DNCS ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

213 8. c.mno d.! Pu.bla 
e.mdla, N..- M.:ica, USA 



3 FACILITY ACCESS ROAD 
8 NOT TO SCALE 

B' PERIMETER BERM ROAD 

NOT FOR CONSTRUCTION 

DIM19:P:\ocod 2DOWIQ.D1.01'1'EIWIT PU\NI\08 Lli'ERIET.chlg 
c.wTirm:.kln. 13, 21Jt4-13:t0:04 
CC~f~Y!\1tt@) AIRighll RI•IVed, Gordon EIM'o,_.nte~ Inc. 2013 

4 
8 

-"'CTh'~ CUI. I 
I 

FIITURE UP-GRADIENT 
CEll 

40-mll HlPE C£DidEJJI8RIINE S"roRid ~LH' 

~.. JJ.J:_.. .u. 
T'EHPORARY INSTAllATION AT IIQUjOM'( BETYIEEN FIITURE 

UPGRADIENT CELL AND ACllYE IJCWNGRADIENT CELL 

,., ~ -~ NIN.1' 

• vt1 z.li:t: • ~UhQI'I :m>!I!NWATt:1': 
OONlROLAREA 

1 TYPICAL TRANSITION AREA LINER TERMINATION 
8 ~ OT TO SCALE 

~-· .U .. J ... U. 
2 TEMPORARY LEACHATE COLLECTION RISER PIPE 
8 NOT TO SCALE 

~oc~ ar 
rL.o~. Mllll 1' 

M 1\1.2:4 • PROTEGnVE 
SOI L LATER 

·::::::::: (ON-SITE SOILS} ·::: :·· 
·::::::::: K ~5.2 X 10-• CM/SEc ·: ... 

e!<J-m-11 OOUEI...E-SIOEO TEXT\JRED PR IMARY 
HOPE U~ER 

200-m~ GEONET (LEJVC DETECnON LAYER) 

~;___----- ~c~b.3?rU~~E~DED T£)(TURED HOPE 

5 SIDEWALL LINER SYSTEM 
8 NOT TO SCALE 

60-m~ SMOOTH PRIM.tf!Y HOPE LINER 

200-mil GEONET (LEoloK DETECTION LAYER) 

REINFORCED CEOSYNTHET1C ClAY LINER 

6" PREPARED SUBCRME COMPACTED TO 
9 OX STANDARD PROCTOR 0 RY DENSITY 

~~~~~~~~~~~~~i~~~=~60-m~ SMOOTH HOPE SECONDARY UNER REIN FORCED CEOS'fNTl-1ETIC CLAY LINER 

o;" PREPARED :5 UBGRAOE COMPfiCTEO TO 
~o:o:; 'SIANOARD P'RGCTilR: DRY OE~'SITY 

SO-rni I DOUBLE- SIDED 
TEXTURED HOPE l~ER 

FLOOR LINER SYSTEM 
NOT TO SCALE SIDESLOPE SECTION FINAL COVER 

7 EVAPOTRANSPORATION DESIGN 
8 NOT TO SCALE 

~~mil DOUBlE-SIOEO 
TEXTURED HOPE UNER 

TYPICAL •r AT BUTT SEAM 
NOT TO SCALE 

1. BaTH AREAS OF FUSED MATERIAL SHOULD BE VO(l OF ANY SEAM LINES 
2_ EOCE OF TRACKS NOT TO CUT THE Lr.ER 
3_ AJR CH~EL :SHOULD BE C LE"AR 

+. BaTH WELDER TRACKS SHALL BE EQUAL WIDTHS. 
5. SQUEEZE: OUT SHOULD BE JUST 8AAE:LY VIS18LE IN ALL 4 LOCATIONS WHEN 

Y1EWED IN THE TEST C:ROSS-SECTIO~. 

12 TYPICAL FUSION WELD 

8 SECTION V1EW NOT TO SCALE 

EXTRV:510">1 WELOEO HOPE PATCH 
OV£R REPAIRED "r SEAM AND 
VACUUM TESTED PER CCA PU\N 

13 
TYPICAL DESTRUCT SAMPLE PATCH 

60-mil HOPE LINER 

CROWN OF LANDFILL FINAL COVER SECTION 8 PLAN VIEW NOT TO SCALE 

10 
8 

CROWN 60-mil DOUBLE-SIDED 
TEXTURED HOPE LINER TERMINATION 

NOT TO SCALE 

CD PRESCRIPTIVE DESIGN 
NOT TO SCALE 

J.Ci" ::51DE:5LOPE COVER :501l 12" VEGETATIVE 
{EROSWN) LAYER COMPAr;TEO BACKf iLL 

TO 510;1; :sTANDARD P'RaCTtJR: 
0RY DEN".iiTY 

PERIMETER BERM AND FINAL COVER TIE-IN 
NOT TO SCALE 

MlJL. COMPACTED :SOIL BACKF1LL 'SHII.LL 8E GRADEO 'SO TW.T 
WA1"ER CRAIN'S AWAY tRaM THE ANCHOR TRENCH 

9 ANCHOR TRENCH 
8 SECTION VIEW NOT TO SCALE 

60-m~ OOJBLE-SIJED TEXTURED 
HDPE PRIMARY LINER 

CEONET (l..Ei'IK DETECTION l.o'JlER) 
60-ml DOUBLE-SIDED TEXTURED 
f-VP E SECON D.ARY U ~ ER 

REIN FORC: ED G EOSYNTl-1 ETIC CLAY Ll N E:R 

6" PREPARED SUBGRADE COMP,~CTED TO 9~ 
STAN OAAD PROCTOR D Rl DENS lif 

1 4 LINER RUNOUT ON LANDFILL FLOOR 
8 NOT TO SCALE 

I. KEITH GORDON, P.E. 
N.M. PR0fES8101tAL ENBINEER NO. 10984 

All reports. drawings. specifications, computer files. 
fie ld data. note::s and other document:~ a nd in::shumenl::s 
prepon~d by the Eng ineer 09 in~trumentg of ~ervi ce 

shall remoin the property of the Engineer. The 
Eng ineer 5hall retain all common low. 5tctuto ry and 
other rll":scrvr::d rights, inc luding the copyright thll":rcto. 

LINER 
COVER 

SYSTEM AND 
DETAILS 

DNCS ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

_j~L_Gmdon lliivimmnenial, Inc. 1111 c ..... ,..,. __ 

DAlE; 1012112013 CAD: DB LltERDET.dwg 

Z13S. CUdno d8 f'Uelllo 
Ba"nlllo, NIIIW Nlldco, USA 
Phone: 506~-8990 
Fax: &J6-BIT-S81 
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2 I!OU.ARD I"'STS 2.' ON ElTHEJI 

S:IO~ or RISBI ~~~~ 
F1LL W( OONCRETE &: 
ROUND OFF lOP 

~ .. 
-~~(;l~~~~~~~~~ ~T------------~~--------------.. 

1 2~ DIA ll.JND FlA'JGE 

( 2 CQA'3 Of" ~~\IJA"Y )"';LLti'A')\ • 

~ ,. 

CONCRETE 
ENCASEidENT 

1-

PREPAAEO ~8G~,I,DE/ 
CONf'P.CTEO TO ~11.1i: 

STANDN'lOPROCTOfi 
Olrr[)[NSITT 

RISER PIPE TERMINATION 
9 SECTKlN F-F' 

1Z"010t.HD~::!iD1'!11 

PRIW-Kr" L£o!OlA1E 
EXTRACTIONRISER Pf'[ 
(~OLI(:l-'WALL) 

6' DA.HDPl"::!iD1'! 17 
IIACtW( COI.Lt'CllQN l"ll"'t 

NOT TO SO\L[ 

/BOlVRO 

2 SUMP CLEANOUT/ RISER CONFIGURATION SCHEMATIC 
9 NOT TO SCN.E 

·---- .~~~~ CUITLI'mo: (r;cl) 

' 1/~<11 PEfH'DRATIDN COUPACTED SLIIICIWlE 

TOIIQ:r.: STNIOI>RD 
_ PI'!DCTOI'l0Jrr[)[N:5rrT 

~~· D!A ~~10~1 1!:1~= 

6 f«E SPACIN(; (m'} 
6

" D~~~IO~D~~~~~~ 

PERFORATED LEACHATE CD COLLECTION PIPE 
NOT TO SCAlE 

NOT FOR Ct»..STRUCTXlN 
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Copy"'ht@ All Rlgh .. R~d. Bmdot'l Eri'Mnrl.m.l. h:. 2013 
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COLLECTION TRENCH AND PIPE 
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NOT TO SCAlE 
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111' nP. DOUil.£- SIJED 
lD:TIJREDf"RihtA~~D 
SECQNO,!!RYLINERRU'KIUT EXTEND oflO-mJ DOUBLE SIDED lD:TIJRED 

L
PRIIIIAR¥ ANO SECQMJA~ UNER A htiNIMIJIII ;S' 
"0'01'10 lOP or lD'O'ATl": COULCTON SUMP 

---- -- -----------------~ 

TOP OF SUMP 
-t-4'! 

A' _________________ _j 

5 
9 

LEACHATE COLLECTION SUMP 
PLAN VI[W NOT TO 5CN.E 

D' 

. 
'"' 

~ ,/'""~;t;,~/ ~ ~ _~t 

__ll!_".k..II_L~'ldl_L _J.blLi i. 
"-- II' COIIIPPClEO 

S1.J8CR.IoOE TO liD:!: 
STIII'IrliiRDPROCTDRD~ 

""'"' 

LEACHATE EXTRACTION RISER PIPE 
SECTION 0-D" NOT TO SCALE 

e:" OIII.. HOPE:SOR11 
P(l'!fCII':t'il"l'D LOCHATt 
COLLtCI"IQN l"ll"'t: 

~ j* 
E):TENQ 1 0 g~fyrjl NQNWOV£N t::EOTOOl£ A 

NINIMU U or ;J' f i'!OIII I':Dti't 0!' l'.:l:>tl'.: 

~~::~~i~~ 
,.,~~~~=1~ 

CLAY UNER (GCL) . 

COhtPACTUl ~ugGRI>Il{ 
TO rro,;; :rrAN!¥d'!D 

PROCIDR [)1!1 DEN~ITY 

c 

12' CIA HOPE SOR 11 LEACHATE 
OOiti\CliON RIS[R PIPE 

e:" Qlol.,_ HOPE :'lOR 11 
U:ACHAlt CDLHCTlON 

Cl.VWOUT PIP( 

3/4-"-2" l>El._EI:T .AGGREGATE: WRAPPED I N 
10 Ol/y.l0 NONWOVOI ~lD."Tllt 

INlRENCHONI...T A' 
I 

10 oqy</ ~ONWOI.UI GICI1l't:KTII.L 

UO-mll DOUBI...E-SHlED TEI<TUREI> HOPE PRII\Wff LINER 
~011-ml GErn ET LEAK OCIECTDN LINER 

00-111l OO'JBI..E-510ED HI>PE SECQNI>N'!Y I.J'IER 
l'.:tfVI'!CI':C llfO~Hr:.TIC CLAY UNtl'.: 

7 LEACHATE COLl ECTION SUMP 
9 SECTION A- A' 

B 

8 
9 

NOT TO SCAlE 

B' 

8' IliA. l-l(]p~;: ~ t t POK"ORATHl 
U:lrCHATECOU.ECTKlNI::lEA'.OJTPIPE 

EKTENC SD£SLOf'E 10 <>Vyr/ NONWCM:N 
OCOlE)(lii...E A MININ\J ht OF ~' ON S\J htP FtODR 

LEAK DETECTION RISER PIPE 
SECTION B-8' NOT TO SCALE 

C' 

5'! 

COLLECTION SUM P RISER TRENCI-I 

I. KEJTl--1 GORDON, P.E. 

N.M. PROFE8810NAL.ENCiiNEERN0. 10ll84 

Al l reports. drawings. specifications. computer files. 
f ield doto, notll":s ond othll":r documll":nts and inst ruments 
prepared by the Engineer as Inst ruments of service 
sha ll remain the property of the Engineer. Th ll": 
Engineer shall retain all common low, statutory ond 
other reserved rights, including t he copyright thereto . 

NOT TO SCA.LE 

LEACHATE COLLECTI ON 
SYSTEM DETAILS 

DNCS ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

_j II l_9mdon Environmental, Inc. 
==0§=========~=== 
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T 
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2' HICH 
OOWNCHUTE 

BERM 

' ,------------,. ' X 
\ \ 

\ \ H•=~-~•w 
-·~2·rJ 

0 

' 
FINAl 
GRADE 

4111 

EEL LINE POST 
STRAND BAR BED WI RE 

6£)5-STRAND BARBED WIRE FENCE 
10 NOT TO SCALE 

~IMETER BERM ROAD 

DRAINAGE CHANNEL TYPICAL SECTION 

TOP OF SI)ESl.OPE 
FNAL COVER 

NOT TO SCALE 

®DRAINAGE BENCH 
10 NOT TO SCALE 

GABION MAT AT BENCHES 
ONLY (TYP.) 

50-mil DOUBLE-SID ED 
TEXTURED HOPE LINER 

GABION MAT 
18-24 INCH (t:~p 

® DOWNCHUTE CROSS SECTION 
10 (LONGITUDINAL) NOT TO SCALE 

P ~DVI DE FLARED 
END AND RIP'RAP 

~ 

1. INVERT OF CORR:UCATED MITAL PIPE TO BE DETERM INED 
DURING I\JSTALL.A110tt 

2. PROVOE R1PRAP OR ECJ LJVALENT EROSION PROTECTION AT 
IM..ET N'n OUTLEr Of CULVERT. 

J . F'ROVVE FL"'RED EN 0 S EC11 ON A1 IN LIT r'WD 0 UTLIT Df 
CULVERT TD PROVIDE A SMOOTI--1 TRANSITION OF FLOW. 

If 

(]g) DOWNCHUTE LOW WATER CROSSING SECTION B-B' 
10 NOT TO SCALE 

DOWNCHUrE 
B' PERIME'TER BERM ROAD 

GROUTED RIPRAP 
(IN TRAVELED WAY ONLY) 

PERNETER BERM 

rf 
1 DOWNCHUTE LOW WATER CROSSING SECTION C-C' 
10 NOT TO SCALE 

~ ' tPE W eERIM ETER C"""'El 

~t...c· 
(]g) CHANNEL INTERSECTION/DOWNCHUTE LOW WATER CROSSING 

10 PLAN VIEW NOT TO SCALE 

10' ± 
60-m ~ H:lPE 

ON MAT (AT TOP, BENCHES N>ID BOTIOM ) 
- 12 . 

ANCHOR TRE~C:H (ITP.) 

36~ D1A. CORRUCA'TEO MITAL PIPE OR 
R£1 NFGRC ED COI<K: RETE PIPE 

PROVIDE Ft.AAED END AND RIPRAP 

({g) TYPICAL RIP-RAP LINED PORTION OF DOWNCHUTE SECTION A-A' 
1 0 NOT TO SCALE 

I. KEITH GORDON, P.E. 

STORMWATER DRAINAG E 
DETAILS 

@TYPICAL ROAD CULVERT INSTAL~~~~~E 
N.U. P'ROFESSIONALEJ«iiNEER N0.1DIIB4 

All repod:s, drowing::s, ::s pecification:s , computer file:::~ , 

field da ta . nates and other document'5 end instrument s 
preparll":d by the Engineer as instrumcnt:s of :servic~ 

sha ll remain the p roperty of the Engineer. The 
Engineer sholl retain all common law, st atutory and 
other re~crved riQhb, irn;;tudinl;,l t he copyri l;,lht theret o. 

ONCE ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

213 S. C.ninl:)d .. P ... bll:) 
B.-nalilla. N_. M•ic:a. USA 

Phone: 606-S57-818J 

NO'T' FOR CONSTR.CilON 
Dnrwing::P;Kai2003\M2.01.01\RAI1.,~rr Pl..¥1 ~II:II:T8\10 SIOWNiil1:R lli:T.U.. 
IJ.I.rTim•:Jift1!, ~14-1~!1:1:1111); IAYCUT.:Dl\JI) 
CqJ,n!lll • All Mi_.. Ruarvad, Oanlanl!nvi~h1..3:114 

Fo: 505-8&7..fl991 

ORA""" BY OM AEVIEWEDBY1 llofti 
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PROCESS AREA EXIT ROAD INSET 

I. KEITH GORDON. P.E. 

N.M. PROFESSIONAL ENGINEER NO. 11:11114 

LEGEND 
- •• - SITE BOUNDARY (562 ACRES± ) 

-- - - -- DRAINAGE FEATURE SETBACK (67 ACRES± ) 

__ ,"___ 25' EXISTING CONTOUR 

5 ' EXISTING CONTOUR 

--3970--- 25' DESK;N CONTOUR 

5' DESIGN CONTOUR 

---)C----

TOP / TOE OF SLOPE 

EXISTING FENCE 

PROPOSED FENCE 

PAVED ROI'D AND SHOULDER (NM 529) 

EXISTING UNPAVED ROI'D/ TRAJL 

PROPOSED FACILITY ACCESS ROAD 

DIRECTION OF STORMWATER FLOW 

CULVERT 

CATILE GUI'RD 

RON) SIGN 

I]] HYDROGEN SULFIDE MONITORING STATION 

D EVAPORATORS 

® PPE AND EMERGENCY EQUIPEMENT 

~ LEAK DETECTION SUMP & RISER PIPE 

0 0' 

LJ 
@ 

NOTES: 

CROSS SECTION LOCATION 

DETAIL NUMBER 
SHEET NUMBER 

SITE GRID 

1. BA"SE MAP PROVVED BT DALLA~ AERI>\L SURVEYS, INC 

2 . FIELD SUR\oEY PROVIDED !JY PETTIGREW & ASSOC ~"TES PA ( 12:/13/2012) 

.3. DATE OF AERI.AL PHOTOGRAPHY: 02-28-201 .3 

4 . SITE GR ID BASED ON NEW MEXICO STATE PLANE COORDINATE SYSTEM, EAST 
20N E, N4\-0 88. 

5 . THE DNC:S SURF.OCE WASTE MAN.AGEMENT tAC: ILITY COMPRISES 
A TOTAL OF 495 ACRES ± (La . , th" pmc:-n::.ing or"" (1 77 c"'"''" ± ) end 
the l<mdfi!l (.318 ccreu ±) . 

VOLUME 
EN TRAJNCE ROAJD 
CUT VOLUME 11563 
FILL VOLUME 6290 
NET VOLU ME 5 293 

EVAP PONDS 
CUT VOLUME 
FILL VOLUME 
NET VOLUME 

1 626~6 
10 67 52 
76 104 

PROCESSING AREA 
CUT VOLUME 51 153 
FILL VOLUME 2 4228 
NET VOLUME 26925 

CU. YD. 
CU. YD. 
CU. YD.<CUT> 

CU. YD. 
CU. YD. 
CU. YD.<CUT> 

CU YO 
CU. YD. 
CU. YD.<CUT> 

STABILIZATKJN AND SOLIDIFK:ATION MEA 
CUT VOLUME 11996 CU. YD. 
FILL VOLUME 51002 CU. YD. 
NET VOLUME 39006 CU. YD.<FILL> 

EXIT ROI'D 
CUT VOLUME 
FILL VOLUME 
NET VOLUME 

16072 CU. YD. 
0 CU. YD. 
180 72 CU. YD.<CUT> 

101J 200 

PROCESSING AR EA LAYOUT 

DNCS ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

All reports , drawings, specificati ons, comput er fil es, 
fi eld data, not es and ot her docum ents and instruments 
prepared by t he Engineer as instruments o f service 
shall remain t he property of the Engineer The 
Engineer :~hall n:toin oil common law, ~tot utory l:lnd 
o t her re serv ed ri ghts , inc luding t he copyrigh t t hereto 

_jIlL Gonion Bnviromncntal, me. 
==0~========~==== 
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CAD' 11 PROCESS N£A. 

213 8. C.ninl:)d .. P ... bll:) 
B.-nalilla. N.w M•ic:a. USA 

Phone: 606-857-81al 
Fo: 505-8&7.fl991 

PlniEX:T"II: 612.01.01 
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GCL UNDER LEAK 1 

g~~C~~U~UPM~~ 2~ 
________________________ _.L,__....L...-{ 

~t 
2' MIN 

Q'± 

J:1 

I 

I 
I 
I 
I 
I 
I 

zo'± 

I 5' MIN 
RUNOUr 1--J 

_____ i__~,~~~---- ---
1 

I ~ 
PERFOR>\TEO ,., SOR 11 Hllf'E APE ~I 

A' I TOE OF SLOPE 

_j@ I 

6C-m~ SMOOTH 
S£CONDJIRY 

10 oz/yd1 NONWOVEN 

SEE DETI"JL@ 

6~111 SOLIJ SOR: 11 HOPE LEAK 
DETECTION RISER 

POND ACCESS 
ROAD 

WmH VARiES 
(SEE SHEET 1 J) 

EXTRUSION WELD 60-m ~ OOUBL£-SOCD 
"TEKTUREO HOPE TD 50-m~ SMOOTH HOPE LINER 

HOPE PIPE CROSS-SECTION AT LEAK DETECTION SUMP @ AND POND ACCESS ROAD DETAIL 

NOT TO SCALE 

I 
I 
I 

60-ml SMOOTH HDPE SECONJARY 

LEAK DETECTION SUMP 

SOi l SUBCRAOE COt.dPACTED TO 
9D:t STANOI<RD PROCTOR DRY DENSITY 

NOT TO SCALE 

2 LEAK DETECTION SUMP RISER PIPE 

NOT FOR CONSTRUCTlCX\1 
llllnoilg:P:\oc811 2003\642.01.01-11\I'ERi!IT p!Nj IIIET8\12 ~N' PQII CET.doO 
DIW'11n:.lJn. 13,2014--12:44:01 
CCIPrl"llti @ AIRililhtl Rl181'¥ed, Glcwdon EIM'ot'mlnbit~ Inc. 2013 

1 2 SECTION VIEW NOT TO SCALE 

FL L Wj CONCRETE & RDU'-10 OFF rap 

2 BOLLARD POSTS 2 ' HORIZONTP>L ON EITHER 
SIDE OF l.£AI< DETECTION S UMP RISER PIPE 

~~tl 'SCH 4-0 'STEEL F>F'E - P'PIINT WrTH 

SEMI-GLOSS SILCONE ALKYD ENAMEL (2 
COATS OF HIGHWAY YELLOW) 

CON CR ITE EN CASEM ENr 

L'i• P'REPJIREO SOIL SUE!GRAOE 
TtJ ~a:r.; :"'TANDARO PROCTOR DRY OENSIT'r 

PRIMARY Lr. ER 

60-m1 SMOOTH HOPE 

LEAK DETECTION SUMP RISER PIPE CROSS @ SECTION A-A' 

NOT TO SCALE 

SELECT SOL BACKF1LL COMPACTED TO 
90% STANDARD PROCTOR DRY DENSiff 

SEC~~L SU8GRADE COMP.ocTED TO 
9G:"'; STANDARD P ROC:TOR DRY DEN SITI 

7 

4 ANCHOR TRENCH DETAIL 
NOT TO SCAlE 

TO ANCHOR ~ 
TRENCH \.J..,Z:7 

LINER RUN OUT ON POND FLOOR 

SO IL SU8GR.OOE 
COMPACTED TO 9 0)1'; STANDARD 
PROCTOR ORT DENSITY 

NOT TO SCAlE 

PREPARED SOL SUBGRADE 
COMPACTED TO 90" STPNDARD 
PROCTOR DRY DENSITY 

r~·-:--J ...... "'~"":, .. p~ .......... \\: ........ 
2.0H 2:0 H 

10' 

8 SPILLWAY DETAIL 
1 NOT TO SCALE 

I. KEITli GORDON. P.E. 

P REF>AREO 'SOIL 
COMPACTED TO '<JC:t; 'STANDARD 

P'RacrnR 0RY DENSITY 

N~M- PROFESSIONAL ENGINEER NQ_ 105184 

All reporbs, drawings, spec if ic ation:s, compu t er f iles, 
field data. notes and other documents and instruments 
pr l':pared by t he Engineer os instruments of service 
shall remain the property of the Eng ineer. The 
Engineer shall reta in a ll common law, :o~ tatutory and 
ot her re::served righ t :~". inc lud ing t he copyright t hereto. 

9 

SMOOTH HOPE SECONDARY LINER 

4 LA"YERS OF 200-m~ GEON IT BANDED 
IDGETH ER TO PROTECT SECONDARY H DP E Ll N ER 

GCL UN DER lfAK DETECTION SUMP 

6 SUMP FLOOR DETAIL 

12 

WATER SURFACE 
ELEVATION CRID 

(P ERMN>IENT) 

NOT TO SCALE 

POINT DISCHARGE LINER PROTECTION 

NOT TO SCALE 

EVAPORATION POND 
DETAILS 

DNCS ENVIRONMENTAL SOI..UllONS 
LEA COUNTY, NEW MEXICO 

DATE: 1Dr.i!tiZJ13 CAD: 12EVN' PONliET. 

Z13S. CUdno dill f'Uelllo 
a.n.11o, NIIIW Nlldco, USA 
Phone: 506-887-8990 
Fox:&l6-B87.-t 

l--o~=-=
8

=:o:· a=':o-, c:1KG:::--+::~::::IIIDIIo;
1
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ELEVATION (FEET) ELEVATION (FEET) 

__::r4"0~2',C5---. ____________________________ __ E-E' 
------------------------------------------------------------------------------------------------------------------------------------------------------------------,-~4~0~2~5~ 

4000 

/

EKISTINC:C:RADE 

POND 5 ,.-.... 
, '-... ---~ ... ,..--..... 

1."'1-1)'; 

WATER ELEV-396~.~ 

---------......... __ 
1."'1-1)'; 1.4-l-" 1_41,_; 

POND £1 

WATER ELE.V==}!H5:>.:> 

1.4-1" 

FLOOR AND Sl DES LOPE 
HOPE L('jER 

4000 

1A1,.; 

~39~2~5~L_ ______________________ __ 
20+00 21+00 

STATION 

3925 22+_0_0 ________ 2_3_+_0_0 ________ 2_4_+_0_0 ________ 2_5_+_0_0 ________ 2_6_+_0_0 ________ 2_7_+_0_0 ________ 2_8_+_0_0 ________ L_?9_+_0_0 ________ 3_0_+_0_0 ________ 3_1_+_0_0 ________ 3_2_+_0_0 ________ 3_3_+_0_0 ________ 3_4_+_0_0 ________ 3_5_+'0v0.---~~~-
STATION 

@EVAPORATION PONDS 
13 SECTION D-D' 

ELEVATION (FEET) D-D' 
~4~0~2~5~.------------------------------------------------------------------------------------------------------------------

ELEVATION (FEET) 

-------------------------------.---'4"0""2'"5-

4000 

3925 
STATION 

ELEVATION (FEET) 

JICCESS ROAD 
ELEY .. 3SI70_0 LEAK DETECTION 

POND 4 

RI SER PIPE 3.5' M~. FREEOOA'm 
WATER EtEV-J-;66_0 

ACCE'S"'i ~rnD 
Et.EV-:'1~ fiSI_!l 

2 LEN< DETECTION 
1 RjSER PIPE 

®EVAPORATION PONDS 
1 SECTION E-E' 

K-K' 

POND 2 

@STABILIZATION AND SOLIDIFICATION AREA 
1 SECTION J-J' 

NOT FOR CON81RJC'T10N 
Drwwirv;P;\•!i•d2001M42.01.01'1U111\P6WIT PIAN~1~~~..drllg 

D.wrlm.:JU'I.. 11, 2014-12:.48:11; lAYOUT: DJS) 
~Itt UAIIRillhiii"-.-..L0crdcn~.ln!i.2013 

ELEVATION (FEET) 

~40=2~5~,-----------------------------------------
J-J' 

4000 

3925 

STATION 

LEACHATE: COU.EcnON 
PIPE AND TRENCH ----o+-oo __________ 1_+_oo-----~-o-o----

__ .,..-
L D<'""'" """" 

- _______ ,.-

3+00 4+00 

SIDEWALL LINER 
SYSYEM 

5+00 

@STABILIZATION AND SOLIDIFICATION AREA 
13 SECTION K-K' 

POND 1 ~~:~~:~o 

/

EXISTING GR.ADE 

RO 
0 

ER DEP~ _,,,-',_ ... 

ELEVATION (FEET) 

LINER WICHOR 
TRENCH 

LEGEND 

D D' 

LJ 
@ 

60' 

~ 

4000 

3925 
STATION 

EXISTING GROUND 

DOUBLE LINER SYSTEM 

WATER SURFACE 

CROSS SECTION LOCATION 

DETNL NUMBER 
SHEET NUMBER 

30' ffi CROSS SECTION 

ELEVATION (FEET) 
4025 

4000 

3975 

3950 

3925 

STATION 

> SCALE 

HOmONTAL 

60 12 0' 

B:S&W, 
fANK 
B:OTIOMS 
JET Plr 
WASH OVT 

STABILIZATION AND SDLIDIFICAT10N 
IIIIO'X330' 

@ '---T-------t----+----' 

KEY MAP 

I_ KE:m-t c:JCIRDON, P _~;; 
N.M. PRDFESSIONALEJIIIGINEERNO. 1DIIIM 

Al l repo rt::~ , drawing:!'. :5pecificolion::l'. computer fil e~. 

f ie ld data, n ates and a t her documents a nd instruments 
prepored by the Engineer a~ i n ::~trumenh of ::serv ice 
5haU rema in the property of the Engineer. The 
Engineer sha ll retain oil common low, :st atutory and 
other reserved r ights. Including the copyright thereto. 

N.T.S. 

EVAPORATION POND AND 
STABILI ZATION/SOLIDIFICATION AREA 

CROSS SECTIONS 

DNCS ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

_jl L Gonion Bnviromncntal, me. 
~~~~=c= ... =..tiw=. =-=.= .. ~== 

Z13S. CUdno dill f'Uelllo 
e.r.lill:), N_. tAaicl:), USA 
Phone: 60i__,.aaJ 

DATE; 1cv.:t112013 CAD: 13 EVAP X-SECT.dwg 
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£LEVATI ON (FEET) 

4000 

JSI 75 

39 !':10 

STATION 

ELEVATION {FEET) 
4000 

J97~ 

30 0 

ElfVAnON (FEET) 
4000 

"'" NG GRADE 

' 
~---

UNER AAC 

-

--

GHXl 

G-G' 

PROCESSING AREA 
SECTION F-F' 

F F' EL.f.VAnON (F£ET) - 4000 

r~~~ WATE ;;=.;lv., 4 ' -... J975 I 

P)'X,~~ 
_/ 

~ 

OR TRENCH ~ 
; .... r-r ----

0900 

2 ..j..OO :sTATION 

PROCESSING AREA 
SECTION G-G• 

F-F' 

TANKS 

r ill nn lnr 1r ill n lnr 1r II nn n --
s_., I ll U I I II II II II ~ J I II '~-I _J I II lll I 'Jt v 

1 '----liN'ER-~ oR 'ThEN~ ---- '-7 -- '-
.::::::,~ I ........... ; Ll ER JWCHOR: 

o-.;R 
\l.Y 

MlN 
____ ., 

1+00 2+00 3+00 

PROCESSING AREA 
SECTION H-H 

LEJ'.K DETECTION R ER PI PE\ 
EXI'SnNG cFoE~ \ 

;>- ..,.;...,..,_ :r NCRETE , , It: 
CRAVEL, ,./ [ _Q_J --- .... K ' .... ~ ,,/:, 

-- _, ...._, "' krr-o~ -+~---,_~'---jp.....---"_£"::;"~NO""'-"'---+---t----1 
~--+----+--...:..=-=t-=:_:_-+---+--,--t~ ---,· tl- -" ~ycoMPAcTEDN .....______ 

INER Af\ICHO TRENCH ( 11 r .)~=-~- -~ ~IlL 

F"Dl,I\JOAI)(]N I ----
3950 

STATION D+ OO 

MIT FOR CONSTACTlON 
Dnrwing::P;K.I 2003\M2.01.01\RAI 1.,~rr Pl..¥1 ~II:II:T8\14~~..drllg 
IJ.I.rTim•:Jiftia, ~14-13::111:14; IAWlUT.:DOJI) 
eq,rt- 1D All Rl_. A.. ..... Qm'Ebl eMEnn ...... ft:. Xl14 

FovNbATION ACGR£ -~~-ATE-r-!0 / ilillili!Jll L£.oK DET£CTCN 
T J -- SUM 

1+00 2+00 

PROCESSING AREA 
SECTION 1-1• 

39!)(] 

3+00 SfATION 

H-H' 

ENCH 

EU:VATIO N [FEET) 
4000 

J-97!1 

>QW 
STAr(:lN 

LEGEND 

30' 

15 ' 

F F' 

LJ 
@ 

3 

EXISTING GROUND 

FINISHED GRADE 

SUBGRADE 

30-mil POLYESTER LINER 

60-mil HOPE LINER 

CROSS SECTION LOCATION 

DETAIL NUMBER 
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I Final Inspection I 

How long will my liner last? 
I What is the remaining service life of my HOPE geomembrane? 

By fan D. Peggs, P.E., P.Eng., Ph.D. 

Introduction 

I n his keynote lecture at the GeoAmericas-2008 conference 
last March, Dr. Robert Koerner (et al., 2008) of the Ceo

synthetic Institute (GSI) reported the ongoing Geosynthetic 
Research Institute (GRI) work to make the first real stab at as
sessing the service lives of high-density polyethylene (HDPE), 
linear low-density polyethylene (LLDPE), reinforced PE, 
ethylene propylene diene terpolymer (EPDM), and flexible 
polypropylene (tPP) exposed geomembranes. 

The selected environment simulated that of Texas, USA, in 
sunny ambient temperatures between -7°C ( 45°F) and 35°C 
(95°F). Of course, an exposed black HDPE geomembrane in 
the sun will achieve much higher temperatures, probably in 
excess of 80°C (176°F). 

I do not know what the temperature would be at 150-300mm 
above the liner (for those still specifying this parameter), but 
it is quite immaterial. The only temperature of concern is the 
actual geomembrane temperature. 

The lifetimes are shown in Table 1, but it must be recog
nized that these data are for specific manufactured products 
with specific formulations. The "greater than" notation indicates 
that laboratory exposures (incubations) are still on-going, not 

that some samples have failed after the indicated time period. 
The PE-R-1 material is a thin LLDPE, so it might be expected 
to be the first to reach the defined end oflife; the half-life-the 
time to loss of 50% of uniaxial tensile properties. 

It is interesting to note that HDPE-1 and LLDPE-1 are 
proceeding apace, but it would be expected that the LLDPE-1 
would reach its half-life earlier than HD PE-l. However, this 
does not automatically follow. With adequate additive formula
tions, perhaps LLDPE could be left exposed and demonstrate 
more weathering resistance than some HDPEs. This dem
onstrates the fact that all PEs, whether HD or LLD, are not 
identical-they can have different long-term performances 
dependent on the PE resin used and the formulation of the sta
bilizer package. However, such differences are not evident in the 
conventional mechanical properties such as tensile strength/ 
elongation, puncture and tear resistances, and so on. 

The two tPPs are performing well. However, there had also 
been an tPP-1, one of the first PP geomembranes that did not 
perform well. This was due to a totally inappropriate stabilizer 
formulation. That particular product lasted 1.5 years in service. In 

Final Inspection continued on page 44 

I I 

I 

Type 1 Specification Predicted LifFtime in Texas, USA 

HDPE-1 GRI-GM13 >28 years (Incubation ongoing) 

LLDPEE-1 GRI-GM17 >28 years (Incubation ongoing) 

EPDM-1 GRI-GM21 >20 years (Incubation ongoing) 

PE-R-1 GRI-GM22 ::::17 years (reached halflife) 

-
fPP-2 GRI-GM18 (temp. susp.) >27 years (Incubation ongoing) 

fPP-3 GRI-GM18 (temp. susp.) > 17 years (Incubation ongoing) 

- -----
Table I I Estimated exposed geomembrane lifetimes 

I I an Peggs is president of I-CORP International Inc. and is a member of Geosynthetics magazine's Editorial Advisory Committee. 
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Final Inspection continued from page 56 

the QUV weatherometer, it lasted 1,800 
light hours at 70°C (158°F). Therefore, 
the lab/field correlation is that 1,000 
QUV light hours is equivalent to a 
0.83yr service life under those specific 
environmen1tal conditions . 

At another location in Texas, Ko
erner/GRI found 1,000hr of QUV ex
posure was equivalent to 1.1 year actual 
field exposure. Consequently, for Texas 
exposures G RI is using a correlation of 
1000hr QUV exposure as equivalent to 
Iyr of in-service exposure. Clearly, the 
correlation would be different in less 
sunny and colder environments. 

The failed fFP-1 liner was replaced 
with a correctly stabilized fpp that, sub
sequently, performed well. 

So how can we evaluate the condi
tion of our exposed liners in a simple 
and practical manner to ensure they will 
continue to provide adequate service 
lifetimes and to get sufficient warning of 
impending expiration? 

For each installation, a baseline needs 
to be established, and changes from that 
baseline need to be monitored. 

A liner lifetime evaluation program 
Rather than be taken by surprise when 
a liner fails or simply expires, it should 
be possible to monitor the condition of 
the liner to obtain a few years of notice 
for impending expiration. One can then 
plan for a timely replacement without 
the potential for accidental environmen-

... it should be possible to monitor the condition of the liner to obtain 
a few years o·f notice for impending expiration. 

While estimated correlations might 
be made for other locations using histori
cal weather station sunshine and temper
ature data, there is no question that the 
best remaining lifetime assessments will 
be obtained using samples removed from 
the field installation of interest. 

A lifetime in excess of 28yr, dem
onstrated for a recently-made HDPE 
geomembrane, is comparable to the pres
ent actual service periods of as long as 30-
35yr. However, actual lifetimes of as low as 
~ 15yr have also been experienced. 

Do service lifetimes now exceeding 
30yr mean that we might expect to see an
other round of stress cracking failures as 
exposed liners finally oxidize sufficiently 
on the surface to initiate stress cracking? 

This would be frustrating after re
solving the early 1980s problems with 
stress cracking failures at welds and stone 
protrusions when the liners contracted at 
low temperatures, but it is the way end
of-life will become apparent. And will 
that be soon or in another 5-20 years? It 
would be useful to know. 
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tal damage and undesirable publicity. 
A program of periodic liner-condition 
assessment is proposed. 

For baseline data, it would be useful 
to have some archive material to test, but 
that is not usually available. Manufactur
ers often discard retained samples after 
about 5 years. Perhaps facility owners 
should be encouraged to keep retained 
samples at room temperature and out 
of sunlight. The next best thing is to use 
material from the anchor trench or else
where that has not experienced extremes 
in temperature and that has not been 
exposed to UV radiation or to expansion/ 
contraction stresses. 

Less satisfactory options are to use 
the original NSF 54 specifications, the 
manufacturer's specifications, or the 
GRI-GM13 specifications at the appro
priate time of liner manufacturing. The 
concern with using these specifications is 
that while aged material may meet them, 
there is no indication of whether the 
measured values have significantly de
creased from the actual as-manufactured 

values that generally significantly exceed 
the specificatiion. 

A final option for the baseline would 
be to use the values at the time of the first 
liner assessment. 

The first liner condition assessment 
would consist of a site visit during which 
a general visual examination would be 
done together with a mechanical probing 
of the edges of welds. A visual examina
tion would include the black/gray shades 
of different panels that might indicate 
low carbon contents. 

A closer examination should be done 
using a Ioupe (small magnifier) on sus
pect areas such as wrinkle peaks, the tops 
and edges of multiple extrusion weld 
beads, and the apex-down creases of 
round die-manufactured sheet. 

The last detail is significant because 
the combination of oxidizing surface and 
exposed surface tension when the liner 
contracts at low temperatures and the 
crease is pulled flat can be one of the first 
locations to crack. The apex-up creases 
do not fail at the same time because the 
oxidized exposed surface is under com
pression (or less tension) when the crease 
is flattened out. 

Appropriate samples for detailed lab
oratory testing will be removed. 

It may be appropriate to do a water 
lance electrical integrity survey on the 
exposed sideslopes, but this would only 
be effective on single liners, and on dou
ble liners with a composite primary liner, 
a conductive geomembrane, or a geo
composite with a conductive geotextile 
on top. 

A sampling and testing regime 
A liner lifetime evaluation program should 
be simple, meamingful, and cost -effective. 

While it will initially require expert 
polymer materials science/ engineering 
input to analyze the test data and to de
fine the critical parameters, it should 
ultimately be possible ~o use an expert 
system to automatically make predictions 
using the input test data. 

Small samples will be taken from deep 
in the anchor trench and from appropriate 
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Figure 11 Standard stress rupture curves for five HDPE geomembranes 
(Hsuan, et al. 1992) 

Figure 21 Stress rupture curves showing third stage (Brittle no AO) 
oxidized limit. (Gaube, et al. 1985) 

Figure 31 Stress crack initiated by extruder die line at stone protrusion 

exposed locations. Potential sites for future 
sample removal by the facility owner for 
future testing will be identified and marked 
by the expert during the first site visit. 

The baseline sample(s) will be tested 
as follows: 
• Single-point stress cracking resis

tance (SCR) on a molded plaque by 
ASTM D5397 
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• High-pressure oxidative induction 
time (HP-OIT) by ASTM D5885 

• Fourier transform infrared spectros
copy (FTIR-ATR) on upper surface 
to determine carbonyl index ( CI) on 
nonarchive samples only 

• Oven aging/HP-OIT (GRI-GM13) 
UV resistance/HP-OIT (GRI
GM13) 

The exposed samples will be tested 
as follows: 
• Carbon content (ASTM Dl603) 
• Carbon dispersion (ASTM D5596) 
• Single-point SCR on molded plaque 

(ASTM D5397) 
Light microscopy of exposed sur
face, through-thickness cross sec
tions, and thin microsections ( -15 
Jlffi thick) as necessary 

• HP-OIT on 0.5-mm-thick exposed 
surface layers from basic sheet and 
from sheet at edge of extruded weld 
bead (ASTM D5885), preferably at a 
double-weld bead 

• FTIR-ATR on exposed surface to 
determine CI 
Oven aging/HP-OIT on 0.5mm sur
face layer (GRI-GM13) 

• UV resistance/HP-OIT on 0.5 mm 
surface layer (GRI-GM13) 
Carbon content is done to ensure 

adequate basic UV protection. Carbon 
dispersion is done to ensure uniform 
surface UV protection and to evaluate 
agglomerates that might act as initiation 
sites for stress cracking. 

HP-OIT is used to assess the remain
ing amatmt of stabilizer additives, both in 
the liner panels and in the sheet adjacent 
to an extrusion weld. Most stress crack
ing is observed at the edges of extrusion 



weld beads in the lower sheet, so it is 
important to monitor this location. 

While standard OIT (ASTM D3895 
at 200°C) better assesses the relevant sta
bilizers effective at processing (melting) 
and welding temperatures, the relevant 
changes in effective stabilizer content dur
ing continued service, including in the 
weld zone, will be provided by measure
ment of HP-OIT. There will be no future 
high temperature transient where knowl
edge ofS-OIT will be useful. It is expected 
that the liner adjacent to the weld bead 
will be more deficient in stabilizer than 
the panel itself. Therefore, S-OIT is not 
considered in this program. 

Note that HP-OIT is measured on 
a thin surface layer because the surface 
layer may be oxidized while the body of 
the geomembrane may not. If material 

I Final Inspection I 

from the full thickness of the geomem
brane is used it could show a significant 
value of OIT, implying that there is still 
stabilizer present and that oxidation is 
far from occurring. However, the surface 
layer could be fully oxidized with stress 
cracks already initiated and propagating. 
A crack will then propagate more easily 
through unoxidized material than would 
initiation and propagation occur in un
oxidized material. 

The fact that the HP-OIT meets a cer
tain specification value in the as-manu
factured condition provides no guarantee 
that thermo- and photo-oxidation pro
tection will be provided for a long time. 
Stabilizers might be consumed quickly or 
slowly while providing protection. They 
may also be consumed quickly to begin 
with, then more slowly, or vice versa. 
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heat affected zone (HAZ) 

heat affected zone (HAZ) 

microstructural interface 

unoriented re-sondified 
material 

Figure 41 Schematic of microstructure at extrusion weld 

Hence, the need for continuing oven 
(thermal) aging and UV resistance tests. 
These two parameters, assessed by mea
suring retained HP- OIT, are critical to 
the assessment of remaining service life. 

Oven (thermal) aging and UV resis
tance tests performed in this program 
will provide an extremely valuable data 
base that relates laboratory testing to 
in-service performance and that will fur
ther aid in more accurately projecting 
in-service performance from laboratory 
testing results. 

Special considerations 
Because we do not know, by OIT mea
surements alone, whether the surface 
layer is or is not oxidized (unless OIT is 
zero), and since we do not yet know at 
what level of OIT loss there might be an 
oxidized surface layer (the database has 
not yet been generated), FTIR directly 
on the surface of the geomembrane is 
performed using the attenuated total 
reflectance (ATR) technique to deny or 
confirm the presence of oxidation prod
ucts (carbonyl groups). 

stress cracking might be initiated. For 
those familiar with the two slope stress 
rupture curve (Figure 1) where the brittle 
stress cracking region is the steeper seg
ment below the knee, there is a third ver
tical part of the curve (Figure 2) where 
the material is fully oxidized and fracture 
occurs at the slightest stress. This is what 
will happen at the end of service life. 
But first note the times to initiation of 
stress cracking (the knees in the curves) 
in Figure 1-they range from ~10/hr to 

~5,000/hr-clearly confirming that all 
HDPEs are not the same. Some are far 
more durable than others. 

At the end of service life, at some 
level of OIT, there will be a critically oxi
dized surface layer that when stressed, 
such as at low temperatures by an up
wards protruding stone, or by flexing 
due to wind uplift, will initiate a stress 
crack on the surface that will propagate 
downward through the geomembrane, as 
shown by the crack in Figure 3. 

This crack, initiated at a stress concen
trating surface die mark, occurred when 
the liner contracted at low temperatures, 
and tightened over an upwardly protrud
ing stone. The straight morphology of the 
crack, and the ductile break at the bot
tom surface as the stress in the remaining 
ligament rose above the knee in the stress 
rupture curve, are typical of a stress crack. 
Note the shorter stress cracks initiated 
along other nearby die marks. 

Stress cracks are preferentially initi
ated along the edges of welds because 
the adjacent geomembrane has been 
more depleted of stabilizers during the 
high temperature welding process. Thus, 
under further oxidizing service condi
tions, it will become the first location to 

Following the practice of Broutman, 
et al. (1989) and Duvall (2002) on HDPE 
pipes, if the ratio of the carbonyl peak at 
wave number 1760 cm-1 and the C-H 
stretching (PE) peak at wave number 
1410 em -1 is more than 0.10, there is a 
sufficiently oxidized surface layer that 

Figure 5 I Typical off-normal angle of precursor crazes (left) and stress crack (right) at edge of 
extrusion weld. 
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I I 
Type Specification i Predicted Lif 

I 

Side wall exposed 54 

Side wall concrete side 81 

Lower launder exposed 16 

LowE~r launder concrete side 145 

Table 21 5-0IT values on solution and concrete liner surfaces (Peggs, 2008). 

be oxidized to the critical level at which 
stress cracks will be initiated under any 
applied stress. In addition, the geometri
cal notches at grinding gouges and at the 
edges of the bead increase local stresses 
to critical levels for SC to occur. 

I also believe that an internal micro
structural flaw exists between the origi
nally oriented geomembrane structure 
and the pool of more isotropic melted 
and resolidified material at the edge of 
the weld zone, as shown schematically in 
Figure 4. Most stress cracks occur at an 
off-normal angle at the edge of the weld 
bead that may be related to the angle of 
this molten-pool to oriented-structure 
interface (Figure 5). It is also known that 
stress increases the extraction of stabiliz
ers from polyolefin materials. 

With all of these agencies acting syn
ergistically, it is not surprising that stress 
cracking often first occurs adjacent to 
extrusion welds. 

Looking ahead 
With the first field assessment test results 
available to us, and the extent of changes 
from the baseline sample known, removal 
of a second set of samples by the facility 
owner (at locations previously identified 
and marked by the initial surveyor), will 
be planned for a future time, probably in 
2 or 3 years. 

Why 2 or 3 years? In an extreme chem
ical environment, extensive reductions in 

S-O IT of studded HDPE concrete pro
tection liners in mine solvent extraction 
facilities using kerosene/aromatic hydro
carbon/sulfuric acid process solutions at 
55°C (131 °F) have been observed on the 
solution and concrete sides of the liner 
(Table 2) within 1 year (Peggs 2008). But 
it is unlikely that such rapid decreases will 
be observed in air-exposed material. 

With this second set of field samples, 
and with three sets of data points, practi
cally reliable extrapolations of remaining 
lifetime can start to be made. 

It is expected that a few years of notice 
for impending failures will be possible. 

The key point to note in making these 
condition assessments is that, while all 
HDPE geomembranes have very similar 
conventional index properties, they can 
have widely variable photo-oxidation, 
thermal-oxidation, and stress-cracking 
resistances. Therefore, some HDPEs are 
more durable than others. 

Thus, while one HDPE geomembrane 
manufactured in 1990 failed after 15 years 
in 2005, another HDPE geomembrane 
made in 1990 from a different HDPE 
resin (or more correctly a medium-den
sity polyethylene [MDPE] resin), and 
with a better stabilizer additive package, 
could still have a remaining lifetime of 5, 
20, or 30 years. 

So, keep a close eye on those exposed 
liners and we'll learn a great deal more 
about liner performance and get notice of 

71 

the end of service lifetime. And if owners 
can retain some archive material from 
new installations, so much the better. 
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;"\ THE ONCS SURF..CE WASTE 1-AANA[;EMENT F..CILITY COMP'R I'SES 

A TOTAl OF 495 ACRES ±: (i.e., th-e processin-g a reo (177 ceres ±:] a nd 
the: lcndfnl (318 aere:!l ±). 

VOLUME 
ENTRANCE ROAD 
CUT VOLUME 11 583 cu. YD. 
FILL VOLUME 6290 cu. YD. 
NET VOLUME 5293 cu. YD.<CUT> 

EVAP PONDS 
CUT VOLUME 1 BZB56 cu. YD. 
FILL VOLUME 106752 cu. YD. 
NET VOLUME 76 104 cu. YD.<CUT> 

PROCESSING AREA 
CUT VOLUME 511 53 cu_ YO_ 
FILL VOLUME 24228 cu_ YO_ 
NET VOLUME 25925 cu_ YD.<CUT> 

STABILIZATION AND SOLIDIFICATION AREA 
CUT VOLUME 11996 CU. YO. 
FILL VOLUME 51002 CU. YO. 
NET VOLUME 39006 CU. YD.<FILL> 

EXIT ROAD 
CUT VOLUME 18072 cu. YD. 
FILL VOLUME 0 cu. YD. 
NET VOLUME 18072 cu. YD.<CUT> 

100 200 

SITE SCHEMATIC 

All reports, drawings. specifications. computer file s. 
field data, notes and other documents and ln8truments 
prepared by the Engineer a~ in::strumenb of :s ervice 
shall remain the property of the Engineer. The 
Engineer shall retain all common law, :statutory and 
other reserved rights. Including the copyright thereto. 

DNCS ENVIRONMENTAL SOLUTIONS 
LEA COUNTY, NEW MEXICO 

_j II L Gordon Enviromnemal, Inc. 
~~>~~~=c ..... =,..,.=-=.=-~== 

DAlE' 0611312014 CAD' SllE SCJ£""11C .DWI3 

213 8. c.mno d.! Pu.bla 
e.mdla, N_. M.:iiXI, USA 

Phone: 81J6.85T-e&BO 
F•: fi06.857-SWI 
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A.

Proposed Tank No.
R-1
R-2
R-3
R-4
R-5
R-6
R-7
R-8
R-9
R-10
R-11
R-12

i.

ii.
iii. 

B. 

Proposed Tank No.
S-1A
S-1B
S-1C
S-1D
S-2A
S-2B
S-2C
S-2D
S-3A
S-3B
S-3C
S-3D
S-4A
S-4B
S-4C
S-4D
S-5A
S-5B
S-5C
S-5D
S-6A
S-6B
S-6C

1000 bbls Permitted under this Application
1000 bbls Permitted under this Application
1000 bbls

Produced Water is delivered by trucking companies into one of twelve proposed heated Produced Water Receiving 
Tanks located within a bermed, lined containment area:

1000 bbls

Permitted under this Application

Permitted under this Application

The Receiving Tanks are set on gravel or sand pads on top of a lined bermed impermeable pad.

Permitted under this Application

Permitted under this Application
Permitted under this Application

Permitted under this Application

Permitted under this Application
Volume Permitted

1000 bbls

1000 bbls
1000 bbls
1000 bbls

Permitted under this Application

1000 bbls

1000 bbls

1000 bbls

ATTACHMENT III.1.F

DNCS Environmental Solutions

1000 bbls

Permitted under this Application

DNCS is a surface waste management facility.  

Permitted under this Application

1000 bbls
1000 bbls
1000 bbls
1000 bbls
1000 bbls
1000 bbls

Permitted under this Application
Permitted under this Application

1000 bbls

Volume

Water from each Receiving Tanks flows in series through four additional Settling Tanks to remove oil prior to 
discharge in the mechanical oil water separator:

Permitted
Permitted under this Application

Permitted under this Application
1000 bbls Permitted under this Application

The Receiving tanks serve to gravity separate solids and oil from the water.  Solids collect in the bottoms and oil 
floats to the tops of the receiving tanks.
The Receiving Tanks bottoms are solidified and taken to the OCD permitted Landfill.

Permitted under this Application
1000 bbls Permitted under this Application
1000 bbls

Permitted under this Application
1000 bbls
1000 bbls

Permitted under this Application
1000 bbls
1000 bbls
1000 bbls

1000 bbls
1000 bbls
1000 bbls

1000 bbls

Permitted under this Application
Permitted under this Application

1000 bbls
1000 bbls

1000 bbls
1000 bbls

Permitted under this Application
Permitted under this Application
Permitted under this Application
Permitted under this Application
Permitted under this Application
Permitted under this Application
Permitted under this Application
Permitted under this Application
Permitted under this Application

Permitted under this Application
Permitted under this Application
Permitted under this Application

Tank Capacity Calculations
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S-6D
S-7A
S-7B
S-7C
S-7D
S-8A
S-8B
S-8C
S-8D
S-9A
S-9B
S-9C
S-9D
S-10A
S-10B
S-10C
S-10D
S-11A
S-11B
S-11C
S-11D
S-12A
S-12B
S-12C
S-12D

i.

ii. 
iii.

C. The separated oil flows into one of five heated Crude Oil Receiving Tanks:
Proposed Tank No.

C-1
C-2
C-3
C-4
C-5

i.
ii. 
iii.
iv.

D.
Proposed Tank No.

D-1
D-2
D-3
D-4

i.
ii. 
iii.

E. Proposed Pond No.
P-1

The DAF Units are situated on the lined Evaporation Pond berm in a location where any leackage would drain 
The DAF use air bubles to lift any remaining oil from the water prior to dischage into one of four Ponds.
The oil containing foam generated by the DAF is collected and discharged into the Crude Oil Receiving Tanks for 
further processing.

10 bbls Permitted under this Application
10 bbls Permitted under this Application
10 bbls Permitted under this Application

1000 bbls Permitted under this Application

Volume

1000 bbls Permitted under this Application

Permitted under this Application
1000 bbls Permitted under this Application

1000 bbls Permitted under this Application
1000 bbls Permitted under this Application

Volume Permitted
10 bbls Permitted under this Application

Permitted under this Application

Permitted under this Application

Permitted

1000 bbls Permitted under this Application
1000 bbls

1000 bbls Permitted under this Application
1000 bbls Permitted under this Application

The water from the Settling Tanks is discharged through one of up to four Dissolved Air Floatation (DAF) Units. 

73,700 bbls 

The Crude Oil Receiving Tanks are interconnected at the top of the tanks for oil removal.

Storage Volume

1000 bbls

Permitted
Permitted under this Application

The Crude Oil Receiving Tanks are set inside the proposed lined containment berm.

Permitted under this Application
Permitted under this Application

1000 bbls

1000 bbls
1000 bbls
1000 bbls
1000 bbls

1000 bbls
1000 bbls
1000 bbls
1000 bbls
1000 bbls

Permitted under this Application

Permitted under this Application

Permitted under this Application

1000 bbls

Permitted under this Application
Permitted under this Application

Permitted under this Application

Permitted under this Application
Permitted under this Application
Permitted under this Application

1000 bbls
1000 bbls

The Settling Tanks increase the detention time available to provide additional gravity separation of oil from the 
water, 
The Settling Tank bottoms are taken to the Stabilization/Solidification Area.
The Settling Tanks are set on gravel or sand pads on top of a lined bermed impermeable pad.

Permitted under this Application
Permitted under this Application
Permitted under this Application

1000 bbls
1000 bbls
1000 bbls Permitted under this Application

1000 bbls Permitted under this Application
Permitted under this Application

1000 bbls Permitted under this Application
1000 bbls

1000 bbls Permitted under this Application

Water recovered from the Crude Oil Receiving Tanks is redirected to the Produced Water Receiving Tanks.
Sludges recovered from the Crude Oil Receiving Tanks are stabilized, solidified and sent for landfill disposal.
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P-2
P-3
P-4
P-5
P-6
P-7
P-8
P-9
P-10
P-11
P-12

i. Surface aeration and bleach are used to maintain water chemistry parameters:
:O2 at or above 0.5 ppm one foot off the bottom of the pond.

:pH above 8
ii. H2S monitors are placed around the pond covering the four major points on the compass. 
iii. The H2S monitors continually monitor the ambient air.
iv. Two chlorine monitors are placed around the ponds covering the North and West borders.
v. Treatment capacity of each Pond is 73,994 bbls (~9.5 acre feet)
vi. 3.5 Feet of Freeboard is proposed, storage volume does include freeboard
vii. Volume including freeboard is 122,640 bbls (15.76 acre-feet)per pond
viii. Inside grade shall be no steeper than 3H:1V
ix. Levees shall have an outside grade no steeper than 3H:1V
x. 

xi. Liner seams shall be minimized and oriented up and down, not across a slope
Each pond shall have a:
:primary liner (60-mil HDPE liner, UV resistant)
:secondary liner (60-mil HDPE liner, UV resistant)

xii. Slope shall be 2% (2 ft V for 100 ft H)
xiii. A mechanical evaporation system shall be installed in each pond to enhance evaporation.
xiv. Approximate size of each pond is 200 x 420 feet x 7.6 feet deep

F. Bleach for H2S management is stored in two proposed chemical tanks:
Proposed Tank No.

B-1
B-2

i. 
ii.

G. Water from Pond 1 (P-1) is:
i. Pumped through lines to floating evaporators in Ponds 2, 3, and 4 (P-2, P-3, P-4).
ii. Three floating evaporators are situated in each Pond.
iii. Water that does not evaporate from Ponds 2, 3, or 4 is pumped to floating evaporators in Ponds 5 and 6.
iv. Water that does not evaporate from Ponds 5 and 6 is pumped to floating evaporators in Ponds 7 and 8.
v. Water that does not evaporate from Ponds 7 and 8 is pumped to floating evaporators in Ponds 9 and 10.

H.

Proposed Pit No.
J-1

Proposed Tank No.
WW-1
FW-1

1000 bbls

73,700 bbls Permitted under this Application

The Jet-Out Pit receives discharges from tankers bringing oil contaminated drilling mud, BS&W, tank bottoms and 
washout from tank cleanings. 

Permitted under this Application

73,700 bbls 

Levees’ tops shall be wide enough to install an anchor trench and provide adequate room for 
inspection/maintenance.  

73,700 bbls 

73,700 bbls 

Permitted

Permitted

Volume

73,700 bbls Permitted under this Application

60 bbls Permitted under this Application
Permitted under this Application

Permitted under this Application
73,700 bbls Permitted under this Application

Permitted under this Application

73,700 bbls Permitted under this Application

73,700 bbls Permitted under this Application
73,700 bbls Permitted under this Application

73,700 bbls Permitted under this Application
73,700 bbls Permitted under this Application

Permitted under this Application

Volume

Permitted

1000 bbls Permitted under this Application
1000 bbls

60 bbls

The Bleach is pumped through lines to discharge points in each of the ponds.
The Chemical Tanks are set on a bermed concrete pad that drains into the pond.

Permitted under this Application
Volume
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i.

ii.

ii. Oil from the Jet-Out Pit is transferred through a line to the Crude Oil Receiving Tanks for further Processing..
iii. Water from the Jet-Out Pit is transferred through a line to the Produced Water Receiving Tanks for processing.
iv.

I.

Proposed Tank No.
S-1
S-2
S-3
S-4
S-5

i. 
ii. 

1000 bbls Permitted under this Application
1000 bbls Permitted under this Application

1000 bbls
1000 bbls
1000 bbls Permitted under this Application

Wash-Water for the Jet-Out Pit is recycled through a line from Pond-10 to WW-1.  A pump connected to WW-1 
pumps the water through a line to one of six wash-out stations for use cleaning the tankers.
Fresh-Water for the Jet-Out Pit is  discharged from the water supply through an air gap into FW-1.  A pump 
connected to FW-1 pumps the water through a line to one of six wash-out stations for use cleaning the tanks.

Sludges and sediments from the Jet Out Pit is removed with a bucket loader and transferred to the waste 
stabilization area for stabilization, solidification and disposal.

Oil is removed from the Oil Sales tank to a tanker at the Oil Sales Load-Out

Volume

Oil from the Crude Oil Receiving Tanks C1-C5 completed the dewatering process with the finished product 
transferred to the Oil Sales Tanks.

Permitted under this Application
Permitted under this Application

The proposed Oil Sales Tanks are set inside the lined berm next to the Crude Oil Receiving Tanks.

Permitted
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HANDBOOK OF PVC PIPE 

PVC PIPE DIMENSIONS 

Outside Diameters 
Nominal Wall Thickness Tolerance 
Pipe Size Mimmum Tolerance Average OD Average Out·of·Roundncss 

ASTM D 1785, PVC PIPE, SCHEDULE .40 
1 . 0.133 +0.020 1. 31 s ±0.005 ±0.010 
}v,; 0.140 +0.020 1.660 ±0.005 ±0.012 
1 Y2 0.145 +0.020 1.900 ±0.006 ±0.012 
2 0.154 +0.020 2.375 ±0.006 ±0.012 

· 7Yz 0.203 . +0.024 · 2.~75 ±0.007 ±0'.0 15 
3 0.2f6 . +0.026 . 3.50'0 '±0.'008 ±0.015 
3Yz 0.226 +0.027 4.000 ±0.008 ±0.050 
4 0.237 +0.028 4.500 ±0.009 ±0.050 
5 0.258 +0.031 5.563 ±0.010 ±0.050 
6 · 0.280 +0.034 6.625 ±0.011 ±0.050 . 
8 0.322 +0.039 8.625 ±0.01 5 ±0.075 

10 0.365 +0.044 10.750 ±0.015 ±0.075 
12 0.406 +0.049 12.750 ±0.015 ±0.075 

ASTM D 1785, PVC PIPE, SCHEDULE 80 
1 0.179 +0.021 1.315 ±0.005 ±0.010 
1 ~ 0.191 +0.023 1.~q0 ±0.005 ±0.01 2 
1~ 0.200 +0.024 1.900 ±0.006 ±0.012 
2 0.218 +0.026 2.375 ±0.006 ±0.0 12 
2~ 0.276 +0.033 2.875 ±0.007 ±0.015 
3 0.300 +0.036 3.500 ±0.008 ±0.015 
3!h 0.318 +0.038 4.000 ±0.008 ±0.015 

• I ~ 0.33:Z ±Q,Q~Q 4,~QQ ±0.009 ±~.~Is I 
5 . 0.375 +0.045 5.563" ±0.010 ±0.030 

• I § 0.432 +O.Q5'2 5.5~5 ±0.01 ]' !O.tJ351 
8 0.500 +0.060 8.625 ±0.015 ±0.075 

10 0.593 +0.071 10.750 ±0.015 ±0.075 
•112 0,687 ±Q.082 . 12,750 ±O.OlS ±0.0751 

ASTM D 2241, PVC PIPE (SDR~PR), SDR 21 (200) 
1 0.063 +0.020 1.315 ±0.005 ±0.015 
11.4 0.079 +0.020 1.660 ±0.005 ±0_.015 
l!h 0.090 +0.020 1.900 ±0.006 ±0.030 
2 0.113 +0.020 2 .375 ±0.006 ±0.030 
2!h 0.137 +0.020 2.875 ±0.007 ±0.030 
3 0.1 67 +0.020 3.500 ±0.008 ±0.030 
3!h 0. 190 +0.023 4.000 ±0.008 ±0.050 
4 0.214 +0.026 4.500 ±0.009 ±0.050 
5 0.265 +0.032 5.563 ±0.010 ±0.050 

·un 
.. ............ ~···--.··· ··-··--··· .... .._,. 



Nominal SDR lb. per kg. per
in. in. mm. in. mm. in. mm. foot meter

7 2.44 61.98 0.500 12.70 2.047 3.047
7.3 2.48 63.08 0.479 12.18 1.978 2.943
9 2.68 67.96 0.389 9.88 1.656 2.464

9.3 2.70 68.63 0.376 9.56 1.609 2.395
11 2.83 71.77 0.318 8.08 1.387 2.065

3 3.500 88.90 11.5 2.85 72.51 0.304 7.73 1.333 1.984
13.5 2.95 74.94 0.259 6.59 1.153 1.716
15.5 3.02 76.74 0.226 5.74 1.015 1.511
17 3.06 77.81 0.206 5.23 0.932 1.386
21 3.15 79.93 0.167 4.23 0.764 1.136
26 3.21 81.65 0.135 3.42 0.623 0.927

7 3.14 79.68 0.643 16.33 3.384 5.037
7.3 3.19 81.11 0.616 15.66 3.269 4.865
9 3.44 87.38 0.500 12.70 2.737 4.073

9.3 3.47 88.24 0.484 12.29 2.660 3.958
11 3.63 92.27 0.409 10.39 2.294 3.413

4 4.500 114.30 11.5 3.67 93.23 0.391 9.94 2.204 3.280
13.5 3.79 96.35 0.333 8.47 1.906 2.836
15.5 3.88 98.67 0.290 7.37 1.678 2.497
17 3.94 100.05 0.265 6.72 1.540 2.292
21 4.05 102.76 0.214 5.44 1.262 1.879
26 4.13 104.98 0.173 4.40 1.030 1.533

32.5 4.21 106.84 0.138 3.52 0.831 1.237

7 3.88 98.51 0.795 20.19 5.172 7.697
7.3 3.95 100.27 0.762 19.36 4.996 7.435
9 4.25 108.02 0.618 15.70 4.182 6.224

9.3 4.29 109.09 0.598 15.19 4.065 6.049
11 4.49 114.07 0.506 12.85 3.505 5.216

5 5.563 141.30 11.5 4.54 115.25 0.484 12.29 3.368 5.012
13.5 4.69 119.11 0.412 10.47 2.912 4.334
15.5 4.80 121.97 0.359 9.12 2.564 3.816
17 4.87 123.68 0.327 8.31 2.353 3.502
21 5.00 127.04 0.265 6.73 1.929 2.871
26 5.11 129.78 0.214 5.43 1.574 2.343

32.5 5.20 132.08 0.171 4.35 1.270 1.890

7 4.62 117.31 0.946 24.04 7.336 10.917
7.3 4.70 119.41 0.908 23.05 7.086 10.545
9 5.06 128.64 0.736 18.70 5.932 8.827

9.3 5.11 129.92 0.712 18.09 5.765 8.579
11 5.35 135.84 0.602 15.30 4.971 7.398

6 6.625 168.28 11.5 5.40 137.25 0.576 14.63 4.777 7.109
13.5 5.58 141.85 0.491 12.46 4.130 6.147
15.5 5.72 145.26 0.427 10.86 3.637 5.413
17 5.80 147.29 0.390 9.90 3.338 4.967
21 5.96 151.29 0.315 8.01 2.736 4.072
26 6.08 154.55 0.255 6.47 2.233 3.322

32.5 6.19 157.30 0.204 5.18 1.801 2.680

Weight

Table A-2 (cont'd)
PIPE WEIGHTS AND DIMENSIONS (IPS)

PE3608 (BLACK)

Actual
OD Nominal ID Minimum Wall

 
See ASTM D3035, F714 and AWWA C-901/906 for OD and wall thickness tolerances. 
Weights are calculated in accordance with PPI TR-7. 
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Nominal SDR lb. per kg. per
in. in. mm. in. mm. in. mm. foot meter

7 6.01 152.73 1.232 31.30 12.433 18.503
7.3 6.12 155.45 1.182 30.01 12.010 17.872
9 6.59 167.47 0.958 24.34 10.054 14.962

9.3 6.66 169.14 0.927 23.56 9.771 14.541
11 6.96 176.85 0.784 19.92 8.425 12.538

8 8.625 219.08 11.5 7.04 178.69 0.750 19.05 8.096 12.049
13.5 7.27 184.67 0.639 16.23 7.001 10.418
15.5 7.45 189.11 0.556 14.13 6.164 9.174
17 7.55 191.76 0.507 12.89 5.657 8.418
21 7.75 196.96 0.411 10.43 4.637 6.901
26 7.92 201.21 0.332 8.43 3.784 5.631

7 7.49 190.35 1.536 39.01 19.314 28.743
7.3 7.63 193.75 1.473 37.40 18.656 27.764
9 8.22 208.73 1.194 30.34 15.618 23.242

9.3 8.30 210.81 1.156 29.36 15.179 22.589
11 8.68 220.43 0.977 24.82 13.089 19.478

10 10.750 273.05 11.5 8.77 222.71 0.935 23.74 12.578 18.717
13.5 9.06 230.17 0.796 20.23 10.875 16.184
15.5 9.28 235.70 0.694 17.62 9.576 14.251
17 9.41 239.00 0.632 16.06 8.788 13.078
21 9.66 245.48 0.512 13.00 7.204 10.721
26 9.87 250.79 0.413 10.50 5.878 8.748

32.5 10.05 255.24 0.331 8.40 4.742 7.058

7 8.89 225.77 1.821 46.26 27.170 40.433
7.3 9.05 229.80 1.747 44.36 26.244 39.056
9 9.75 247.57 1.417 35.98 21.970 32.695

9.3 9.84 250.03 1.371 34.82 21.353 31.777
11 10.29 261.44 1.159 29.44 18.412 27.400

12 12.750 323.85 11.5 10.40 264.15 1.109 28.16 17.693 26.330
13.5 10.75 272.99 0.944 23.99 15.298 22.767
15.5 11.01 279.56 0.823 20.89 13.471 20.047
17 11.16 283.46 0.750 19.05 12.362 18.397
21 11.46 291.16 0.607 15.42 10.134 15.081
26 11.71 297.44 0.490 12.46 8.269 12.305

32.5 11.92 302.73 0.392 9.96 6.671 9.928

7 9.76 247.90 2.000 50.80 32.758 48.750
7.3 9.93 252.33 1.918 48.71 31.642 47.089
9 10.70 271.84 1.556 39.51 26.489 39.420

9.3 10.81 274.54 1.505 38.24 25.745 38.313
11 11.30 287.07 1.273 32.33 22.199 33.036

14 14.000 355.60 11.5 11.42 290.05 1.217 30.92 21.332 31.746
13.5 11.80 299.76 1.037 26.34 18.445 27.449
15.5 12.09 306.96 0.903 22.94 16.242 24.170
17 12.25 311.25 0.824 20.92 14.905 22.181
21 12.59 319.70 0.667 16.93 12.218 18.183
26 12.86 326.60 0.538 13.68 9.970 14.836

32.5 13.09 332.40 0.431 10.94 8.044 11.970

Actual
OD Nominal ID Minimum Wall

Table A-2 (cont'd)

Weight

PIPE WEIGHTS AND DIMENSIONS (IPS)
PE3608 (BLACK)

 
See ASTM D3035, F714 and AWWA C-901/906 for OD and wall thickness tolerances. 
Weights are calculated in accordance with PPI TR-7. 

 
 A-5 

PolyPipe 09/08 

pgonzales
Highlight

pgonzales
Highlight

pgonzales
Highlight



 
 

APPLICATION FOR PERMIT 
DNCS ENVIRONMENTAL SOLUTIONS 

 
VOLUME III:  ENGINEERING DESIGN AND CALCULATIONS 

SECTION 1:  ENGINEERING DESIGN 
 

 

 

 

 

 

 

 

 

 

ATTACHMENT III.1.H 

TECHNICAL DATA AND SPECIFICATIONS FOR XR GEOMEMBRANES 

P:\FILES\542.01.01\PermitApp\Volume III\III.1-EngDesign\DNCS III.1-EngineeringDesign_Nov 2013.doc  



Technical Data and Specifications 
for

Copyright 2007

XR-3®

XR-5®

XR-3® PW

Industrial, Municipal and Potable Water 
Grade Geomembranes

XR® Geomembranes

1000 Venture Blvd.
Wooster, Ohio 44691

(330) 262-1111
www.xr-5.com



Section 1: Product Overview/Applications
Product Application Chart

Section 2: Physical Properties
Part 1: Material Specifications

8130/8138 XR-5
6730 XR-5
8228 XR-3
8130 XR-3 PW

Part 2: Elongation Properties
8130/8138 XR-5
6730 XR-5
8228 XR-3

Section 3: Chemical/Environmental Resistance
Part 1: Chemical Resistance
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Section 1 - Product Overview/Applications

• All XR Geomembrane products are classified as an Ethylene Interpolymer Alloy (EIA)

• XR-5 grade is high strength and chemically resistant for maximum resistance 
to high temperature, and broad chemical resistance, including acids, oils and methane

• XR-3 grade for moderate chemical resistant requirement applications such as 
stormwater and domestic wastewater

• NSF 61 approved XR-3 PW grade for potable water contact

• Heat weldable-thermal weldable for seams as strong as the membrane. Factory 
panels over 15,000 square feet (1400 sq meters) for less field seaming

• Stability is excellent, with low thermal expansion-contraction properties

• 30+ year application history

Seaman Corp. XR Geomembranes

8130 8138 6730 8228 8130

X X X X

X X X X X

X X X X

X X X X

X X X

X X X

X X X X

X X X X

X X X

X

Contact  Seaman Corp.  

X X X

XR-5 XR-3 XR-3 PW

High Puncture
Resistance

UV Resistance

High Strength
Applications

Floating Covers
(Nonpotable)

Diesel/Jet Fuel
Containment

Industrial
Wastewater

Stormwater

Municipal/Domestic
Wastewater

Floating Diversion
Baffles/Curtains

Potable Water

<-65 Deg F
Applications

Chemically
Resistant
Applications

XR-5® is a registered trademark of Seaman Corporation
XR-3® is a registered trademark of Seaman Corporation
XR® is a registered trademark of Seaman Corporation

Product Application Chart
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Part 2 - Elongation Properties Test

8130 XR-5
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Part 2 - Elongation Properties Test

8228 XR-3
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Section 3 - Chemical/Environmental Resistance

Part 1 - XR-5® Fluid Resistance Guidelines
The data below is the result of laboratory tests and is intended to serve only as a guide. No performance warranty is
intended or implied. The degree of chemical attack on any material is governed by the conditions under which it is
exposed. Exposure time, temperature, and size of the area of exposure usually varies considerably in application,
therefore, this table is given and accepted at the user's risk. Confirmation of the validity and suitability in specific
cases should be obtained. Contact a Seaman Corporation Representative for recommendation on specific applications.

When considering XR-5 for specific applications, it is suggested that a sample be tested in actual service before 
specification. Where impractical, tests should be devised which simulate actual service conditions as closely as possible.

AFFF
Acetic Acid (5%)
Acetic Acid (50%)
Ammonium Phosphate
Ammonium Sulfate
Antifreeze (Ethylene Glycol)
Animal Oil
Aqua Regia
ASTM Fuel A (100% Iso-Octane)
ASTM Oil #2 (Flash Pt. 240º C)
ASTM Oil #3
Benzene
Calcium Chloride Solutions
Calcium Hydroxide
20% Chlorine Solution
Clorox
Conc. Ammonium Hydroxide
Corn Oil
Crude Oil
Diesel Fuel
Ethanol
Ethyl Acetate
Ethyl Alcohol
Fertilizer Solution
#2 Fuel Oil
#6 Fuel Oil
Furfural
Gasoline
Glycerin
Hydraulic Fluid- Petroleum Based
Hydraulic Fluid- Phosphate 

Ester Based
Hydrocarbon Type II (40% Aromatic)
Hydrochloric Acid (50%)
Hydrofluoric Acid (5%)
Hydrofluoric Acid (50%)
Hydrofluosilicic Acid (30%)
Isopropyl Alcohol
Ivory Soap
Jet A

JP-4 Jet Fuel
JP-5 Jet Fuel
JP-8 Jet Fuel
Kerosene
Magnesium Chloride
Magnesium Hydroxide
Methanol
Methyl Alcohol
Methyl Ethyl Ketone
Mineral Spirits
Naphtha
Nitric Acid (5%)
Nitric Acid (50%)
Perchloroethylene
Phenol
Phenol Formaldehyde
Phosphoric Acid (50%)
Phosphoric Acid (100%)
Phthalate Plasticizer
Potassium Chloride
Potassium Sulphate
Raw Linseed Oil
SAE-30 Oil
Salt Water (25%)
Sea Water
Sodium Acetate Solution
Sodium Bisulfite Solution
Sodium Hydroxide (60%)
Sodium Phosphate
Sulphuric Acid (50%)
Tanic Acid (50%)
Toluene
Transformer Oil
Turpentine
Urea Formaldehyde
UAN 
Vegetable Oil
Water (200ºF)
Xylene
Zinc Chloride

A
A
A
A
T
T
A
A
X
A
A
B
C
C
X
B
A
C
C
T
T
A
A
B
A
T
T
A
T
A
A
C
A
A
A
A
A
A
X
T

A
B
C
T
T
A
A
X
A
A
A
X
T
T
A
A
A
A
A
A
A
C
A
A
A
A
X
B
A
A

C
C
A
A
A
A
T
A
A

EXPOSURE RATING EXPOSURE RATING

Ratings are based on visual and physical examination of samples after removal from the test chemical after the samples of Black XR-5
were immersed for 28 days at room temperature. Results represent ability of material to retain its performance properties when in
contact with the indicated chemical.

Rating Key:
A – Fluid has little or no effect
B – Fluid has minor to moderate effect
C – Fluid has severe effect
T – No data - likely to be acceptable
X – No data - not likely to be acceptable
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Vapor Transmission Data

Tested according to ASTM D814-55 Inverted Cup Method
Perhaps a more meaningful test is determination of the diffusion rate of the liquid through the membrane.  The
vapor transmission rate of Style 8130 XR-5® to various chemicals was determined by the ASTM D814-55 inverted
cup method. All tests were run at room temperature and results are shown in the table.

Note:  The tabulated values are measured Vapor Transmission Rates (VTR). Normal soil testing methods to determine permeability are
impractical for synthetic membranes. An "equivalent hydraulic" permeability coefficient can be calculated but is not a direct units con-
version. Contact Seaman Corporation for additional technical information.

8130 XR-5 Black 
Chemical g/hr/m2

Water
#2 Diesel Fuel
Jet A
Kerosene
Hi-Test Gas
Ohio Crude Oil
Low-Test Gas
Raw Linseed Oil
Ethyl Alcohol
Naphtha
Perchlorethylene
Hydraulic Fluid
100% Phosphoric Acid
50% Phosphoric Acid
Ethanol (E-96)
Transformer Oil
Isopropyl Alcohol
JP4 (E-96)
JP8 (E-96)
Fuel B (E-96)
Fuel C (E-96)

0.11
0.03
0.11
0.15
1.78
0.03
5.25
0.01
0.23
0.33
38.58
0.006
7.78
0.43
0.65
0.005
0.44
0.81
0.42
6.28
7.87

Seam Strength

Style 8130 XR-5 Black Seam Strength After Immersion
Two pieces of Style 8130 were heat sealed together (seam width 1 inch overlap) and formed into a bag. Various
oils and chemicals were placed in the bags so that the seam area was entirely covered. After 28 days at room
temperature, the chemicals were removed and one inch strips were cut across the seam and the breaking
strength immediately determined. Results are listed below.

Even though 1-inch overlap seams are used in the tests to study the accelerated effects, it is recommended that
XR-5 be used with a 2-inch nominal overlap seam in actual application. In some cases where temperatures exceed
160ºF and the application demands extremely high seam load, it may be necessary to use a wider width seam.

Chemical
None
Kerosene
Ohio Crude Oil
Hydraulic Fluid- Petroleum Based
Toluene
Naphtha
Perchloroethylene

Seam Strength
340 Lbs. Fabric Break- No Seam Failure
355 Lbs. Fabric Break- No Seam Failure
320 Lbs. Fabric Break- No Seam Failure
385 Lbs. Fabric Break- No Seam Failure
0 Lbs. Adhesion Failure
380 Lbs. Fabric Break- No Seam Failure
390 Lbs. Fabric Break- No Seam Failure
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Long Term Seam Adhesion

11 Years Immersion
ASTM D 751
Lbs./In.
Seam samples of 8130 XR-5® were dielectrically welded together and totally immersed in the liquids for 11
years. The samples were taken out, dried for 24 hours and visually observed for any signs of swelling, cracking,
stiffening or degradation of the coating. The coating showed no appreciable degradation and no stiffening,
swelling, cracking or peeling. 

The adhesion, or resistance to separation of the coating from the base cloth, was then measured by ASTM D
751. Results show 8130 XR-5 maintains seam strength over this long period (11 years).

*The naphtha sample was sticky.

We believe this information is the best currently available on the subject. We offer it as a suggestion in any appropriate 
experimentation you may care to undertake.  It is subject to revision as additional knowledge and experience are gained.  
We make no guarantee of results and assume no obligation or liability whatsoever in connection with this information.

Control Crude Oil JP-4 Jet Fuel Diesel Fuel Kerosene Naphtha
8130 XR-5 20+ 18 33 25 40 33*

Values in lbs./in.
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Fuel Compatibility - Long Term Immersion

Test: Samples of 8130 XR-5® Black were immersed in Diesel Fuel, JP-4 Jet Fuel, Crude Oil, Kerosene, 
and Naphtha for 6 1/2 years.

The samples were then taken out of the test chemicals, blotted and dried for 24 hours. The samples 
were observed for blistering, swelling, stiffening, cracking or delamination of the coating from the fiber.

Results: It was found in all cases that the 8130 XR-5, after immersion for six years, maintained its strength 
and there was no evidence of blistering, swelling, stiffening, cracking or delamination. 

The strip tensile strength, or breaking strength, of the samples was measured after six years of 
immersion and the following are the results.

XR-3 Chemical Resistance Statement (Summary)

XR-3® is recommended for moderate chemical resistant applications such as stormwater and municipal 
wastewater and is not recommended for prolonged contact with pure solutions. XR-3 PW® membranes are 
recommended only for contact with drinking water and are resistant to low levels of chlorine found in 
drinking water. XR-5 has a broad range of chemical resistance which is detailed in this section.

450
405 410 410 400

430
400

400

350

300

250

200

150

100

Load, lbs/in

XR-5 BREAKING STRENGTH
ASTM D 751, Procedure B

Control Crude Oil JP-4
Jet Fuel

Diesel
Fuel Kerosene Naphtha
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Part 2:  XR-5® Comparative Chemical Resistance

Chemical Resistance Chart
Comparative Chemical Resistance

XR-5 HDPE PVC Hypalon Polypropylene

Kerosene A B C C C

Diesel Fuel A A C C C

Acids (General) A A A B A

Naphtha A A C B C

Jet Fuels A A C B C

Saltwater, 160° F A A C B A

Crude Oil A B C B C

Gasoline B B C C C

A= Excellent B= Moderate C= Poor

Source: Manufacturer’s Literature

XR-5 data based on conditions detailed in Section 3, Part 1. 

Part 3: Weathering Resistance

Accelerated Weathering Test
XR-5 has been tested in the carbon arc weatherometer for over 10,000 hours of exposure and in the Xenon
weatherometer for over 12,000 hours of exposure. The sample showed no loss in flexibility and no significant
color change. Based on field experience of Seaman Corporation products and similar weatherometer exposure
tests, XR-5 should have an outdoor weathering life significantly longer than competitive geomembranes,
particularly in tropical or subtropical applications.

EMMAQUA Testing: ASTM E-838-81 was performed on a modified form of XR-5, FiberTite, used in the single-ply
roofing industry. After 3 million Langleys in Arizona, no signs of degradation were noted with no evidence of
cracking, blistering, swelling or adhesion delamination failure of the coating.

Natural Exposure
After over 17 years as a holding basin at a large oil company in the Texas desert, XR-5 showed no signs of
environmental stress cracking, thermal expansion/contraction, or low yield strength problems. Temperature
ranges from near zero to over 100º F.

In service approximately 17 years in a solar pond application at a research facility in Ohio, UV exposed samples,
as well as immersed samples, retained over 90% of the tensile strength. Examination of the material determined
there was little effect on the coating compound. The solar pond was exposed to temperatures from below zero
to over 100° F.

XR5 was exposed for 121/2 years in Sarasota, Florida, on a weathering rack, facing the southern direction at 45°.
No significant color loss, cracking, crazing, blistering, or adhesion delamination failure of the coating was noted.
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Section 4 - Comparative Physical Properties

XR-5/HDPE Comparative Properties

Section 4 - Comparative Physical Properties

XR-5/HDPE Comparative Properties

Puncture Resistance

1. ASTM D 751, Screwdriver Tip, 45º Angle
(Room Temperature) Puncture Resistance,
XR5 vs. HDPE

2. FED-STD-101C Method 2065 (Room
Temperature)*

3. FED-STD-101C Method 2065 (70ºC)*
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4. FED-STD-101C Method 2065 (100ºC)*

5. ASTM D 751 Ball Burst Puncture

Yield Strength

1. Yield Strength, XR-5 vs. HDPE

Test Method:  Grab Tensile, ASTM 
D 751, 70º C

* Data provided by E.I. DuPont de Nemours & Co.
Wilmington, Delaware

GSE is a registered trademark of GSE Lining 
Technology, Inc. 
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2. Strip Tensile, ASTM D 751, Room
Temperature*

3. Strip tensile, ASTM D 751, 70ºC*

* Data provided by E.I. DuPont de Nemours & Co.
Wilmington, Delaware

GSE is a registered trademark of GSE Lining 
Technology, Inc. 
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Tear Strength

1. Tongue Tear (8" x 10" Specimens),
ASTM D 751, Room Temperature*
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1. Graves Tear, ASTM D 624, Die C,
Room Temperature*

2. Graves Tear, ASTM D 624, Die C,
70ºC*
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ASTM D 751 Grab Tensile Strength
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Specification For Geomembrane Liner
(Sample specification: 8130 XR-5®. For other product specifications, go to www.xr-5.com)

General
1.01 Scope Of Work
Furnish and install flexible membrane lining in the areas shown on the drawings.  All work shall be done in
strict accordance with the project drawings, these specifications and membrane lining fabricator's approved
shop drawings.

Geomembrane panels will be supplied sufficient to cover all areas, including appurtenances, as required in the
project, and shown on the drawings.  The fabricator/installer of the liner shall allow for shrinkage and wrinkling
of the field panels.

1.02 Products
The lining material shall be 8130 XR-5 as manufactured by Seaman Corporation (1000 Venture Boulevard,
Wooster, OH  44691; 330-262-1111), with the following physical specifications:

Base- (Type) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Polyester

Fabric Weight (ASTM D 751)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6.5 oz./sq. yd.

Finished Coated Weight (ASTM D 751)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30 ± 2 oz./sq. yd.

Trapezoid Tear (ASTM D 751)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40/55 lbs. min.

Grab Yield Tensile (ASTM D 751, Grab Method Procedure A)  . . . . . . . . . . . .550/550 lbs. min.

Elongation @ Yield (%)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20% min.

Adhesion- Heat Seam (ASTM D 751, Dielectric Weld)  . . . . . . . . . . . . . . . . . . .40 lbs./2in. weld min.

Adhesion- Ply (ASTM D 413, Type A)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15 lbs./in. or film tearing bond

Hydrostatic Resistance (ASTM D 751, Method A)  . . . . . . . . . . . . . . . . . . . . . .800 psi min.

Puncture Resistance (ASTM D 4833)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .275 lbs. min.

Bursting Strength (ASTM D 751 Ball Tip)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .750 lbs. min.

Dead Load (ASTM D 751) Room Temperature  . . . . . . . . . . . . . . . . . . . . . . . .220 lbs. min.
(2" overlap seam, 4 hours) 160ºF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .120 lbs. min.

Bonded Seam Strength  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .575 lbs. min.
(ASTM D 751 Grab Test Method, Procedure A)

Low Temperature (ASTM D 2136, 4 hours- 1/8" Mandrel)  . . . . . . . . . . . . . . .Pass @ -30ºF

Weathering Resistance ASTM G 153 Carbon Arc  . . . . . . . . . . . . . . . . . . . . . . .8,000 hours min.
With no appreciable changes or stiffening or
cracking of coating

Dimensional Stability (ASTM D 1204, 212ºF 1 Hour, Each Direction)  . . . . . . .0.5% max.

Water Absorption (ASTM D 471, 7 Days)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.025 kg/m2 max. @ 70ºF
0.14 kg/m2 max. @ 212ºF

Abrasion Resistance ASTM D 3389, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2000 cycles before fabric exposure;
H-18 Wheel, 1000 g load  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50 mg/100 cycles max. wgt. Loss

Coefficient of Thermal Expansion/Contraction (ASTM D 696)  . . . . . . . . . . . .8 x 10- 6 in/in/º F max.

1.03 Submittals
The fabricator of panels used in this work shall prepare shop drawings with a proposed panel layout to cover
the liner area shown in the project plans. Shop drawings shall indicate the direction of factory seams and shall
show panel sizes consistent with the material quantity requirements of 1.01.



20

Details shall be included to show the termination of the panels at the perimeter of lined areas, the methods of
sealing around penetrations, and methods of anchoring.

Placement of the lining shall not commence until the shop drawings and details have been approved by the
owner, or his representative.

1.04 Factory Fabrication
The individual XR-5® liner widths shall be factory fabricated into large sheets custom designed for this project so
as to minimize field seaming. The number of factory seams must exceed the number of field seams by a factor
of at least 10.

A two-inch overlap seam done by heat or RF welding is recommended. The surface of the welded areas must be
dry and clean. Pressure must be applied to the full width of the seam on the top and bottom surface while the
welded area is still in a melt-type condition. The bottom welding surface must be flat to insure that the entire
seam is welded properly. Enough heat shall be applied in the welding process that a visible bead is extruded
from both edges being welded.  The bead insures that the material is in a melt condition and a successful
chemical bond between the two surfaces is accomplished.

Two-inch overlapped seams must withstand a minimum of 240 pounds per inch width dead load at 70º F. and
120 pounds per inch width at 160º F. as outlined in ASTM D 751. All seams must exceed 550 lbs. bonded seam
strength per ASTM D 751 Bonded Seam Strength Grab Test Method, Procedure A.

1.05 Inspection And Testing Of Factory Seams
The fabricator shall monitor each linear foot of seam as it is produced. Upon discovery of any defective seam,
the fabricator shall stop production of panels used in this work and shall repair the seam, and determine and
rectify the cause of the defect prior to continuation of the seaming process.

The fabricator must provide a Quality Control procedure to the owner or his representative which details his
method of visual inspection and periodic system checks to ensure leak-proof factory fabrication.    

1.06 Certification and Test Reports
Prior to installation of the panels, the fabricator shall provide the owner, or his representative, with written 
certification that the factory seams were inspected in accordance with Section 1.05.

1.07 Panel Packaging and Storage
Factory fabricated panels shall be accordian-folded, or rolled, onto a sturdy wooden pallet designed to be
moved by a forklift or similar equipment. Each factory fabricated panel shall be prominently and indelibly
marked with the panel size. Panels shall be protected as necessary to prevent damage to the panel during 
shipment.

Panels which have been delivered to the project site shall be stored in a dry area.

1.08 Qualifications of Suppliers
The fabricator of the lining shall be experienced in the installation of flexible membrane lining, and shall 
provide the owner or his representative with a list of not less than five (5) projects and not less than 500,000
square feet of successfully installed XR-5 synthetic lining. The project list shall show the name, address, and
telephone number of an appropriate party to contact in each case. The manufacturer of the sheet goods shall
provide similar documentation with a 10 million square foot minimum, with at least 5 projects demonstrating
10+ years service life.

The installer shall provide similar documentation to that required by the fabricator.

1.09 Subgrade Preparation By Others
Lining installation shall not begin until a proper base has been prepared to accept the membrane lining. Base
material shall be free from angular rocks, roots, grass and vegetation. Foreign materials and protrusions shall be
removed, and all cracks and voids shall be filled and the surface made level, or uniformly sloping as indicated
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on the drawings.  The prepared surface shall be free from loose earth, rocks, rubble and other foreign matter.
Generally, no rock or other object larger than USCS sand (SP) should remain on the subgrade in order to provide
an adequate safety factor against puncture. Geotextiles may be used to compensate for irregular subgrades.
The subgrade shall be uniformly compacted to ensure against settlement. The surface on which the lining is to
be placed shall be maintained in a firm, clean, dry and smooth condition during lining installation.

1.10 Lining Installation
Prior to placement of the liner, the installer will indicate in writing to the owner or his representative that he
believes the subgrade to be adequately prepared for the liner placement.

The lining shall be placed over the prepared surface in such a manner as to assure minimum handling. The
sheets shall be of such lengths and widths and shall be placed in such a manner as to minimize field seaming.

In areas where wind is prevalent, lining installation should be started at the upwind side of the project and 
proceed downwind. The leading edge of the liner shall be secured at all times with sandbags or other means
sufficient to hold it down during high winds.

Sandbags or rubber tires may be used as required to hold down the lining in position during installation.
Materials, equipment or other items shall not be dragged across the surface of the liner, or be allowed to slide
down slopes on the lining. All parties walking or working upon the lining material shall wear soft-sole shoes.

Lining sheets shall be closely fit and sealed around inlets, outlets and other projections through the lining.
Lining to concrete seals shall be made with a mechanical anchor, or as shown on the drawings. All piping, 
structures and other projections through the lining shall be sealed with approved sealing methods.

1.11 XR-5 Field Seaming
All requirements of Section 1.04 and 1.05 apply. A visible bead should be extruded from the hot air welding
process.

Field fabrication of lining material will not be allowed.

1.12 Inspection
All field seams will be tested using the Air Lance Method. A compressed air source will deliver 55 psi minimum
to a 3/16 inch nozzle. The nozzle will be directed to the lip of the field seam in a near perpendicular direction
to the length of the field seam. The nozzle will be held 4 inches maximum from the seam and travel at a rate
not to exceed 40 feet per minute. Any loose flaps of 1/8" or greater will require a repair.

Alternatively all field seams should also be inspected utilizing the Vacuum Box Technique as described in
Standard Practice for Geomembrane Seam Evaluation by Vacuum Chamber (ASTM D 5641-94 (2006)), using a 3
to 5 psi vacuum pressure. All leaks shall be repaired and tested.

All joints, on completion of work, shall be tightly bonded. Any lining surface showing injury due to scuffing,
penetration by foreign objects, or distress from rough subgrade, shall as directed by the owner or his
representative be replaced or covered, and sealed with an additional layer of lining of the proper size, in
accordance with the patching procedure.

1.13 Patching
Any repairs to the lining shall be patched with the lining material. The patch material shall have rounded 
corners and shall extend a minimum of four inches (4") in each direction from the damaged area.

Seam repairs or seams which are questionable should be cap stripped with a 1" wide (min.) strip of the liner
material. The requirements of Section 1.11 apply to this cap stripping.

1.14 Warranty
The lining material shall be warranted on a pro-rated basis for 10 years against both weathering and chemical
compatibility in accordance with Seaman Corporation warranty for XR-5® Style 8130. A test immersion will be
performed by the owner and the samples evaluated by the manufacturer. Workmanship of installation shall be
warranted for one year on a 100% basis.
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Section 6 - Warranty Information

Warranty
XR-5® is offered with Seaman Corporation standard warranty which addresses weathering and chemical compatibility

for a 10-year period.  A test immersion is required with subsequent testing and approval by Seaman Corporation.

Instructions for XR-5 Test Immersions and Warranty Requests

1. Completely immerse six Style 8130 XR-5 samples (8-1/2" x 11" size) in the liquid to be contained.

2. At the end of approximately thirty days, retrieve three of the samples. The samples should be 
rinsed with fresh water and dried.

3. Send the three samples to:
Attn: Geomembrane Department

Seaman Corporation
1000 Venture Blvd.
Wooster, OH  44691

4. Keep the other three samples immersed until further notice in case longer immersion data is required.

5. Complete and return the information form on the liner application.

8228 XR-3® and all PW Geomembranes are offered with a standard 10-year warranty for weathering. The
attached information form should be completed.
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Installation Owner and Address:

Physical Location of Installation:

Expected Date of Installation:

Expected Beginning Date of Service:

Description of Application:
(Example: impoundment used to contain brine on an emergency basis.)

Physical Features of Application:
(Example: 1.3 million gallon earthen impoundment with overall top dimensions of 160’ x 160’ with 3:1 slopes and 10’ deep.)

XR® Membrane Application and Utilization Form
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Description of Liquid:
(Describe content of liquid including pollutants and expected temperature extremes in basin and at application point. 
Attach analysis of liquid chemistry, composition taken on a representative basis.)

Operational Characteristics:
(Describe the operation of the facility such as filling schedules, fluctuating liquid levels, operating temperatures, etc.)

Performance Requirements, Etc:
(State any other requirements, such as rate of permeability required.)

Owner represents the information herein is complete and accurate, 
and understands and agrees that issuance of Seaman Corporation Warranty 
for XR products are conditioned upon such completeness and accuracy.

OWNER’S SIGNATURE

Reference Materials:



XR-5®: High Performance Composite Geomembrane

1000 Venture Blvd.
Wooster, Ohio 44691

(330) 262-1111
www.xr-5.com

Seaman Corporation
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SMOOTH HOPE GEOMEMBRANE 
ENGLISH UNITS 

Minimum Average Values 
Property Test Method 30 mil 40 mil 60 mil 80 mil 100 mil 

Thickness, mils ASTM D 5199 
minimum average 30 40 60 80 100 

lowest individual reading 27 36 54 72 90 

Sheet Density, g/cc ASTM D 1505/D 792 0.940 0.940 0.940 0.940 0.940 

Tensile Properties1 ASTM D 6693 

1. Yield Strength, lb/in 63 84 126 168 210 

2. Break Strength, lb/in 114 152 228 304 380 

3. Yield Elongation, % 12 12 12 12 12 

4. Break Elongation, % 700 700 700 700 700 

Tear Resistance, lb ASTM D 1004 21 28 42 56 70 

Puncture Resistance, lb ASTM D 4833 54 72 108 144 180 

Stress Crack Resistance2
, hrs ASTM D 5397 (App.) 300 300 300 300 300 

Carbon Black Content3
, % ASTM D 1603 2.0- 3.0 2.0- 3.0 2.0- 3.0 2.0- 3.0 2.0- 3.0 

Carbon Black Dispersion ASTM D 5596 --Note 4--

Oxidative Induction Time (OIT) 

Standard OIT, minutes ASTM D 3895 100 100 100 100 100 

Oven Aging at 85°C ASTM D 5721 

High Pressure OIT-% retained after 90 days ASTM D 5885 60 60 60 60 60 

UV Resistance5 GRI GM11 

High Pressure OIT6 
- % retained after 1600 hrs ASTM D 5885 50 50 50 50 50 

Seam Properties ASTM D 6392 

(@ 2 in/min) 

1. Shear Strength, lb/in 57 80 120 160 200 

2. Peel Strength, lb/in - Hot Wedge 45 60 91 121 151 

- Extrusion Fillet 39 52 78 104 130 

Roll Dimensions 

1. Width (feet): 23 23 23 23 23 
2. Length (feet) 1000 750 500 375 300 
3. Area (square feet): 23,000 17,250 11,500 8,625 6,900 

4. Gross weight (pounds, approx.) 3,470 3,470 3,470 3,470 3,470 

Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens each direction. 
Yield elongation is calculated using a gauge length of 1.3 inches; Break elongation is calculated using a gauge length of 2.0 inches. 

2 The yield stress used to calculate the applied load for the SP-NCTL test should be the mean value via MQC testing. 
3 Other methods such as ASTM D 4218 or microwave methods are acceptable if an appropriate correlation can be established. 
4 Carbon black dispersion for 1 0 different views: Nine in Categories 1 and 2 with one allowed in Category 3. 
5 The condition of the test should be 20 hr. UV cycle at 75°C followed by 4 hr. condensation at 60°C. 
6 UV resistance is based on percent retained value regardless of the original HP-OIT value. 
This data is provided for informational purposes only and is not intended as a warranty or guarantee. Poly-Flex, Inc. assumes no responsibility 
in connection "'{,ith the use of this data. These values are subject to change without notice. REV. 11/06 
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Computer Aided Earthmoving System for Landfills
Advanced GPS technologies for earthmoving equipment improve machine efficiency, 
maximize air space utilization, and extend landfill life.

Caterpillar is helping customers
revolutionize the way they compact
trash, grade slopes and manage their
operation with new technology solutions
for landfills. Solutions that provide
greater accuracy, higher productivity,
lower operating costs, more profitability
and longer landfill life.

The Computer Aided Earthmoving
System (CAES) is a high technology
earthmoving tool that allows machine
operators to achieve maximum landfill
compaction, desired grade/slope, and
conserve and ensure even distribution
of valuable cover soil with increased
accuracy without the use of traditional
survey stakes and crews. Using global
positioning system (GPS) technology,
machine-mounted components, a radio
network, and office management
software, this state-of-the-art machine
control system delivers real-time
elevation, compaction and grade control
information to machine operators on an
in-cab display. By monitoring grade
and compaction progress, operators
have the information they need to
maximize the efficiency of the
machine, resulting in proper drainage
and optimum airspace utilization.

This advanced technology tool also
aids in the identification of site-specific
storage areas for hazardous, medical,
industrial, and organic waste requiring
special handling and placement records.

Applications
CAES is an ideal tool for landfill
planning, engineering, surveying, grade
control, and production monitoring
applications in dump areas. CAES is
specifically designed for use on landfill
compactors, track-type tractors, wheel
tractor scrapers, and motor graders.

On-Board Components
■ CAES Touch Screen Display
■ GPS Receiver
■ GPS Antenna (L1/L2)
■ Communications Radio

Off-Board Components
■ GPS Reference Station
■ Radio Network
■ CAESoffice/METSmanager 

Operation
CAES uses GPS technology, a wireless
radio communications network, and
office software to map landfills, create
site plans, locate a machine’s position,
and track compaction and earthmoving
progress with complete accuracy. 

The receiver uses signals from GPS
satellites to determine precise machine
positioning. Two receivers are used
to capture and collect satellite data –
one located at a stationary spot on the
landfill site, and another located on
the machine. Signals from the ground-
based reference station and on-board
computer are used to remove errors in
satellite measurements for centimeter
accuracy.

The CAES-enabled machine is driven
over the site to create a digital terrain
design file. Using the radio network
and office software, landfill terrain data
is transmitted from the machine to the
landfill office. Landfill managers can 

then send the work plan from the office
to the in-cab display to show operators
the work to be done.

The in-cab display provides the operator
with an overhead and cross-sectional
three-dimensional surface view of
the color-coded work plan and precise
machine location. The software
continuously updates terrain and
machine position information as
the machine traverses the site.

CAES gives the operator the ability to
control grade by monitoring progress
on the in-cab display, which shows
a graphical representation of lift
thickness and compaction density.
Cut/fill numbers are displayed in real-
time as the machine moves across the
site, which allows the operator to know
precise elevation, material spread,
compaction passes, and required 
cut or fill at any point on the job. 
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The compactor display shows colored
grids representing the number of
compaction passes the machine has made
across each area. As the compactor
wheel travels over an area, the screen
changes color to acknowledge the pass.
Green areas indicate when optimum
compaction has been reached. The system
also monitors thick lift information and
visually displays when a lift exceeds
maximum site parameters.

In tractor, scraper and motor grader
applications, the color display graphically
shows the operator cut, fill, and grade
work to be done according to plan.
As the machine works, the screen
changes color. Green indicates when
the operator has achieved plan grade.

By providing immediate feedback
on the accuracy of each pass, CAES
operators have the information and
confidence they need to work more
efficiently, productively and profitably.

On-Board Components

Communications Radio. The rugged
radio, mounted on the roof of the
machine, is used for transmitting,
repeating and receiving real-time data
from GPS receivers. The radio broadcasts
real-time, high-precision data for GPS
applications. Under normal conditions,
the 900 MHz radio broadcasts data up
to 10 km (6.2 miles) line-of-sight.
Coverage can be enhanced with a
network of repeaters, which allows
coverage over a broader area.
Optimized for GPS with increased
sensitivity and jamming immunity,
the radio features error correction and
high-speed data transfer, ensuring
optimum performance. A 450 MHz
radio solution is also available.

GPS Antenna (L1/L2). The dual frequency
external antenna, mounted on the roof of
the machine and reference station, is used
to pick up the signals from the GPS
satellites to determine the machine’s
position for high precision, real-time
machine guidance and control. A low-
noise amplifier provides sensitive
performance in demanding applications.
The compact, low profile design and
sealed housing ensure reliable
performance in harsh weather conditions.

GPS Receiver. The dual frequency real-
time kinematic (RTK) GPS receiver
is used to send and receive data
simultaneously across the radio
network. The system computes
differential corrections for real-time
positioning with centimeter accuracies,
to ensure precise machine guidance
and control.

CAES Touch Screen Display. The in-cab
graphical display provides real-time
operating information to the operator.
Designed for simple operation, the 264
mm (10.4 in) custom configurable,
integrated touch screen display allows
operators to easily interface with the
CAES system. The display utilizes the
latest infrared touch and transflective
backlight technology for superior
viewing in bright light conditions and a
broad-range dimmable backlight for
viewing in low light conditions.
Designed for reliable performance in
extreme operating conditions, the unit
is guarded against shock and sealed to
keep out dust and moisture.

Compactor Screen

Dozer Screen
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Off-Board Components

GPS Technology. Global Positioning
System (GPS) technology uses
24+ satellites that orbit above the earth
and constantly transmit their positions,
identities and times of signal broadcasts
to earth-based satellite sensors. The GPS
receiver is an electronic box, which
measures the distance to each visible
satellite from an antenna on the ground.
Through trilateralization, the receiver
determines where the satellite is in
respect to the center of the earth. The
GPS receiver uses its own position
and GPS satellite positions to calculate
errors and corrections for computing
exact location and precise positioning
with centimeter accuracy. 

GPS Reference Station. A GPS reference
station is used to achieve the centimeter
level accuracy needed in a landfill
application. The reference station sends
GPS information over a radio link to
the GPS receiver on the CAES-enabled
machine. The receiver combines the
information with its own observations
to compute precise positioning.

Radio Network. The radio network for
CAES has two channels. GPS correction
data is transmitted over one channel,
while the other channel is used to send
site planning and production data to the
machine and from the machine back
to the site office. By utilizing the same
radio as a repeater the range can be
extended to provide seamless coverage
around local obstacles such as hills or
large buildings. Up to four radio
repeaters may be used to provide
extended coverage.

Landfill Planning Software. Site planning
and surveying begins with the landfill
planning software. CAES is compatible
with most third party CAD planning
software packages. Data formats used
between the CAES software and the
planning software are industry standard
.DXF and ASCII.

CAESoffice™. The powerful Caterpillar-
designed CAESoffice software enables
landfill management to monitor CAES-
equipped machines and work progress
throughout the site in near real-time.
The data is stored in a database format
for easy customized access, reporting
and editing.

METSmanager. This software package
allows for integration of the landfill
planning system and the machine.
It provides the user interface for CAES
and controls all communications over the
wireless radio network. METSmanager
reads design files in standard .DXF
formats, converts them to CAES format
(.CAT), and sends the design files to
the on-board display on the machine
over the radio network. This program
continually updates the site model by
regularly requesting data transmissions
from the machine to the office. 

■ File Window. Displays design files
(.DXF) created using the site planning
package, and holds application
configuration files for GPS receivers
and files converted from .DXF to
the CAES on-board software format
(.CAT).

■ Machines Window. Shows icons of
each machine equipped with CAES
on-board software. Allows multiple
machines to be monitored at the
same time.

■ Messages Window. Contains a list of
recent error, warning, confirmation,
or information messages generated
by METSmanager.

■ Communications Queue Window.
Lists all file transmissions scheduled
to occur over the radio network and
displays transmission status for all files.



TC900B Communications Radio
■ Technology: Spread spectrum
■ Modes: Base, repeater, rover
■ Optimal Range: 10 km (6 miles), 

line-of-sight
■ Typical Range: 3-5 km (2-3 miles) varies

w/terrain and operating conditions.
Repeaters may be used to extend range

■ Frequency Range: 902-928 MHz
■ Networks: Ten, user selectable
■ Transmit Power: Meets FCC requirements,

1 watt max.
■ License Free (U.S. and Canada)
■ Wireless Data Rates: 128 Kbps2

■ Operating Temperature:
–40° C to 70° C (–40° F to 158° F)

■ Storage Temperature:
–40° C to 85° C (–40° F to 185° F)

■ Humidity: 100%
■ Sealing: Exceeds MIL-STD-810E, 

sealed to ±34.5 kPa (±5 psi), immersible
to 1 m (39 in) 

■ Vibration: 8 gRMS, 20-2000 Hz
■ Operational Shock: ±40 g, 10 msec
■ Survival Shock: ±75 g, 6 msec
■ Electrical Input: 10.5 to 20V DC
■ Nominal Current: 250 mA (3 W)1
■ Transmit Current: 1000 mA (12 W)1
■ Protection: Reverse polarity
■ Control Interface: SAE J1939 CAN
■ Emissions and Susceptibility:

CE compliant, exceeds ISO 13766
■ Input Connector: 8-pin
■ Network Connector: 8-pin
■ Height: 250 mm (10 in)
■ Width: 85 mm (3.4 in)
■ Weight: 0.9 kg (2.0 lb)
Radios outside of U.S. and Canada operate

on different frequencies. Please contact
your Cat Dealer for specifics.

L1/L2 GPS Antenna
■ Operating Temperature:

–40° C to 70° C (–40° F to 158° F)
■ Storage Temperature:

–55° C to 85° C (–67° F to 185° F)
■ Height: 151mm (6 in)
■ Width: 330 mm (13 in)
■ Depth: 72 mm (2.8 in)
■ Weight: 1.695 kg (3.8 lb)

MS840 GPS Receiver
■ Tracking: 9 channels L1 C/A code, L1/L2

full cycle carrier, fully operational during
P-code encryption

■ Signal Processing: 
Supertrak multibit technology, Everest 
multipath suppression

■ Positioning Mode – 
■ Synchronized RTK: 1 cm + 2 ppm

horizontal accuracy/2 cm + 2 ppm
vertical accuracy, 300 ms latency, 
5 Hz std. maximum rate

■ Low Latency: 2 cm + 2 ppm horizontal
accuracy/3 cm + 2 ppm vertical accuracy,
<20 ms latency, 20 Hz maximum rate

■ DPGS: <1m accuracy, <20 ms latency, 20
Hz maximum rate

■ Range: Up to 20 km from base for RTK
■ Communication: 3x RS-232 ports, baud

rates up to 115,200
■ Control Interface: SAE J1939 CAN
■ Configuration: RS-232 Serial connection 
■ Operating Temperature:

–20° C to 60° C (–4° F to 140° F)
■ Storage Temperature:

–30° C to 80° C (–22° F to 176° F)
■ Humidity: 100%
■ Operational Vibration: 3 gRMS
■ Survival Vibration: 6.2 gRMS
■ Operational Shock: ±40 g
■ Survival Shock: ±75 g
■ Electrical Input: 12/24V DC, 9 watts
■ Height: 5.1 cm (2.0 in)
■ Width: 14.5 cm (5.7 in)
■ Depth: 23.9 cm (9.4 in)
■ Weight: 1.0 kg (2.25 lb)

CAES Touch Screen Display
■ LCD Display: 264 mm (10.4 in) 

640 � 480 transflective color VGA
■ Buttons: touch screen
■ Touch Screen: 3.17 mm (0.125 in)

resolution infrared high light rejection
■ Back Light: 200 cd/m2, 

200:1 dimming ratio
■ Processor: Intel Pentium CPU
■ Memory: 64 MB Ram
■ Solid State Disk: Internal 128 MB,

external compact flash 

■ Operating Environment: Embedded
WinNT

■ Operating Temperature:
–20° C to 70° C (–4° F to 158° F)

■ Storage Temperature:
–50° C to 85° C (–58° F to 185° F)

■ Sealing: IP68 sealed to ±5 psi
■ Humidity: 100%
■ Electrical Input: 9-32V DC 
■ Power Supply: 5 amp @ 40W load dump,

reverse voltage, ESD, over voltage
protection

■ Connector: 70-pin
■ Discrete I/O: 8 digital ports; 5 PMW inputs
■ Mounting: bracket or panel
■ Height: 261 mm (10.28 in)
■ Width: 315 mm (12.4 in)
■ Depth: 93 mm (3.66 in)
■ Weight: 3.17 kg (8.5 lb)

CAESoffice/METSmanager 
PC Requirements
■ Pentium II/III processor w/

128 MB memory
■ 21 in. monitor (SVGA color 1024 � 768

resolution) with 2MB video memory
■ Windows NT 4.0 or higher with latest

service pack
■ Modem- internal or external (required for

remote support)
■ Required ports: serial (suggest 2 serial,

1 parallel)
■ CD ROM drive
■ 3.5 in disk drive
■ Mouse or suitable pointing device
■ Hard Drive Space: 200 MB min.

Customer Support. For over 25 years,
Caterpillar has been providing electronic
and electrical components and systems
for the earthmoving industry – real
world technology solutions that enhance
the value of Cat products and make
customers more productive and profitable.
Your Cat Dealer is ready to assist you
with matching machine systems to the
application or obtaining responsible,
knowledgeable support. For additional
information, please contact us at
LANDFILLGPS@CAT.com

5Computer Aided Earthmoving System for Landfills specifications

Specifications

Radios outside of U.S. and Canada operate 
on different frequencies. Please contact your 
Cat Dealer for specifics.
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CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS 9.59 

Aggressive Media Chemical Resistance 

~ I :o-> 

~!~ 
u:: 

I 
c 

~ 0 ·g_ 
Ol [ 0 

U1 I 0 ::2: 

~ "" ~ Medium formula ;E Concentration 
E 

"' ti:' & 6: ~ 
a,) u ,2 <1; z u 

Sodium chlorite ISpRBI NaCI02 diluted, aqueous 20 0 + + + + + + 0 + 
40 + 0 0 0 + + + 
60 + 0 + + + 
80 + 

100 
120 
140 

Sodium chromate ISpRBI Na2CrO, diluted, aqueous 20 + + + + + + + + + + + 
40 + + + + + + + 0 + + 
60 0 + + + + 0 0 
80 + 

100 + 
120 
140 

Sodium disulphite Na2S20s all, aqueous 20 + + + + + + + 0 + + 
40 + + + + + + + 
60 0 + + + + + 0 
80 + 

100 + 
120 
140 

Sodium dithionite see hyposulphite up to IOo/o, 
aqueous 

Sodium fluoride Nof cold saturated, 20 + + + + + + + + + + + 
aqueous 40 + + + + + + + + + 

60 + + + + + + 0 + + 
Sodium hydroxide 80 + 
!see Caustic soda] 100 + 

120 
140 

Sodium hypochlorite NaOCI 12,5% active 20 + 0 0 0 + + + 1SpR81 chlorine, aqueous 40 + 

Sodium iodide 
60 0 

No! all, aqueous 20 + + + + + + + + + + + 
40 + + + + + + + + 
60 0 + + + + 0 + 0 
80 + 

100 + 
120 
140 

Sodium nitrate NaN03 cold saturated, 20 + + + + + + + + + + + 
aqueous 40 + + + + + + + + + + + 

60 0 + + + + + + + + + 
80 + + 

100 + 
120 + 
140 

Sodium nitrite NaN02 cold saturated, 20 + + + + + + + + + + + 
aqueous 40 + + + + + + + 0 + + 

60 + + + + + + + + 
80 + + + 

100 + 
120 + 
140 

(Courtesy George Fischer Engineering Handbook) 
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Aggressive Media 

Medium 

Sodium oxalate 

Sodium per borate 

Sodium perchlorate 

Sodium persulphoie 
ISpRBl 

Sodium phosphate 

Sodium silicate 

Sodium Sulfide 

Sodium sulphate 

Sodium sulphide 

Formula 

Natriumsulfid 

Na2S 

·g_ 
OJ 

:2 Concentration 

cold saturated, 
aqueous 

saturated 

saturated 

cold saturated, 
aqueous 

cold saturated, 
aqueous 

all, aqueous 

cold saturated, 
aqueous 

cold saturated, 
aqueous 

(Courtesy George Fischer Engineering Handbook) 

Chemical Resistance 

!! u: 
~ 

~ I u 
E u > V) I 0 

~ u OJ :5:: & ~ ,!'! <( 

20++++++ 
40 + + + 
60 0 + 0 
80 

100 
120 
140 

20 
40 
60 
80 

!00 
120 
140 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

+ + 
+ + 
+ + 

+ 

+ + 
+ + 
+ + 

+ 

+ 
+ 
0 

+ + 
+ + 
0 + 

+ 

+ + 
+ + 
0 + 

20 + + 
40 + + 
60 0 + 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

+ + 
+ + 
0 + 

+ 

+ + + 
+ 
+ 

+ + 

+ + + 
+ + + 
+ + + 

+ + + + 
+ + + 
+ + + 

+ 0 
+ 

+ + + + 
+ + + + 

+ + 0 
+ 

+ + + + 
+ + + + 
+ + + + 

+ + 
+ 
+ 

+ + 0 
+ + 0 
+ + 0 

+ + + + 

+ + 

+ + 

+ + + + 
+ + + + 

+ + + 
+ 0 0 
+ 

+ + + + + 
+ + + + + 
+ + + + + 

+ + + + + 
+ + + + + 
+ + + + + 

0 + + + + 
0 + + + + 
0 + + + + 

+ 

+ + + + 
+ + + 
+ + 



CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS 

Aggressive Media 

Medium Formula 

Sodium sulphite NozS03 

Sodium thiosulphate Na,S203 

Sodiumchloride NoCI 

Sodiumcyonide NoG--1 

Sodiumdichromate Na2Cs207 

Sodiumhydrogen- NaHC03 
carbonate 

Sodiumhydrogensulfote NoHS0.
1 

Spindle oil 

~ 
c 
·g_ 
Ol 

~ Concentration 

cold saturated, 
aqueous 

cold saturated, 
aqueous 

each, 
aqueous 

(Courtesy George Fischer Engineering Handbook) 

~ 

~ 

l 
E 

,.£' 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

20 
40 
60 
80 

100 
120 
140 

Chemical Resistance 

u:: 
G 
~ u 

u > U) I 0 
1:: u co i:: ~ 1:: <( 

+ + + + + + 
+ + + + + 
0 + + + + 

+ + + 
+ 

+ + + + + + 

+ + + + + + 
+ + + + + + 
+ + + + + 

+ + + 
+ 

+ + + + + 
+ + + + + 
+ + + + + 

+ + 

0 + + + 
+ + 
+ 
+ 

+ + + + + + 
+ + + + + 
+ + + + + 

+ + 

+ + + + + + 
+ + + + + 
+ + + + + 

+ + + 
+ 

0 0 0 + + 
0 + 

0 + 
+ 

9.61 

::2: 

~ E z ~ u u 

+ + + + + 
+ + 0 + + 
+ + 0 + 

+ + + + + 
0 + + 

0 0 

+ + 
+ + 
+ + 
+ + 

+ 

+ + 
+ + 
+ + 

+ + 
+ + 

+ 

+ + 
+ 
+ 

+ + 
+ + 
+ + 

+ + 0 
0 + 0 

0 
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Aggressive Media Chemical Resistance 

y y 
·g_ * 

(';) 
OJ l u 12! 

~ 
c 

~ 
0 ~ ;g E u > V) 

~ co Medium Formula Concentration ;;: u 0) 

:5::' ;;: u ~ < z u 

Spinning both acids 100 mg CS2/l 20 + + + + + 0 
containing carbon 40 + + 
disulphide ISpRBI 60 

80 
100 
120 
140 

Spinning bath acids 200 mg CS2 /l 20 0 + + + + 
containing carbon 40 + 
disulphide ISpRBI 60 

80 
100 
120 
140 

Spinning both acids 700 mg CS2/l 20 + + + + 
containing carbon 40 + 
disulphide ISpRBI 60 

80 
100 
120 
140 

Stannous chloride see Tin II chloride cold saturated, 
aqueous 

Stannous chloride SnC14 cold saturated, 20 + + 
-Tin IV chloride aqueous 40 + + 

60 + + 
80 + 

100 
120 
140 

Starch solution IC6H100sln all, aqueous 20 + + + + + + + + + + + 
40 + + + + + + + + + + + 
60 + + + + + + + + + + 
80 + + 

100 + 
"120 
140 

Starch syrup usual commercia! 20 + + + + + + + + + + + 
40 + + + + + + + + + + + 
60 + + + + + + + + + + 
80 + + + + + + + + 

100 + + + + + 
120 
140 

Stearic acid ISpRBI C,7H35COOH Fp. technically pure 20 + 0 + + + + + + + + 0 
69 40 + + + + + + + 0 

60 + 0 0 + 0 0 0 0 
80 + 

100 + 
120 
140 

Styrol 20 + + 
40 
60 
80 

100 
120 
140 

(Courtesy George Fischer Engineering Handbook) 
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Aggressive Media Chemical Resistance 

\? (} 
u: 

Q) 

0 ·g_ 

I 0 m u :2: c u U1 

~ 
0 ~ Medium Formula ~ Concentration 

E 
6: 6: 0:1 i'e 6: ~ f 0:1 u ~ u <( z u 

Succinic acid HOOC-CH,-CH2-COOH Fp*., aqueous1 all 20 + + + + + -j- + + + + + 
185 40 + + + + + + + + + + 

60 + + + + + + + + + + 
80 + 

100 
120 
140 

Sugarsyrup usual commercial 20 + + + + + + + + + + + 
40 + + 0 + + + + + + + + 
60 0 + + + + + + + + + 
80 + + + + + 

100 + + 
120 + 
140 

Sulfur Fp.•, technically pure 20 0 0 + + + + + + + 
119 40 + + + + + 

60 + + + + + 
80 + + + + 

100 + 
120 + 
140 

Sulfur dioxide 502 -10 technically pure, 20 + + + + 0 + + 0 
anhydrous 40 + + + + 0 0 0 

60 + + -4- + 
80 

100 
120 
140 

Sulfur dioxide 502 technically pure, 20 0 0 
moist 40 

60 
80 

100 
120 
1<10 

Sulfur dioxide 502 all, moist 20 + + " + + + + 0 
40 + + ~ + 0 0 0 
60 0 + + 
80 

100 
120 
\40 

Sulfur trioxide so3 20 
40 
60 
80 

100 
120 
140 

Sulfuric acid H2S04+CI2 60% 20 + 
saturated by Chlorine ,10 + 

60 + 
80 + 

100 + 
120 
140 

(Courtesy George Fischer Engineering Handbook) 
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Aggressive Media Chemical Resistance 

~ ~ u:: c " 0 ·g_ 

l 0 OJ u :z 
E u > <fJ 

~ 
0 g ~ z ~ Medium Formula 0 Concentration 2: u <0 

~ 6': u <D ~ <( u 
Sulfuric acid H,so. 120 up to 40%, 20 + + + + + + + 0 + + 
!see note 2.3.! on joinlingl aqueous 40 + + 0 + + + + + 0 + 

60 0 + + + + + + 0 
80 + + 0 0 0 

100 + 
120 + 
140 

Sulfuric acid H,so. 140 up to 60%, 20 + + + + + + + + 
/see note 2.3.1 on jointing! aqueous 40 + + + 0 + + + 0 
ISpRBI 60 + + + + 0 + 0 

80 + + 0 
100 + 
120 + 
140 

Sulfuric acid H"so. 195 up to 80%, 20 + + + + + 0 + + 
!see note 2.3.1 on join1ingl aqueous 40 + + + + + 0 + 0 
ISpRBI 60 + + 0 0 + 0 

80 + + 
100 + 
120 0 
140 

Sulfuric acid H,,so. 250 90%, aqueous 20 + + 0 0 + + 
!see note 2.3.1 on jointing! 40 + + + + 
ISpRBI 60 + + 

80 + 
100 0 
120 0 
140 

Sulfuric acid H~so. 196%, aqueous 20 + + + + 
I see note 2.3.1 on jointing) 40 + + + + 
ISpRBI 60 0 + 

80 
100 
120 
140 

SuiTuric acid H2S04 97o/o 20 + + 0 
+ 1-(see note 2.3.1 on jointing! 40 + 

ISpRBI 60 
80 

100 
120 
140 

Sulfuric acid H2S04 340 98% 20 + + 0 
lsee note 2.3.1 on jointing! 40 0 + 
ISpRBI 60 0 

80 
100 
120 
140 

Sulfurous acid H2S03 saturated, 20 + + 0 + + + + + 0 
aqueous 40 + + + + + + + 0 

60 0 + + + 0 
80 + 

100 + 
120 
140 

(Courtesy George Fischer Engineering Handbook) 



Aggressive Media 

Medium 

Sulfuryl chloride 

Surfoctants ISpRBI 

Surfactants 
IESCI 

Tallow ISpRBI 

Tannic acid ISpRBI 

Tanning extracts form 
plants ISpRBI 

Tartaric acid 

Tartaric acid 

CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS 

Chemical Resistance 

!:.l !:.l ;:;:: 

·g_ ~ ('9 
01 I u ~ 

E u > <f) I 0 
£ Concentration ;.!'! 6: u <( ;;;: g: 6: Formula 

69 technically pure 20 0 
40 
60 
80 

100 
120 
140 

up to 5%, aqueous 20 0 + + + 
40 0 0 0 
60 0 0 0 
80 0 

100 
120 
140 

20 0 0 0 0 0 0 
40 
60 
80 

100 
120 
140 

technically pure 20 + + + + 
40 + + + + 
60 + + + + 
80 + 

100 + 
120 
140 

oil, aqueous 20 + + + + + 
40 + + + + 
60 + + + 
80 

100 
120 
140 

usual commercial 20 + + + + + + 
40 + + 
60 
80 

100 
120 
140 

20 + 
40 + 
60 
80 

100 
120 
140 

all, aqueous 20 + + + + + + 
40 + + + + + 
60 0 + + + 
80 + 

100 + 
120 + 
140 

(Courtesy George Fischer Engineering Handbook) 

9.65 

:2 

fu ~ ~ ~ u u 

+ 0 + 

+ + + + + 

0 0 0 0 

+ + + + + 
+ + + + + 
+ + + + + 

+ + + + 

+ + + + + 

+ + + + + 
+ + + + + 
+ + 0 + + 
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Aggressive Media Chemical Resistance 

!! !! 
ffi 

·g_ ~ 
~ Ol I u ~ 

E u 6: (/) I 0 
~ E a:J ~ Medium Formula ;:8 Concentration 6: "' :5:: & 6: u ,2 u <( z u 

Tartaric acid up to 1 0% 20 + 
40 + 
60 + 
80 

100 
120 
140 

Tetrachlorethylene 20 + + 
40 
60 
80 

100 
120 
140 

Tetrachloroethane CI2CH-CHCI2 146 technically pure 20 0 0 + 0 
40 + 
60 0 
80 

100 
120 
140 

Tetrachloroethylene see Perchloroethylene 121 

Tetraetylene lead {$pRBI IC2H514Pb technically pure 20 + + + + + 0 + + 0 + 
40 + 
60 + 
80 + 

100 + 
120 
140 

Tetrahydrofurane C4HsO 66 technically pure 20 0 0 0 
40 
60 
80 

100 
120 
140 

Tetrahydronaphthalene Teralin 207 technically pure 

Thionyl chloride SOCI2 79 technically pure 20 0 + 
40 
60 
80 

100 
120 
140 

Tin !lVI -chloride 20 + + + + + 
40 + + + + + 
60 + + + + + 
80 + + + 

100 + 
120 
140 

(Courtesy George Fischer Engineering Handbook) 
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Aggressive Media Chemical Resistance 

);) :? 

I 
u: c £! (9 ·g_ .2 

01 i u ~ :;;: c: 

~ 
0 "" 3; E u i5:: ;2 IUJ g ~ "' u Medium Formula ~ Concentration ,.2 i5:: u <( a.. i5:: z u 

Tin-1111-chloride SnCI2 20 + + 
40 + + 
60 + + 
80 + 

100 
120 
140 

Toluene C6Hs-CH3 ill technically pure 20 0 0 + + 
40 
60 
80 

100 
120 
140 

Triacetin c.HI.o6 20 + + + + 
IGiycerintriocetatl 40 + 

60 
80 

100 
120 
140 

Tribulylphosphate IC•H•I3PO" 289 technically pure 20 + + + + 
40 + + 
60 + + 
80 

100 
120 
140 

Trichloroacetic acid CI3C-COOH 196 technically pure 20 0 + + 0 0 
40 0 + 
60 0 
80 

100 
120 
140 

Trichloroacetic acid CITC-COOH 50%, aqueous 20 + + + + 0 
40 0 + + + 
60 + 0 0 
80 

100 
120 
140 

Trichloroethane Methylchloroform 74 technically pure 

Trichloroethylene CI2C=CHCI 87 technically pure 20 0 + + 
40 + 
60 + 
80 0 

100 
120 
140 

Trichloromethane Chloroform 61 

(Courtesy George Fischer Engineering Handbook) 
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Aggressive Media Chemical Resistance 

y y 
ffi i'! ·g_ .2 
~ 0) i u ::2' u </) I 0 

~ "' ~ Medium Formula ~ Concentration 
E 

6: 6: co 
~ & 6: g co u ,!!! u < z u 

Tricresyl phosphate H3C-C6H5-0 13P04 technically pure 20 + + + 0 
ISpRBI 40 + 

60 + 0 
80 

100 
120 
140 

Triethanolamine ISpRBI NICHTCH,-OHI3 Fp. technically pure 20 0 + + + 0 0 
*21 40 + 

60 
80 

100 
120 
140 

Triethylamine ISpRBI NICH,-CH313 89 technically pure 20 + + 0 
40 
60 
80 

100 
120 
140 

Trifluoro acetic acid F3C-COOH up to 50% 20 + + + 0 
ISpRBI 40 0 

60 
80 

100 
120 
140 

Trioclyl phosphate iSpRBI ICsH 17l3 P04 technically pure 20 + + 0 + 0 
40 + 0 
60 
80 

100 
120 
140 

Turpeniine oiiiSpRBI iechnically pure 20 + 0 + + 0 
40 0 0 + 
60 + 
80 

100 
120 
140 

Urea ISpRBI H2N-CO-NH2 Fp.', up to 30%, 20 + + + + + + + + + + + 
133 aqueous 40 + + + + + + + + + + + 

60 0 + + + + + + + + + 
80 0 + 

100 0 
120 
140 

Urine 20 + + + + + + + + + + + 
40 + + + + + + + + + + + 
60 0 + + + + + + + + 
80 + 

100 + 
120 
140 

(Courtesy George Fischer Engineering Handbook) 
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Aggressive Media Chemical Resistance 

~ ~ u: 
c Q) 

0 ·g_ 

l 0 (j) u 2 
E 

~ 
> V) 

~ 
Ci 

~ ~ co 2 
Medium Formula ~ Concentration u co g: ;;:_ u ll ,.g! <( z 
Vaseline technically pure 20 0 0 + 0 + + + 

40 + + + 
60 + + + 
80 + + + 

100 + + + 
120 + + 
140 

Vegetable oils 20 0 + + + + + 0 0 
40 + 
60 + 
80 

100 
120 
140 

Vegetable oils and fats 20 + 0 + + + + + 0 0 
ISpRBI 40 0 0 + + + + 0 0 

60 0 + + + 
80 + 

100 + 
120 
140 

Vinegar see wine vinegar 

Vinyl acetate CH2 ;CHOOCCH3 73 technically pure 20 + + + + 
40 + 
60 0 
80 

100 
120 
140 

Vinyl chloride CH2;CHCI -14 technically pure 20 + + 
40 + 
60 
80 

100 
120 
140 

Viscose spinning solution 20 + + + + + 0 + 
40 + + + + + + 0 + 
60 + + + + + + + 
80 

100 
120 
140 

Waste gases containing- 20 + + + + + + + + + + Alkaline 40 + + + + 0 + + + + + 
60 + + + + + + + + 0 
80 + + + 0 

100 
120 
140 

Waste gases containing - all 20 + + + + + + + + + + Carbon oxides 40 + + + + + + + + + + 
60 + + + + + + + + + + 
80 + + + + + + 

100 + + 
120 + 
140 

-

(Courtesy George Fischer Engineering Handbook) 
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Aggressive Media I Chemical Resistance 

y y 
u: 

c: ~ ~ ·g_ 

l ~ Ol u "2 
~ 

E u it V) 

~ 
0 g ~ <D ~ Medium Formula Concentration it <D 

~ it ~ u <( z u u 

VYoste gases containing - all 20 + + + + + + + 0 + + 
Hydrochloric acid 40 + + + + + + + + + 

60 + + + 0 + + + + + 
80 + + 0 + + 

100 + + 
120 + 
140 

Waste gases containing - traces 20 + + + + + + + + + + 
Hydrogen fluoride ISpRBI 40 + + + + + + + 0 + + 

60 + + + + + 0 + 0 + 
80 + + + 

100 + 
120 
140 

Waste gases containing - traces 20 + + + + + + + 0 + + 
Nitrous gases 40 + + + + + + + + 

60 + + + 0 + + + 0 + 
80 + + 0 + 0 

100 + 0 
120 
140 

Waste gases containing- traces 20 + + + + + + + 0 + + 
Sulphur dioxide 40 + + + + + + + + + 

60 + + + + + + + + + 
80 + + + + + + 

100 + + 
120 + 
140 

Waste gases containing- traces 20 + + + + + + + 0 + + 
Sulphur trioxide ISpRBI 40 + + + + + + + + + 

60 + + + 0 + + + + + 
80 + + 0 + 

100 + 
120 
140 

J· all 20 + + + + + + + 0 + + 
40 + + + + + + + + + 
60 + + + + + + + + + 
80 + 0 + 0 + + 

100 + + 
120 + 
140 

Water H20 100 20 + + + + + + + + + + 
-distilled 40 + + + + + + + + + + + 
- deionised 60 + + + + + + 0 + + + + 

80 + + + + + + 
100 + + + + 
120 + + 
140 

\<Vater, condensed 20 + + + + + + + + + + 
40 + + + + + + + + + + + 
60 0 + + + + + 0 + + + + 
80 + + + + 0 + 

100 + 
120 + 
140 

(Courtesy George Fischer Engineering Handbook) 
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Aggressive Media Chemical Resistance 

;? ;? 
it "2 

~ ·c; 

~ a. 1 OJ u ~ c u (/) I 0 "" ~ Medium Formula ~ Concentration 
E ;;: ;;: <f) g: & ;;: g E co u ~ u <( z u 

Water, drinking, 20 + + + + + + + + + + 
chlorinated 40 + + + + + + + + + + + 

60 + + + + + + 0 + + + + 
80 + + + 0 + 

100 + + + 
120 + 
140 

Water, waste water 20 + + + + + + + + + + 
without organic solvent 40 + + + + + + + + + + + 
and surfactants 60 + + + + + 0 + + + + 

80 + + + + + + 
100 + 0 
120 + 
140 

Wax alcohoiiSpRBI C31Ho30H technically pure 20 + 0 0 0 + + + + + 
40 + + + + + + 
60 + + + + + + 
80 

100 
120 'I' 
140 

Wine vinegar ISpRBI usual commercial 20 + 0 0 + + + + 0 0 + 
40 + + + + 0 
60 + + + + 
80 + + 

100 + 
120 
140 

Wines, red and white usual commercia! 20 + 0 + + + + + + + + + 
40 + + + + 
60 + + + 
80 + 

100 + 
120 
140 

Xylene C6H4ICH3I2 138? technically pure 20 + + 
144 40 + 0 

60 0 
80 

100 
120 
140 

yeasts all, aqueous 20 + + + + + + + + + + + 
40 + + + + + + + + + + 
60 + + + + 
80 + + 

100 
120 
140 

Zinc salts ZnCb, ZnC03, ZniN03l2, ZnS04 all, aqueous 20 + + + + + + + + + + 
40 + + + + + + + + 0 + + 
60 0 + + + + + + + + 
80 + 

100 + 
120 + 
140 

{Courtesy George Fischer Engineering Handbook) 
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Aggressive Media Chemical Resistance 

I? S-J u:: c 
~ 

~ 
·g_ 

l Q) u 2 
E u > <f) I 0 

~ ~ co ~ Medium Formula 0 Concentration ~ ;;: u co :.t' it ;;: z u u "' <( 

Zinccarbonate 20 + + + + + + + + 
40 + + + + + + + 
60 + + + + + + + 
80 + + + + + 

100 + 
120 
140 

Zincchloride saturated 20 + + + + + + + + 
40 + + + + + + + 
60 + + + + + + + 
80 + + + + 

100 + 
120 
140 

Zincnitral·e ZniN03l2 saturated 20 + + + + + + + + 
40 + + + + + + + 
60 + + + + + + + 
80 + + + + 

100 + 
120 
140 

Zincoxide Suspension 20 + 
40 + 
60 + 
80 + 

100 + 
120 
140 

Zincphosphate saturated 20 + + 0 + + + + + 
40 + + + + + + + 
60 + + + + + + + 
80 + + + + 

100 + 
120 
140 

Zincstearate Suspension 20 + + + + 0 
40 + + + + 
60 + + + + 
80 + + 

100 + 
120 
140 

Zincsulfate ZnS04 20 + + + + + + + 
40 + + + + + + + 
60 + + + + + + + 
80 + + + + + 

100 + + 
120 
140 

I -Chlarapentan C5H 11 CI 20 
40 
60 
80 

100 
120 
140 

(Courtesy George Fischer Engineering Handbook) 



Aggressive Media 

Medium 

1,1,2-Trifluoro, 
1,2,2-Trichloroethane 
!Freon 1131 ISpRBl 

CHEMICAL RESISTANCE OF PLASTICS AND ELASTOMERS 

Formula 

Chemical Resistance 

~ 

·g_ 
Ol 

;::8 Concentration 

~ 

~ 

l u E 
6:: ~ 

47 technically pure 20 + 
40 + 
60 
80 

100 
120 
140 

~ </) I 

"' :5: it u <{ 

u:: 
0 
~ 
0 ;;: 

+ 

(Courtesy George Fischer Engineering Handbook) 
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Long Term Hydrostatic Strength 
One of the outs:anding engineering characteristics of 
Oriscopipe high density polyethylene pipe is its long 
term hydrostatic strength under various tt·,ermal and 
environmental conditions. Life expectancy is 
conservatively estimated to be in excess of 50 years 
using the standard design basis. This strength is 
determined by standardized methods and - - .. . 
procedures which the plastic pipe industry has used 
for many years to evaluate the~ong term strength of 
all types of plastic pipe. 

Oriscopipe high density polyethylene piping systems Pipe hoop stress versus time to failure plots of long 
offer the modern engineer the opportunity to take term hydrostatic pressure data for t11ermoplastic pipe 
advantage of the unusual characteristics of these have been studied and analyzed for many years. The 
materials and use them to solve many old problems mathematical equations used to evaluate the test 
and to· design systems for applications where data and extrapolate values to longer periods of time 
traditional materials are either unsuitable or too were chosen after careful evaluation of more than 
expensive. When compared to the older traditional 1,000 sets of long term test data representing more 
piping materials, Oriscopipe polyethylene piping than 400 plastic pipe compounds. Continued testing 
systems offer a new freedom in environmental on new compounds and extended testing of older 
design. extended seNice life, significant savings for compounds have proven the validity of these test 
installation labor and equipment costs, and reduced methods. Actual data from more than 11~years 
maintenance for pipeline systems where operating (100,000 hours) of continuous testing shows the 
conditions are within the pressure and temperature . industry methods to be slightly conservative in that 
capabilities of the material. · ·· actual values are slightly higher than those calculated 

· This broc~u~e outlines the En.gineering· . . b~.~~ ~n~~,~~~:~~e~~~~-.~!M m.~~h~ .. ·... .::. . .. 
Charactensttcs o! Or(s~opipe high density }11~ reductton tn _strength whtch occurs with time, as 
polyethylene pir.:e·:a~cf.~ttin~:js anq P<?ints out f1!3!1Y of . , .. -:·· ·::.tndt~ted by t!:lt?: str~..frfe curves, ~CX::S ~t repr~ent 

.· the_advantage~ ~.9 benefrts t9 be reafiZed through ·- . · · ·:-· a streng1h .9egrad8f1~ of the .~te_~ b.~ tS .. morem· · · 
.. -.tDe ~ oi.these systems. The· discussion is directed -.. · ··:.: · :,~. nhat~~~-o.f .~~~~!:l-~IT~ t:l~_<?. ptpe ~~es· 
. _ pri~ri~ t9.ward th_~,.large diameter (3" through 54"} . .w1.!~~-·· h~. ~.~-~~!!S!X ~.':!00.:~ up t~yo,O<X> . 

Onscoptpe 8600 and Oriscopipe 1000 Industrial and ~rs have been ~e-pressunzed at}d cheCked for 
Municipal product lines. However, tfies~fengineering permanent reductton of strength by using 1he quick-

.- characteristics are also typical of other Qriscopipe burst test. No ~ has be_en found when compared 
polyethylene produc;:t Jines. · to samples prevtously qUick-burst from the same 

·· ··· · test lot : . .. 
Physical Properties · · ···· ·· ··.· .J\n evidence confirms ttiatttie ~ethocfs·u~ei:i to · · ~ 
Oriscopipe 86oo is manufactured from Marlex predict the long term strength of plastic pip€. are 
M-8000 very high molecular weight high density . ... sound methods. Through the years, these policies 
PE 3408 resin. Pipe and fittings made from Mariex and procedures, used to develop recommended 
M-8000 are extremely tough and durable, and h-ydrostatic design strengths, have influenced . . 
possess exceptional long term strength. Martex · . ~ufactl.lrers to research ?I~d develop improved 
M-0000 is a proprietary product and is extruded only p1p1ng products such as Oriscopipe 8600 and 
by Phillips Oriscopipe, Inc. O~~pi~ 1CXX>. . . _ 

Oriscopipe 1000 is manufactured from Manex Typical calculated long term strengths are shown 
TR-480, a PE 3400 polyethylene pipe resin in a below: 
molecular weight range whi~ permits the pipe to be 
~rucfe? by con~ntional methods. In this respect. 
Onscop!pe 1000 IS comparable to other extra high 
~ecular weight. high d€nsity, PE 3408 polyethylene 
ptpes commercially available in North America 

long Term Strength @ 73.40f'(230C) · -

Sh.~ets detailing typicat" physical properties for 
Onscopipe 1000 and Oriscopipe 8600 are available 
upon request. 

Time 

100,00J hrs. {11.43 yrs.) 
438,0CX) hrs. (50 yrs.) 
SOO,(X)() hrs. {57 yrs.) 

tcm.ooo hrs. {i 14 yrs.) 

.Hoop 
Stress,pst 

1635 
1604 
1601 
1586 
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Samples are held on tes: until they fail. The pressure. 
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The 114-year long term strength has been included to 
show more about the nature of the method used by 
tlie industry to evaluate the long term streng\11 ol 
plastic pipe and to illustrate the very slow reduction in 
strength as time progresses. 

Long term hoop stresses for design purposes are 
normally selected at a level which is much lower than 
the long term strength of the materials. This ensures 
that the pipe is operating in a hoop stress range 
where creep (relaxation) of the materials is nil and 
assures seNice life in excess of SO years. Design 
stress levels are discussed further in the next section. 

The tong term hydrostatic tests are conducted by 
using ASTM standard test procedures which may be 
applied to all types of plastic pipe (ASTM D 1598 Test 
iorTtme-to-Failure of Plastic Pipe Under Constant 
Internal Pressure). Stress-life tests are conducted by 
using numerous pipe samples which are filled with 
water (or other environmental fluids) and subjected to 
a controlled pressure at a controlled temperature. 

Figure1 

tempercture and time-to-failure data from all samples 
are used io calculate and plot stress-life cuNes for 
the particular type pipe being tested (ASTM 0 2837 
Obtaining Hydrostatic Design Basis for Thermoplastic 
Pipe Materials). This data is then used to predict the 
probable safe lite oi the pipe at various stress levels 
(working pressures) and various temperatures. 
Because it is not practical to test at all temperature 
levels. these tests are generally conducted at 
temperatures of 73.4"F and one or more higher 
temperaures such as 100°F, 120"F and 140"F: 

These stress-life cuNes give a relationship of the 
exp,c;cted life span of the pipe when subjected to 
various internal stress levels (working pressures) at 
various temperatures. By comparing stress-life 
curves. one can compare relative long term 
performance ability of different plastic pipes. Stress
life curves for Driscopipe 8600 and Oriscopipe 1000 
am shown in Figure 1. 

Stress-Life of Df!~_opipe~ ?~09 a~1d O_~scopipe® 1000 

0.1 1 10 100 1000 10,000 100,00 

. TIME. HOURS 



__ !> ____ _ 

T ... ~c;e stress-life cuNes were obtained using water as 
st medium. However. years of laboratoty testing 

at ''-' fie:d experience have shown that these same 
curves may be used to design Oriscopipe systems 
for natural gas. salt water. sewage and hundreds of 
other industrial and municipal fluids. mixtures and 
effluents. The long term strength of DriscopiPe 
indicated by these cuNes must be de-fated in some 
environmental circumstances." such as in the 
presence of liquid hydrocarbons or abrasive fluids. 
although the pipe is very suitable for use in these 
environments. An outstanding engineering 
advantage of Oriscopipe is its exceptionally tong term . 
service life in the presence of internal and external 
corrosive seNice conditions. 

Design Pressure Ratings 
Since plastic pipe was introduced in the late 50s, the 
safety factor for design of water systems at standard 

faCtors was judged to reduce the 100.000 hour 
design strength by 5%-10% or 20% ... for a total or 
100% ... or a design factor of 2: 1. This is why 
polyethylene pipe. with a designated '1Cl0,000 hour 
strength of 1600 psi at 73.4 "f. has a hydrostatic 
design strength of 800 psi hoop stress. 

The design pressures for Oriscopipe are determined 
by the following equation. adopted internationally by 
the industry for this purpose: 

2S . t 
P= SOR- 1 xF or P=2SO-txF 

Where: D == Specified Outside Diameter, Inches 
P = Design Pressure, psi 
S = Long Term Hydrostatic Strength, 

psi, at the design temperature 
t = Minimum Wall Thickness. Inches 
F = Service Design Factor 
SDR = Standard Dimension Ratio of Dlt 

temperature has been 2 to 1. The 2:1 design factor The traditional Service Design Factor for water at 
which was officially adopted by the plastic pipe standard temperature (73.4"F) is one-half (.5). The 
industry in 1963. w&> based on allowances for many SeNice Design Factor for oil or liquid hydrocarbons 
sources of variation. The guiding principle has always is 025@ 73<>f. The seNice design factor may be 
been to make the selection on a conservative basis ·adjusted by 1he design engineer to reflect the 
but not to be unreasonably conservative. particular conditions anticipated for the application. 
'The sources of variation for which allowances are The temperature selected for design should consider 
made include •.. variation in test methods and . both intemal and external conditions. The design 

>cedures among laboratories· . .. variation among temp:3ra~ure sh_?uld be ~ased on the t~':lperature of 
s of the same compoUn(f ... variation of lots of ·pipe. ·. -· . . Jhe ptpe itse_lf. ~~.practical purpose.~· it ':S ~!~rtQ.·.-:-.. · 

.rom the' cOmpoUnd in different plants and from _ .. : .. - . . . ~tgn ~ .~-~19~.~~~pe~~~ur~:. :,:·:: ;~.;_~.;,~ ts-·:· .·.;·: ... .. 
• ...... • ... . .. - ··· · · - • ~,. · "!· ...... ~,.. .. . ·~- -·· ::-.: -~ · .·- --· ·~-·~~ ... --- . -.:-:::-······. ·· ·-~ ... -·· ·~·'· · · 

different extrud,ers •.. va.natton 1n compounds of the · · .. .. · The design. service factor for water may also be used 
same general class ... variations in handling and :. for solutions of inorganic salts, alkaline fluids. non- -
installation techniques .. : variation in operating ... : .·- :-: · :- oxicftZing acids, low concentrations of oxicftZing acids 
p ressures (water hammer and surge) ... a strength- - · · · and many other solutions.See the_ discussion on ... · 
time allowance to give service life well beyond 50 chemical resistance for rnore information. 
years ... and, finally, the great unknown. Each of the · .. 
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All standard design pressure ratings sho'Ml in 
Oriscopipe literature are based on water ai 73.4"F 
temperature; ie, a safety factor of 2:1 based on the 
long term hydrostatic strength of the material. 
Driscopipe is applicable at pressures from 0 to 265 
psi and temperatures from below 32"F up to 180oF. 
Standard Dimension Ratios (SOR) are available from 
SDR 32.5 to SDR 7.0 

Flow Characteristics 
Oriscopipe polyethylene has excellent flow 
ch~racteristics as compared to traditional materials. 
An extremely smooth interior surface offers low 
resist<?JlCe to flow. It maintains these excellent flow 
properties throughout its service life in most 
applications due to the inherent chemical and 
abrasion resistance of the material. Because of 
smooth walls· and the non-wetting characteristic of 
polyethylene, higher flow capacity and less friction 
loss is possible with Oriscopipe. In many cases this 
higher flow capacity may permit the use of smaller 
pipe at a lower cost. 

A ·c· factor of 155 is commonly used in the Hazen
Williams formula for calculating flow in pressure 
applications. For gravity flow. an ·n· factor of .009 is 
used in Manning's formula. . . 

Experimental test data regarding pumping and 
pressure drop through Driscopipe is available upon 

-r~~This.study-comparesJheJia.'l.ili.i:.ou_gbJi" · 
Orisccpipe with and without intemat fusion beads 
using dear water. It also includes flow data for some . 
day-water slurries and-clay-water-sand slurries. 
Velocities up to 20 fps are studiecCOaia:lnCtude.S 
determination of Hazen--Willtams. ~C" factor, Reynolds · 
number, boundry drag, relative roughness, sand ···· · 
grain roughness and friction loss at various velocities. 

---Lightweight- Aexible 
The inherent light weight and flexibility of Oriscopipe 
provides many cost saving benefits related to 
~~n_dling, st;>rage, ~uling, unloading, stringing, 
101n1ng and 1nstallat10n. Because or its light weight 
D.risco~ipe can be moved, handled and placed i~ the 
d1tch With smaller and less expensive construction 
equipmenL Usually, manpower requirements are· also 
reduced. · 

Oris<?Opipe weighs less than water. it has a specific 
grav1ty of .955--.957. Because it will f1oat, it can be 
Joine? in loog strings and easily towed into position on 
jOb s1tes where water is encountered. The 
combinatioo of light weight and flexibility provides 
opportunity to fusion join the pipe in a convenient 
work area and pull it into position in difficult work 
:areas w_here terrain or other obstacles present 
mstallation problems. The pipe can be joined above 
ground and rolled or towered into the trench thus 
allowing the use of srnaller trench widths and 
eliminating the necessity of placing men and 
equipment inside the trench. Such installation 
methods can dramatically reduce the time required 
for installation in many instances. · 

The flexibiUty of Driscopipe allows ii to be curved over. 
un.der and around obstacles and to make elevation 
and directional changes, thus eliminating frtti~s and · 
reducing installation costs. The pipe can be cold bent 

. ~it-is-iAstalleEi-t0-a.-rac:li1:1~·0f-20-40-times.the.pipe .- · · · 
~ . ~lameter. :rn~s flexi.l::!ility and the ~U!i fusiory joining. -· 

method make Oriscopipe ideally suited for inserting it · 
· inside older piping systems to renew and renovate . 
~ucf) systems at a much tower cost than would be 
'possible otherwise. .. . 

· Pipe ~exibility and toughness also allow small . 
diameter Driscopipe to be plowed-in or pulled-in with 
s~itable equipment. 



Tf"'' rghness- "Ductile PE Pipe" 
verall ~toughness~ of Oriscopipe is an important 

dtaracteristic of the pipe which is derived from many 
of the chemical and physical properties of the 
material as welt as the extrusion method. The pipe is 
ductile. It flexes. bends and absorbs impact loads 
over a wide temperature range of -180"F up to 
+ 180"F. This inherent resiliency and flexibility allow 
the pipe to absorb surge pressures. vibration and 
stresses caused by soil movement. Oriscopipe can 
be deformed without permanent damage and with no 
adve~e effect on long terrn service life. It is flexible 
for contouring to installation conditions. The 
toughness of Driscopipe is one of its outstanding 
engineering characteristics leading to innovative 
piping design. 

Even though wtoughness" has become generally 
recognized by the industry as a highly desirable 
characteristic ... there is no standard test which can 
be used to directly compare the "toughness~ among 
polyethylenes ... as well as among the different 
plastic materials.which are considered suitable for 
piping. 

A •toughness· test has not been devised is simply 
because it is influenced by so many of the physical 
and chemical properties of the material. The extreme 
1"'tJghness of Oriscopipe has been noted as one of its 

of tests and to conduct some tests in person in order 
to compare it with materials which are more farniii;ar 
such as cast iron. steel, cement, copper, etc. • 

Toughness is related to .. . Environmental Stress 
Crack Resistance (ESCR) ... Notch sensitivity .•. 
Resistance to secondary stresses from external 
loading ... Impact strength .... Tear strength ... 
Flexibility ... Kink resistance . :. Abrasion and scratch 
resistance .. . Fiexural strength ... Elongation ... 
Chemical resistance ... Tensile strength ... Ductility ... 
Creep resistance ... Temperature resistance ... 
Density ... Molecular weight .. . and the thermoplastic 
nature of the material. Part of the toughness of any 
polyethylene material can be ~ttributed to its flexibility. 
flexural strength and impact resistance as co"mpared 
to the more rigid therrr.oplastic materials such as 
PVC. Polyethylene is ductile and will elongate many 
times more than PVC. Consequently, it will absorb 
more impact without damage or failure. PE wilt flex or 
elongate and stress relieve itse)f rather than rupture. 
Generally. impact strength is.greater for the higher . 
molecular weight PE resins. Impact resistance is also· 
important from the standpoint of a piping system 

· being able to absorb energy imposed on it by 
external forces. 

The expansive force of water freezing inside 
Oriscopipe will not damage it. 

?tanding features since its introduction to the · . ESCR is one of the properties closely related to 
.. . Justry .:. yet to explain wtough!)_~s·! ~ny . .. ·: . · ... :_- ~toughness" an~ has ~n studied as a possible 

- properties are discussed and demonstrated. To . . . .--_. means to define and measure toughness. The 
.. obtain a·comp!ete evaluation·of the ioughi1ess of a·· . . . . .... exceptiohat ·resistance of Driscopipe 8600 to - -
. plastic material, it is riecess"ary to see derrionstrations ·-- . 7 environmental streSs-cracKing as compared to other 

. . .. PE materials is discussed further in the next section. 

·.: . ':·;.. : . ~, ' • 
. • 

5 



-------·---·--· 

6 

Oriscopipe 8600 is unique and differs from 
Oriscopipe 1000 and from all other polyethylene 
pipes. Oriscopipe 8600 exhibits a superior toughness 
which gives the pipe the highest impact strength. 
highest tear strength and lowest notch sensitivity of 
any polyethylene pipe currently available. Oriscopipe 
8600 offers the highest resistance to cuts. scratches 
and abrasions which occur when handling and 
installing the pipe. · 

These properties are maintained throughout its 
temperature range without a loss of ductility or 
reduced resistance to notch sensitivity. Oriscopipe 
has been successfully installed in numerous arctic 
applications. Some of these applications have 
included direct burial in the unstable arctic 
pem1afrosl 

To team more of the relative toughness of Oriscopipe 
8600. we enccurage you to take a piece of pipe with 
a butt fusion joint and try. to tear it up without using 
sharp tools. Pound it flat with a sledge hammer ... 
slam it against a corner of angle iron •.. run over it with 
a truck ... then do the same with steel, copper, PVC, 
cast iron and the less rugged PEs. It's oot very 

· scientific ••. but we believe you'll be convinced that 
Oriscopipe 8600 bas extremely high toughness. We 
have evaluated Oriscopipe many times in laboratory 
and field test experiments to demonstrate and prove 
·this·toogl'lAess-:-

· • One excellent indicator of the relative toughness of 
Oriscopipe 8600. as compared to other 
polyethylene pipe materials. can be observed in the 
ASTM Standard Test for determination of flow rate 
of the thermoplastic materials. 

When Oriscopipe 8600 is heated to 190 .. C (374 .. F) 
to measure the flow rate. it requires 432.5 pounds/ 
sq. in. force. applied for 10 minutes. to flow 1'1.! 
grams of 8600 material through the orifice of the test 
unit! Other commercially available polyethylene 
pipe materials will flow 10 to 20 times this amount 
under the same conditions. 

.. When Oriscopipe 8600 is heated to 475-SOOOf to 
mett it for fusion joining. it requires 150 pounds 
pressure per square inch of material to make the 
melted surfaces flow together. This is another 
indicator of toughness. Other commercially 
available polyethylene pipe materials require about 
one-half that amount of pressure and some 
competitive pipes requJre less than 25 psi! 

• Oriscopipe 8600 has been pressure tested for 
long periods at temperatures up to 140°F and 
performance requirements at these high 
temperatures can be used in purchase 
specifications to assure that the user is getting 
the highest perfom1ing polyethylene pipe. 

--



Environmental Stress Crack Resistance 
1e most recent ASTM specification wrinen to identify 

,,olyethylene plastic pipe and fittings materials is 
ASTM 0 3350, ·Polyethylene Plastics Pipe and 
Fittings Materials·. adopted in 1974. This specification 
uses six (6) properties to classify PE material ... one 
of these is ESCR. . 

ASTM 0 3350 lists three cell limits for ESCR 
classification which use the ESCR test outlined in 
ASTM 0 1693, Test Method for Environmental Stress 
Cracking of Ethylene Plastics. The cell limits are: 

Cell 
Classification 

limit 

1 

2 
3 

Test 
Condition Test 

ASTM Duration 
01693 Hours 

A 
8 
c 

48 
24 

192 

Percent of Test 
Failures Temp. 
Allowed ~ 

50 
50 
20 

Minimum Notch for A is .020~; for 8 and C is .012". 
Minimum Thickness for A is .120"; for 8 and C is .070"'. 
A and 8 use a diluted aqueous solution reagent. C 
uses full strength reagent 

This method of testing for ESCR was first written in 
1959 and was developed primarily to evaluate · 
poiY€thylene as a jacketing material for power and 
·"'rOffimunications cable. A~hough the method requires . 

1e use of laboratory compression molded 
specimens rathertrJan pipe, it became the generally 
accepted method for evaluating ESCR of PE ·: 
materials used for piping. ·tts wide use was . 
responsible for its inclusion in ASTM D 3550 to 
describe one of the six primary properties of a PE 
pipe material. 

The test method. ASTM o-·1693. is an accelerated test 
method to determine the resistance of a polyethyk:1e 
material to environmental stress cracking. It is a 
measure of the ability of the polyethylene to withstand 
secondary stress loadings. These loadings are 
typically lt1ought of as low·level, long-term, exte:·i ,.:!l 
stresses which may act upon the polyethylene pipe 
in field installations. 

Under conditions of the test. high local multiaxial 
stresses are developed thrqugh the introduction of a 
controlled imperfection (notch). The notched sample 
is subjected to an elevated temperature bath of a 
surface active agent. Environmental stress cracking 
has been found to occur most readily under such 
conditions. 

A note in the test specifications states that, generally, 
low density (Type I} polyethylenes are tested under 
Condition A, medium and high density (Type It and 
Type Ill} polyethylenes are generally tested under 
Condition 8 and high density resins with high melt 
viscoSity, such as pipe grade P34, are tested under 
Condition c. · 
·As pipe grade polyethylenes have improved, the 
testing requiremer:tts of ASTM 0-1693 have become 
less string€!1t for P34 pipe grade polyethylenes such 
as Oriscopipe 8600 and Driscopipe 1000. As a result. 
a more severe stress crack resistance test · 
has been developed to evaluate high ¢ensity . ~·: . 
polyethylene pipe. The ASTM f=-1248 stress crac~. 
resistance test method WaS developed by a gas 

:·distnbution company for qualit}i"coritrol puipose·s and 
. is often referred to as Ring ESCR since it tests actual 

produced pipe ring samples rather than molded 
specimens. 

7 
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ASTM F-1248 utilizes rings cut from a pipe sample. 
The rings are notched on one side and compressed 
between parallel plates until the distance between the 
plales is three times the specified pipe minimum wall 
thickness. The compressed ring samples are 
subjected to an elevated temperature bath of a 
surface active agen.t and visibly inspected for crack 
formation or propagation. 

The Ring ESCR test provides useful information 
regarding the different polyethylene pipe grade 
materials. Oriscopipe 8600 shovvs no tendency for 
sample failures when tested in excess of 10,000 
hours. This further reinforces the unique ability of 
Oriscopipe 8600 to provide the highest degree of 
resistance to the external stresses inherent to a 
pipeline ins~allation. 

Oriscopipe 1000, an extra high molecular weight 
HOPE pipe, will exhibit a ring ESCR of F50>1000 
hours. Other lower molecular weight pipes may 
exhibit lower F 50 values. 

Chemical Corrosion Resistance 
The outstanding resistance of Oriscopipe to attack by 
most chemicals makes it suitable to transport these 
chemicals or to be installed in an environment where 
these chemicals are present Factors which _ . . . · 
determine the suitability and service fife of each 
J~articular application include the SP.?9ifiC chemiCal 
and its concentfation, pressare:-terf1peratUr~~~ne<J 
of contact and service cci"nditions Which may · · 
introduce stress co~~ntrations in the pipe or ~~i':gs. 
Oriscopipe is, for· all practical purposes, chemically 
inert wi_thin its temperature use range. This ····- ··· ···· . 
advantageous engineering characteristic is one of 
the primary reasons for the wide use of Oriscopipe in 
industrial applications. It does not rot, rust. pit, 
corrode or lose wall thickness through chemical or 
electrical reaction with the surrounding soil, whether 
acid, alkafine. wet or dry.lt neither supports the 
growth of, nor is affected by, algae, bacteria or fungi 
and is resistant to marine biological attack tt contains 
no ingredients which make it attractive to rodents, 
gophers, etc. 

Information relative to the resistance of Oriscopipe to 
a wide range of chemicals is shown in the following 
tables. This information is based on results of 
immersion tests (usually 3 months) at various 
temperatures. Changes in tensile strength and 
elongation are evaluated at a rapid strain rate to 
emphasize any strength decay in the material. 

·------------------
Most acids. bases and other chemicals can be 
transported by Oriscopipe using the same design· · 
parameters as would apply to water. natural or 
manufactured gas and water solutions of inorganic 
salts. Strong oxidizing agents such as fuming sulfuric 
acid may adversely affect the pipe, depending upon 
concentration, temperature and period of contact. In 
many cases. such as gravity How waste lines, these 
chemicals can be handled because of dilution and 
intermittent flow. 

Some chemicals, such as· an types of liquid 
hydrocarbons. will mechanically absorb into the wall 
of the pipe and cause a reduction in hoop stress but 
this does not degrade the material. This effect is 
temporary if exposure is intermittent. Where exposure 
is continuous, it is necessary to derate the pressure 
capability of the pipe for long term service. This 
includes such products as gasoline, ethyl alcohol, 
benzene, carbon tetrachloride. crude and refined 
oils, etc. Where 5-100% hydrocarbon liquids are 
continuously present in a pressure system, a service 
design factor of .25 should be used to calculate 
design pressures instead of the service design factor 

. of .5 used with water. 

2S 
P= SOR-1 xF 

t 
or P=2S

0
_

1 
xF 

Where: D= 
P= 
S= 

t= 

Outside Diameter, Inches 
Design Pressure. psi 

· Long. Term Hydrostatic Strength, 
. psi, at the design temperattrre 

Minimum Wall Thickness, tnches 
. Service Design Factor · · · 
Sta-ndard Dimensio-n Ratio of 0/t 

.F= 
SDR= 



S-Satisfactory 
U-Unsatisfactory 
M-Marginat 
N-Notknown 

--------------------

Reagent 
70"f 140'"F 

(21 "C) (60"C) Reagent 

Diazo Salts 

7<rf 1-«rF 
(21"C) (G<JC} 

PJI CC()Centrations are 100% unless 
noted otherwise. 

8ocic Acid Cooc. 
eiomic Acid 10".4 

8n;mjne l.iq<.Jid 100"/o 

ButMe<fiO( lO"k 

Butanediol60% 

s s 
s s 
M U 
s s 
s s 

Diethylene Glyrol 
o;gtycor.c Acid 

Oimemytamioe 
Emulsions, Pnotographic 

s s 
s s 
s s 
M U 
s s 

On reagents marked marginal, 
chemical attack will be recognized by 
a kr..s of physical properties of the pipe 
whid1 may require a change in design 
factors. 

Butane<fiOI tOO% S S Ethyi Aa:!tate 100% M u 
l3uty1 Alcohol 1 00"/a S S Elhyi Alcot'.ol 100".<. S s 
CaJcium Sisutflde S S Etnyi Al<:OOol 35% S S 

Calcium Cart:ooate Sai'd S S Elhyi Butyrate M u 
Calcium Chlcxate Sat'd S S Ethyl ChiOOde M U 

Calcium ChiOOde Sat'd S S Elhyi Ett'.e:- U U 

Reagent 
7crF 14Q"f 

(21"C) (GO"C) 

Calcium Hydroxide S S Elh~ CtlloriOO U U 
Calcium Hyp:x:hlo<ite BL'GH Sof. S S Elhyfene Ct\lo!oh}'l:lrin U U 

Calcium Nitrate 50% S S Ethylene_ Dic:hloOde M U 

AcelicAOd 1-10"A> 

Acetic AOd 10-60"/o 

Acetic AOd 80-100'% 

Acetooe 

~Emulsions 

Alom1oom Chlocide-Otlute 

Alumlnum Chloride Ccoc. 
AAtmioom Fluoride Cooc. 
Alutn1ncJm Sulfate Cone. 

'.lmS (All rypes) Cooc. 

s 
s 

. s 
M 

s 
s 
s 
s 
s 
s 

~100%o;,.Gas. s 
Amn~~te . ~.:....--.-~- S 
Ammonium Chloride Sattj s 
Ammooium Fluoride 20"k s 
Ammonivm Hydroxide 0.88 S.G. s 
Amtnol1ium Metaphosphate Salt! S 
Ammonium Nitrate Sattl S 

Ammonium Persulfale Sat'd S 
Ammooium Sulfate Sat\:! S 
.Ammonium Sulfide Sat'd s 
Am!ocoiumThiocyarl<rte Sattl S 
Amyl Acetate M 
Amyl Alcohol100"k s 
Am{o Chlocide 100% N 
Aniline 100% s 
~Chloride s 
AqoaRegia u 
Barklm Carbonate Sat\:! S 
BaOOm C!1loOde s 
BarUn~ s 
BatUn Su!taie Sard s 
BaOOm Sulfide Satt1 s 
Seer s 
8eo:zeoe M 
Becu:ene Sutfooic Add S 

8ismsth Calbonale Satti S 
;leach Lye 10".4 S 

3lad< Uquor s 
Botax ~d Sal'd s 
8oOc AOd Dilute s 

S Calcium Sulfate S S Elhylefle GlyCol S s 
M CarnphorOil N U ferricChlocideSat'd S S 
M Carboo Dioxide 100".4 Dry S S Ferric N'!llate Sat'd S S 
U Carbon Dioxide 100"k Wet S S Ferrous Olloride Salt1 S S 

s Carbon Oiolcide Cold Sat'd S S Ferrous Sulfate S S 

S Carbon Disulfide N U FISh Solubles S S 

s Catton Monoxide s s Fluoboric Acid s s 
S Catboo ietrad11oride M U Fluocine S U 
s Carlx>nicAcid s s Fluos~Acid324k s s 
s Castor Oil Cooc. S S . AoosilicicAdd Cone. S S .. 

S ChloMe Dry Gas 100% S M Focmaldehyde 40".4 S . N 
• • • . • • ' I 'I • 

S - Ctllocine Mcist Gas . - . M U · . Fo<mlc Acid 0..20% . S S 

~~--· ~ -:·:~·-·-=:t·=-:~=--~---.-_ ..... - -f-.--:~--·-- . :~::·---~~-~=k--:· -. -- ......... ~--· --- ~ --
s Chlcrofocm M U Fructose Sattl S S · 
S 0\\orosi.Jifoolc Acid 100".(, - M U Fruit Pulp S S 

s Olrome Alum Sat'tl S S Fwl Otl S U 

- s 
s 
s 
s 
u 
s 
u 
N 

s 
u 
s 
s 
s 
s 
s 
s 
u 
s 
s 
s 
s 
s 
s 

Chromic A6d 20".(, 

Chromic Acid Up to 50% 
s 
s 

Chromic Acid and Sulfuric Acid s 
Qder s 
Citric Add Satt1 
Cocoout Oil Alco."ds 

Cola Coo.::eotrales 
O::wer CtllOOde Satti 
Copper Cyanide Sat'd 

~Poo00e2% 

Copper Nitrate Sat'd 
Co\::per Suff<M Dilute 

~Sulfate Sard 
Cottonsood Otl 

CrudoOl" 
Cuprous a'lloOOe Sa1'd 

~ 

Cydohexarooe 
0e1ergeots Synihetic 

Developers, Ptx::>lographic 
Dextrin Sal\i 

Dextrose Sattl 

Oibvtylphthatate 

. Oisodium Phos.ptlate 

s 
-S 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
M 
s 
s 
s 
s 
s 
s 

s 
s 
M 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
M 
s 
s 
u 
s 
s 
s 
s 
M 
s 

Furfural100% 

Ftxfuryl Ncohol 
GatfocAcid Sa."d 
GasUquk!s• 

Gasoline' 
Gin 

Glucose 
GlyceOoe 

Glycol 

GlycoGc kid !30"k 
Gmpe Sugar SardAq. 

fW:anol.. 1ert. 
Hydrt:bron-jc Acid SO% 
~AcidSard 

~Acid10% 

Hydrochloric Acid "30% 
HydrochloOc kid 35% 

Hydrochloric Acid Cone. 
t-lydrofl<.JoOC Acid 40% 

HydroiluoOc A6d 60% 

HydrotluOOc Acid 75% 
Hydrcgeo 100"k 

Hydrcgeo Bromide 10% 

Hydrogen Olloride Gas Dry 

M 
M 

s 
s 
M 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

u 
u 
s 
M 

u 
u 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

-s 
s 
s 
s 

·HOPE Resin SeC\Iice Design Faoo< fo< hydroc;J.lbons pe.- the l<xrnuLa on page 3 and 8 is F = 0.25 

to cocnpe<\Sate to< hydrocartx>n saturation effects on long tem1 hydrosl.a!ic strength. 
9 



70"f' 14<M= 70"f' 140"f' 7Q"f' 14~ 
~~~-~~m~----------~(2~1~~~)~(~~~~~)--~R=~~g~e~n~t __________ .~(~~~~~)~(~6~~~) _ _ ~R~e~ag~e~n~t ___________ _£(2~1~~i)J(60~l___ 

~Peroxide 30% 
~nf>ero;OOe90% 

Hydrogen Phospoide 100".4 

Hydroquinooe 
HyCcoge!l Sulfide 

Hypochlo<us Add Cone. 
!nl<:s 
k:xfcne (Ale. Sol.) Cooc. 
Lactic Acid 10".4 

tadk AcXJ 90"/o 

~ 

lead .Acetate Sat'd 

tube Oil" 
~ Catbooale Salt! 

AAagr-esB..-m Ch!cride Satti 

Magnesium Hydroxide Sat\:! 

tkgr.esium N"rtrale Sat\j 
Magnesium Sulfate Sattl 

tl.efruric cnroooe Sat'd 
Mero.lric Ojanide SattJ 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

s 
M 
s 
s 
s 
s 
s 
u 
s 
s 
s 
s 
M 
s 
s 
s 
s 
s 
s 
s 

Phosphorous (Yel~)100"Jo S N Sodium Bicatoenate Sat\1 s s 
P.nosphorus Pentoride 100"/o S N Sodium S<sullate Sat\:! s s 
P~ So!<Jtio<ls S S Sodium Sisullile Sat'd S S 
Piddiog Baths . Sodium B<xate S s 

&ftfuric AOd S S Sodium &omide Dilute Sol. S S ... · 
1-lydrcx:hlo<ic Acid S S Sodium C~te Con. S S 

&itfl.!ric-Ni!ric S U Sodium Carbonate s S 
Plating SoCutions Sodium Chlorate Sal'd. S S 

Brass S S Sodium Chloride Sat'd S S 

cadmium S S Sodium Cyanide S S 

Ovl:xnium N N Sodium Dichromate SattJ S S 
Copper S S Sodium Fem::y;lnide S S 

Gok1 S S Sodium ~nide Sal'd S S 

Indium S S Sodium Flvori6e Satl:l S S 

lead S S Sodium Hydroxide Cone. S S 

N'ld<el S S Sodium H)'IX:d110rrte S S 

Rhodium S S Sodium Nitrate S S 

Silvef S S Sodium Sulfate S S 

Tm S S Sodium Sulfide 25% S S 

2inc S S Sodium Sulfide Sa ttl Sol. S S 

Meto.rroos Nitrate Salt! · s s Potassium 8icasbooate Sal'd S S Sodium Sulfite Salt! S S 
Me«:u!y s s Potassiurn Boca1e 1% S S StanncxtS 011oride Sat\:! S S 

Me(hyl Alcohcl100"k S s Potassium Bromate 10".4 S S Stannic Chloride Sat'd S S 
Me¢ly{ 8romide . M U Potassium Bromide Satti S S $t.ard1 Solutioo Sattl S S 

~Ctllol~ . M- - u -~~~e=---:S_:_...:· ··::s:----:St~e~anc::··~Add:;::;· ~';~~~~ ___ _:s s 
Metttyf E~ Ketooe 100".4 M U Potassium Ollocate Sat\:l S S Sulfuric Add 0-$00.4 s~-s-

il..;;;h~'"'.n,:·;.._,_,-·· · ·-··· --·-: ... s .... ·.:. s ··--· ·--~ChlorideSattl s $ ""··If ' A..!.l s M ~~··1~ .. ~ ... .-....... . . . ... .. .. ..,... unc"""':'70"k 
Me~ ChloOOe 100".4 · - M · · U Potassium Chromate 40''1. S S Suffuric Add 80"k S .. "tT 
Milk S S f'otas$ium Cyanide Sat\:! S S Sulfuric Add 96% M U 

Mneral Oils S U Pol.assiurTt Oicnromate 40"k S S Sulfuric Add 98•.<. M U 

MolasseS Comm. 
NO:el 011o<ide Sat'd 
N"tekel N'rtrale Cooc. 
Nickel Sulfate Satti 
f«ctine Dilute 

tkoOrlic A6:l 
~ AOd o-30".4 

Ntric AOd 30-..'iO% 
Nitric AOd 70% 

N<lri: /lci:J 95-00% 

NittOOooz.ene '\()()% 

O:;tyi Cresol 
Oils an:! Fat's• 

Oeic A6:l Coo::.. 
O!etkn Coo::. 

Orarg3 Ex!rad 
~Add Dilute 

OxaJic Add Sattl 
02J:x:le '100% 
Pen:hloOc Acid 10".4 

f'etroleum Ether 
Phenol$0".4 

PhosphoOc Acid Up to 30% 

~I>Od Over30"..4 
Phosptlocic Acid 90% 

s s 
s s 
s s 
s s 
s . .. s 
s s 
s s 
S M 
S M 
u u 
u u 
s u 
S M 
s u 
u u 
s s 
s s 
s s 
s u 
s s 
u u 
u 
s 
s 
s 

u 
s 
s 
s 

Pot.asslum Femr 
~Cyanide $attj 

Potassium Flu<:ride 
Potassium l¥raxX1e 20% 
Potassium Hydroxide Cc:oc. 

Pota.ssluin N"dra1e Sarti 
flotassivm Pedxxate Saru 
Pol:assium Pefdllocale '10% 

Pot:assioo1 S\&le Coo:. 
f'o!ass:lrn &.JI:ido Coo:. 

Poa!ssium Sulfite O:o:. 
Potassitm Persulfata Sat'd 
Proparyyl Alo:lt1o{ 

f>n:9yl Alcch::ll 
Propylooe ~ 100".4 

p~~ 

R8)\?0 ~ Satfl 
SeaWaier 
Selooic />cij 

s~ 

sa-.oc .Acid 
Sdvef Nitrale Sol. 
Soap Solution />.lly Conc'n 
Sodium Acetate S2ttf 

Sod<um 8enzoote ~% 

s s 
s s 
s s 
s s 
s s 
s s 
s . s 
s s 
s s 
s s 
s s 
s s 
s s 
u u 
s s 
s s 
s s 
s s 
s s 
s s 
s 
s 
s 
s 

s 
s 
s 
s 

For adO~iooal ()')emical res<starice lislings. ~It the P.P.I. technical fe?0<1 RTR 19/1Q.a4, Ta.tk I 
10 and the ISO le<:hnical report #ISO/Oata 8-1979, Tables I, 11, 111. 

Sulfuric Add. Fuming 

Sulfuroos Acid 
"~allow-

Tannic kid 10".4 
Tanning Extracts Cornm. 

'Tartare Al:!d Sattl 
TetrahydroMar.e 
Trt,an;um 16trodlloci6o Sat'd 
10!ueoe 
Transfocmer 011 

Triscdium ~ Sart1 

T~ 

Urea Up to 30% 

ume 
Ynega.r Comcn. 

VatWa EXIrnd 
Wetting .A(Jents 

~ 
W!OeS 
Xyleoo 

Yeast 
Zinc Chlo<icle Satti 
2inc Sut!ate Sat'd 

u 
s 
s 
s 
s 
N 
N 
N 
M 
s 
s 
u 
s 
s 
s 
s 
s 
s 
s 
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s 
s 
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u 
s 
M 

s 
s 
N 
u 
u 
u 
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s 
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u 
s 
s 
s 
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-----------------------------------·----------------------
Temperature Characteristics 

nee polyet~ylene is a thermoplastic material. many 
of its physical and chemical properties are 
dependent on temperature and will change as the 
temperature of lhe material is increased or 
decreased. However. the exposure of Oriscopipe to 
temperature va.riations wilhin the recommended 
operating range does nol result in degradation of lhe 
material. As these temperature changes are 
reversed, the material properties also reverse to their 
original values. 

You wilt note I rom the information on physical 
properties that Oriscopipe has a brittleness 
temperature below - 180"F and a softening 
temperature of + 257<>F. The recommended operating 
temperature is limited only on the higher temperature 
.side to a range of 140-180"F. dependent upon the 
pressure of the application and other operating and 
installation considerations. On the lower temperature 
side, Oriscopipe gains strength without becoming 
brittle and is ideal for use at sub-zero temperatures. 

Oriscopipe becomes molten at 400-SOO<>f and· 
temperatures in this range are used to fusion join the 
piping system. Pipe is extruded at about the same 
temperature. To protect the material against 
degradation at the higher temperature, it is 
chemically stabiftzed. This stabilizer protects the 
ma~erial against themnal degradation which might 
othe~se occur during manufacture, outside storage 
and installation. · 

Oriscopipe has been tested for thousands of hours at 
elevated temperatures of 140°F and 180<>f without 
thermal degradation. These long term pressure tests 
at the higher temperatures are used to obtain 
recommended design strengt11s for the pipe at these 
temperatures. 

Since all thermoplastic piping materials are affected 
by lemperature. it is a general practice to 
characterize these materials at ambient temperature 
of 23"C (73.4°F}. Nearly all ASTM tests relating to 
physical. mechanical and chemical properties of 
thermoplastic materials are conducted at this 
temperature. If a test is conducted. or a property 
defined. at other than 73.4"F. it is always noted. 

One example of the effect of temperature on 
Oriscopipe is the change in.Iong term strength of the 
material as shown on the stress-life curves. This type 
behavior is true lor all thermoplastics but there are 
large differences between the performance of 
specific materials at the higher temperatures. 

Knowledge of the long term strength of Oriscopipe at 
the various temperatures allows selective design of a 
system. Accurate interpolations can be made for 
other temperatures between those which are known 
when data at three or more temperature levels is 
available. 

Other properties of thermoplastic pipe which change 
with temperature and can affect system design and 
installation procedures include the following. 

Burst strength- Short term (1 minute) burst tests on 
Oriscopipe at various temperatures show these 
typical hoop stress values: 

Temperature, "f . . 
.. 

73.4° 
~ 

oo 
-20° 
-40° 

Hoop Stress, psi 

3250 
4300 

5290 
5670 

6385 

Oriscopipe will quick-burst at a pressure 
approximately four times greater than the rated 
operating pressure. 

11 
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Chemical Resistance-· The ability of most 
thermoplastics to resist degradation in the presence 
of corrosive chemicals is reduced as temperature 
increases. This is also true for Oriscopipe but to a 
lesser extent because of its high density and high 
molecular weight. The effect of temperature on 
Oriscopipe in the presence of variou~ chemicals is 
shown in the chemical resistance tables. 

Flexibility- As temperature is decreased. the flexibility 
of Oriscopipe is also decreased. This has very little 
effect on installation except that at the lower winter 
temperatures. coiled pipe becomes more difficult, 
mechanically, to uncoil and stretch out in the ditch. 
Although Oriscopipe becomes stiffer at low 
temperature, it can be bent, uncoiled or plowed in 

. with sufficient mechanical power and no damage will 
occur to the pipe because of bending it at cold 
temperatures. 

Other Physic<ll Properties -There is a slight change 
with temperaiure of impact strength, notch sensitivity, 
flexural modulus, hardness and elongation ... but 
none are of such extent as to affect design 
parameters or installation procedures over the normal 
range of temperatures: 

Modulus of Basticity- Typical values for the variance 
in modulus of elasticity with temperature change is 
shown below. 

- - ---- - ----------------- ·--- ---
Thermal Expansion and Contraction - Polyethylene, 
like other thermoplastics. has a coefficient of 
expansion higher than metals. This coefficient is 
usually determined by a standard test method which 
employs the use of molded specimens. 
Measurements are made with a quartz dilatometer 
while the test specimen is held at elevated 
temperature. Typical coefficient values by this method 
range from .75 x 10-4 for Oriscopipe 8600 to 
.83 x 10 - ( for Oriscopipe 1000. 

The coefficient of linear expansion may also be 
determined by measuring the change in length of 
unrestrained pipe samples a~ different temperatures. 
The calculated coefficient is somewhat higher on 
extruded pipe Ulan on molded test specimens. This 
appears to be true for all polyethylene pipe. The 
average coefficient calculated from measurements 
made on DriscopT.e in the temperature range O"F to 
140"f. is 1.2 x 10- inlinrF. 

The circumferential coefficient of expansion and 
contraction for Oriscopipe is approximately .6 x 10- ~ 

in!inf'F in the range of oo to 140"F ... or about 1h the 
linear coefficient. This circumferential change with 
temperature rarely presents any problems in system 
design. There may be need to consider this factor if 
compression fittings are used. 

The expansion or contraction for Oriscopipe can be 
Modulus of stated in an easy rule of thumb ... the pipe will 

Temperatureoc:--~--E!asticity"-psi expand or contract approximately 1.4 .. per 100 feet for 
. , •.. ' each 10"FChange in temperature. Tl1us-a·1()0(')foot~ 

.. ::?Cr ..... : ... :: . ..:.~---~-~~~~!:_~00~- - -· · - · ___ ........ .. ----~-nr~!@1!!~9.J!.r:l~. ~-i~_b _u_nc;!_e.rgoes ~ ~OOf inci'ea_§_~__!~ 
O" ·-·--·· · . - ·------ .•.• .,~ .. . 260,0QO . . . . temper?~U-~~ ~~}~pge_w!!!._increa~€3 in l~ngth 28 ir:C?~~~: 

32° 200 000 The relattvely large amount of expans1on and .. ·· 
· contraction of plastic pipe generally presents no real 75" 

·-
130

•
000 

problems in installation. The pipe has a relatively low 
100o 105,000 elastic modulus and consequently there is tess stress 

_____ 14_0_" ________ 60_."-ooo____ build-up. These stre~es, caused by temperature 
change, are easily dissipated due to the 
thef1l"K)plastic nature of the material which relaxes 
and adjusts with time. 



Tpctc; have been conducted wherein the temperature 
re than 100 feel of unrestrained pipe was 

..... 1ged 130°F in a period of a few minutes. The total 
force created by contraction was measured and 
proved to be about (Yz) one-half the theoretical 
calculated value. Thermoplastic materials are unique 
in their ability to stress-relieve themselves. Actual 
changes in temperature in most applications take 
place slowly over an extended period of time. The 
total stresses imposed will vary but are generally 
much lower than the calculated values. 

Direct buried pipe will generally have ample soil 
lriction and interference to restrain movement of the 
pipe under normal application temperature changes. 
It is a good idea to make the final tie-ins on a system 
at a temperature which is as close to operating 
temperature as possible. This is particularly true for 
insert liner systems where there is no soil restraint. 

Normal good direct burial installation practices which 
include snaking the pipe in the ditch, proper backfill 
and compaction, making the tie-in at the proper 
temperature, etc. should be used at all times and will 
substantially reduce the possibility of pull out at tie-in 
connections on such installations. However. planning 
the transition tie-in becomes more important when 
Oriscopipe is used for insert renewal inside another 
pipe because there is no restraint from earth loading. 

·contraction of the pipe due to reduction in 
.perature is freely transmitted to the transition 

. . - .. mnection and may result in pult-<:lut_if proper design 

precautions are not taken. In those cases, it may be 
necessary to provide additional anchoring at the 
terminations of the insert liner. Concrete anchors 
poured into undisturbed soil and cast around anchor 
projections in the Oriscopipe line will restrict 
movement at the end of the line. Anchor projections 
qn the Oriscopipe liner can be made by fusing a blind 

· tee into the line or by the use of two reducers, to the 
next larger size of pipe, fused together in the tine. 

Thennal Conductivity-This property of Driscopipe is 
lower than that for metals and can sometimes be 
exploited in the design of the system. tt may eliminate 
or reduce the need for insulating pipe which carries 
water or other fluids through freezing temperatures. 
Thermal Conductivity of Driscopipe is 2. 7 BTU per 
hour per sq. ft. per Of per inch d thickness. The slow 
heat transfer inhibits freezing and, if normal burial 
precautions are used, accidental freezing is usually 
eliminated. If the pipe does freeze, it does not fracture 
but fluid flow will be stopped. It will resume its function 
upon thawing. Direct application of intense heat 
should not be used to thaw a tine. Antifreeze 
compounds such as methanol, isoproponol and 
ethylene glycol can be used without detrimental effect 
on the pipe. 

Ignition Temperatures-The flash point for high density 
polyethylene using the Qleveland open cup method 
(ASTM 092) is 43BOf. 'fhe flash ignition and self 
ignition temperatures using ASTM 01.929 are 6450f 
and 660'f. · · · .. ··.- . 

t3 
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Weatherability 
Tv .. 'O principal factors influence the weathering of 
plastic pipe in outside above ground applications ... 
temperature changes caused by seasonal variations 
and solar heating and solar radiation of ultraviolet 
rays. Effects of temperature variations on Oriscopipe 
were discussed in the preceding section. Expan~ion 
and contraction of a line above ground. due to 
ditferentic;l heating. will cause the line to move 
laterally. particularly if it is empty. This movement can 
easily be controlled within desired limits through the 
use of restraints. · 

Oriscopipe is also protected against degradation 
caused by ultraviolet rays when exposed to direct 
sunlight. The material contains 2Y2% of finely divided 
carbon black which also accounts for the black color 
of Oriscopipe. Carbon black is the most effective • 
single additive capable of enhancing the weathering 
characteristic of plastic materi?IS. The protection 
even relatively low levels of carbon black impart to the 
plastic is so great that it is not necessary to use other 
light stabilizers or UV absorbers. 

Weatherability tests indicate that Driscopipe can be 
safely used outside in most climates for periods of 
many years without danger of loss of physical 
properties due to UV exposure. Phillips has done 
extensive testing of polyethylene compounds 
containing 2 to 3% carbon black and compare~ 
these to omer tJVsrat:Jitizers:to-determine-their-· -
effectiveness for protection against UV degradation 
in outdoor exposure. Samples were aged in outdoor 
exposure in three geographical locations: Phoenix, 

---------.-·-·-----. 
Arizona. Bartlesville. Oklahoma (Phillips 66 
headquarters) and Akron. Ohio. From these actual 
tests. it was determined that one year exposure in 
Arizona was equivalent to at least two years in 
Bartlesville and greater than three and one-half years 
in Akron. 

Weather-Ometer tests were run under standard 
conditions as set out in ASTM 0 1499-64 and 
compared with the actual test samples in the three 
locations described above. From this test work, it was 
determined. conservatively; that 5000 hours 
(approximately 7 months) in the Weather-Ometer 
compares to greater than 42 months exposure in 
Arizona. Samples containing 2 to 3% carbon black 
and thennal stabilizers as used in Driscopipe have 
been tested for greater than 25,000 hours (2.85 
years) in the Weather-Ometer without any brittleness 
or loss of physical properties. This is equivalent to 
over 17 years in Arizona and over 60 years in Akron. 
Ohio. 

Permeabilfty 
The permeability of gases, vapors or liquids through 
a plastic membrane is generally considered to be an 
activated diffusion process. That is, the gas. vapor or 
liquid dissolves in the membrane and then diffuses tc 
a position of lower concentration. The permeation rate 
is determined by the functional groups of the . 
permeating molecules and by the density of the 
-plasti~trie-higher-the·deflSity;-the-lewer-the-.-

permeabi!ity. Usted below are typical permeability 
ratesforHDPE. :·, :~ .. -· . .. - ::.:._ ... ,.;.: ·- .. .... _ .... _ .... ,. -
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--<>· ~..J(I Dioxide 

Hydrogen 

Oxygen 

Helium 

Ethane 

Natural Gas 

Freon 12 

Nitrogen 

Permeability 
Rate• 

345 

321 
i11 

247 

236 
113 

95 
53 

•Cubic O!lfltimeters per day per 100 sq. inches per mij thid<ne:ss at 
.atmospheric pressure dmerential. 

These permeation rates are considered very tow. 
They result in negligible toss of product and create no 
hazard. For example. polyethylene piping systems 
are the predominant material used to construct new 
g as distribution systems and to renew old . . 
deteriorated systems. The permeation rate w!IJ ~ry 1n 
direct proportion to the differential pressure apphed. 

tf the internal operating pressure is 60 psi, to~ 
example, the permeability rate would be . 
approximately 4 times that shown above but volume 
losses would still be extremely low. Calculated 
volume toss in one mile of SOR 11 pipe (any size) in 

· one day. for natural gas. would be 1/. of one cubic 
f,'VJt. N. 120 psi. it would be ~ cubic foot per day. 

Abrasion Resistance 
One of the many outstanding characteristics of 
Oriscopipe polyethylene is its resistance to abrasion. 
The inherent resilience and toughness of Oriscopipe 
allows :he mining industry to use this pipe in 
numerous surface applications where more 
conventional materials would be unsatisfactory, 
either beca~se of the terrain encountered or the 
abrasiveness of the slurry to be moved. Quite often. 
a Oriscopipe system offers substantial economic 
advantage as a means of trans 'port over more 
conventional transportation methods used in the 
mining industry. Some of the more common 
applications include tailings lines and.lhe transport of 
gypsum, limestone. sand, slimes and coal. 

Due to its unique toughness. as indicated by low melt 
flow values, Oriscopipe 8600 provides improved 
abrasion resistance over aU other polyethylene 
piping materials. Controlled pipe loop pumping tests · 
have demonstrated that Oriscopipe can outlast steel 
pipe by as much as 4 to 1. One such test, pertormed 
by Williams Brothers Engineering, Tulsa, Oklahoma, · 
compared Oriscopipe to steel in pumping a coarse 
particle size magnetite iron ore slurry. N. 13"'h fVsec 
velocity, Oriscopipe was better by a factor of 4:i and 
at 17 fVsec by a factor of 3:1. 

15 



16 

Heat Fusion Joining 
The heat fusion joining technique has a long history 
of use for joining polyethylene pipe materials. The 
heat fusion ll'lethod of joining PE pipe began shortly 
after the first commercial production of high density 
polyethylene in the early 1950s __ _ both developed by 
Pl1illips 66. 

The integrity and superiority of heat fusion are now 
recognized universally. The modern day heat fusion 
joint is the same joint made in 1956 ... only the fusion 
equipment has evolved to gain efficiency. reliability 
and convenience. The principles learned on early 
equipment for making a successful joint are still in use 
today. Phillips designed, developed and built many 
models of heat fusion equipment from 1956 until the 
early 1970s. Since that time. Phillips has guided this 
development by others. The extensive line of high 
quality, efficient fusion equipment offered by McElroy 
Manufacturing. Inc., Tulsa. Oklahoma is one of the 
results of this tong history of development. Phillips 
pioneered the idea and development of heat fusion 
and has used it exclusively in every high density 
polyethylene piping system sold by Phillips since 
1956. There are millions of these joints in service 
today. In fact. 92% of all natural gas distribution pipe 
to homes. farms and factories is installed with 
polyethyl€ne pipe and fittings. Heat fusion joints are 
industry accepted and field proven. 

ihe heat fusion joining system has been so 
succw~ful that it is the •standard" joining system for 

. polyethylene. There are many reasons . .• here are 
some. 

Heat fusion joining ideally meets the requirements for 
a fast joining method to facilitate an phases of 
construction work in a safe and reliable manner. 

The heat fusion joint is structurally superior to the 
socket fusion joint by configuration and. therefore. 
better meets the requirements of service. The heat 
joint configuration allo·..vs it to better disperse stresses 
initiated by pipe deflection and external loading. 
Stress concentration is minimized when the joint is 
placed in a strain and the joint is more "forgiving" 
when ground settlement occurs. In a socl<et joint. 
there is an extremely high ratio of "joint wall· to "pipe 
wall". resulting in stress intensification from external 
loading .. 

The Oriscopipe heat fusion joining system is a simple, 
visual procedure with straight forward instructions. No 
"timing cycles· are necessary. The visual procedure 
allows the operator to concentrate on his work rather 
than a clock. Visually, he knows when the pipe ends 
have melted to the degree required to fuse them 
together. Visually. he observes and controls fusion 
pressure by observing the amount and co0figuration 
of the fusion bead as it is formed. 

In the course of this work, the fusion operator is faced 
with a wide variety of job conditions. Changes in air 
temperature, material temperature. wind velocity, sun 
exposure, humidity, as well as condition of the terrain 
and the equipment all infl_uence the joining 
requirements. Quality work under field-conditions is 
more consistent with a simple. straight-forward, visual 
procedure.· · · · 

--
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Or> ...... 11eat fusion operator. with equipment. typically 
·•e whole cperc;ticn himself. sometimes usi::g a 

,_ Jvt1d person as a helper. Pipe tolerances. ovality 
and cuNature are no problem and "meiC is easily 
controlled by the visual procedure. 

Heat fusion joints or.er a large advantage over socxet 
coupled joints for plow-in installation and for insert . 
renewal appliC<Jtions. Socket coupled pipe requires · 
larger size plow chutes and bore holes. Heat fused 
pipe one size larger can usually be handled and 
installed t11rough bore holes and plow chutes 
selected for socket coupled pipe. Larger sizes ol heat 
fused pipe can be used inside old mains for insert 
renewal because it does not require the extra space . 
for the coupling. 

Heat fusion joints may easily be cut out and re-done. 
This fact has a bearing on the quantity and quality of 
training necessary and favorably affects operator 
attitude toward quality in the field. These joints can be 
easily cut out and destructively tested in the field to 
check joining proficiency and equipment·condition 
and it's inexpensive. There is no coupling to deslroy 
and throw away. 

The heat fusion joining system is especially effective 
with Oriscopipe 8600. The melt of this material is very 
viscous and tough. The operator can apply ample 
,...~essure to form the heat fusion joint with little danger 

)rcing the molten materia! from between the two 
.ds of the joint, as C<Jn be done with the softer, less 

viscous·, high density materials. 

Oriscopipe 8600 can be fusion joined to other 
polyethylene piping rnaieria!s when necessary. 
Special joining techniques are. required to achieve 
good joints. Phillips Oriscopipe technical personnel 
are available to instruct and demonstrate the fusion 
joining procedure for joining Oriscopipe to other 
polyethylene materials. 

Fatigue Resistance 
Oriscopipe 8600 very high molecular weight. high 
density polyethylene has supe'rior resistance to 
fatigue failure caused by cyclic loading.lndependent 
laboratory tests were conducted to determine the 
suitability of Oriscopipe 8600 for use as the cold 
water supply pipe and the barge mooring leg of the 
Mini-OTEC Project (Hawaii, 1979). In that application, 
2150' or 24H 60 psi Oriscopipe 8600 vvas deployed 
vertiC<Jlly in a deep ocean trench just offshore 
Keahole Point and was subject to cyclic distortion 
caused by wave action, current, and barge motion. 

Cyclic tests shovyed that Oriscopipe 8600 veri high 
molecular weight PE could endure more than 100,000 
cycles at a stress of 1800 psi without failure. Copies 
of this test report are avialable upon request. 

Driscopipe 1000 offers good fatigue seNice life also. 
but not equal to 8600. Neither requires de-rating like 
PVC AWNA C-900 pipe. In fact, per AWWA C-906 for 
4- to 63" HOPE pipe, no water hammer or fatigue de
rating factor need !Je applied to Oriscopipe 8600 or 
Oriscopipe 1000 ductile PE pipe. 

The Oriscopipe perfom1ance team offers you 
innovative solutions to your piping requirements. 
Contact your nearest Oriscopipe Sales 
Representative. He'll give you personalized techniCal 
service, installation assistance and all the cost-savin< 
advantages of a Oriscopipe Piping System. ' 
Engineered for Periorrnance! 
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iS{ Phillips Ddscopipe, Inc . 
• -..# :!J A Subsidiaty of Phi/bps 60 Company 

To Secure Product Information or=Leave a 
Message for a Sales Engineer or Technical 
Service Representative: 

Mail: 
Attn: Customer Service Department 
P.O. Box 83-3866 
2929 North Central Expressway 
Suite 100 
Richardson, Texas 75083 

Phone: 
U.S. Domestic Toll Free (800) 527-006.2 
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best of ovr knowledge but our suggestions and recommendations 
cannot be guaranteed becauso the' cooditioos of use are beyond 
OUf (X)O(IOI, the user of suct1 information assumes all risk 
OOC'lneCted wl1h the use thereof. Ptlilrrps 66 Company and its 
subsidiaries assume no,responsibil'ny for the use of infO<TNlion 
presented herein and hereby e:t;)rcsstv disclaims an liability in 

·,rd to such use. 

PlASTICS WITH~ 
POWER TO WIN®@ 

177<:-00AOl 
Clt991 Pnillips Oriscop;pe. tnc. A Subsiaoary of Phillips 66 Comp3ny 



butane may condense and liquefy in the 
pipe. Such liquefied fuel gasses are 
known to permeate polyethylene pipe, 
and result in unreliable heat fusion or 
electrofusion joints. 

In potable water applications, perm eat
ing che1nicals could affect the pipe or 
water in the pipe. ANSVA WW A stand
ards provide the following guidance for 
potable water applications: 

"The selection of materials is critical 
for water service and distribution pip
ing where there is hkelihood the pipe 
will be exposed to significant concen
trations of pollutants comprised of 
low molecular weight petroleum prod
ucts or organic solvents or their va
pors. Research has documented that 
pipe materials such as polyethylene, 
polybutylene, polyvinyl chloride, and 
asbestos cement, and elastomers, such 
as used in jointing gaskets and pack
ing glands, may be subject to permea
tion by lower molecular weight 
organic solvents or petroleum prod
ucts. water pipe must pass through 
such a contaminated area or an area 
subject to contamination, consult with 
the manufacturer regarding permea
tion of pipe walls, jointing 1naterials, 
and so forth, before selecting materi
als for use in that area." 1 

A direct chemical attack on the polymer 
will result in permanent, ineversible 
polymer damage or chemical change by 
chain scission, cross-linking, oxidation, 
or substitution reactions. Such damage 

or change cannot be reversed by remov
ing the chemical. 

The following chemical resistance guide, 
Table 5-l (next page), presents immer
sion test chemical resistance data for a 
wide variety of chemicals. 

This data may be applicable to grav
ity flow and low stress applications. 

0 It may not be applicable when there 
is applied stress such as internal pres
sure, or applied stress at elevated 
temperature. 

Unless stated otherwise, polyethylene 
was tested in the relatively pure, or con
centrated chemical. 

It is generally expected that dilute chemi
cal solutions, lower temperatures, and 
the absence of stress have less potential 
to affect the material. At higher tempera
ture, or where there is applied stress, re
sistance may be reduced, or 
polyethylene n1ay be unsuitable for the 
application. Further, con1binations of 
chemicals may have effects where indi
vidual chemicals may not. · 

Testing is recommended where informa
tion about suitability for use with chemi
cals or chemica] combinations in a 
particular environment is not available. 
PLEXCO cannot provide chemical test-
. . 
1ng services. 

ANSI/A WWA C906-90, Section 1.2; ANSI/A WWA C901-96, Section 4.1. 
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5-1 Chemical Resistance 

Because the particular conditions of each application may vary, Table 5-1 informa
tion should be used only as a preliminary guide for PLEXCO and SPIRO LITE poly
ethylene pipe materials. This information is offered in good faith, and is believed to 
be accurate at the time of publication, but it is offered without any warranty, ex
pressed or implied. Additional information 1nay be required, particularly in regard 
to unusual or special applications. Determinations of suitability for use in particu
lar chemical or environmental conditions may require specialized laboratory test
ing. 

Additional information on chemical compatibility may be found in PPI TR -19, Ther
moplastic Piping for the Transport of Chemicals. 

Chemical Resistance 

Kevt Meanin_q 

X resistant (swellinq <3% or weiqht loss <0.5%; elongation at break not substantially changed) 

I I limited resistance (swelling 3- 8% or weight loss 0.5- 5%; elongation at break reduced by <50%) 

- not resistant (swellinq > 8% or weiuht loss > 5%; elongation at break reduced by >50%) 

D discoloration 

* aqueous solutions in all concentrations 

** only under low mechanical stress 

t Where a kev is not printed in the table, data is not available. 

Medium 73°F 140°F Medium 73°F 140°F 
Acetaldehyde, gaseous X I Ammonia, liquid ( 1 00%) X X 

Acetic acid (1 0%) X X Ammonium chloride *X X 
Acetic acid (1 00%) 

X /D 
Ammonium flouride, aqueous 

X X (Glacial acetic acid) (up to 20%) J\ 

Acetic anhydride X /0 Ammonium nitrate *X X 

Acetone X X Ammonium sulphate *X X 
Acetylene tetrabromide **/to- Ammonium sulfide *X X 
Acids, aromatic X X Amyl acetate X X 
Acrylonitrile X X Aniline, pure X X 
Adipic acid X X Anisole I 
Allyl alcohol X X Antimony trichloride X X 
Aluminum chloride, anhydrous X X Aqua regia 

Aluminum sulphate *X X Barium chloride *X X 
Alums X X Barium hydroxide *X X 
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Medium 73°F 140°F Medium 73°F 140°F 
Beeswax X **/to- Cyclohexanone X X 
Benzene I I Decahydronaphthalene X I 
Benezenesulphonic acid X X Desiccator grease X I 
Benzoic acid *X X Detergents, synthetic X X 

Benzyl alcohol X X to I Dextrin, aqueous ( 18% 
X X saturated) 

Borax, all concentrations X X Dibutyl ether X to I 
Boric acid *X X Dibutyl phthalate X I 
Brine, saturated X X Dichloroacetic acid (1 00%) X /D 
Bromine Dichioroacetic acid (50%) X X 
Bromine vapor Dicliloroacetic acid methyl ester X X 
Butanetriol X X Dichlorbenzene I 
Butanol X X Diclolorethane I I 
Butoxyl *X I Dicloroethylene 

Butyl acetate X I Diesel oil X I 
Butyl glycol X X Diethyl ether X to/ I 
Butyric acid v I Diisobutyl ketone X /to-1\ 

Calcium chloride *X X Dimethyl formam ide ( 1 00%) X X to I 
Calcium hypochlorite *V X Dioxane X X 1\ 

Camphor X I Emulsifiers X X 
Carbon dioxide X X Esters, aliphatic X X to/ 
Carbon disulphide I Ether X to I I 
Carbon tetrachloride **/to- Ethyl acetate I 
Caustic potash v X Ethyl alcohol X v 1\ 1\ 

Caustic soda X X Ethyl glycol X v 
1\ 

Chlorine, liquid Ethyl hexanol X v 
A 

Chlorine bleaching soiution 
I 

Ethylene chloride 
I I (12% active chlorine) (dichlorothene) 

Chlorine gas, dry I Ethylene diamine X X 
Chlorine gas, moist I Fatty acids ( > C6

) X I 
Clorine water (disinfection of 

X Feric chloride* X X mains) 

Chloroacetic acid (mono) X X Fluorine 

Chlorobenzene I Fluorocarbons I 

Chloroethanol v XD 
Fluorosilic acid, aqueous (up to 

X X 1\ 32%) 
Chloroform **/to- Formaldehyde (40%) X X 
Chlorosulphonic acid Formam ide X X 
Chromic acid (80%) X -D Formic acid X 
Citric acid X X Fruit juices X X 
Coconut oil X I Fruit pulp X X Sl?cond Edition 
Copper salts *X X Furfuryl alcohol X XD ©1998 Chl?vron 

Corn oil X I Gelatine X X Chemical Company 
LLC 

Creosote X XD Glucose *X X Issued 12198 
Creosol v XD Glycerol X X 1\ 

Cyclohexane X X Glycerol chlorohydrin X X 
Cyclohexanol X X Glycol (cone.) X X 
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Medium 73°F 140°F Medium 73°F 140oF 
Glycolic acid (50%) X X Nitric acid (25%) X X 
Glycolic acid (70%) X X Nitric acid (50%) I 
Halothane I I Nitrobenzene X I 
Hydrazine hydrate X X o-Nitrotoluene X I 
Hydrobromic acid (50%) X X Octyl cresol I 
Hydrochloric acid 

X X Oils, ethereal I I (all concentrations) 

Hydrocyanic acid X X Oils, vegetable & animal X X to I 
Hydrofluoric acid (40%) v I Oleic acid (cone.) X I 1\ 

Hydrofluoric acid (70%) X I Oxalic acid (50%) X X 
Hydrogen X X Ozone I 
Hydrogen chloride gas, moist 

X X 
Ozone, aqueous solution (Drinking 

X and dry water purification) 
Hydrogen peroxide (30%) X X Paraffin oil v X 1\ 

Hydrogen peroxide ( 1 00%) X Perchloric acid (20%) X X 
Hydrogen sulfide X X Perchloric acid (50%) X I 
Iodine, tincture ot DAB 7 

X /D Perchloric acid (70%) X -D (German Pharmacopoeia) 
lsooctane X I Petro! X X to I 
Isopropanol X X Petroleum X I 
Isopropyl ether X to/ Petroleum ether X I 
Jam X X Petroleum jelly **X to I I 
Keotones X X to I Phenol X XD 
Lactic acid X X Phosphates *X X 
Lead acetate *X X Phosphoric acid (25%) X X 
Linseed oil X X Phosphoric acid (50%) X X 
Magnesium chloride *X X Phosphoric acid (95%) X /D 
Magnesium sulphate *X X Phosphorus oxychloride X /D 
Maleic acid X X Phosphorus pentoxide X X 
Malic acid X X 
Menthol X I Phosphorus trichloride X I 
Mercuric chloride (sublimate) X X Photographic developers, commecial X X 
Mercury X X Phthalic acid (50%) X X 
Methanol X X Polyglycols X X 
Methyl butanol X X Potassium bichromate (40%} X X 
Methyl ethyl ketone X /to- Potassium borate, aqueous (1 %) X X 

Methyl glycol X X 
Potassium bromate, aqueous (up to 

X X 10%) 
Methylene chloride I I Potassium bromide *X X 
Mineral oils X X to/ Potassium chloride *X X 

Second Edition Molasses X X Potassium chromate, aqueous (40%) X 
©1998 Chevron Monochloroacetic acid X X Potassium cyanide *X X 
Chemical Company 

Monochloroacetic ethyl ester X X Potassium hydroxide (30% solution) X X LLC 
Issued 12/98 Monochloroacetic methyl ester X X Potassium nitrate *X X 

Morpholine X X Potassium permanganate X XD 
Naptha X I Propanol X X 
Naphthalene X I Propionic acid (50%) X X 
Nickel salts *X X Propionic acid (1 00%) X I 
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Medium 73°F 140°F Medium 73°F 140°F 
Propylene glycol X X Thiophene I I 
Pseudocumene I I Toluene I 
Pyridine X I Transformer oil X I 
Seawater X X T ributyl phosphate X X 
Silicic acid X X Trichloroacetic acid (50%) X X 
Silicone oil X X Trichloroacetic acid (100%) X /to-
Silver nitrate X X Trichloroethylene **X to I 
Soduim benzoate X X Triethanolamine X X 
Sodium bisulphite, weak aque-

X X Turpentine, oil of x to I I ous solutions 

Sodium carbonate *X X 
Tween 20 and 90 (Atlas 

X X Chemicals) 
Sodium chloride *X X Urea *X X 
Sodium chlorite (50%) X I Vinegar (commecial cone.) X X 
Sodium hydroxide (30% 

X X Viscose spinning solutions X X solution) 

Sodium hypochlorite (12% 
I Waste gases containing 

active chlorine) carbon dioxide X v 
1\. 

Sodium nitrate *X X carbon monoxide X X 
Sodium silicate *X X hydrocloric acid (all cone.) X X 
Sodium sulfide *X X hydrogen fluoride (traces) X X 
Sodium thiosulphate X X nitrous vitriol (traces) X X 
Spermaceti X I sulfur dioxide (low cone.) X X 

Spindle oil X to/ I sulphuric acid, moist (all 
X X cone.) 

Starch X X Water gas X X 
Steric acid X I Xylene 
Succinc acid (50%) X X Yeast, aqueous preparations X X 
Sugar syrup X X Zinc chloride *X X 
Sulfates *X X 
Sulfur X X 
Sulfur dioxide, dry X X 
Sulfur dioxide, moist X X 
Sulfur trioxide 

Sulfuric acid ( 1 0%) X X 
Sulfuric acid (50%) X X 
Sulfuric acid (98%) I 
Sulfuric acid, fuming 

Sulfurous acid X X 
Sulfuryl chloride 

Tallow X X Second Edition 
T annie acid ( 1 0%) X X ©1998 Chevron 

Tartaric acid X X Chemical Company 
LLC 

Tetrachloroethane **X to I Issued 12198 
T etrahydrofurane **X to I 
T etetrahydronapthalene X I 
Thionyl chloride 
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PVC 
Chemical 
Resistance 

KEY - E ; Excellent G =Good l = Limited U = Unsuitable 

PVC I PVC II 
Chemical 72"F. 140"F. 72"F. 140"F. 

Acetaldehyde u u u u 
Acetamide 0 0 u u 
Acetate Solvents - Crude u u u u 
Acetate Solvents - Pure u u u u 
Acetic Acid 0-10% E E G L 
Acetic Acid 10-20% E E G L 
Acetic Acid 20-30% E G G L 
Acetic Acid 30-60% E E G l 
Acetic Acid 80% G l l L 
Acetic Acid - Glacial G u l u 
Acetic Acid -Vapors E E G G 
Acetic Anhydride u u u u 
Acetone u u .u u 
Acetylene L l E E 
Adipic Acid E E E E 
Alcohol_- Allyl: 96% G L u u 
Alcohol · Amyl E L l u 
Alcohol - Buty E G l u 
Alcohol· Ethyl E E E G 
Alcohol • Methyl E E E E 
Alcohol- Propargyl E E E E 
Alcohol • Propyl E E E G 
Allyl· Chloride u v u u 
Alum E E E E 
Alum, Ammonium E E E E 
Alum, Chrome E E E E 
Alum, Potassium E E E E 
Aluminum Chloride E E E E 
Aluminum fluoride E E E E 
Aluminum Hydroxide E E E E 
Aluminum Oxychloride E E E E 
Aluminum Nitrate E E E E 
Aluminum Sulfate E E E E 
Ammonia • Dry Gas E E E E 
Ammonia, Aqua (10%) E E E E 
Ammonia - liquid l u 0 0 
Ammonium Acetate E E E E 
Ammonium BiFiuoride E E E E 
Ammonium Carbonate E E E E 
Ammonium Chloride E E E E 
Ammonium Fluoride- 25% E L u u 
Ammonium Hydroxide- 28% E E E E 
Ammonium Metaphosphate E E E E 
Ammonium Monophosphate E E E E 
Ammonium Nitrate E E E E 
Ammonium Persulfate E E E E 
Ammonium Phosphate! 

(Ammoniacal) E E 0 0 
Ammonium Phosphate · 

Neutral E E E E 
Ammonium Sulfate E E E E 
Ammonium Sulfide E E E E 
Ammonium Thiocyanate E E E E 
Amyl Acetate u v u u 
Amhl Chloride u u u u 
Ani iile u u u u 
Aniline Chlorohydrate u u u u 
Aniline Dyes u u u u 
Aniline Hydrochloride u u u u 
Anthraquinone E E E L 
Anthraquinonesulfonic Acid E E E E 
Anitimony Trichloride E E E E 
Aqua Regia E l u u 
Arsenic Acid - 80% E G E G 
Arylsulfonic Acid E E l u 
Asphalt E E E E 

Barium Carbonate E E E E 
Barium Chloride E E E E 
Barium Hydroxide E E E E 
Barium Sulfate E E E E 
Barium Sulfide E E E E 
Beer E E E E 
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0 = No test 

PVC I PVC II 
Chemical 72"F: 140"F. 72"F. 140"F. 

Beet- Sugar Liquor E E E E 
Ben:wldehyde u u u u 
Benzene u I,J u u 
Benzenesulfonic Acid- 10% E E E E 
Benzenesulfonic Acid u v u u 
Benzoic Acid E E E E 
Benzol u v u u 
Bismouth Carbonate E E E E 
Black Liquor (Paper Industry) E E E E 
Bleach- 12.5% Active CL, E G G l 
Borax E E E E 
Borax Liquors E E E E 
Boric Acid E E E E 
Boron, TriFluoride E E E E 
Breeder Pellets- Fish Deriv. E E E E 
Brine E E E E 
Bromic Acid E E E E 
Bromine - liquid u v u u 
Bromine (Gas) · 25% E E u u 
Bromine- Water E E l u 
Butadiene E E l u 
Butane E E E E 
Butane, Buthylene E E E u 
Butane, Dial E E v u 
Butanol E u v u 
Butanol - Primadc E E u u 
Butanol· Secon ary E L u u 
Buttermilk E E E E 
Butyl Acetate u u u u 
Butyl Phenol E u L u. 
Butylene E 0 E 0 
Butynediol (Erthritol) E u u u 
Butyric Acid 20% G u L u 
Butyric Acid E u u u 

Calcium Bisulfide E E E E 
Calcium Bisulfite E E E E 
Calcium Carbonate E E E E 
Calcium Chlorate E E E E 
Calcium Chloride E E E E 
Calcium Hydroxide E E E E 
Calcium Hyposhlorite E E E E 
Calcium Nitrate E E E E 
Calcium Oxide E E E u 
Calcium Sulfate E E. E E 
Cane Sugar liquors E E E E 
Corblic Acid E E E E 
Carbon Bisulfide u u u u 
Carbon Dioxide (Aqueous 

S.L.) . E E E E 
Carbon Dioxide Gas (Wet) E E E E 
Carbon Monoxide E E E E 
Carbon Tetrachloride L u u u 
Carbonated Water E E E E 
Carbonic Acid E E E E 
Casein E E E E 
Castor Oil E E E E 
Caustic Potash E E E E 
Caustic Soda E E E E 
Cellosolve G l l u 
Chloracetic Acid E L E u 
Chloral Hydrate E E E E 
Chloric Acid 20% E E E E 
Chlorinated Solvents u u u u 
Chlorine (Dry) E L L L 
Chlorine Gas (Moist) G L L L 
Chlorine Water E E E E 
Chloraacetic Add E E E u 
Chlorabenzene u u u u 
Chlorobenzyl Chloride v u u u 
Chiaro Form u u u u 
Chlorosulfonic Acid (1 00%) E u 0 0 
Chrome Alum E. E E E 
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PVC I PVC II PVC I PVC II 
Chemical 72 "F. 140 "F. 72 "F. 140"F. Chemical 72"f. 140"F. 72"F. 140'F. 

Chromic Acid 10% E E E E Gas· Na!ural C'Net) E E E E 
Chromic Acid 25% E L G l Gasoline (leaded) E E E u 
Chromic Acid 30% E l G u Gasoline (unleaded) E E E u 
Chromic Acid 40% E L L u Gasoline- Refined E L 
Chromic Acid 50% E l l u Gasolin"e- Sour E E E E 
Citric Acid E E E E Gelaiine E E E E 
Coconut Oil E E E E Glucose E E E E 
Coke Oven Gas E E E E Glycerine (Glycerol) E E E E 
Copper Carbonate E E E E Glycol E E E E 
Copper Chloride E E E E Glue E E E E 
Copper Cyanide E E E E Glycolic Acid 30% E E E E 
Copper Fluoride E E E Green Uquor (Paper Industry) E E E E 
Copper Nitrate E E E E 
Copper Sulfate E E E E Heptane E G l u 
Core Oils E E E E Hexane E L u u 
Corn Oil E E E E Hexanol Tertiary E E L u 
Corn Syrup E E E E Hydrobromic Acid · 20% E E E G 
Cottonseed Oil E E E E Hydrochloric Acid- 0·25% E G E G 
Cresol u u u u Hydrochloric Acid - 25-40% E E E G 
Cresylic Acid 50% E E l u Hydrocyanic Acid or 
Croton Aldehyde u u u u Hydrogen Cyanide E E E E 
Crude Oil- Sour E E E E Hydrofluoric Acid 4% E L G G 
Crude Oil- Sweet E E E E Hydrofluoric Acid 1 0% E l E G 
Cuprous Chloride E E E E Hydrofluoric Acid 48% E L G u 
Cydohexane u u u u Hydrofluoric Acid 60% E L G u 
Cydohexanol u u u u Hydrofluoric Acid 100% G L 0 l 
Cydohexanon u u u u Hydrogen E E E G 

Hydrogen Peroxide- 30% E E E {.j 

Demineralized Water E E E E Hydrogen Peroxide - 50% E E E L 
Dextrin E E E E Hydrogen Peroxide - 90% E E u u 
Dextrose E E E E Hydrogen Slurfide - Agueous 
Diazo Salts E E E E Solution E E E E 
Diesel Fuels E E E u Hydrogen Sulfide - Dry E E E E 
Diethye Amine u u u u Hydroquinone E E E E 
Dioctylphthalate u u u u Hydroxylamine Sulfate E E E E 
Disodium Phosphate E E E E Hypochlorous Acid E E E E 
Diethyl Elher u u u u Hypo-(Sodium Thiosulfate) E E E E 
Diglycolk Acid E G E G 
Dioxane- 1 ,4 0 0 0 0 Iodine u u u u 
Divinyl Benzene 0 0 0 0 Iodine (in Alcohol) u u u u 
Drying Oil 0 0 0 0 Iodine Solution (10%) u u u u 

Iodoform 0 0 0 0 
Ethers u u u u lsopropylalcohol E E E G 
Elhyl Acetate u u u u 
Ethyl Acrylate u u u u Jet Fuels, JP4 & JP5 E E E E 
Ethyl Chloride u u u u 
Ethyl Ether u u u u Kerosene E E E E 
Ethylene Bromide u u u u Ketones u u u u 
Ethylene Chlorohydrin u u u u Kroft Liquor (Paper Industry) E E E E 
Ethylene Dichloride u u u u 
Ethylene Glycol E E E E Lacquer Thinners L u L u 
Ethylene Oxide u u u u lactic Acid 28% E E E E 

Lard Oil E E E G 
Fatty Acide E E E E lauric Acid E E E E 
Ferric Chloride E E E E loury! Chloride E E E E 
Ferric Nifrote E E E E Laury I SuI fate E E E 1: 
Ferric SuI late E E E E Lead Acetate E E E E 
Ferrous Nitrate E E E E Lime Sulfur E E E E 
Fish Solubles E E E E linoleic Acid E E E E 
Fluorine Gas- Dry l u u u Linseed Oil E E E E 
Flourine Gas- Wet L u u u liquers E E E E 
Fluoroboric Acid - 25 o/o E E E E Li~uors E E E E 
Fluorosilicic Acid E E E E Li ium Bromide E E E E 
Formaldehyde E G G L Lubricating Oil E E E E 
Food Products such. as Milk, 

Machine Oil Buttermilk, Molasses, Salad E E E E 
Oils, Fruit E E E E Magnesium Carbonate E E E E 

Formic Acid E u E u Magnesium Chloride E E E E 
Freon· 12 E G E G Magnesium Citrate E E E E 
Fructane E E E E Magnesium Hydroxide E E E E 
Fruit Pulps and Juices E E E E Magnesium Nitrate E E E E 
Fuel Oil (coniaining H,SO,) E E E E Magnesium Sulfate E E E E 
Furfural u u u u Maleic Acid E E E E 

Malic Acid E E E E 
Gallic Add E E E E Mercuric Chloride E E G G 
Gas - Coke Oven E E G G Mercuric Cyanide E E G G 
Gas -Manufactured u u u u Mercurous Nitrate E E G G 
Gas- Natural (Dry) E E E E Mercury E E G G 



rt lli!l 

I 

PVC I PVC II 
PVC I PVC II Chemical 72"F. l40"F. 72"F. l40"F. Chemical 72"F. l40"F. 72"F. l40"F. 

Methane E E E E Photographic Solutions E E E E Methyl Bromide u u u u Phtho lie Acid 0 0 0 0 Methyl Cellosolve u u u u Picric Acid u u u u Methyl Chloride u u u u Plating Solutions: Methyl Chloroform u u u u Brass E E E E Methyl Ethyl Ketone u u u u Cadium E E E E Methyl Iso-Butyl Ketone u u u u Chromium E G G G Methyl Salicylate E E E E Copper E E E E Methyl Sulfate E L E L Gold E E E E Methyl Sulfonic Acid E E E E Iron E E 0 0 Methyl Sulfuric Ar.id E E E E Judium E E E E Methylene Chloride u u u u lead E E E E Milk E E E E Nickel E E E E Mineral Oils E E E G Rhodium E E E E *Mixed Acids (H,SO, & HNO,) E E E L Silver E E E E 
Molasses E E E E Tin E E E E Monoethonolamine u u u u Zinc E E E G Muriatic Acid E E E E Potassium Acid Sulfate E E E E Potassium Aluminum Sulfate E E 0 0 
Naptha E E E u Potassium Alum E E E E 
Naptholene u u u u 

Potassium Antimonate E E E E 
Natural Gas, Dry & Wet E E E E 

Potassium Bicarbonate E E E E 
Nickel Acetate E E E E 

Potassium Bichromate E E E E 
Nickel Chloride E E E E 

Potassium Bisulfite E E E E 
Nickel Nitrate. E E E E 

Potassium Borate I% E E E E 
Nickel Sulfpte E E E E 

Potassium Borate E E E E 
Nickel Sulphate E E E E 

Potassium Bromate l 0% E E E E 
Nicotine E E E E 

Potassium Bromate E E E E 
Nicotine Acid E E E G 

Potassium Bromide E E E E 
Nitric Acid Anhydrous u u u u 

Potassium Carbonate E E E E 
Nitric Acid 1 0% E E E E 

Potassium Chlorate (ag) E E E E 
Nitric Acid 20% E L G l 

Potassium Chlorate E E E E 
Nitric Acid 35% E G G L 

Potassium Chloride E E E E 
Ni!ric Acid 40% E G G l 

Potassium Chromate (Ain) E E E E 
Nitric Acid 60% E L G u 

Potassium Chromate (Neut.) E E E E 
Nitric Acid 68% G u L u 

Potassium Chromate 40% E E E E 
Nitric Acid 70% E E u u 

Potassium Cuprocyanide E E E E 
Nitric Add 100% E u u u 

Potassium Cyanide E E E E 
Nitric Acid, Red Fuming u u u u 

Potassium Dichromate 40% E E E E 
Nitrobenzene u u u u 

Potassium Dichromate E E E E 
Nitropropane 0 0 0 0 

Potassium Dichrom (Alkaline) E E E E 
Nitrous Acid {10%) E E E E 

Potassium Dichron (Neutral) E E E E 
Nitrous Oxide E E E E 

Potassium Diphosphate E E E E Potassium Ferricyanide E E E E 
Ocenol (Unsaturated Alcohol) E E G G 

Potassium Ferrocyanide E E E E 
Oil and Fats E E E G 

Potassium Fluoride E E E E 
Oleic Acid E E E E 

Potassium Hydroxide E E E E 
Oleum u u u u 

Potassium H~ochlorite E G G L 
Oxalic Acid E E E G 

Potassium Ia ide E E E E 
Oxygen E E E E 

Potassium Nitrate E E E E 
Ozone G L u u 

Potassium Perborate E E E E Palmitic Acid l 0% E E E E Potassium Perchlorate E E u u Potassium Perchlorite E E E E 
Palmitic Add 70% E u L u 

Potassium Permanganate 10% E E E E 
Paraffin E E E E Pentane 0 0 0 0 Potassium Permanganate 25% G L G L Peracetic Acid 40% E u u u Potassium Persulfate E E E E Potassium Sulfate E E E E 
Perchloric Acid 10% E l G L 

Potassium Sulfide E E E E 
Perchloric Acid 15% E u G u 

Potassium Thiosulfate E E E E 
Perchloric Acid 70% E u u u 

Propane E E E E 
Perchloroethylene 0 0 0 0 Petrolatum E E E E Proplylene Dichloride u u u u Phenol L u u u Proplylene Glycol E E E E Phenol (90%) u u u u Pyrogallic Acid 0 0 0 0 Phenylhydrazine u u u u 

Rayon Coagulating Bath E E E G 
Phenylhydrazine 

Rochelle Salts E E E E 
Hydrochloride E u L u Phosgene {Gas) E G E G Sea Water E E E E 

Phosgene (Liquid) u u u u Salenis Add (Aqueous) 0 0 0 0 
Phosphoric Acid 0-25% E G E G Salicylaldehyde 0 0 0 0 
Phosphoric Acid 25·50% E E E G SaltWater E E E E Phosphoric Acid 50-75% E E E G Selenic Acid E E E G 
Phosphoric Acid- 85% E E E G Sewage E E E E 
Phosphorous (Yellow) E G G l Silicic Acid E E E E 
Phosphorous (Red) E E E u Silver Cyanide E E E E 
Phosphorous Pentoxide E L G u Silver Nitrate E E E E 
Phosphorous Trichloride u u u u Silver Sulfate E E E E 
Photographic Chemicals E E E E Soap Solution E E E E 
*Use PVC 1120 



Ifill 

I 

PVC I PVC II PVC I PVC II 
Chemical 72"F. 140"F. 72"F. 140"F. Chemical 72"F. 140"F. 72 "F. 140"F. 

Soaps E E E E Sulphuric Acid 50-75% E E E G 
Sodium Acetate E E E E Sulphuric Acid 75·90% E E L L 
Sodium Alum E E E E Sulphuric Acid 95% E G u u 
Sodium Acid Sulfate E E E E Sulphurous Acid G u L u 
Sodium Aluminate E E E E 
Sodium Antinonate E E E E Tan Oil E E E E 
Sodium Arsenite E E E E Tannic Acid E E E E 
Sodium Benzoate E E E E Tanning liquors E E E E 
Sodium Bicarbonate E E E E Tartaric Acid E E E E 
Sodium Bisulfate E E E E Tetrachloroethane 0 0 0 0 
Sodium Bisulfite E E E E Tetraethyllead E G G l 
Sodium Borate E E E E Tetrahvdro Furone u u u u 
Sodium Bromide E E E E Thionyl Chloride u u u u 
Sodium Carbonate (Soda Ash) E E E E Tepineol G l G L 
Sodium Chlorate E G G L Tin Chloride E E E E 
Sodium Chloride E E E E Titanium Tetrachloride E u E u 
Sodium Chlorite E E 0 0 Toluol or Toluene u u u u 
Sodium Cyanide E E E E Toxaphene {90%) 0 0 0 0 
Sodium Dichromate E E E G T ributyl Phosphate u u u u 
Sodium Dichromate (Neutral) E E E E Trichloroacetic Acid E E E E 
Sodium Ferricyanide E E E E Trichloroethylene u u u u 
Sodium Ferro~anide E E E E Tricresylphosphate u u u u 
Sodium Fluori e E E E E Triethanolamine E G G u 
Sodium Hydroxide 1 0% E E E E Triethylamine E E G l 
Sodium Hydroxide 15% E E E E Trimethyl Propane E G l u 
Sodium Hydroxide 35% E E E E Trisodium Phosphate E E E E 
Sodium Hydroxide 70% E E 0 0 Turpentine E E L u 
Sodium Hydroxide (Satr} E E E E 
Sodium Hypochlorite E E E E Urea E E E E 
Sodium Iodide E E E- E Urine E E E E 
Sodium Nitrate E E E E 

Vegetable Oil E E E E Sodium Nitrite E E E E 
Sodium Perborate E E 0 0 Vinegar E E E u 
Sodium Peroxide E E E E Vinyl Acetate u u u u 
Sodium Phosphate E E E E Water· Acid Mine E E E E Sodium Phosphate - Acid E E G G Water· Distilled E E E E Sodium Silicate E E E E Water- Fresh E E E E 
Sodium Sulfate E E E E 
Sodium Sulfide E E E E Water-Salt E E E E 

Sodium Sulfite E E E E Water· Sewage E E E E 

Sodium Thiosulfate (Hypo) E E E E Whiskey E E E E 
White Gasoline E E E E Sour Crude Oil E E E E While liquor (Paper Industry) E E E E Stannic Chloride E E E E 

Stannous Chloride (50%) E e E E Wines E E E E 

Stannous Chloride E G E G Xylene or Xylol u u u u 
Storch E E E E 
Stearic Acid E E E E Zinc Chloride E E E E 
Stoddards Solvent E E u u Zinc Chromate E E E E 
Sulfated Detergents E E E E Zinc Cyanide E E E E 
Sulfur E E E E Zinc Nitrate E E E E 
Sulfur Dioxide Gas· Dry E E E E Zinc Sulfate E E E E 

*Sulfur Dioxide Gas· Wet E l u u 
Sulfur Trioxide E E E G Mixtures of Acids: 
Sulphur Dioxide· liquid G u L u Nitric 15%-
Sulphuric Acid 0-10% E E E G Hydrofluoric 4% E E E G 
Sulphuric Acid 10-30% E E E G Sodium Dichromate 13%-
Sulph-uric Acid 30·50% E E E G Nitric Acid 16 

*Use PVC 1120 Water71% E E E G 

This information has been obtained from reliable sources and can be used as a guide to assist in the proper 
application of PVC pipe. CertainTeed, however, cannot warrant its accuracy. It is suggested that you run your 
own tests for critical applications. 

Pipe & Plastics Group 
CertainTeed Corporation 
P.O. Box 860 
Valley Forge, PA 19482 
(610} 341-6820 
(61 0) 34 i -6837 Fax 

Printed in U.S.A 
Code No. 40-10-29· 0398 
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APPLICATION FOR PERMIT  
DNCS ENVIRONMENTAL SOLUTIONS 

 
VOLUME III:  ENGINEERING DESIGN AND CALCULATIONS  

SECTION 7: TENSILE STRESS ANALYSIS 
 
 
1.0 Introduction 

DNCS Environmental Solutions (DNCS Facility) is a proposed Surface Waste Management 

Facility for oil field waste processing and disposal services.  The proposed DNCS Facility is 

subject to regulation under the New Mexico Oil and Gas Rules, specifically 19.15.36 NMAC, 

administered by the Oil Conservation Division (OCD).  The Facility has been designed in 

compliance with 19.15.36 NMAC, and will be constructed and operated in compliance with a 

Surface Waste Management Facility Permit issued by the OCD.  The Facility is owned by, and 

will be constructed and operated by, DNCS Properties, LLC. 

 
1.1 Description 

The DNCS site is comprised of a 562-acre ± tract of land located south of NM 529 in portions of 

Section 31, Township 17 South, Range 33 East; and in the northern half of Section 6, Township 

18 South, Range 33 East, Lea County, NM.  A portion of the 562-acre tract is a drainage feature 

that will be excluded from development.  The drainage feature includes a 500-ft setback and totals 

67 acres ±.  The DNCS Facility will include two main components; a liquid oil field waste 

Processing Area (177 acres ±), and an oil field waste Landfill (318 acres ±); therefore the DNCS 

Facility comprises 495 acres ±.  Oil field wastes are anticipated to be delivered to the DNCS 

Facility from oil and gas exploration and production operations in southeastern NM and west 

Texas.  The Site Development Plan provided in the Permit Plans, Sheet 3, identifies the locations 

of the Processing Area and Landfill facilities.   

 
 
2.0 DESIGN CRITERIA 

The liner system for the DNCS Landfill is designed to meet the requirements of the New Mexico 
Energy, Minerals and Natural Resource Department, Oil and Gas Rules (i.e., 19.15.36 NMAC).  More 

specifically, 19.15.36.14.D.(1)(b) NMAC requires: 
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“Liners shall be able to withstand projected loading stresses, settling and disturbances from 
overlying oil field waste, cover materials and equipment operations.” 

 
and further 19.15.36.14.D.(2)(b) NMAC requires: 

 
“Geosynthetic material the operator installs on a slope greater than 25 percent shall be designed 
to withstand the calculated tensile forces acting upon the material. The design shall consider the 
maximum friction angle of the geosynthetic with regard to a soil-geosynthetic or geosynthetic-
geosynthetic interface and shall ensure that overall slope stability is maintained.” 

 
The interior (excavation) sideslopes of the DNCS Landfill are designed at 4H:1V, and the depth 

of waste is greater than 100 feet (ft). Tensile stresses in liner components were evaluated using 

guidelines provided in the following documents: 

1. Koerner, Robert M. 2005. Designing with Geosynthetics 5th Edition. New Jersey:Pearson 
Prentice Hall (Attachment III.7.A). 

2. Sharma, Hari D. and Lewis, Sangeeta, P. 1994. Waste Containment Systems, Waste 
Stabilization and Landfills: Design and Evaluation. New York: John Wiley and Sons 
(Attachment III.7.B). 

3. Qian, Xuede; Koerner, Robert M.; and Gray, Donald H. 2002. Geotechnical Aspects of 
Landfill Design and Construction. New York: Pretence Hall (Attachment III.7.C). 

4. CETCO® Lining Technologies, 2009. Bentomat® GCL Direct Shear Database (TR-
114BM) (Attachment III.7.D).  

5. Koerner, Robert M. and Koerner, George R. 2007. Interpretation(s) of Laboratory 
Generated Interface Shear Strength Data for Geosynthetic Materials with Emphasis on the 
Adhesion Value. GRI White Paper #11. Geosynthetic Institute (Attachment III.7.E). 

6. Thiel, Richard. A Technical Note Regarding Interpretation of Cohesion (or Adhesion) 
and Friction Angle in Direct Shear Tests. Geosynthetics, April May 2009 Volume 27: 
Pages 10-19 (Attachment III.7.F). 

7. Thiel, Richard. Peak vs Residual Shear Strength for Landfill Bottom Liner Stability 
Analyses. Thiel Engineering, Oregon House, CA, USA (Attachment III.7.G). 

8. Bowles, Joseph E. 1977. Foundation Analysis and Design, 2nd Edition. United States: 
McGraw Hill Book Company (Attachment III.7.H). 

9. Richardson, Clinton P., PhD., PE. 2009. Municipal Landfill Design Calculations: An Entry 
Level Manual of Practice. California: UBuildABook, LLC (Attachment III.7.I). 

10. GSE Lining Technology, Inc., GSE HD Textured Product Data Sheet (Attachment 
III.7.J). 
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The liner design for the landfill sideslopes (Figure III.7.1), from top to bottom, consists of the 

following components below the waste: 

• 24-inches (in.) protective soil layer (on-site soils) 
• 60-mil double-sided textured high density polyethylene (HDPE) liner 
• 200-mil geonet 
• 60-mil double-sided textured HDPE liner 
• Geosynthetic clay liner (GCL) 
• 6-in. compacted subgrade 

 
The liner design for the landfill floor (Figure III.7.1), from top to bottom, consists of the following 

components below the waste: 

• 24-in. protective soil layer (on-site soils) 
• 60-mil smooth HDPE liner 
• 200-mil geonet 
• 60-mil smooth HDPE liner  
• Geosynthetic clay liner 
• 6-in. compacted subgrade 

 
 
3.0 CALCULATION OF TENSILE STRESSES IN GEOSYNTHETICS AND 

SIDESLOPE LINER STABILITY 

External shear forces will develop on the 4H:1V sideslopes assuming the placement of an initial 2-

ft lift of protective soil, and 8-ft lift of waste; assuming the lifts are unsupported and no adhesion 

(Attachment III.7A, Attachment III.7.B, Attachment III.7.C and Attachment III.7.D).  The 

unbalanced forces, due to the assumed unsupported placement of the 2-ft protective soil layer and 

10-ft waste layer, must be supported by the liner components above the interface with the least 

amount of frictional resistance.  Based on the review of the six references listed in Section 2.0 above, 

Tables III.7.1, III.7.2, III.7.3, III.7.4 and III.7.5 present the interface friction angles and soil 

internal friction angles to be used to determine the tensile stresses in the geosynthetics that will be 

installed at the DNCS Landfill. 

 
Interface friction angles (Φ) and adhesion (as determined by direct shear testing) for geosynthetics 

will vary depending on the normal load applied to the geosynthetics. For DNCS, the maximum 

normal load applied to the floor and sideslope varies.  The interface friction angle and adhesion 

for the geosynthetic interfaces is determined for the sideslope and floor as follows:  
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TABLE III.7.1 

Geosynthetic Interface Friction Angles and Adhesion – Sideslope Normal Load 
DNCS Environmental Solutions 

 

Normal Load Thickness 
(ft) 

Unit Weight  
(lbs/ft3) 

Total 
Weight 
(lbs/ft2) 

Range of Shear Testing 
Loads1 per ASTM D 5321 

(lbs/in2) 
1. Final Cover Soil 3 110 330    

2. Intermediate Cover Soils 1 110 110 0.25 (23.2)  =  5.8 

3. Oil Field Waste2 37.5 74 2,775 0.50 (23.2)  =  11.6  

4. Protective Soil Layer 2 110 220 1.0 (23.2)  =  23.2 
 

Design Vertical Load:  Total: 3,435 lbs/ft2 

(23.9 lbs/in2)    

Design Normal Load: 
Total: 44.3 lbs/in2 

 
= [(23.9 lbs/in2) (cos 14.04o)] = 23.2 lbs/in2 5.8 11.6 23.2 

  
Notes: 1. Shear testing loads based on ASTM D 5321 = 0.25 (maximum normal load); 0.5 (maximum normal load); 1.0 

(maximum normal load) 
 2. Oil field waste on the sideslope varies from 0 to approximately 75 feet in depth; averaging 37.5 feet at the centroid 

of the sideslope waste mass. 
 
 
 

TABLE III.7.2 
Geosynthetic Interface Friction Angles and Adhesion – Floor Normal Load 

DNCS Environmental Solutions 
 

Normal Load Thickness 
(ft) 

Unit Weight  
(lbs/ft3) 

Total Weight 
(lbs/ft2) 

Range of Shear 
Testing Loads1 per 

ASTM D 5321 
(lbs/in2) 

1. Final Cover Soil 4 110 330 0.25 (87.6) = 21.9 

2. Intermediate Cover Soils 1 110 110 0.50 (87.6) = 43.8 

3. Oil Field Waste 160 74 11,840 1.0 (87.6) = 87.6 
 

4. Protective Soil  Layer 2 110 220    

Design Vertical/Normal Load:  Total: 12,610 lbs/ft2 

(87.6 lbs/in2) 21.9 43.8 87.6 

Note: 1. Shear testing loads based on ASTM D 5321 = 0.25 (maximum normal load); 0.5 (maximum normal load); 1.0 
(maximum normal load) 
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TABLE III.7.3 
Geosynthetic Interface Friction Angles and Adhesion1 – Sideslope Liner System 

DNCS Environmental Solutions 
 

Geosynthetic to Geosynthetic Interface Normal Stresses 
(lbs/in2) 

Mohr-Coulomb Failure Envelope2 

Φ Adhesion 
Protective Soil Layer (SM)2 to Double-Sided 
Textured HDPE FML Reference 1 26o ND 

HDPE Geonet to Double-Sided Textured 
HDPE FML Reference 2 7.0o – 25o 

Assume ¾  = 20o ND 

Double-Sided Textured HDPE FML to 
Nonwoven Geotextile of GCL Reference 2 15o - 32o 

Average = 24o ND 

Nonwoven Geotextile of GCL to Subgrade 
Soil (undrained) 

5.8 11.6 23.2 
Reference 4 24.3o 92 lbs/ft2 

Notes: 1. Values reported for Φ and Adhesion are based on review of available literature and are used to predict the 
performance of the liner system. Site specific shear strength testing should be conducted using actual liner 
system components and soils specified by the Engineer for the facility prior to construction. 

 2. Geotechnical laboratory testing of on-site soils show predominately SP-SC soils within the top 35 feet. For the 
purposes of these calculations, it was assumed these soils would behave similar to SM soils. 

 3. As recommended in Reference 7, the values for Φ and Adhesion (when available in the literature) represent 
“Residual Shear Strength” values. 

 4. ND = not determined 
 
 
 

TABLE III.7.4 
Geosynthetic Interface Friction Angles and Adhesion1 – Floor Liner System 

DNCS Environmental Solutions 
 

Geosynthetic to Geosynthetic Interface Normal Stresses 
(lbs/in2) 

Mohr-Coulomb Failure Envelope2 

Φ Adhesion 
Protective Soil Layer (SM) to Smooth HDPE 
FML Reference 1 18o ND 

HDPE Geonet to Smooth HDPE FML Reference 2 5o – 19o 
Average  = 12o ND 

Smooth HDPE FML to Nonwoven 
Geotextile of GCL Reference 2 8o – 12o 

Average  = 10o ND 

Nonwoven Geotextile of GCL to Subgrade 
Soil (undrained) 

21.9 43.8 87.6 
Reference 4 32o 61 lbs/ft2 

Notes: 1. Values reported for Φ and Adhesion are based on review of available literature and are used to predict the 
performance of the liner system. Site specific shear strength testing should be conducted using actual liner 
system components and soils specified by the Engineer for the facility prior to construction. 

 2. Geotechnical laboratory testing of on-site soils show predominately SP-SC soils within the top 35 feet. For the 
purposes of these calculations, it was assumed these soils would behave similar to SM soils. 

 3. As recommended in Reference 6, the values for Φ and Adhesion (when available in the literature) represent 
“Peak Shear Strength” values. 

 4. ND = not determined 
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TABLE III.7.5 
Soils Internal Friction Angle and Cohesion1,2 

DNCS Environmental Solutions 
 

Material Density Φ Cohesion 
[Assumed] 

Protective Soil Layer (Relative Density, 
Medium) 110 lbs/ft3 33o 0 lbs/ft2 

Oil Field Stabilized Waste (Relative Density, 
Medium 74 lbs/ft3 33o 0 lbs/ft2 

Compacted Subgrade (Relative Density, 
Medium to Dense) 112 lbs/ft3 35o 0 lbs/ft2 

Natural Foundation Soils (Relative Density, 
Medium to Dense) 110 lbs/ft3 35o 0 lbs/ft2 

Notes: 1. Values reported for Φ and Cohesion are based on review of available literature and are used to predict the 
performance of the liner system. Site specific shear strength testing should be conducted on soils specified by 
the Engineer for the facility prior to construction. 

 2. Geotechnical laboratory testing of on-site soils show predominately SP-SC soils within the top 35 feet. For the 
purposes of these calculations, the values of Φ are based on the “blow counts” recorded during the drilling of 
borings B-3 through B-5 (average range 27 – 45); and using information contained in Reference 8. No cohesion 
was assumed providing an additional factor of safety to these calculations. 

 
 
 
Based on the sidelsope liner system design, the interface with the least amount of frictional resistance 

occurs at the geonet to double-sided textured interface (Φ = 20˚) [Table III.7.3 as referenced in 

Attachment III.7.B, p. 149].  The unbalanced forces, due to the assumed unsupported oil field waste 

and protective soil layer, are based on the sideslope liner stability calculations presented in Reference 

9; Municipal Landfill Design Calculations: An Entry Level Manual of Practice (Richardson, 2009) 

[Attachment III.7.I]: 

 
Where given the following:   

ß = slope angle for 4H:1V sideslope = 14.04˚ 
FX = Shear forces that are equal to the product of the 

normal force (WWCos ß) and the tangent of the 
friction angle between the two neighboring materials. 

WW = Weight of Waste. 
TW = Friction force on edge of waste. 
Wnet = Net weight of waste acting upon the liner system 

(WW – TW) 
hwaste = Height of waste layer = 10 ft  
hsoil = Height of protective soil layer = 2 ft  
Φwaste = Waste internal angle of friction = 33˚  
Φsoil = Soil Internal angle of friction = 33˚  

III.7-6 
P:\FILES\542.01.01\PermitApp\Volume III\III.7-Tensile\DNCS-III.7-TensileStress_Nov 2013.docx 



 

Density of waste = 74 lbs/ft3 
Density of protective soil = 110 lbs/ft3 dry density 

 
A. Determine weight of waste and protective soil layer on sideslope: 

Weight of waste and protective soil layer = [ ½ (base)(height)] x (density of material)] 

Wwaste/soil = 0.5 (hwaste) [(hwaste)(slope factor)] (density of waste) + 0.5 (hsoil) [(hsoil)(slope 
factor)] (density of protective soil layer) 
 
Wwaste/soil = 0.5 (8 ft) [(8 ft)(4)] (74 lbs/ft3) + 0.5 (2 ft) [(2 ft)(4)] (110 lbs/ft3) 
 
Wwaste/soil = 9,472.0 lbs/ft + 880 lbs/ft = 10,352.0 lbs/ft 
 

B. Determine friction force on edge of waste and protective soil layer: 

TW = (Ko) (σv) (tan (Φwaste) (hlift) + (Ko) (σv) (tan (Φsoil) (hlift) 
 

Where:    
 Ko = 1 – sin (Φwaste) =  1 – sin (33 o)  =  0.455 
 Ko = 1 – sin (Φsoil) = 1 – sin (33 o)  =  0.455 
 σv = (0.5) (hwaste) (density of waste) = (0.5)(8 ft)(74 lbs/ft3) = 296 lbs/ft2 
 σv = (0.5) (hsoil) (density of soil) = (0.5)(2 ft)(110 lbs/ft3) = 110 lbs/ft2 
 Φwaste = Internal friction angle of waste = 33o 
 Φsoil = Internal friction angle of protective soil = 33o 
 hwaste = height of lift of waste = 8 ft 
 hsoil = height of lift of soil = 2 ft 

 
TW = (0.455)(296 lbs/ft2)(tan (33o)) (8 ft) + (0.455)(110 lbs/ft2 )(tan (33o)) (2 ft) 
 
TW = 699.7 lbs/ft + 65.0 lbs/ft 
 
TW = 764.7 lbs/ft 

 
C. Net weight of waste and protective soil layer 

Wnet = Wwaste/soil - TW 
 
Wnet = 9,472 lbs/ft – 764.7 lbs/ft 
 
Wnet = 8,707.3 lbs/ft 

 
D. Determine weight force component 

NA = (Wnet ) (cos (slope angle)) 
 

 Where NA is the normal force perpendicular to the sideslope (Figure III.7.2) 
 

NA = 8,707.3 lbs/ft (cos 14.04o) 
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NA = 8,447.2 lbs/ft 

 
E. Calculate shear forces on geosynthetics (Figure III.7.2) 

Determine friction forces: 

1. Interface friction angle between protective soil layer and double-sided, textured HDPE FML 
and, Φ = 26˚.  
 
F1 = NA (tan 26o) 
F1 = 8,447.2 lbs/ft (0.487) 
F1 = 4,113.8 lbs/ft 

 
2. Interface friction angle between double-sided textured HDPE and the geonet, Φ = 20˚   

 
F2 = NA (tan 20o) 
F2 = 8,447.2 lbs/ft (0.364) 
F2 = 3,074.8 lbs/ft 

 
Geomembrane tension = 4,113.8 lbs/ft – 3,074.8  lbs/ft. 
Geomembrane tension = 1,039.0 lbs/ft = 86.5 lbs/in. 

 
F1 > F2, therefore the geomembrane is in tension. 

 
The force difference must be carried by the geomembrane. The actual stress in the geomembrane 

is given by: 

σactural = (F1 – F2)/tgeomembrane 
  
 σactural = actual stress in geomembrane 

 
tgeomembrane = geomembrane thickness = 60 mil = 0.06in. 
 
σactual = 86.5 lbs/in / 0.06 in 
 
σactual = 1,441.7 lbs/in2 

 
The factor of safety for the geomembrane against failure in tension is: 
 
 FSgeomembrane = σyield / σactural 
 
The tensile stress in the 60-mil geomembrane is 1,441.7 lbs/ft.  This positive value indicates that 

the 60-mil geomembrane is in tension.  The strength at yield for the geomembrane is 126 lbs/in-

width (Attachment III.7.J) which results in a 60-mil geomembrane yield stress (σyield) of 2,100 

lbs/in2. Therefore a geomembrane with a strength at yield of 126 lbs/in or greater will not be 
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adversely affected if a 8-ft lift of waste and 2-ft lift of PSL is placed on the sideslope as calculated 

below: 

 FSgeomembrane = 2,100 lbs/in2 / 1,441.7 lbs/in2 
 
FSgeomembrane = 1.4 

 
3. F3 = F2 = 3,074.8 lbs/ft for static no-slip condition. 
 
4. Interface friction angle between double-side textured HDPE FML and geonet, Φ = 20o. 
 

F4 = NA (tan 20˚) 
F4 = 8,447.2 lbs/ft (0.364) 
F4 = 3,074.8 lbs/ft 

 
Geonet tension = 3,074.8 lbs/ft – 3,074.8 lbs/ft 
Geonet tension = 0 lbs/ft = 0 lbs/in.  

 
F3 = F4, therefore the geonet is not in tension. 

 
5. F4 = F5 = 3,074.8 lbs/ft for static no-slip condition. 
 
6. Interface friction angle between geonet and double-side textured HDPE FML, Φ = 20o. 
 

F6 = NA (tan 20˚) 
F6 = 8,447.2 lbs/ft (0.364) 
F6 = 3,074.8 lbs/ft 

 
Geomembrane tension = 3,074.8 lbs/ft – 3,074.8 lbs/ft 

 Geomembrane tension = 0 lbs/ft = 0 lbs/in.  
 
 F5 = F6, therefore the geomembrane is not in tension. 
 
7. F6 = F7 = 3,074.8 lbs/ft for static no-slip condition. 
 
8. Interface friction angle between double-side textured HDPE FML and nonwoven geotextile 

of GCL, Φ = 24o. 
 

F8 = NA (tan 24˚) 
F8 = 8,447.2 lbs/ft (0.435) 
F8 = 3,674.5 lbs/ft 

 
Geomembrane tension = 3,074.8 lbs/ft – 3,674.5 lbs/ft 

 Geomembrane tension =  - 599.7 lbs/ft = - 49.9 lbs/in.  
 
 F7 < F8, therefore the geomembrane is not tension. 
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9. F8 = F9 = 3,674.5 lbs/ft for static no-slip condition. 
 
10. Interface friction angle between nonwoven geotextile of GCL and subgrade soils, Φ = 24.3o. 
 

F10 = NA (tan 24.3˚) 
F10 = 8,447.2 lbs/ft (0.452) 
F10 = 3,818.1 lbs/ft 

 
 GCL tension = 3,674.5 lbs/ft – 3,818.1 lbs/ft 
 GCL tension = - 143.6 lbs/ft =  - 11.9 lbs/in. 
 
 F9 < F10 , therefore the GCL is not tension. 
 
F. Conclusion 

The unbalanced forces due to the assumed unsupported placement of the 2-ft protective soil layer 

and 8-ft waste layer is supported by the 60-mil double-sided textured HDPE primary liner; the 

geosynthetics below the HDPE primary liner are not in tension. The stress in the primary 

geomembrane due to the unbalanced force is 1,441.7 lbs/in2; and provides a factor of safety of 1.4 

against failure in tension. 

 
 
4.0 CALCULATION OF TENSILE STRESSES IN GEOSYNTHETICS DUE TO 

EQUIPMENT LOADING 

A Caterpillar D6E dozer or equivalent will be used to place the protective soil layer up the 

sideslope a sufficient distance to accommodate an approximate 8 ft lift of waste placed on the floor 

of the landfill.  The maximum unsupported length of protective soil to accommodate this lift will 

be 33 ft for a 4H:1V sideslope.  Parameters to be used in the analysis include: 

• Unit weight of protective soil = 110 lbs/ft3 Dry Density. 
• Internal friction angle of protective soil = 33 degrees . 
• Critical liner interface friction angle occurs between the HDPE Geonet and the double-

sided textured HDPE liner = 20˚ (Table III.7.3). 
• Equipment loading assuming a D6E dozer: (CAT Performance Handbook, Edition 29) 

o Weight = 32,000 lbs. 
o Track width = 22 in. = 1.83 ft. 
o Pressure distribution:  Assume a 2H:1V distribution, therefore width acting on 

geomembrane = 9.83 ft. 
• Tensile forces acting on Geomembrane: 
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o Protective soil layer, Fsoil 
o D6E dozer, Fdozer 

• Total resisting forces: 
o Geonet interface friction, Fgeonet 
o Soil buttress friction at toe of slope, Fbuttress 

 
The minimum interface friction angle for the liner system is 20o and occurs between the HDPE 

geonet and the double-sided textured geomembrane (Table III.7.3).   

 
Tensile forces acting on geomembrane: 
 

Fsoil = hlift (unsupported slope length) (unit weight of protective soil) (sin (slope angle)) 
 
Fsoil = (2 ft) (33 ft) (110 lbs/ft3) (sin (14.04˚)) 
 
Fsoil = 1,761.3 lbs/ft 
 
Fdozer = [0.5 (dozer weight) / (width acting on geocomposite)] (sin (14.04˚) 
 
Fdozer = [0.5 (32,000 lbs) /9.83 ft] (sin (14.04˚) 
 
Fdozer = [16,000 lbs/9.83 ft] (0.243) 
 
Fdozer = 395.5 lbs/ft 

 
Total tensile force acting on geocomposite = 1,761.3 lbs/ft + 395.5 lbs/ft = 2,156.8 lbs/ft 
 
Total Resisting Forces acting on geomembrane: 
 

Fgeomembrane =  (Weight of protective soil + Weight of Dozer) (cos (slope angle)) (tan 
(interface friction angle)) 

 
Fgeomembrane =  [(2 ft) (33 ft) (110 lbs/ft3) + (16,000 lbs/9.83 ft)] (cos 14.04˚) (tan 20˚) 
 
Fgeomembrane =  (7,260.0 lbs/ft + 1,627.7 lbs/ft) (0.97) (0.364) 
 
Fgeomembrane =  3,138.1 lbs/ft 
 
Fbuttress =  [[cos (internal friction angle of soil)] / [cos (internal friction angle of soil + slope 

angle)]] [[(Unit weight of soil) (thickness of soil)2 / sin 2 (slope angle)] tan 
(internal friction angle of soil)] 

Fbuttress =  [[cos (33o) / cos (33o + 14.04˚)] [(110 lbs/ft3 (2 ft)2 ) / sin (2 (14.04˚))] [tan (33˚)] 
 
Fbuttress = [0.839 / 0.682] [440 lbs/ft/0.471] [0.649] 
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Fbuttress = [1.23] [934.2] [0.649] 
 
Fbuttress = 745.7 lbs/ft 

 
Total resisting force acting on geomembrane = 3,138.1 lbs/ft + 745.7 lbs/ft = 3,883.8 lbs/ft 
 
Tensile forces (2,156.8 lbs/ft) < Resisting forces (3,883.8 lbs/ft); therefore geomembrane is not in 

tension. 

 
Summary 

Tensile stress in the geomembrane = 2,156.8 lbs/ft – 3,883.8 lbs/ft = - 1.727.0 lbs/ft = - 143.9 

lbs/in.  The negative tensile stress indicates that the geocomposite is not in tension.  Therefore, 

placing the protective soil layer 10 ft up the sideslope will not adversely impact the geomembrane. 

 
Conclusion 

The tensile stress upon the geocomposite due to equipment loading is – 143.9 lbs/in.  This value 

is less than the tensile (yield) strength for the geocomposite of 270 lbs/in, as previously referenced. 

 
 
5.0 ANCHOR TRENCH PULLOUT ANALYSIS 

Anchor trench configuration: 

 
 
The anchor trench consists of extending the geosynthetics along the trench bottom to increase 

resistance force. In order to establish the static equilibrium equation, two imaginary and 

frictionless pulleys are assumed at the top edge and the bottom corner of the anchor trench 

(Attachment III.7.C, page 111, Equation 4-28). The friction force above a runout geosynthetic 

is always neglected in the anchor trench.  Based on the calculation in Section 3.0, the primary 

geomembrane is in tension and, the interface friction angle between the geonet and the double-

4H 
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sided textured geomembrane is the minimum interface friction angle of the liner system; therefore, 

any pull out will occur at this interface.    

 
5.1 Geonet – Double-Sided Textured Geomembrane Interface 

Σ FH = 0 yields the following equation for the calculation of T (where T = geocomposite tensile 

force per unit width lbs/ft: 

))(tan(sincos
)tan](tan)())5.0)()(( sin1[())(tan)()((

c

FcATATcssATATcsscrocss LdddddLdT
δββ

δδγγθδγ
−

++++−+
=  

 
Where:    
 γs = unit weight of cover and backfill soil = 110 lbs/cf dry density 
 dcs = depth of cover soil = 2 ft 
 Lro = runout length = 3 ft 
 δc = friction angle between the geomembrane and underlying HDPE 

geonet = 20o   
 θ = internal friction angle of compacted backfill soil in anchor trench 

= 35o  (Table III.7.5) 
 dAT = depth of anchor trench = 2 ft 
 LAT = width of anchor trench = 2 ft 
 δF = interface friction angle between the geomembrane and the 

compacted backfill soil = 26o 
 β = sideslope angle, measured from horizontal = 14.04o 

 
 

)20)(tan04.14(sin04.14cos
)26tan20](tan'2)'2'2(/ 110)'2))('2(5.0'2)(/ 110)((35sin1[()20)(tan'3)('2)(/ 110(

°°−°
°+°+++°−+°

=
cflbscflbscflbsT

 

882.0
)852.0)]( 8(/ 110)2)(0.3)(/ 110)(426.0[()/ 2.240( sfcflbftftcflbsftlbsT ++

=  

 

882.0
852.0]/ 880/ 2.281[/ 2.240 ftlbsftlbsftlbsT ++

=  

 

882.0
/ 3.989/ 2.240 ftlbsftlbsT +

=  

 

882.0
/ 5.229,1 ftlbsT =  

 
T = 1,394 lbs/ft = 116.2 lbs/in/0.06 in (Geomembrane Thickness) = 1,936.7 lbs/in2 
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Ultimate Strength > Anchor Trench Resistance > Allowable Strength 
 
Assume Allowable Strength = Ultimate Strength/Assumed Factor of Safety 
 
Assumed Factor of Safety = 3 
 
2,100 lbs/in2  >  1,936.7 lbs/in2  >  700 lbs/in2 

 
The results indicate that the anchor trench, as designed, provides sufficient capacity such that the 

anchor trench capacity lies between the geomembrane yield stress and allowable stress. 

 
 
6.0 GEOSYNTHETIC SLIPPAGE ANALYSIS 

In order to determine the factor of safety for slippage and subsequent tension in the liner 

geosynthetics, the method of active and passive wedges developed by Qian et al. (2002) was used 

(Attachment III.7.C, pg. 521).  This calculation utilizes the passive wedge that supports the active 

wedge on the sideslope, consistent with actual conditions in the field.  These calculations were 

performed along the geomembrane covered slope shown on the cross section (Figure III.7.3).  To 

be conservative, the lowest interface friction angles (residual strength values) for the sideslope liner 

system; and peak strength values for the floor liner system were used.  These values taken from 

Table III.7.3 are δA = 20˚, for the interface friction angle between the geonet and double-sided 

textured HDPE geomembrane on the sideslope; and δP = 10˚ for the interface friction angle between 

the geonet and smooth HDPE geomembrane on the floor.  The total height of the active wedge is the 

maximum height of waste over the sloped portion of liner system. 

 
For the purposes of this calculation, the following assumptions and nomenclature (Table III.7.6) 

were used from the literature (Attachment III.7.C, pg. 521): 
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TABLE III.7.6 
Translational Failure Analysis  

DNCS Environmental Solutions 
 

WP = total weight of the passive wedge 

NP = normal force acting on the bottom of the passive wedge 

FP = Frictional force acting on the bottom of the passive wedge ( parallel to the bottom of the 
passive wedge) 

EHP = normal force from the active wedge acting on the passive wedge 
EVP = frictional force acting on the side of the passive wedge 

FSP= Factor of safety for the passive wedge 

δ P= 
Minimum interface friction angle of multi-layer liner components beneath the passive 
wedge =10˚ (assumed interface friction angle between the geotextile of the GCL and the 
smooth HDPE geomembrane, from Table III.7.4) 

ΦS= friction angle of the solid waste = 33o 

α= angle of the waste slope, measured from horizontal 

θ= angle of the landfill cell subgrade, measured from horizontal = 1.15o 

WA = weight of the active wedge 

WT = total weight of active and passive wedges 

NA = normal force acting on the bottom of the active wedge 

FA= Frictional force acting on the bottom of the active wedge (parallel to the bottom of the 
active wedge) 

EHA = normal force from the active wedge acting on the active wedge, EHA = EHP 

EVA= frictional force acting on the side of the active wedge, EVA = EVP 

FSA = factor of safety for the active wedge 

b = Horizontal length of the Active Wedge (cell sideslope at its maximum depth) =200 ft 
bp = Horizontal length of the Passive Wedge = 285 ft 
ht = Total Height of the Wedges = 95 ft 

δ A= minimum interface friction angle of multi-layer liner components beneath the active 
wedge = 20˚ (Table III.7.3) 

β = angle of sideslope, measured from the horizontal = 14.04o 

FS = factor of safety for the entire solid waste mass 

 
Figure III.7.4 also shows measured values for b, bp, and ht.   
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The active wedge is considered first: 
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The passive wedge is then considered by multiplying the cross sectional area by the unit weight of 

waste. 

( )γ**
2
1

tPP hbW =  = 
ft

lbs
ft
lbsftftWP 775,001,174*95*285

2
1

3 =















=  

 
ft

lbs
ft

lbs
ft

lbsWT 775,704,1775,001,1000,703 =+=  

 
From Attachment III.7.C, equation 13.62, pg. 524, is used to determine the factor of safety.   
 

aFS3 + bFS2 + cFS + d = 0 
 

Where:    
 a = WA sin β cos θ + WP cos β sin θ 
 b = (WA tan δP + WP tan δA + WT tan φs) sin β sin θ – (WA tan δA + 

WP tan δP) cos β cos θ 
 c = - [WT tan φs (sin β cos θ tan δP + cos β sin θ tan δA) + (WA cos β 

sin θ + WP sin β cos θ) tan δA tan δP] 
 d = WT cos β cos θ tan δA tan δP tan φs 
and:    
 β = 14.04o – sideslope angle; sin 14.04o = 0.243, cos 14.04o = 0.970 
 θ = 1.15o – subgrade angle; sin 1.15o = 0.020, cos 1.15o = 1.000 
 δP = 10o – minimum friction angle of bottom liner system; tan 10o = 

0.176 
 δA = 20o – minimum friction angle of sideslope liner system; tan 20o = 

0.364 
 φs = 33o – friction angle of waste; tan 33o = 0.649 

 
Compute values for a, b, c and d: 
 

a =  WA sin β cos θ + WP cos β sin θ 
 
a =  703,000 lbs/ft (0.243)(1.000) + 1,001,775 lbs/ft (0.970)(0.020) 
 
a =  170,829 lbs/ft + 19,434.4 = 190,263.4 lbs/ft 

 
 

III.7-16 
P:\FILES\542.01.01\PermitApp\Volume III\III.7-Tensile\DNCS-III.7-TensileStress_Nov 2013.docx 



 

 
 

b =  (WA tan δP + WP tan δA + WT tan φs) sin β sin θ – (WA tan δA + WP tan δP) cos β cos 
θ 

 
b =  [703,000 lbs/ft (0.176) + 1,001,775 lbs/ft (0.364) + 1,704,775 lbs/ft (0.649)] 

(0.243)(0.020) – [703,000 lbs/ft  (0.364) + 1,001,775 lbs/ft (0.176)] (0.970) (1.000) 
 
b =  1,594,773.1 lbs/ft  (0.243)(0.020) – 432,204.4 lbs/ft (0.970)(1.000) 
 
b =  7,750.6 lbs/ft – 419,238.3 lbs/ft  = - 411,487.7 lbs/ft 
 

 
c =  - [WT tan φs (sin β cos θ tan δP + cos β sin θ tan δA) + (WA cos β sin θ + WP sin β cos 

θ) tan δA tan δP] 
 
c =  - [1,704,775 lbs/ft (0.649) [(0.243)(1.000)(0.176) + (0.970)(0.020)(0.364)] + [703,000 

lbs/ft (0.970)(0.020) + 1,001,775 lbs/ft (0.243)(1.000)] (0.364)(0.176)]] 
 
c =  - [1,704,775 lbs/ft (0.649)[0.0428 + 0.0071] + [(13,638.2 lbs/ft + 243,431.3 lbs/ft) 

(0.364)(0.176)]] 
 
c =  - [1,106,399 lbs/ft [0.0499] + [257,069.5 lbs/ft (0.364)(0.176)]] 
 
c =  - [55,209.3 lbs/ft  + 16,468.9 lbs/ft] 
 
c =  - 71,678.2 lbs/ft 

 
 

d =  WT cos β cos θ tan δA tan δP tan φs 
 
d =  1,704,775 lbs/ft (0.970)(1.000)(0.364)(0.176)(0.649) 
 
d =  68,753.9 lbs/ft 
 

 
aFS3 + bFS2 + cFS + d = 0 
 
190,263.4 FS3 – 411,487.7 FS2 – 71,678.2 FS + 68,468.9 = 0 
 
190,263.4 FS3 + 68,468.9 = 411,487.7 FS2+ 71,678.2 FS 

 
This equation is then solved by trial and error as provided in Table III.7.7. 
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TABLE III.7.7 
Geosynthetic Slippage Analysis Factor of Safety Summary 

DNCS Environmental Solutions 
 

Assumed 
FS 190,263.4 FS3 + 68,468.9 411,487.7 FS2+ 71,678.2 FS Closure 

(1) (2) (3) (2) – (3) 
2.0 1,590,576.10 1,789,307.20 -198,731.10 
2.5 3,041,334.53 2,750,993.63 290,340.90 
2.3 2,383,403.69 2,341,629.79 41,773.90 
2.2 2,094,393.58 2,149,292.50 -54,898.92 
2.25 2,235,687.94 2,244,432.43 -8,744.49 
2.27 2,293,995.68 2,283,064.48 10,931.20 

 
 
The factor of safety against translational geosynthetic failure considering active and passive soil 

wedges is 2.26, which indicates that the passive wedge will more than adequately support the active 

wedge on the sideslopes without slipping and the geosynthetic liner system is not in tension.  

Therefore, the proposed liner system design is compatible with calculated external forces. 
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454 Designing with Geomembranes Chap. 5 

TABLE 5.7 PEAl< FRICTION VALUES AND EFFICIENCIES OF VARIOUS GEOSVNTHETIC 
INTERFACES* 

(a) Soil-to-Geomembrane Friction Angles 

Geomembrane Concrete Sand 
( <P = 30°) 

HDPE 
Textured 30° (100%) 
Smooth 18° (56%) 

PVC 
Rough 2T (88%) 
Smooth 25° (81 %) 

CSPE-R 25° (81 %) 

(b) Geomembrane-to-Geotextile Fl:iction Angles 

Geotextile 

Nonwoven needle-punched 
Nonwoven heat-bonded 
Woven monofilament 
Woven slit-film 

HDPE 

Textured 

(c) Soil-to-Geotextile Friction Angles 

Geotextile 

Nonwoven needle-punched 
Nonwoven heat-bonded 
Woven monofilament 
Woven slit-film 

Concrete Sand 

30° 
26° 
26° 
24° 

(<!> = 30°) 

(100%) 
(84%) 
(84%) 
(77%) 

Smooth 

go 
110 

60 
100 

Soil type 

Ottawa Sand 
(<1>=28°) 

26° (92%) 
18° (61%) 

21° (72%) 

Geomembrane 

PVC 

Rough 

23° 
20° 
110 

28° 

Soil type 

Ottawa Sand 
(<1>=28°) 

26° (92%) 

24° (84%) 

*Efficiency percentages (in parentheses) are based on Equations (5.8) at (5.9). 

Source: Extended from Martinet a!. [18]. 

Smooth 

21° 
18° 
100 

24° 

Mica Schist Sand 
(<1>=26°) 

22° (83%) 
170 (63%) 

25° (96%) 
21° (79%) 
23° (87%) 

CSPE-R 

Undulating 

15° 
21° 

90 
130 

Mica Schist Sand 
(<1>=26°) 

25° (96%) 

230 (87%) 

harder geomembranes being the lowest. A much more extensive and recent paper is by 
Narejo and Koerner [19]. 

The frictional behavior of geomembranes placed on clay soils is of considerable 
importance for composite liners containing solid or liquid wastes. The current require
ments are for the clay to have a hydraulic conductivity equal to or less than 
1 X 10-7 cm/s and for the geomembrane to be placed directly upon the clay. While an 
indication of the shear strength parameters has been investigated (e.g., Narejo and 
Koerner [19] and Koerner et al. [20]), the data are so sensitive to the variables discussed 
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stress cracking may occur. The recommended elongation for shear test acceptance 
is greater than 50 percent (Rollin et al., 1991; Giroud and Peggs, 1990; Carlson et 
al., 199 3). 

Destructive testing procedures other than shear and peel tests are available to 
evaluate geomembrane seams, although their use has not yet been widely accepted. 
Several researchers (Peggs and Charron, 1989; Rollin et al., 1989, 1991; Halse et 
al.. 1991 b; Carlson et al., 1993) have suggested the use of microtomes (microscopic 
evaluation of thin geomembrane sections) to evaluate possible initiation of stress 
cracking in seams. Another reported method is impact testing (Rollin et al., 1993). 

Geomembrane seams may also be tested using nondestructive test methods. 
These test methods do not measure the seam strength, but rather, detect whether 
holes exist in the seams. The most commonly used methods are the vacuum test, 
pressure test, arid copper \Vire spark test. The vacuum test procedure involves plac
ing a soapy solution over a seam approximately 1 to 2 feet in length. A vacuum box 
with a clear viewing window is placed over the seam length and a vacuum pressure 
of approximately 5 psi is applied. If a stream of soap bubbles is detected through 
the viewing window, a leak exists and must be repaired. 

Pressure tests can be perfonned only on double-wedge weld seams. These tests 
are performed by sealing both ends of an unobstructed double-wedge weld length 
and then applying approximately 30 psi of air pressure in the channel between the 
welds through a fine needle. A pressure gage is attached t.o the needle, and the 
pressure is monitored for approximately 5 minutes. A reduction in pressure greater 
than 2 psi during the 5-minute period usually indicates that air is escaping through 
a leak in the seam. This leak must be located and repaired. In the copper wire spark 
test, a copper wire is welded into the seam. A current is passed through the copper 
wire. and any sparks indicate that a hole is present. 

3.2 GEOTEXTILES 

3.2.1 Types and Functions 

Geotextiles are synthetic fabrics used in geotechnical engineering for various appli
cations. The majority of geotextiles are composed of polypropylene or polyester 
fibers; a small percentage are composed of polyamide or polyethylene. Among the 
geosynthetics, geotextiles appear to have the most associated terminology and the 
widest ranging properties. This is due in part to the numerous types of fibers and 
geotextile manufacturing processes. 

The types of fibers used in the manufacture of geotextiles include monofilament, 
staple, and slit 20 film. If fibers are twisted or spun together, they are known as a 
yarn. Monofilament fibers are created by extruding molten polymer through an ap
paratus containing several small-diameter holes, known as a spinnaret. The ex
truded polymer strings are then cooled and stretched to align the polymers and give 

20 Slit-film fibers are also known as split-film fibers. 
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the fiber increased strength. Staple fibers are also manufactured by extruding poly
mer through a spinnaret; however, the extruded strings are tv. .. is ted together and cut 
into 1- to 4-inch lengths. The staple fibers are then spun imo longer fibers known 
as staple yarns. Finally, slit-film fibers are manufactured by extruding a continuous 
sheet of polymer and cutting it into fibers by knives or lanced air jets. Slit-film 
fibers are rectangular in cross section rather than the circular cross sections of the 
monofilament and staple fibers. 

The fibers or yarns are fanned into geotextiles using either woven or nonwoven 
(spunbonded) methods. Woven geotextiles are formed using traditional weaving 
methods and a variety of weave types. Common terminology associated with woven 
geotextiles include machine direction, cross machine direction, selvage, warp, and 
weft. The machine direction refers to the direction in the plane of fabric parallel to 
the direction of mariufacnire, and conversely, the cross machine direction refers to 
the direction in the plane of fabric perpendicular to the direction of manufacture. 
The machine direction is also known as the warp, since warp yarns are those ya.111S 

placed lengthwise on the weaving loom; and the cross machine direction is known 
as the weft, since weft yarns are woven between and perpendicular to the warp 
yarns. The selvage is the finished area on both sides of the geotextile width that 
prevents the yarns from unraveling. 

To create nonwoven geotextiles, the manufactured fibers are placed and oriented 
on a moving conveyor belt. The fibers are bonded by needle punching, melt bond
ing, or resin bonding. The needle-punching process consists of pushing numerous 
barbed needles through the fiber web. The fibers are thus mechanically interlocked 
into a stable configuration. As the name implies, the melt bonding process consists 
of melting and pressurizing fibers together at their crossover points. In resin bond
ing, an acrylic resin is applied to the fiber web to form the geotextile. 

In waste containment facilities, geotextiles are most commonly used for filtra
tion, separation, reinforcement, cushioning, and drainage. A relatively new appli
cation for geotextiles is an alternative daily cover over refuse. Typically, nonwoven 
geotextiles are used in waste containment facilities for filtration, separation, cush
ioning, and drainage. Woven geotextiles are usuaily used for reinforcement. Bo!h 
woven and nonwoven geotextiles may be used for alternative daily cover. 

3.2.2 Material Properties 

As with geomembranes, there are numerous tests that may be performed on geotex
tiles. However, geotextiles have numerous different applications where geomem
branes are used almost exclusively as a barrier material. In developing geotextile 
specifications, it is important that the designer understand the material tests and 
specify material properties important for the geotextiles' intended use. The follow
ing sections therefore indicate the geotextile application for which the material test 
is significant. Index or quality control tests are also discussed. 

The material properties generally specified for waste containment system appli
cations are thickness, mass per unit area, uniaxial tensile strength, multiaxial tensile 
strength, puncture resistance, trapezoid tear strength, apparent opemng s1ze. per-
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mittivity, transmissivity, and ultraviolet resistance. In specifying geotext!l.~ materi<J.l 
properties, the designer should be aware that many reported material propertie-s ~nd 
test methods were borrowed from the textile industry. Many tests are therefore more 
applicable to evaluating fabric for clothing rather than for engineering fabrics. Most 
geotextile properties reported by manufacturers are index or quality control tests 
and are not intended for engineering design. Hopefully, as further research on 
geotextiles is performed, material tests to evaluate engineering properties will be 
developed. 

Thickness (ASTM 0 177, 21 D 5199). The average thickness of a geotextile is 
measured_.)..lsing a thickness gage under a gradually applied, specified pressure. The 
pressure to be applied depends on the material type. For geotextiles, a pressure of 
approximately 0.3 psi is typically used. The thickness of a geotextile alone is gener
ally not critical for design. It is, however, related to other material properties, such 
as mass per unit area, tensile strength, puncture resistance, and tear resistance. 
Thickness is also important if the geotextile is used for cushioning and in calculating 
permeability coefficients. 

Mass per Unit Area ( ASTM D 5261 22
). The mass per unit area of a geotextile is 

determined by weighing several test specimens of known area, taken from various 
locations of the fabric sample. The calculated values are averaged to obtain the 
mean mass per unit area of the sample. Geotextiles, especially nonwoven geotex
tiles, are commonly referred to by an abbreviated form of their mass per unit area. 
For example, a nonwoven geotextile that is 8 ounces per square yard is commonly 
refe.rred to as an 8-ounce geotextile. Although this is obviously incorrect, the prob
lem is not as much in the terminology as it is in specifying the mass per unit area 
as a design value. Many specifiers attribute a certain mass per unit area to a certain 
set of mechanical and hydraulic properties, such as puncture resistance, tear resis
tance, apparent opening size, and tensile strength. While Ll:e mass per unit area is 
related to these properties, there is not a direct correlation. Therefore, geotextiles 
with a mass per unit area of 8 oz/yd2 can have widely varying mechanical and 
hydraulic properties. A certain mass per unit area may be required, however, if the 
geotextile is to be used as a cushion. 

Uniaxial Tensile Strength (ASTM 0 4632, 23 D 4595 24
). The uniaxial tensile 

strength of geotextiles is measured in a tensile testing machine by applying a contin
ually increasing load along the longitudinal length of a specimen. The specimen is 
grasped within clamps, specially designed to prevent slippage (Figure 3.33). The 
distance between clamps (called the gage dimension) and the specimen dimensions 

21 ASTM D 1777: Standard Method for Measuring Thickness of Textile Materials. 
2 ~ ASTM D 5261: Standard Test Method for Measuring Mass per Unit Area of Geotextilcs. 
n ASTM D 4632: Standard Test Method for Breaking Load and Elongation of Geotextiles (Grab 

Method). 
24 ASTM D 4595: Standard Test..Mcthod for Tensile Properties by the Wide-Width Strip Method. 
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Figure 3.33 Clamping systems for uniaxial tension test. (From Myles, 1987 .) 

are standardized. While the test values typically reported are the breaking load 
(reported in pounds) and apparent elongation (reported as a percentage increase in 
length), a load elongation curve or a stress-strain curve can also be produced (Figure 
3.34). The stress-strain curve is generated by dividing the load by the width and 
thickness of the geotextile specimen. Since the thickness of the geotextile typically 
decreases as tensile load is applied and is also variable throughout the specimen, 
the "stress" is often reported as the load divided by the specimen width (in lb/in.). 
This curve is important in assessing geotextile strength, particularly for strain com
patibility in soil reinforcement applications. 

Researchers throughout the world have studied the factors affecting the uniaxial 
tensile strength of geotextiles (Shrestha and Bell, 1982; Moritz and Murray, 1982; 
Richards and Scott, 1986; Rowe and Ho, 1986; Cazzuffi et al., 1986; Myles. !987; 
deGroot et al., 1990: Anjiang et a!., 1990; Wayne et al., 1993). These factors 
include specimen size. aspect ratio (width-to-length ratio), stain rates, gage length. 
clamping conditions, fabric type and construction, and anisotropic conditions. This 
research has led to the standardization of uniaxial tension testing procedures and the 
following general trends: 

• The breaking force per unit width measured in a uniaxial tensile test is not 
affected significantly by the sample width (Moritz and Murray, 1 982; Shrestha 
and Bell, 1982; Richards and Scott, 1986; Rowe and Ho, 1986; Cazzuffi et 
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Figure 3.34 Strength per unit width versus extension curve for uniaxial tension test. (From 
Myles, 1987.) 

al., 1986; Wayne et al., 1993) but may be influenced by the gage length 25 

(Shrestha and Bell, 1982; Richards and Scott, 1986; Montalvo and Sickler, 
1993). 

".Depending on the type of geotextile, the modulus and elongation properties 
may vary with specimen width and gage length (Shrestha and Bell, 1982; 
Rowe and Ho, 1986; Richards and Scott, 1986; Wayne et al., 1993). 

• Both woven and nonwoven geotextiles show anisotropic behavior. The aniso
tropic behavior in woven geotextile is expected due to the machine and cross 
directions. For nonwoven geotextiles, anisotropy is due to potential fluctua
tions and irregularity in the manufacturing process (Novais-Ferreira and Quar
csma, 1982; Richards and Scott, 1986; Cazzuffi et al., 1986). 

• Fabric structure has a significant influence on the stress-stain behavior. Woven 
and heat-bonded geotextiles show high strength and modulus and low elonga
tion; needle-punched geotextiles have low strength and modulus and high elon
gation (Moritz and Murray, 1982; Shrestha and Bell, 1982; Richards and 
·Scott, 1986). 

Standard test methods have been developed for uniaxial geotextile tensile test
ing. The two commonly used standards include the grab (ASTM D 4632) and wide
width (ASTM D 4595) methods. The strip test is also often used and reported in the 
literature. Figure 3.35 shows various tensile test specimen sizes. 

The strip and grab tensile tests utilize procedures originally established for the 

2 'The g:age length is defined as the length of the specimen between clamps. 
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1 or 2• 

(a) (b) 
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L = 0.5 W 

L 

(c) (d) 

Figure 3.35 Various tensile test specimen sizes: (a) ASTM D4632 grab; (b) "narrow" strip; 
(c) ASTM D4595 wide width; (d) very wide width. (From Koerner, 1990.) 

textile industry. The strip tensile test is typically performed on a 1- to 2-inch-wide 
specimen. As the tensile load is applied to this specimen, the specimen necks in its 
central region. These edge effects have significant influence on the tensile strength. 
In the grab tensile test, as shown in Figure 3.35, the clamps holding the specimen 
do not hold the entire width of the specimen. The grab method measures the "effec
tive strength" of the geotextile, that is, the strength of the material in a specific 
width, together with the additional strength contributed by adjacent material. Both 
the grab and strip tests are useful as quality control or acceptance tests but have 
limited usefulness for design. Table 3. 9 presents a range of typical grab tensile 
strength values for some nonwoven geotextiles. 

The recommended tensile test for design is the wide-width tensile test. ASTM D 
4595. This test was developed specifically for geotextiles and uses an 8-inch-wide 
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Peak strength (synthetic/ 
synthetic interface) 
-r =on tan ¢(c; = 12°-14•) 
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Figure 3.61 Liner strength relations. (From Byrne et al.. 1992. Reproduced by permission 
of ASCE.) 

1987; Soil and Material Engineers, 1987; Leach et al., 1987; Koutsourais et al., 
1990; Swan et al., 1990; O'Rourke et al., 1990; Mitchell et al., 1990; Ojeshina, 
1990; Druschel and O'Rourke, 1991; Somasundaram and Khilnani, 1991; Sharma 
and Hullings, 1993). The results are highly variable due to the large range of soil 
types and testing conditions. Both peak and residual values are included within the 
reported range. Table 3.14 also includes recommended soil geomembrane inter
face strengths. 

· As shown in Figure 3. 61 , the interface strength of clay-geomembrane exhibits 
a linear shear strength ( r) and normal stress (un) relationship at lower normal 
stresses. The interface friction angles (o) reported in Table 3.14 represent this be
havior. At higher normal loads, the interface friction angle becomes very low and 
for all practical purposes 1 tends to become independent of un- The authors' ex.peri
ence on various low-plasticity (CL) and high-plasticity (CH) clays tested against 
both smooth and textured HDPE geomembrane confirms this T-un behavior. Rec
ommended values presented in Table 3.14 should be used only as a guide in feasi
bility studies. Tests on site-specific materials and selected geomembranes should be 
conducted for final design purposes. 

3.6.3 Geosynthetic-to-Geosynthetic Shear Strength 

Several researchers have tested various geosynthetic-to-geosynthetic interfaces 
(Martinet al., 1984; Williams and Houlihan, 1986; Koutsourais et al., 1990; Mitch
ell et al., 1990; Lydick and Zagorski, 1990; Ojeshina, 1 990; Somasundaram and 
Khilnani, 1991). The results of these studies are summarized in Table 3.15. The 
primary components of interface friction between multiple layers of geosynthetics 
are sliding between layers and dilation at the geosynthetic surface (Williams and 
Houlihan, 1986). 
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TABLE 3.15 Typical Range of Reported Geosynthetic to Geosynthetic 
Friction Angles (Degrees) 

HDPE HDPE 
PVC Smooth Textured Geonct 

\:Y'ovcn Geotextile 10-28 7-11 9-17 9-18 
Nonwoven, needle-punched 16-26 8-12 15-33 10-27 

Geotextile 
Nonwoven, re:.;in/heat-bonded 18-21 9-11 15-16 17---21 

Geotextile 

Geonet ll-24 5-19 7-25 

The testing conditions may also have a significant effect on results. 1'v1itchell et 
a!. ( 1990) noted that polishing of geomembrane surfaces by geotextiles reduced 
interface friction. Also, the orientation of geonet strands can affect the interface 
strength between geonets and geomembranes (Geotek. 1987: tv1itchell et al.. 1990). 
Site-specific tests should therefore be performed using the actual materials and an
ticipated shear conditions. 

3.6.4 Geosynthetic Clay Liner Shear Strength 

Limited information is currently available on the internal shear strength of GCLs. 
due primarily to their relatively short history. The tests that have been performed 
are also difficult to compare. due to the numerous variations in test conditions. 
Many of these variations, such as strain rate, normal load. sample size, and consoli
dation conditions, are similar to the variations experienced when comparing shear 
strength testing of other geosynthetics. An additional variation of GCLs, however, 
is the hydrating conditions. including the hydrating liquid. Hydration can occur 
under free swell, constrained swell, or panially constrained swell, or the sample 
mav be tested unhydrated. Even if hvdrated under free-swell conditions, it mav be 

.. .. J .,. 

difficult to assess whether full hvdration has occurred since the bentonite mav be 
- -

restricted from free swell by the bonded geotextiles. Also. due to the large water 
absorption of bentonite. most shear strength test results will incorporate some im
measurable pore pressure effects unless the test is performed at extremely low dis
placement rates. 

Table 3. 16 presents the results of direct shear testing performed under various 
hydration conditions. The tests were perfonned at a strain rate of 9 mm/min and at 
normal stresses up to 60 kPa. Although these test results provide some information 
on the internal shear strength of GCLs, it is highly recommended that project spe
cific testing be performed. 
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since creases in the geomembrane caused by sharp corners may lead to environmen
tal stress cracking. 

8.3.3.6 Placement of Soils over Geomembranes. As discussed in Section 
8.3.3.2, soil should be "floated" over geomembranes such that a minimum 12 
inches of this material exists between the construction equipment and the geomem
brane at all times. This minimizes the possibility of geomembrane puncture and 
impact damage since the effective stress exerted by the construction equipment is 
reduced and the soil is not dumped on top of the geomembrane. 

Soil placement over polyethylene geomembranes shouid occur in the early morn
ing when there is adequate lighting and the geomembrane is contracted. By midday. 
wrinkles often develop in polyethylene geomembranes, making soil placement dif
ficult. On days where the ·temperature exceeds 1 00°F; the wrinkles can be as large 
as 1 to 2 feet high. Even in the morning, 6-inch-high wrinkles can easily develop. 
If it cannot be avoided, soils may be placed over geomembrane wrinkles by placing 
the soil directly on top of the wrinkle such that it forms two smaller wrinkles. By 
continuously placing soil directly above the wrinkle, the wrinkle will eventually 
work itself out. Therefore, if possible, the geomembrane should not be pennanently 
anchored until the soil overlying the geomembrane has been placed. In no situation 
should the geomembrane wrinkle be allowed to fold over under the weight of the 
overlying soil. These folds will crease the geomembrane and provide a preferential 
location for stress cracking and eventual leakage. 

Placement of soils over geomembranes on slopes should occur from the bottom 
of slope upward. This will minimize the stresses on the geomembrane from con
struction equipment. Soils should be placed over geornembranes as soon as possible 
following geomembrane installation. This prevents UY degradation of the geomem
brane and damage from ongoing construction activities, and also provides for good 
contact between the geomembrane and underlying material. 

8.3.4 Structural Details 

8.3.4. 1 Anchorage. Anchor trenches are used at the top of side-slope liners 
to hold installed geosynthetics in place against applied loads and to prevent potential 
tears caused by wind intrusion beneath the geosynthetics. As shown in Figure 8. 19, 
anchor trenches can generally be classified as flat, rectangular, or V -shaped. Selec
tion of the appropriate anchor trench configuration for any particular site depends 
on the required holding capacity, access considerations, dimensional constraints. 
and available construction equipment. Often, a contractor may request that the an
chor trench configuration be modified based on the equipment available. All such 
modifications should be checked and approved by the designer. 

The hoLding capacity of anchor trenches is developed by the applied nonnalload 
of the soil placed above the geosynthetics, which creates frictional resistance be
tween the geosynthetics and the underlying soil; there is minimal friction resistance 
developed between the upper soil and the geosynthetic since the soil above the 
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(c) 

Figure 8.19 Typical anchor trench configurations: {a) flat anchor; and (b) rectangular an
chor; and {c) V-shaped anchor. 

geosynthetic is. likely to move with the geosynthetic. The soil depth, type of soil or 
other material underlying the geosynthetics, and geosynthetic anchorage length are 
therefore the key factors in developing the required anchor trench holding capacity. 

The easiest anchor trench configuration. to analyze is the flat anchor. The free
body diagram· for the flat anchor and the development of equation (8 .14) for anchor
age length is shown in Figure 8.20. 

T cos {3- T sin f3 tan oL 
L=---------

yd tan oL 
(8. 14) 

There is no ideal solution for rectangular or V trenches. Koerner (1990) recom
mends that the problem be solved using imaginary, frictionless pulleys, as sho'?.'n 
in Figure 8. 21. 

The anchor trench should be designed to resist pullout loads (1) caused by the 
self-weight of the geosynthetics. For geomembranes that may be exposed to severe 
temperature and wind loading conditions, stresses caused by these forces should 
also be evaluated. Ideallv, the anchor trench should be desi2ned to allow the geo-, ._ ~ 

synthetics to pull out slightly rather than cause tearing of the geosynthetics. The 
reasoning for this is that even if complete pullout occurred, it would usually be 
easier to replace pulled-out materials than to repair tom geosynthetics. The maxi-
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Geomembrane 

~-------------£--------------~ 

qu= Yd 
Fu t 

T cos f3 + FL ~ 

qL = Yd 

t I I 

VaM- .....-

Fu= qu tan ou(L) {neglected since cover soil moves with geomembrane] 

FL = qL + 0.5 VGM tan DL (L) 

[ . ( 2 TsinP)] = qu+ 0.5 L tan oL (L) 

T cos f3 = qL tan oL(L) + T sin j3 tan o L 

L = Tcos/3- Tsin Ptan SL 
rd tan sL 

Where: V GM = vertical force due to goomembrane 

Fu =friction force above geomembrane 

FL = friction force below geomembrane 

qu =stress above geomembrane due to cover soil weight 

qL =stress below geomembrane due to cover soil weight 

T =tensile force in geomembrane 

f3 =slope angle 

d= 
=unit weight of cover soil 

5 = interface fraction angle 

Figure 8.20 Design of a flat anchor. (From Koerner, 1990.) 
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T=Fu+FL + 2FAT 

Where: T = tensile stress in geomembrane 

Fu = friction force above geomembrane 
(assumed to be negligible since cover soil 
likely moves with geomembrane) 

FL = q tan o(L) 
q = surcharge pressure = r d 

d =depth of cover soil 

r =unit weight of cover soil 

o = interface friction angle 
L = runout length 

FAT= (O'have) tan o(dAT) 

(jh. = average horizontal stress in anchor trench 

= koav 
riV= r Have 

Have= average depth of anchor trench (requires an estimate) 

k0 = 1- sin rj1 

tp = angle of shearing resistance of backfill soli 

D AT= depth of anchor trench (unknown) 

Figure 8.21 Design of a rectangular and V anchor trenches. (From Koerner, 1990.) 

mum holding capacity of the anchor trench should therefore be slightly less than the 
ultimate tensile strength of the geosynthetic to be anchored, irrespective of the ap
plied loads. If the applied loads are greater than the tensile strength of the geosyn
thetics, measures should be taken to reduce the applied loads or higher-strength 
geosynthetics should be used. 

If soil materials are placed above side-slope geosynthetics, the load caused by 
soil, seepage forces, and construction equipment should be assessed. Often, a high
strength reinforcing geotextile or geogrid is required to hold the soil on the slopes. 
Druschel and Underwood (1993) used a force equilibrium method to assess the 
required anchorage force for these high-strength materials. The free-body and force 
vector diagram for this method are illustrated in Figures 8.22 and 8.23, respec
tively. As shown, the items 4 to be evaluated include the toe buttress resistance, soil 
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H 

1 

Note: P, F8 Fa, and Fb, are assumed to be parallel to~ 
' 

Figure 8.22 Free-body diagram of side-slope forces. (From Druschel and Underwood, 
1993 .) 

Wz 

Figure 8.23 Force vector diagram. (From Druschel and Underwood, 1993 .) 
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cover, equipment load, and seepage forces. The equation for the required anchorage 
force is 

YwT~ (tan cPm 2H tan om tan om) 
F = + ---

a 2 tan f3 cos2 f3 cos f3 cos f3 

[ 
sin(/3- om)] 

+we 0.3+ ~ 
COS urn 

YeT; sin(/3- om) [ sin cPm cos om 2H cos {3] 
- +1-----

2 sin f3 cos {3 cos om cos({3 + <f>m) sin({3- om) T c 

where H = side-slope height 
Tc =cover soil thickness 
f3 = side-slope angle 

'Yw =unit weight of water 
'Yc =unit weight of cover soil 
o = interface friction angle 

om = interface friction angle (mobilized) 
cf> = soil shear strength angle 

cPm =soil shear strength angle (mobilized) 
W2 =weight of side slope soil 
W 1 = weight of toe buttress soil 

(8.15) 

we= weight of equipment on the sideslope (equipment weight divided by 
equipment width) 

Fb=equipment braking force (approximately 30 percent of equiprm.ru/:S.- ,_. 
weight acting downslope and parallel to interface) 

T w = thickness of seepage 
wwl =weight of seepage water in toe buttress 
Ww2 =weight of seepage water in side-slope soil 

Fa= geosynthetic anchorage force 
Fs = seepage force 
F 1 =toe buttress reaction force 
F 1 =side-slope reaction force 
P =side slope/toe buttress reaction force 

Although this equation may seem complex, it is relatively straightforward and eas
ily adaptable to a computer spreadsheet. Figures 8.24 and 8.25 present the variation 
in anchorage force with slope height assuming an interface friction angle of 9 and 
12°, respectively. The~!!J.forc!I_!_g g~_Cl!~~tg_~ __ Q!'_ ~~_!~_~le~~~c!_sh_Q)J:l_g_have a yield 
strength ~ater than the ;equired anchorage force and should be able to attain the 

·-·--- ···- . ------·-- ---- -. - - . -. -· - --·---- --------------- . - - - -

!equir~~an~~or~~~--forc~- a~.~- s~~in level _?X apprm~_im~~~l~_? -~~r~~~~-

4 Further discussion of these forces is provided in Chapter 10 . 

. .. ..:. " 
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Figure 8.24 Anchorage force required for slope with 9° interface friction angle. (From 
Druschel and Underwood, 1993.) 
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Figure 8.25 Anchorage force required for slope with 12° interface friction angle. (From 
Druschel and Underwood, 1993.) 
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Example 8 .4. A 50-foot -high 3H: 1 V side slope is lined with 60-mil single sided 
textured HDPE (textured side down against underlying clay and smooth side facing 
up). Calculate various stresses in the liner and determine the anchor trench capacity 
assuming that it is 3 feet deep and 2 feet wide. At the base, a 3-foot thickness of 
soil, consisting of a 1-foot drainage layer and a 2-foot-thick operations layer, is 
already in place. 

SOLLTION 

A. Forces on Geomembrane. The forces on the geomembrane include those due to 
self-weight, temperature, and wind. 

1. Force (Fw) per foot width due to self-weight (W) 

where 

and where 

H 
W=L t y=-.- r 1' 

sm f3 

F == W cosf3 tan f3 
H == exposed height of geomembrane= 50- 3 = 4 7 ft 

sin {3=sin [tan- 1(1/3)]=sin 18.3°=0.314 
cos{3= 18.3°=0.95 

60 
t= geomembrane thickness= 

000 2 
=0.005 ft 

1 X 1 
y= unit weight of geomembrane= SG · 'Yw= (0. 94)(62.4 lb/ft3

) =59 lb/ft3 

Therefore, 

47 
W=-

3
- (0.005)(59)=44.llb/ft width 

0. 14 

and assuming that 8= 15° yields 

and 
F=(44.1)(0.95)(tan l5°)=11.23lb/ft width 

F,...=44.1(0.314)-11.23 
= 2.62 lb/ft width 

2. Thermal forces (F1) per foot width due to temperature change (A.T). Assume 
that the coefficient of thermal expansion J.1 = 1 x 10- 4f'F and the temperature 
fluctuations of the geomembrane during the day and the night are 120°F and 
60°F, respectively. From equation (8.12), 
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which in terms of thermal strain may be written as 

Therefore, 

From the geomembrane stress-strain curve (test data sheet), cr corresponding to 
E1 = 6 x 10- 3 is ~ 300 psi. 

0.06 
F1= erA =300 X 144 XU=216 lb/ft 

3. Forces (F wind) per foot width due to wind loading. From equation (8.13) 

q=0.002556V2 

Assuming that V = 50 miles/h, we have 

q = 0.002556(50)2 = 6.39 lb/ft2 

Assuming that half of this force is supported by the drainage and operations 
layer and the other half is supported by the anchor trench gives us 

Fwind=!qL=(6.39)(!)(149.7)=478lb/ft width 

4. Total designforces (Fd) 

F d = F w + F, + F wind 
= 3 + 216 + 478 = 697 lb/ft width 

B. Anchor Trench Capacity. From Figure 8.21. 

T=Fu+FL +2FAT 
=O+yd tan 8L+2crhave tan O(dAT) 

Assuming that d=3 ft, 8= 15°, L=3 ft, c/>=30°, dAT=3 ft yields 

(')'h) (125 X 3) 
crhave = ko T = o- sin c/>) 

2 
= 94 

T= 125(2) tan 15(3) + 2(94) tan 15(3) = 352 lb/ft width 
additional resistance due to backfill soil = (3 + 3) X 2 x 125 (tan 20° +tan 
15°) = 948 lb/ft 
total T= 352 + 948 = 1300 lb/ft 
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C. Allowable Stress 

Minimum allowable stress at yield= 2000 psi: 
Fall= a-t 

= 2000(0.06) = 120 lb/in. = 1440 lb/ft 

D. Comparison of Various Forces 

F d =design force= 697 lb/ft width 
T = anchor trench capacity= 1300 lb/ft width 

Fall= allowable force= 1440 lb/ft width 

The anchor trench should be designed to: 

• Resist the design force = 697 lb/ft 

• Allow the geomembrane to slip out before the allowable stress is reached 

Therefore, 

Fd<T<Fall 
697 < 1300< 1440 lb/ft width OK 

T 1300 
FS against pullout = F d = 

697 
= 1. 87 

Fall 1440 
FS against geomembrane failure = -=-

6
-=2.07 

Fd 97 

8.3.4.2 Connection/Termination. As discussed in Section 8.3.1, most land
fill liners are constructed in phases. Adequate liner connection and termination de
tails are therefore critical in maintaining liner continuity between phases. To pro
vide satisfactory connection/termination details, the designer must first envision. 
how the connection will be constructed, the required construction equipment ac
cess, and how much overlap is necessary between the lining systems. Typically a 
4- to 5-foot overlap is sufficient for the clay liner and 2 to 3 feet for the geosynthet
ics. To avoid a preferential leachate flow path, the connection between clay liners 
should not be vertical but rather, stair-stepped at an angle (Figure 8. 26). This re
quires some reworking of the existing clay liners but will lead to a continuous bond 
between the existing and future clay liners. For future connection of geomembrane 
liners, the edge of the existing geomembrane liner should be kept as clean as possi
ble for proper seaming. This is often achieved by wrapping the final leading edge 
of the geomembrane with a nonwoven geotextile prior to placing any cover materi
als over the geomembrane. 

Connection/termination details parallel to landfill sideslopes should also be con
sidered, especially for geomernbranes. Often the edge of a geomembrane is left 
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Solution: 
Assume the runout resistance force is equal to the geomembrane allowable tensile force. 
From the design equations just presented, 

T· (cos [3) = 350(144)(0.030/12)cos 18.4° 

= 120 lb/ft (1.75 kN/m) 

T· (sinf3) "" 39.8lb/ft (0.58 kN/m) 

q8 = 'Ys ·des = (100)(1.0) = 100 lb/ft (1.46 kN/m) 

which, when substituted into Equation4.11, gives 

T•(cosf3) = q8 •tanoc(LRo) + T•sin[3•tanoc 

120 = 100(tan20°)(LRo) + 39.8(tan20°) 

120 = 36.4•LRo + 14.5 

from which it follows that 

LRo = 2.9 ft (0.88 m); use 3.0 ft (use 1 m) 

(4.11) 

Note that the runout lengt\h is strongly dependent on the value of allowable 
stress used in the analysis. To mobilize the full strength of the geomembrane would 
require a longer runout length or an anchor trench. However, this might not be desir
able. Pullout, without geomembrane failure, might be preferable to tensile rupture and 
separation of the geomembrane. Thus, the design run out or anchor resistance capacity 
should fall between the ultimate strength and allowable strength of a geosynthetic 
liner (Qian, 1995). That is, 

Ultimate Strength > Runout and/or Anchor Resistance Capacity > Allowable Strength 

Runout and/or Anchor Resistance Capacity= T/t 

cr allow = rrult/ F S, and Tallow = rr allow· t, 

where T = geomembrane tensile force (i.e., runout or anchor resistance force) 
per unit width; 

t = geomembrane thickness; 
rYutt = ultimate geomembrane stress (e.g., yield or break); 
FS = factor of safety based on geomembrane strength; 

rr allow = allowable geomembrane stress; and 
Tallow = allowable geomembrane force per unit width. 

4.7.2 Design of Rectangular Anchor Trench 

The situation with a rectangular anchor trench in place at the end of the nmout section 
is illustrated in Figure 4.9. The configuration requires some important assumptions 
regarding the state of .stress within the anchor trench and its resistance mechanism. In 
order to establish static equilibrium, an imaginary and frictionless pulley is assumed at 
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Cover soil 

Imaginary and 
frictionless pulleys 

(a) 

Cover soil _1 

/

/ _____ ~ des 

I=~ L E\1 
(b) (c) 

FIGURE 4.9 Cross Section of Geomembrane Run out Section with a Rectangular Anchor 
Trench and Related Stresses and Forces Involved 

the top edge of the anchor trench, as shown in Figure 4.9 (Qian, 1995), which allows 
the geomembrane to be considered as a continuous member along its entire length. 

From Figure 4.9, the following force summations lead to the appropriate design 
equations: 

From 2-Fv = 0, 

T·(sin/3) = O.S·foMLRo 

The cover soil pressure on the runout length is 

qB = 'Ys'dcs 

The lateral earth force acting on both sides of the geomembrane buried in the anchor 
trench is 

The vertical force due to the geomembrane force is 

2 · T· sin/3 
VoM = -----'---

'-'Ro 
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The friction force above the runout geomembrane is always neglected in the anchor 
trench design, since the cover soil probably moVe$/aloi.ig'with the geomembrane as it 
deforms. 

From 2:FH = 0, 

T·(cos(3) = (FRo)n + (FAT)L + (FAT)R 

and (FRo)n = qB • LRo · tanoc + 0.5 • V oM· LRo · tanoc 
= qB • LRo · tanoc + 0.5 • (2· T· sin(3/LRo) · LRo · tanoc 

or 

Because q8 = 'Ys · des, the friction force beneath the runout geomembrane is 

(FRo)n = 'Ys'dcs•LRo·tan8c + T·sin(3•tan8c 

( 4.13) 

(4.14) 

(4.15) 

The friction force between the left side of the geomembrane and the side wall of the 
anchor trench is 

(FAT)L = (crh)ave'dAT'tanoc 

The friction force between the right side of the geomembrane and the side wall of the 
anchor trench is 

where ( uh)ave = Ko • ( u v )ave 

BecauseKo = 1- sincpand(uv)ave = 'Ys·(dcs + 0.5·dAT) 

(uh)ave = (1- sinc/J)''Ys'(dcs + 0.5dAT) (4.16) 

So (FAT)L = (1- sincp)·ys·(dcs + 0.5·dAT)•dAT'tan8c (4.17) 

and (FAT)R = (1- sin¢)•ys·(dcs + 0.5·dAT)·dAT'tan8r (4.18) 

Substituting Equations 4.15, 4.17, and 4.18 into Equation 4.13 gives 

T·(cos(3- sin(3•tan8L) = 'Ys'dcs•Lno·tan8c + 
(1- sin¢)·ys·(dcs + 0.5·dAT)·dAT'(tan8c + tan8r) 

which leads to 

T 
= 'Ys'dcs'LRo'tanc5c + (1- sinc/J)''Ys·(dcs + 0.5·dAT·(tan8c + tan8r 
- (4.19) 

cos (3 - sin (3 ·tan 8c 

or 

T 
= qn·Lno·tan8c + Ko·(uv)ave'dAT'(tan8c + tan8r) 
- (4.20) 

cos (3 - sin (3 ·tan 8c 

When 8c = 8r = 8, Equation 4.19 becomes 

'Ys'dcs·Ln.o·tan8 + 2•(1- sin¢)''Ys + 0.5·dAT'tan8 
T = cos(3- sin(3·tan8 (4·21) 
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and Equation 4.20 becomes 

qn·LRo·tano + 2•Ko•(crv)nve'dAT'tano T "" __::_::_---"::.=._ ___ _____:____:_~:..::___....:.:.:.. __ 

cosf3 - sin{3 · tano 
(4.22) 

where T"" geomembrane tensile force (i.e., anchor trench resistance force) per 
unit width; 

(FRo)n "" friction force beneath runout geomembrane; 
(FAT )1 = friction force between the left side of the geomembrane and the 

side wall of the anchor trench; 
(FAT)R = friction force between the right side of the geomembrane and the 

side wall of the anchor trench; 
( crh)ave = average horizontal stress in anchor trench; 
(cr v)ave = average vertical stress in anchor trench; 

Have = average depth of anchor trench; 
K0 = coefficient of at-rest earth pressure; 

LRo ""' nmout length; 
des = depth of cover soil; 
dAT "" anchor trench depth; 

'Ys "" unit weight of cover and backfill soil; 
<P = friction angle of backfill soil in anchor trench; 

oc = friction angle between geomembrane and underlying soil; 
oF "" friction angle between geomembrane and backfill soil; 
o = friction angle between geomembrane and soil; and 
f3 "" sideslope angle, measured from horizontal. 

Note that because this situation results in one equation with two unknowns, thus 
a choice of LRo or dAT is necessary to calculate the other. 

EXAMPLE 4.4 

A 60-mil (1.5-mm) HDPE geomembrane of allowable stress 840 lb/in2 (5,800 kN/m2) is placed 
on a 3(H) to 1(V) sicleslope. There is a cover soil of 12 inches (0.3 m) placed over the geomem
brane, The unit weight of cover soil and backfill soil in the anchor trench is 110 lb/ft3 

(17.3 kN/m3). The friction angle between the geomembrane and the underlying soil is 18 
degrees, and the friction angle between the geomerhbrane and the backfill soil in the anchor 
trench is 22 degrees. The friction of the backfill soil is 30 degrees. Determine the required 
runout length for a 24-inch-deep (0.6-meter-deep) anchor trench. 

Solution: 
Assume the anchor resistance force is equal to the geomembrane allowable tensile force. 
Using the previously developed design equation from Figure 4.9, 

T·(cosf3)"" (FR.o)a + (FAT)L + (FAT)R (4.13) 

where T"" Tnnow = O"nllow • t 

From Equation4.19, we have 

')'s'dcs'LRo•tanoc + (1- sin(/>)''Ys'(dcs + 0.5·dAT)'dAT'(tanoc + tanop) 
T"" (4.19) 

cos {3 - sin {3 • tan oc 
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and 

u allow 0 t 0 (cos f3 - slnf3 ° tan 8c) = 'Ys' des 0 LRo 0 tanoc 
+ (1- sin(/>)''Ys'(dcs + 0.5·ciAT)·dAT'(tanoc + tanor) 

so that 

UaJiow • t = (840)(144)(0,060)/12 = 605lb/ft (8.83 kN/m) and (605)[(cos18.4°) -
(sin18.4°)(tan18°)] = (110)(1)(tan18°)(LRo) + (0.5)(110)(2)(2)(tan18° + tan22°) 

01' 

(605)(0.846) = (35.74) · LRo + (220)(0.729) which yields 512.83 = (35.74) · LRo + 160.38 or 
LRo = 9.86 ft (2.96 m) 

Thus, use the runout length LRo' = 10ft (3 m). 

The geomembrane can also be extended along the trench bottom to increase 
resistance force, which is called an L·shaped rectangular anchor trench. A typical lay
out in an L-shaped rectangular anchor trench, which is widely used in landfill projects, 
is shown in Figure 4.10. In order to establish the static equilibrium equation, two imag
inary and frictionless pulleys are assumed at the top edge and the bottom corner of the 
anchor trench, as shown in Figure 4.10 (Qian, 1995). This assumption again allows the 
geomembrane to be considered as a continuous member. 

The friction force above a runout geomembrane is always neglected in the 
anchor trench design, since the cover soil probably moves together with the geomem
brane as it deforms. 

From ~Fr-r == 0 

(4.23) 

The friction force between the geomembrane and the underlying soil at the bottom of 
the anchor trench is 

(4.24) 

The friction force between the geomembrane and the overlying soil at the bottom of 
the anchor trench is 

(FAB)u :=: CTvB'LAT•tanop 

Because crvB == 'Ys ·(des,+ dAT), 

(FAB)B =: 'Ys'(dcs + dAT)•LAT•tanoc 

and 

Substituting Equations 4.15, 4.17, 4.18, 4.26, and 4.27 into Equation4.23 gives 

T· ( cosf3 - sinf3 · tanoL) == 'Ys ·des· LRo · tan8e + 'Ys' (tanoe + tan or) 

(4.25) 

(4.26) 

(4.27) 

[(1- sincj>)''Ys'(des + 0.5•dAT)•dAT +(des+ clAT)•LAT) 
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Cover soil 

Imaginary and 
frictionless pulleys 

(a) 

Cover soil _1 

// ____ · _ des 

F\1 
Cover soil 

des 

!I mum ~v.y 
1..:- LAT-+1 

(d) 

(c) 

FIGURE 4.10 Cross Section of Geomembrane Runout Section with an L-Shaped 
Rectangular Anchor Trench and Related Stresses and Forces Involved 

r--------~"'h~Jj.~~,Ji~l~t~~--------------------------------------------------------, 

s'dcs'LRo•talloc + 'Ys'((1- sincp)•ys•(dcs + 0.5•dAT)'dAT +(des+ dAy)•LAT](tan8c + tan8p) 
cos(3 + sin(3·tan8c 

or 
T == qB·LRo·tanBc + [Ko•(ifv)nve'dAT + ifvB'LAT](tanoc + tanop) 

cos(3 - sin(3 · tanoc 

(4.28) 

(4.29) 
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When 8c == 8r = o, Equation4.28 becomes 

T= 'Ys'dcs·LRo·tan8 + 2•ys·[(1- sin</J)'Ys'(dcs + 0.5·dAT)·clAT +(des+ dAT)·LAT]·tan8 
cos {3 - sin {3 • tan 8 

(4.30) 

and Equation 4.29 becomes 

qB 'LRo •tan8 + 2' [Ka' (uv)ave' clAT + O"vB • LAT ]· tan8 
T=--------------~-~~------------~~---

. cos{3 - sin{3 • tan8 
( 4.31) 

where T = geomembrane tensile force (i.e., anchor trench resistance force) per 
unit width; 

(FRo)B = friction force beneath runout geomembrane; 
(FAT)L =friction force between the left side of the geomembrane and the 

side wall of the anchor trench; 
(FAT)R = friction force between the right side of the geomembrane and the 

side wall of the anchor trench; 
(F AB)B = friction force between the geomembrane and the underlying soil at 

the bottom of the anchor trench; 
(F AB)u = friction force between the geomembrane and the overlying soil at 

the bottom of the anchor trench; 
((J'v)ave = average vertical stress in anchor trench; 

K 0 = coefficient of at-rest earth pressure; 
LRo == runout length; 
des = depth of cover soil; 
dAT = anchor trench depth; 

'Ys = unit weight of cover and backfill soil; 
cfJ = friction angle of backfill soil in anchor trench; 

8c = friction angle between the geomembrane and the underlying soil; 
8r = friction angle between the geomembrane and the backfill soil; 
8 = friction angle between the geomembmne and the soil; and 
{3 = sideslope angle, measured from horizontal. 

The design of an anchor trench is considered to be adequate if mobilized stress 
lies between the yield stress and allowable stress of the geosynthetic components. It 
should be mentionec( that many manufacturers specify 1.5-feet- (0.45-m)-cleep anchor 
trenches and a 3.0-feet- (0.90-m)-long runout section. 

EXAMPLE 4.5 

Calculate the resistant capacity of a given geomembrane in a L-shaped rectangular anchor 
trench of known dimensions. The geomembrane is 60-mil (1.5-mm) HDPE with an ultimate 
strength (at yield) 2,100 lb/in2 (14,500 kN/m2) and an allowable strength 840 lb/in2(5,800 kN/nh 
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The runout length is 3 feet (0.9 m). The cover soil is 1 foot (0.3 m). The anchor trench is 2 feet 
(0.6 m) wide and2 feet (0.6 m) deep. The side slope angle is 18.4 degrees [3(I-I): 1(V) ]. The unit 
weight of soil is 110 lb/ft3 (17.3 kN/m3

). The soil friction angle is 30 degrees. The friction angle 
between the soil and the geomembrane is 20 degrees. 

Solution: 
The resistance capacity of the geomembrane in the anchor can be calculated from Equation 4.31 

" T ~ q,·L,o•tan8 + 2·[K.·(u,),,.•dAT + u,,·LAT]'~~ " 
cos{3- sin{3•tano 

where qB = 'Ys • des = 110 >< 1 = 110 lb/ft2 (5.27 kN/m2
) 

Ka = 1 - sinqJ = 1 - 0.5 = 0.5 
(crv)nve = 'Ys'(dcs + O.S•dAT) 

= 110 X (1 + 0.5 X 2) = 110 X 2 = 220 lb/ft2 (10.53 kN/m:2) 

crvB = 'Ys' (des + dAT) = 110 X (1 + 2) = 330 lb/ft2 (15.80 kN/m2) 

Substituting these calculated values into Equation 4.31 yields 

So, 

T = qB 'LRo' tano + 2' [Ko' (crv)nvo'dAT + cr vB 'LAT]. tano 
cos{3- sin{3•tano 

(110)(2)(tan20°) + 2[(0.5)(220)(2) + (330)(2)](tan20°) 

cos18.4°- (sin18.4°)(tan20a) 

(110)(2)(0.364) + 2(220 + 660)(0.364) 

0.949 - (0.316)(0.364) 

80.08 + 640.64 
0.834 

720.72 
0.834 

= 864lb/ft (12.61 kN/m) 

Anchor Resistance Capacity = 864lb/ft = 72lb/in + 0.06 in = 1,200 lblin2 (8,270 kN/1112), 

which leads to the following inequalities: 

Ultimate Strength > Anchor Resistance Capacity > Allowable Strength 

2,100 lb/in2 > 1,200 lb/in2 > 840 lb/in2 

(14,500 kN/m2 > 8,270 kN/.m2 > 5,800 kN/m2) 

The results of the calculation indicate the design anchor resistance capacity falls between the 
yield stress and allowable stress of a geosynthetic membrane liner. Therefore, the anchor trench 
dimensions are acceptable, · 

By using a model as presented here, any set of conditions can be used to analyze a.nd 
arrive at an acceptable design solution. Even situations in which geotextiles and 
geonets or. geocomposites are used in conjunction with a geomembrane can be ana" 
lyzed in a similar manner. 
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be normally consolidated under the surcharge of about 4 m of fill. The soft clay layer, 
however, was underconsolidatecl below the fill layer. The excess pore pressures caused 
by the placement of the fill in the 1970s and 1980s had experienced very little dissipa
tion-particularly between elevations of -10 and -20m-at the time waste place
ment started. In the middle zone of the soft clay layer, the difference between the 
actual undrained strength and the one used in the stability analyses was of the order of 
10 kN/m2

• The original short-term stability analysis did not consider the possibility of 
failure surfaces extending to the river (like the one that actually happened), where 
there was no fill layer over the soft clay, and, hence, the soft clay did not have the 
undrained strength assumed in the stability calculations. 

As noted, this case history had a geosynthetic lining system that failed along with 
the rotational movement. However, the lining system could not (and was not) a con
tributing issue to the failure. The little reinforcement benefit that may have been pro
vided by the geosynthetic layer is negligible in the context of this large of a waste mass. 
This, as with the previous two case histories, was completely a geotechnical-related 
failure of the classical rotational failure mode except now a portion of the failure sur
face passes through waste materials. 

13.5.3 General Remarks 

It should be obvious from these three case histories that proper site characterization 
during the design stage and well before waste placement is critical. Irrespective of the 
high shear strength of waste materials, if the soil foundation fails, it will eventually 
propagate through the waste mass and cause the entire system to fail. Once a crack is 
observed on the surface of the waste mass, the entire failure surface beneath it has 
been moqilized. Failure of the mass is then imminent. 

The situation is obviously important when dealing with soft, fine-grained soils. 
Typically, but certainly not always, such soils are near rivers, harbors, ancl estuaries .. 
Best available geotechnical practice must be followed (recall Section 13.3.3). Even 
beyond site investigation, laboratory testing, and design which lead to site-specific 
plans and specifications, one should consider field instrumentation. Piezometers 
placed in the subsoil and inclinometers placed at the toe of the waste slope (and 
beyond) could be most valuable in providing an instantaneous assessment of the land
fill as waste is being placed. Unfortunately, such instrumentation is rarely provided, 
even for sensitive site situations. 

13.6 WASTE MASS FAILURES 

The relatively low interface shear strengths of components within liner systems can 
lead to translational failures of the type shown in Figure 13.1(f). However, failure can 
only occur if the toe of the wast~· mass is unsupported by an opposing slope or large 
soil berm. Unfortunately, unsuppo ted toe conditions are often the case. Canyon land
fills are very common in areasy mountainous or rolling topography. Even when an 
excavation is dug for a landffil, the waste mass during filling is generally left unsup
ported at its toe. This section deals with the instability of such situations. 
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13.6.1 Translational Failure Analysis 
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While the approach to translational failures is generally similar to that described in 
Section13.5.1, the failure surface is not circular, but usually piecewise linear. Thus, the 
simplified Bishop method is not applicable. A translational (or two-wedge) failure 
analysis is used to calculate the factor of safety for the landfill against possible mass 
movement of the type of "translational (or wedge) failure along liner" [Figure 13.l(f)] 
in the interim filling condition. 

The waste mass shown in Figure 13.24(a) can be divided into two discrete parts, 
one active wedge lying on the side slope and tending to cause failure, and another pas
sive wedge lying on the cell bottom floor and tending to resist failure. The forces acting 
on the active and passive wedges are shown in Figure 13.24(a). The individual forces, 
friction angles, and slope angles involved in the analysis are listed as follows: 

Wr = weight of the passive wedge; 
Nr = normal force acting on the bottom of the passive wedge; 
Fr = frictional force acting on the bottom of the passive wedge (parallel to the bot

tom of the passive wedge); 
EHP = normal force from the active wedge acting on the passive wedge (unknown in 

magnitude, but with the direction perpendicular to the interface of the active 
and passive wedges); 

Wp 

Passive wedge 

Active wedge 

(b) (c) 

FIGURE 13.24 Forces Acting on Tho adjacent Wedges for Solid Waste Filled in Landfill 
. 'i.~: 

\ 
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Evr = frictional force acting on the side of the passive wedge (unknown in magnitude, 
but with the direction parallel to the interface of the active and passive 
wedges); 

FSr· = fdct0r of safety for the passive wedge; 
op = minimum interface friction angle of multi-layer liner components beneath the 

passive wedge; 
rPs = friction angle of the solid waste; 
a = angle of the solid waste slope, measured from horizontal, degrees; 
e = angle of the landfill ceil subgrade, measured from horizontal, degrees; 

W A = weight of the active wedge; 
WT = total weight of the active and passive wedges; 
N A = normal force acting on the bottom of the active wedge; 
FA = frictional force acting on the bottom of the active wedge (parallel to the bot

tom of the active wedge); 
EHA = normal force from passive wedge acting on the active wedge (unknown in mag

nitude, but with the direction perpendicular to the interface of the active and 
passive wedges), Er-rA = EHP; 

EvA = frictional force acting on the side of the active wedge (unknown in magnitude, 
but with the direction parallel to the interface of the active and passive 
wedges), EvA = Evr; 

FS A = factor of safety for the active wedge; 
. a A·= minimum interface friction angle of multi-layer liner components beneath the 

active wedge; 
{3 = angle of the side slope, measured from horizontal, degrees; 

FS = factor of safety for the entire solid waste mass. 

Considering the force equilibrium of the passive wedge [Figu~·e 1.3.24(b )], the forces 
acting on it are 

l.:Fy = 0: 

Wr + Evr = Nr·cose + Fp·sine 

Fr = Nr·tanor/FSr 

Evp = EJ:Ip•tanr/Js/FSp 

Substituting Equations 1.3.48 anc113.49 into Equation 13.47 gives 

Wp + EHP·tanrfJs/FSp = Nr·(cose + sine·tanor/FSp), and 

when :L:Fx = 0, 

Fp•cose = EHP + Nr·sine 

Substituting Equation (13.48) into Equation (1.3.51.) gives 

Np·cose·tal).{)p/FSr = EHP + Nr•sine 

Nr·(cose·tanor/FSr- sine)= Er-rP 

(13.47) 

(13.48) 

(1.3.49) 

(13.50) 

(1.3.51) 
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N - EHP 
p-

cosO·tanop/FSp- sine 
(13.52) 

Substituting Equation 13.52 into Equation 13.50 gives I .. 

4 EHP. (cosO + sinO • tan ap/FSp) 
Wp + EHP • tancps/FSp == , 

cosO · tanap/FSp - sme 

EI-IP·(cosO + sinO·tanap/FSp) == Wp•(cosO•tanap/FSp- sinO) 
+ EI-IP·(cosO•tanap/FSp- sinO)•tancps/FSp 

E1.1p•(cose + sinO·tanap/FSp- cosO·tanop·tancps/FS~ + sin8·tancp5/FSp) 
== Wp•(cosO•tanop/FSp- sine) 

Wp•(cosO•tanap/FSp- sinO) 
Er-rP = · 2 (13.53) 

cosO+ (tanop + tancp8)•sinO/FSp- cosO·tanop•tancps/FSp 

Considering the force equilibrium of the active wedge [Figure 13.12(c)] yields 

:Z:Fy = 0: ( 

WA = FA·sin{3 + NA•cosf3 +EvA 

FA= NA ·tanoA/FSA 

Substituting Equations 13.55 and 13.56 into Equation 13.54 gives 

2:Fx == 0: 

Substituting Equation13.55 into Equation 13.58 gives 

Substituting Equation13.59 into Equation13.57 gives 

(13.54) 

(13.55) 

(13.56) 

(13.57) 

(13.58) 

(13.59) 
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Because EicL\ :=: EHP and FSA :=: FSp :=: FS, Equation 13.60 must equal Equation 13.53, 
giving 

cosf3 + (tanoA + tant:f>s)·sin[3/FS- cos{3·tanoA·tantj>/FS2 

Wp·(cose·tanop/FS- sine) 
~------------~------~------~--------~ 

cose + (tanop + tant:f>s) · sin8/FS - cosO· tan or· tantj>/FSZ 

WA·(sin[3- cos[3·tanoA/FS)[cose + (tanop + tant:f>s)·sin8/FS- cos8·tanop•tan(p/FSZ] 
= Wp·(cos8·tanop/FS- sinO)[cos[3 + (tanoA + tant:f>s)·sin[3/FS- cos[3•tanoA·tant:f>/FS2

] 

(WA·sin[3- WA•cos{3•tanoA/FS)[cos8 + (tanop + tant:f>s)·sin8/FS- cos8·tanop•tancf>/FSZ] 
= (Wp•cosO•tanop/FS- Wp•sine)[cos[3 + (tanoA + tant:f>s)·sin[3/FS- cos[3•tan8A·tan(psfFS2

] 

WA•sin[3·cos8 + WA•(tanop + tan(p6)·sin[3•sin8/FS- WA•sin[3·cos8·tanop•tantj>sfFSZ 
- WA•cos[3•cos8•tan8AfFS- WA·(tanop + tant:f>s)·cos[3·sin8·tanoA/FSZ 
+ W A· cos[3 ·cosO· tanoA ·tanop · tancf>sfFS3 = Wp • cosf3 • cose •tanop/FS 
+ Wp · (tanoA + tan(p6) • sin[3 · cose · tanop/FSZ - Wp · cos[3 · cose • tanoA · tan8p·tancf>/FS3 

- Wp•cos[3·sine- Wp·(tanoA + tancf>s)·sin[3•sin0/FS + Wp•cos[3 •sin8·tanoA•tantj>sfFS2 

(WA·sin[3•cose + Wr•cos[3·sin8)·FS3 + [WA·(tan8p + tant:f>s)·sin[3·sine 
+ Wp•(tanop + tantj>8)·sin[3•sin8- WA·cos[3·cos8·tan8A- Wp•cos[3•cos8•tan8p]·FSZ 
- [WA·(tanop + tant:f>s)•cos[3·sin8·tan8A + Wp•(tanoA + tant:f>s)·sin[3·cos0•tan8p 
+ W A· sin[3 ·cosO· tanop• tant:f>s + Wp · cosf3 ·sine· tanoA · tant:f>s] • FS 
+ (WA·cos[3·cos8·tan8A•tanop·tan4>s + Wp•cos[3·cos8·tan8A·tanop·tant:f>s) ~ 0 · 

(WA·sin[3·cos(J + Wp·cos[3•sin8)·FS3 + [(WA·tan8p + Wp•tanBA + WT·tancf>s)·sin[3•sin0 
- (W A· tanB A + Wp • tanBp) · cosf3 • cose] • FSZ - [WT• tant:f>s · (sin[3 ·cosO· tanop 
+ cos[3 ·sine ·tan8A) + (W A· cosf3 ·sine + Wp• sin[3 ·cos e) ·tanoA · tanop) · FS 
+ W1· cos[3 • cosO • tanBA · tan8p ·tant:f>s :=: 0 (13.61) 

E'quation 13.61 is now solved as follows: 

a·FS3 + b·FSZ + c•FS + d = 0 

a= WA·sin[3·cos8 + Wp•cos[3·sin8 

b :=: (WA•tanBp + Wp·tanoA + WT·tancf>s)·sin[3•sin8 
- (W A· tanBA + Wp · tanop) · cos[3 ·cosO 

c = -[WT·tan<f.is·(sin[3•cos8·tan8p + cos[3·sin8·tanoA) 
+ (W A· cos[3 ·sine + Wp· sin[3 ·cosO)· tanoA · tanop] 

d :=: WT• cos[3 • cosO· tan8A · tanop · tant:f>s 

(13.62) 

When the cell sub grade is very small (i.e., 0 ""' 0), sine ""' 0, and cos e ""' l, 
Equation 13.62 then becomes 

a· FS3 + b · FSZ + c • FS + d "" 0 (13.63) 

where a "" W A· sin[3 
b :=: -(WA·tanoA + Wp•tanop)·cos[3 
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c = -(WT•tmH/>s + Wp·tanoA)·sinj3·tanop 
d = WT•cosj3•tanoA ·tanop·tan</>s 
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In the conventional translational (or two-wedge) failure analysis method, the 
direction of the resultant force Ep of EHP and Evp (or the resultant force E A of EHA and 
EvA), which acts on the interface between the passive wedge and active wedge, is usu
ally assumed to be parallel to waste filling slope. The effect of the waste property of 
the interface between the active and passive wedges (i.e., shear strength of the waste) 
on the stability is not considered for this assumption. Actually, the real direction of the 
resultant force E A of Er-rA and EvA (or the direction of the interwedge force) should be 
calculated as 

tan (IJ = Evp/ Er-rr 

= (EHP · tan<f>s/FS)/ Em 

= tan<(>sfFS 

w = tan-1(tan<f>s/FS) (13.64) 

where w = inclination angle of the interwedge force (i.e., the resultant force of Em, 
and Evp), measured from horizontal, degrees; 

</>s = friction angle of solid waste; 
FS = factor of safety for the entire solid waste mass. 

Municipal solid waste usually settles a considerable amount during the filling 
operation. Review of field settlements from several landfills indicates that municipal 
solid waste landfills usually settle approximately 15 to 30% of the initial height 
because of placement and decomposition. The large settlement of the waste fill 
induces shear stresses in the liner system on the side slope, all of which tends to dis
place the liner downslope. The large settlement of the waste fill also causes the large 
deformation of the landfill cover to induce shear stresses in the final cover system. 
These shear stresses induce shear displacements along specific interfaces in the liner 
and cover systems that may lead to the mobilization of a residual interface strength. In 
addition, thermal expansion and contraction of'the side slope liner and cover systems 
during construction and filling may also contribute to the accumulation of shear dis
placements and the mobilization of a residual interface shear strength in the liner sys-

- tem (Qian, 1994; Stark and Poeppel, 1994). 
Earthquake loading can provide permanent displacements along landfill line1: 

interfaces, resulting in a permanent reduction in their available shear resistance fol
lowing the completion of the dynamic loading. Post-earthquake static stability must 
therefore be evaluated using shear strengths that are compatible with the shear dis
placements predicted to be experienced during the earthquake. In areas of high seis
micity, this probably implies that the static stability of the final configuration of the 
landfill slwuld be assured assuming the mobilization of full residual strength condi
tions (Byrne, 1994). 

l 
II 



526 Chapter 13 Landfill Stability Analysis 

Landfill stability should be considered not only during construction and opera
tion periods, but also for the duration of the closure period. Land development of 
closed landfills should be also considered in the future. Thus, the shear strengths (e.g., 
op, 15 A• and (/>s) used in stability analysis must be cm·efully selected based on actual site
specific conditions. 

EXAMPLE 13.8 

· Calculate the factor of safety for a landfill filling shown in Figure 13.25. Use a translational fail-
ure analysis and the following information: 

Minimum interface friction angle of bottom liner system, op = zoo; 
Minimum interface residual friction angle of side slope liner system, DA = 14°; 
Friction angle of solid waste, cf>s = 33°; 

. Waste unit weight = 10.2 kN/m3; 

Landfill subgrade is 2% [50(H): l(V)]; 

Waste filling slope is 25% [4(H): l(V)]; 
Side slope angle, f3 = 18.4°; 
Height of side slope is 30 m; 
Distance between the top edge of waste and the top edge of side slope is 20 m. 

(a) 

(b) 

EuA 
~ 

EvA t ~=----"'-'-

Active we<lge 

(c) 
FIGURE 13.25 Cross Section of a Solid Waste Landfill during Filling Condition 
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Solution The forces acting on the solid waste mass are shown in Figure 13.25. 
The side slope angle is at 18.4° and the slope angle of cell subgracle is 1.15o according to a 2% 
slope; hence, 

sinf3 = sin(18.4°) = 0.3162, cosf3 = cos(18.4°) = 0.9487, 

sinO = sin(1.15°) = 0.0200, cosO = cos(1.15°) = 0.9998 

tanoA = tan(14°) = 0.2493, tanop = tan(20°) = 0.3640, 

tano/, = tan(33°) = 0.6494. 

The total weight of solid waste mass is 

Wr = 10,987 kN/m 

The weight of the passive wedge is 

Wr = 3,465 kN/m 

The weight of the active wedge is 

W A = W T - W p = 10,987 - 3,465 = 7,522 kN/m 

Use Equation13.62 to calculate FS. 

Calculate the coefficients of a, b, c, and din Equation13.62: 

a= WA•sin{3·cos0 + Wp•cos{3•sin0 

= 7,522 X 0.3162 X 0.9998 + 3,465 X 0.9487 X 0.0200 

= 2,444kN/m 

b = (WA·tanor + Wr•tanoA + Wr•tan¢,)·sin({>•sinO-(WA•tanoA + Wr•tanor)·cos{3·cos0 

= (7,522 X 0.3640 + 3.465 X 0.2493 + 10,987 X 0.6494) X 0.3162 X 0.0200 -

(7,522 X 0.2493 + 3,465 X 0.3640 X 0.9487 X 0.9998 

= -2,907 kN/m 

c = - [Wr · tan c/>s' ( sinf3 ·cosO ·tan or + cosf3 ·sinO· tan a A) + 
(WA · cosf3 ·sinO· Wr · sinf3 ·cosO)· tano A· tanop J 

= -·[10,987 X 0.6494 X (0.3162 X 0.9998 X 0.3640 + 0.9487 X 0.0200 X 0.2493) + 
(7,522 X 0.9487 X 0.0200 + 3,465 X 0.3162 X ,0.9998) X 0.2493 X 0.3640] 

= -967 kN/m 

d = Wr• cos{3 ·cosO· tanoA •tan or· tancfJ, 

= 10,987 X 0.9487 X 0.9998 X 0.2493 -X 0.3640 X 0.6494 

= 614kN/m 

a•FS3 + b·FS2 + c·FS + d = 0 

2,444·FS3 - 2,907·FS2 - 967·FS + 614 = 0 

FS3
- 1.189•FS2

- 0.396•FS + 0.251 = 0 

FS3 + 0.251 = 1.189·FS2 + 0.396·FS 

which is solved by trial and error as in the following table: 

(13.62) 
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AssumedFS FS3 + 0.251 1.189 · FS2 + 0.396 · FS Closure 

(1) (2) (3) (2) - (3) 

1.5 3.626 3.269 0.357 
1.4 2.995 2.885 0.110 
1.3 2.448 2.524 -0.076 
1.35 2.711 2.702 0.009 
1.34 2.657 2.666 -0.009 
1.345 2.684 2.684 0 

Thus, FS "' 1.345. 
The direction of the resultant force of EI-n' and Evr (i.e,, direction of the interwedge force) can 
be calculated from Equation 13.34 as 

tanw = tanq>,/FS (13.64) 

= tan(33°)/1.345 

= 0.649/1.345 

:= 0.483 

(() = 25.8° 

Recall that the inclination of waste filling slope is 20%, which is only 11.3°, Thus, the dii·ec
tion of the resultant force of E1-1r and Evr is definitely not parallel to the waste filling slope as is 
often assumed in these types of calculations (Corps of Engineers, 1960). 

13.6.2 Case Histories 

Alternatively, for the analysis of the case histories that follow, which failed in a transla
tional manner, the simplified Janbu method was used. (See Koerner and Soong, 2000.) 
This derivation is also readily available in the literature and leads to a similar equation 
for the FS-value, but it is now modified with an / 0 -value. The resulti~1g equation is 

ll 

2:, [ c · L\bi + (Wi - ui · L\bi) ··tan¢ ]/mi 
FS = Uo) • _i=-'-1'-------:n--------

2.: Wi·sinei 
i=l 

(13.65) 

where m.i is defined in Equation 13.31., and fo is a function of the curvature ratio of the 
failure surface and the type of soil. Since these surfaces are linear, however, the depth
to-length ratio is zero and the value off~ = l.O. The analysis becomes quite straight
forward. (See Schuster and Krizek, 1978.) 

To illustrate the seriousness of translational failures (they have represented the 
largest waste mass failures to elate), three case histories are presented next. 
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BENTOMAT® DIRECT SHEAR TESTING SUMMARY 
 
The following table summarizes the direct shear testing on Bentomat that has been performed by 
CETCO and other laboratories on a project-specific basis for the past several years.  This data will 
give the designer some general information about the shear strength of commonly used GCL 
interfaces and should be the first step in evaluating a proposed liner system where slope stability is a 
concern. 
 
The variables in any direct shear test are numerous, including specimen preparation; hydration 
pressures, liquids, and sequencing, and rate of shear, and others.  Test results will vary accordingly, 
which is partially accountable for the wide range of data reported even for similar interfaces. 
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the data.  Individual test reports for most of the summarized data can be provided upon request.
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Interpretation(s) of Laboratory Generated Interface Shear Strength Data for 
Geosynthetic Materials With Emphasis on the Adhesion Value  

 
The beginning point of this W hite Paper is based on the assumption that a designer has a 
credible set of laboratory generated shear st ress versus shear displacem ent curves on  the 
desired g eosynthetic-to-geosynthetic or ge osynthetic-to-soil interface tested per ISO 
12957 or ASTM D5321, or ASTM D6243 if geosynthetic clay liners are involved.  In this 
regard we are considering having such data as shown in Figure 1.  It is clearly seen t hat 
many behavioral trends are possible. 
 
 

 
Figure 1 – Various stress versus displacement curves for different geosynthetic materials. 

(Data compliments of TRI, Golder, Precision and SGI Laboratories) 
 
 
Either th e designer or the testing laborato ry will have to genera te the  Mohr-Coulom b 
failure envelope from these curves by selecting one point on each normal stress curve and 
plotting the results on a normal stress versus shear stress curve as shown in Figure 2a.  A 
least squares fit of the data point produces the failure envelope.  Even f urther, one might 
have m ore than one such failure envelopes; peak, large displacem ent and/or residual.  
Please no te, however, that th is W hite Pap er is  not  about the selection of peak, large  
displacement or residual values and the technical literature is abundant on that subject.   
 
 



 
Figure 2a – Three point laboratory data leading to the drawing of a failure envelope and 

         subsequent measurement of friction angle and shear strength intercept  
                    (or adhesion) values. 

 
 

At any rate, to begin the presen t discussion on the in terpretation of  the  selec ted failure 
envelope, the designer is confr onted with something like that shown Figure 2a.  Here the 
data points are clearly identified and the failu re envelope is usually generated by a least 
squares fitting procedure.  The dashed exte nsion to the y-axis is of ten the  gen eral 
assumption particularly for low norm al stresses as indicated.  Note that there are indeed 
exceptions to this situation such as  curved  f ailure envelop es within th e norm al stres s 
range tested , or zero no rmal stress tests.  They are spe cial cases and w ill be discussed 
later. 
 

Interpretation #1 – Use of full “ca” and full “δ” values 
 
Assuming that the previous failure envelope is based on credible laboratory procedures, 
properly simulated insofar as representative samples, norm al stress selection, m oisture 
conditions, strain rate, etc., our recommende d approach is to use the shear strength 
parameters directly in your slope stability analysis and, if found to be adequate, for your 
materials specification c riteria as  well.  Fo r landfill cover veneer stability problems all 
GSI Members and Associate Members should have our spread sheet calculation program 
which is ex tremely easy to use.  Fo r others, there are m any computer codes availab le.  
For a hypothetical veneer slope stability example using the two shear strength parameters 
(ca and δ) from Figure 2a, the input information is as follows: 
 

Using τ = ca + σn tan δ 
one obtains: 
friction angle; δ = 20.8° 
adhesion; ca = 4.16 kPa 

Normal Stress; σn (kPa) 

Sh
ea

r S
tr
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s;

 τ
 (k

Pa
) 



• cover soil thickness h = 0.3 m 
• slope angle β = 18.4° (3-to-1) 
• length of slope L = 30.0 m 
• unit weight of cover soil γ = 18.0 kN/m3 
• friction angle of cover soil φ = 30.0 deg 
• cohesion of cover soil c = 0.0 kN/m2 
• friction angle of interface δ = 20.8 deg 
• adhesion of interface ca = 4.16 kPa (= 87 psf) 

 
By using the program  just mentioned or sim ilar procedure, the resu lting slope factor-of-
safety value is; FS = 3.62.  This is a relatively high value and would generally be 
considered quite conservativ e.  One point worth m entioning, however, is the strong 
influence of the adhesion value on factor-of-safety.  To illustrate this, we now vary the ca-
value between zero and ten wh ile holding everything else th e sam e.  This procedure  
results in th e f ollowing table ; clear ly illus trating the sens itivity of  the FS-value to  this 
particular parameter. 
 

Adhesion; “ca” 
kPa lb/ft2 

Resulting 
FS-value 

0 
2 
4 
6 
8 
10 

0 
42 
84 
125 
167 
209 

1.18 
2.35 
3.53 
4.70 
5.80 
7.05 

 
 
Presented now is the heart of this White Paper concerning the issue of how reliable is this 
laboratory generated ca-value?  T he ultimate decision is yours as the designer, but our 
opinions on different geosynthetic materials and related interfaces are as follows: 
 

(a) For textured geom embranes against geotex tiles or so il, th e asper ities (be th ey 
manufactured as structured, blown film , or impinged) are on the m aterial giving 
rise to the high adhesion values, so we recomm end using the adhesion value 
accordingly.  Only by c ontinuously rubbing the surfaces against one ano ther can 
asperity reorientation occur and we feel this is an artifact of aggressive laboratory 
testing as has been done (and reported) using the ring shear testing device in 
particular.  Alternatively, c oncern has been expressed wh en testing at very high 
normal stresses.  The thought in both instan ces is that if you eliminate adhesion 
from textured geomembranes you are e ssentially assuming smooth geomembrane 
sheet.  This is a designer’s prerogative, but be prepared to have very gentle slopes 
in so doing.  

(b) For smooth geomembranes against other geosynthetics or soil, a small adhesion is 
often observed.  This is pa rticularly the c ase for LLDPE, fPP, EPDM, and PVC.  
Each of these geom embranes are less hard  than HDPE, and thus an indentation 
can be visualized (particularly dealing with soil) which is clearly a function of the  



applied normal stress.  Assum ing that th e appropriate norm al stresses were used 
in the direct shear test, we feel that one is generally justified in its use. 

(c) For geotextiles therm ally bonded to geonets or other type s of drainage cores, we 
feel that the full value of adhesion shoul d be used.  Most of these geocomposites 
can barely be “delaminated” in the conducting of the test and we have never heard 
of a field delam ination problem  from  a properly m anufactured geocomposite 
interface in this regard. 

(d) For the internal shear strength of reinforced GCLs, the fibers would have to pull-
out or break (or both) for a loss of a dhesion.  While you can force this to happen 
in the  lab, we have no  eviden ce o f this oc curring in th e f ield.  Tes t resu lts 
invariably show high adhesion values.  Furt hermore, longevity (durability) of the  
fibers in a hydrated bentonite atm osphere promises 100-year lifetim e, or longer.  
We have a creep-related paper in this re gard.  Thus, we see no reason not to use 
the laboratory generated value of adhesion for reinforced GCLs m anufactured by 
either needlepunching or stitching.  Of c ourse, the upper an d lower in terfaces of 
the GCLs must be independently evaluated. 

(e) For certain geosynthetic-to-soil interfaces, the in terface shear behavior may force 
the failure plane into the soil.  This results in the identification of the soil’s shear 
strength and if there is a shear strength intercept it is a  cohesion value and can be 
used accordingly. 

 
Thus, if adhesion from short- term testing is in dicated by the failure envelope and the 
long-term perm anence of the physical or m echanical m echanism giving rise to this 
adhesion is logica l to an ticipate, its use in a stability analysis and subsequent m aterial’s 
specification is felt to be generally justified. 

 
Interpretation #2 – Use of zero “ca” and full “δ” value 

 
For the situation where an adhesion is indi cated by the failure envelope and you as the 
designer feel that its long-term existence is  not justified, the most conservative approach 
you can take is to sim ply translate the entire  failure envelope in a parallel m anner down 
by the amount of adhesion indicated on the original data-generated graph; see Figure 2b. 
 
The effect of this very conservative approach on the FS-value of the sl ope is substantial.  
The shear strength is now represented by a friction angle alone and the site-specific result 
will be very flat slopes.  For exam ple, the 3-to-1 slope in the hypothetical exam ple given 
previously with an adhesion of zero, now ha s a FS = 1.18 using this approach.  For the 
interfaces mentioned previously, we do not recommend this approach.   
 
Alternatively, one could also decrease the adhe sion slightly, but not entirely.  That said, 
we really don’t know how to comment on this type of “compromise” situation? 
 



 
Figure 2b – Parallel translation downward of the entire laboratory generated failure 
                    envelope by an amount equal to the y-axis intercept, i.e., the adhesion. 

 
 

Interpretation #3 – Use of zero “ca” at zero normal stress only 
 

A hybrid interpretation som ewhere between the interpretations just presented is 
sometimes suggested, but its logic is som ewhat difficult to fathom .  In essence, the 
adhesion is lost only at zero norm al stress bu t not at higher norm al stresses.  Thus, the 
failure envelope is forced through the origin but thereafter it is based on a least squares fit 
of the laboratory tested points as they were gen erated.  Fig ure 3 illus trates the situ ation 
where the resulting friction angle is s een to be 32.2°.  For our hypothetical exam ple, this 
results in FS = 1.93.  Alternatively, and equa lly difficult to fathom , i s when onl y one 
laboratory point is generated and the failure e nvelope is forced through it and the origin.  
Both approaches are the least conservative of those mentioned in this White Paper giving 
rise to a rotation of the failure envelope and the highest friction angle possible.  The angle 
resulting from  this practice has been vari ously called “secant friction  angle”,  “sec ant 
angle”, or “modulus angle”.  Of the group, seca nt angle is probably the best description 
for this interpretation since it shouldn’t be confused with  the Mohr-Coulom b friction 
angle, and modulus brings with it completely other test procedures like tension testing. 
 
We generally do not recomm end such approaches for the reason that adhesion should be 
an intrinsic property of the interface involved and not be arbitrarily eliminated or used on 
the basis of a particular normal stress, or stresses.  (That stated, if the interface is tested at 

Using τ = ca + σn tan δ 
one obtains: 
friction angle; δ = 20.8° 
adhesion; ca = 0 

Normal Stress; σn (kPa) 

Sh
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r S
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 τ
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) 



zero normal stress and found to have zero adhesi on, the origin is a va lid point and should 
then be used accordingly). 

 

 
 

Figure 3 – Elimination of adhesion at zero normal stress but not at any of the three 
laboratory measured data points.  

 
 

Interpretation #4 – Use of the total shear strength at a particular normal stress 
 

A very straightforward appro ach to  a sp ecification v alue is to  requ ire a certain  s hear 
strength value at a particular norm al stre ss.  This is par ticularly the cas e if  the f ailure 
envelope is curved as mentioned previously.  In so  doing, a specifier is requiring a single 
point to be taken from the failure envelope which is targeted  at the expected field normal 
stress.  Figure 4 suggests that if the field nor mal stress is 17.2 kPa it results in a required 
shear strength of 10.7 kPa, or greater.  The sh ear strength value is thereby reflective of 
both a frictional component and adhesion, neither of which are specifically identified. 
 
In so doing one avoids specifying individual “c a” and “ δ” values an d m uch of the 
previous discussion is altoge ther avoided.  The m ethod can be extended to give two, or 
more, values of shear strength (or even the eq uation of the failure envelope) at different 
normal stresses in the form of a “required” table. 
 
This approach has been used by a select few designers but is far fr om common practice.   
There is nothing of a fundamental nature which says it cannot be done and it would avoid 
some of the other complications inherent with different approaches. 
  

Using τ = ca + σn tan δ 
one obtains: 
friction angle; δ = 32.2° 
adhesion; ca = 0 

Normal Stress; σn (kPa) 
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ISO 12957 or ASTM D 5321 Results 



 
Figure 4 – Use of a laboratory generated failure envelope by specifying a site-specific 

                    normal stress and requiring a minimum value of shear strength taken directly 
                    off of the y-axis. 
 
 
In summary, there are probably other or interm ediate interpretations of an interface shear 
strength failure envelope for use in design and then a subsequent specification, but those 
presented here are felt to be the most common. 
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A technical note regarding interpretation of cohesion 
(or adhesion) and friction angle in direct shear tests 
By Richard Thiel 

Introduction 

Direct shear testing with geosynthet
ics is generally performed in accor

dance with ASTM 05321, Standard Test 
Method for Determining the Coefficient 
of Soil to Gcosynthctic or Gcosynthetic to 
Geosynthetic Friction by the Direct Shear 
Method. There is also a related standard, 
D6243, Standard Test Method for Deter
mining the Internal and lnterface Shear 
Resistance of Geosynthetic Clay Liner by 
the Direct Shear Method. This technical 
note applies to both equally. 

Interpreting lab results 
There is often confusion expressed in the 
industry regarding how laboratory re
sults should be interpreted, specifically: 
whether one should use both the fric
tion angle and cohesion (or adhesion) 
parameters; whether cohesion should be 
ignored; whether secant friction angles 
are more appropriate; what to do if the 
data are nonlinear; and how the data 
should be interpolated or extrapolated. 

The goal of this technical note is to 
provide some guidance to take the mys
tery out of these questions. In the end, 
all data should be evaluated by an expe
rienced practitioner qualified to use the 
test results properly. 

What this note will not do is go into 
the subtleties of requesting, setting up, 
calibrating, and performing a d irect 
shear test. That would be the subject of 
additional articles. 
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.,_,2; r:.-:) Bent<mat ON GCL (black side up) RoU # 00000481 
s~~,~~~~~~~~~~~~~~~~~----~~---------

··~' GSE 60 mil HOPE Tex-whlta I lex-black (Black side towald GCL) 

8000· 

; i,' 
7000 ~--·---r-'-

6000i--- ------~---'-.---· 1----

Peak Shear 
Test Normal Shear Stess@ 
Point Stress Stress 2.5"Displ 

psi psf psf psf 
1. 13.9 2000 940 730 
2. 27;8 4000 2210 1450 
3. 55.6 8000 3800 2290 
4. 111 .1 16000 7200 3230 

' - . ....... 

--
2000 

0 ...._ _________ _ 

0.0 o.s 1.0 LS Z.O 2.5 3.0 
t-ORZONTAL DISR.Aca.eiT (ilches) 

The •gap• betw--. shear boxes w aa set at eo m1 (2.0 rnn) 

The test specirrens were flooded during testing. 
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The grouped specimensw ere consolidated 18 hrs. under the specffied norrral stress. then sheared 

Shearing occurred at tht interface of the Ga.'s and 40 nil geomerrtrane specimms. 
E><trusion of bentonite was noted on the aurf- of the ~0 nil & white side of the GCL conlact area for poinls 2,3 & 4 

The Fri::fun Angle and Adhesion (or Cohesion) results given here are based on a rrslherre!Cally detemi1ed best fft Ina 
Further inlllrJ)(etation st>)uld be conducted by a qualifoad profMslonal experienced in geosynthetic and !j«ltechnical eng.,_;ng, 

This article will also n ot definitively describe how direct 
shear test data should be interpreted. That is the responsibil
ity of a professional with specific expertise, and one article 
could never presume to cover all of the considerations that 
might apply to any uniqu.e design problem that might arise. 
That is why professionals are tr ained and mentored in basic 
geotechnical principles: so they can appropriately account for 

the various factors affecting a design and make appropriate 
decisions regarding test data interpretations. 

The typical sequence of events related to direct shear testing 
includes the following: 

1. An engineer requests a direct shear test series to obtain 
data to help solve a problem. The request should be very 
specific with regard to all the necessary details regarding 
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sampling, specimen preparation and setup 
in the testing device, and test execution 
in accordance with both project-specific 
conditions and industry standards. 

2. A competent and certified labora
tory performs the test series in accor
dance with the request and the industry 
standard test method (e.g., ASTM 05321 
or 06243). The laboratory reports results 
to the engineer. 

3. The engineer interprets and applies 
the results to the project design. 

What we are measuring in the 
direct shear test is shear strength 
as a function of normal load. The 
test does not measure "friction" 
or"cohesion;' as these are simply 
mathematical parameters derived 
from the laboratory test results. 

Ideally the engineer who originally 
specified and requ ired the shear test 
would be the same one who reviews and 
interprets the results. Sometimes, such as 
in a third-party construction quality as
surance (CQA) project, an engineer other 
than the original designer will commis
sion and review the testing. Interactions 
with test laboratories and other engineers 
over time have shown that there are often 
misconceptions and misunderstandings 
related to the interpretation of direct 
shear test data. Thus, this article is in
tended to serve the purpose of helping 
project participants avoid confusion. 
The key point of this article is that what 
we are measuring in the direct shear test 
is shear strength as a function of normal 
load. The test does not measure "fric
tion'' or "cohesion," as these are simply 
mathematical parameters derived from 
the laboratory test results. 

Figure 1 presents shear test results of 
a 4-point test for an interface between a 
textured geomembrane and a reinforced 
GCL. Three shear points, each at a dif
ferent normal stress, are the most com
mon number of points used to run a test 
series, but the number of points could 
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vary from as few as one, to perhaps as many as six points, depending on many factors 
beyond the scope of this article. The figure shows: (a) a table of the normal stresses vs. 
peak and large-displacement shear strengths measured at 2.5in. of displacement, (b) 
graphs of the shear stress vs. displacement measurements, and (c) notes describing 
test conditions and observations. 

There is adequate information in this figure for a trained practitioner to evaluate 
and use the data. The laboratory has performed its duty, which is to measure and 
report the shear strength under specified normal stresses (we are simplifying the dis-

www.geosyntheticsmagazlne.info 1 Geosynthetics 11 
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cussion here by not elaborating on other 
factors such as hydration, consolidation, 
etc.), showing how the shear strength 
changed with displacement of the two 
surfaces, and providing descriptive and 
observational notes. 

Figure 2 shows additional informa
tion that can be provided by a laboratory 
in the form of a graph of the peak and 
large-displacement strengths plotted as a 
function of normal stress. Best-fit straight 
lines, called Mohr-Coulomb strength en
velopes, named after the gentlemen who 
first publicized the relationship between 
shear strength and normal stress, have 
been d1·awn through the two sets (peak 
and large-displacement) of data points. 

Equations can be written fo r these 
lines, as we learned in first-year algebra 
class, in the form of y = mx + b. In this 
case we define y as the shear strength (S); 
m as the slope of the line that we call the 
"coefficient of friction" and whose angle 
is phi ($). which we call the "friction 
angle" (and thus tan[$] is the slope of 
the line); x is the normal stress (N); and 
b is the y-intercept of the line that we 
call either "adhesion" (a, usually used for 
geosynthetics-only tests) or "cohesion" 
(c, usually used for tests involving soils, 
which will be used for the remainder of 
this article). 

Mohr-Coulomb 
In geotechnical engineering, we write 
the Mohr-Coulomb equation for these 
lines as: 

S = N· tan(cj>) + c 
This equation is written for peak, 

large-displacement, or residual shear 
strength conditions. The fundam ental 
points in this article regarding the pre
sentation of the data in Figure 2 include 
the following: 

1. The Mohr-Coulomb envelope 
should not be extrapolated beyond 
the limits ofthe normal stresses under 
which the testing was conducted. To do 
so would never be conservative and, in 
fact, may be significantly nonconserva
tive. The reason that simple extension
extrapolations of the Mohr-Coulomb 

12 Geosynthetlcs I Apr!; May 2009 

PEAK STRENGTJ! 
11km 

~ I Test Narml/l Sl»tr ~ 
Pen Stas.t $taS$ ~ 

1~ 

pst pst psi At9t 
1. 139 :2001 910 25 1:2001 
2. ZTB «XXX 2210 29 I .1 56.6 8XXl 38Xl 25 E 1<XX» 

" 111.1 16000 T.ro 24 Zl I 
~lkm 

~ v, 
~6000 Adhesion: 260 psi 

~ 
v :z: 

Ul 
/ ~ Frtcllon Nlgle: 24 deir.•s 

/ 
Co<>lfclenlof • :2001 .............. 

0.44 
Frtcllon: v 

0 
__.....-A 

0 2000 ~ 6000 8000 1<XX» 12000 14000 16000 18000 
NORMAL STRESS (ps~ 

HO~: GRAPH NOT TO 5CAUi 

LD sntBIGTH EN'<B.OPe ""IT .. , 1 
Test Narm8l sm. S6C611 

Pd't Stas.t Shss F1fd:ln 
-psj- .--psi {Sf Arfl8 

1. 139 :2(XXl 7D 20 
2. ZTB ~ 16l 20 1 

.1 56.6 8XXl Zl90 16 
~1 " 111.1 18))() 32lO 11 

@ z.s· Displacement 

I 
I 

~ 
jlldhesi>n: 850 psi ~ 6000 I 

I 
:z: 
Ul 

FricfonAnQle: 10 de~es 

Co<>lfc~tof 
. 

Fricfon: 0.17 - - 1----1 

a..---2000 

_.. 1--' 
0 

0 20004000 6000 80001<XX»12000140001600018000 

NORMAL STRESS (ps~ 
HOT£; GIWH NOT TO iCAl£ 

Figure 21 Example of supplemental data interpretation provided by the laboratory. 

envelope are nonconservative is pre
sented in Figure 3. Most shear strength 
envelopes are truly curved (nonlinear). 
This tendency for a curved failure en
velope is exaggerated in Figure 3, but 
can dearly be identified for the real-life 
strength envelopes presented in Figure 
2, in particular for large-displacement 
conditions. 

The Mohr-Coulomb model is merely 
a linear simplification of a portion of 
the entire envelope over a limited range 
of normal stresses. If testing were per· 
formed over a large enough range of nor
mal stresses the curvature would become 

more apparent True shear strength enve
lopes are found to be most accurately de
scribed by hyperbolic functions. Giroud 
et al. (1993) provides a good method to 
describe hyperbolic strength envelopes. 

2. The values of phi and c should 
be con sidered nothing more than 
mathematical parameters to describe 
the shear strength vs. normal stress 
over the normal-load range the test 
was conducted. It is perhaps better not 
to think of "friction" and "cohesion" as 
real material properties, but simply as 
mathematical parameters to describe 
the failure envelope. 
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interpretation over a selected normal stress range, and the penalty for ignoring cohesion. 
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Figure 41 Example of safe shear strength extrapolation. 

In geotechnical practice with soils, 
there are situations and examples where 
the cohesion parameter is evaluated sepa
rately from the friction parameter, but 
these are sophisticated considerations 
that involve very project-specific mate
rials and conditions and should only be 
done by experienced professionals. 

For many geosynthetic interfaces and 
in the context of many types of projects, 
there is absolutely no reason to d issociate 
the slope of the line from its y-intercept, 
and the shear strength should be taken as 
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a whole in those cases. Other situations 
may occur, however, where it is appropri
ate, but those considerations are beyond 
the scope of this article. 

3. In many, if not most, cases with 
geosynthetics where there is no reason 
to ignore the cohesion value, it is impor
tant to re-emphasize that shear strength 
should only be defined within the range 
of normal stresses for which the Mohr
Coulomb envelope was derived. Ignor
ing the cohesion may be unjustifiably 
penalizing the shear strength values that 

were measured in the test, as illustrated 
in Figure 3. 

Using the cohesion value at normal 
stresses extrapolated below the range of 
testing, however, could have dire conse
quences on the safety of a design project. 
This problem may occur when designers 
consider only the operational or final 
build-out of a facility and they ignore the 
construction condition. Several failures 
have occurred during construction be
cause of this. For example, an embossed 
geomembrane against a geotextile may 
perform well under high normal loads 
by providing a good friction angle and 
a modest y-intercept for operating and 
final build-out conditions. However, 
under the low normal loads experienced 
during construction of a thin soil ve
neer on a steep sideslope, testing might 
reveal that the adhesion extrapolated 
from the high-normalload results do not 
exist at low normal loads. In this case, a 
more aggressive texturing that exhibits 
a "Velcro~ -effect" type of adhesion, or a 
very high friction angle, at low normal 
loads may be needed and should be veri
fied at the proper normal loads. 

4. Figures l and 2 also report secant 
friction angles for each point. These are 
the angles of the straight lines from each 
point drawn back to the origin. A key 
concept regarding secant friction angles 
is that you should never extrapolate a 
secant angle line beyond the normal load 
for which it is measured. Secant values are 
conservative as long as the secant values 
are derived from a test whose normal 
stress was greater than the normal stresses 
of the design. They can quickly become 
nonconservative if the same friction angle 
is used for higher normal loads. 

5. If users wish to extrapolate shear 
strength data, Figure 4 illustrates the only 
"safe" way to accomplish this. Going from 
the low end of the Mohr-Coulomb enve
lope and extrapolating backward, the data 
can be extrapolated by draY'.ring a straight 
line back to the origin. Going from the 
high end of the Mohr-Coulomb envelope 
and extrapolating forward, the data can 
be extrapolated by drawing a straight line 
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Figure 51 Example project results where interpretation of test data results in lower friction 
angle than specified value, even though shear strength results are higher than the failure 
envelope implied by the specifications. 

horizontally forward. This extrapolation 
rule is safe only when considering a single 
interface. When multiple interfaces are 
involved, il is not safe to extrapolate a 
multi-layered system on the high side of 
the Mohr-Coulomb envelope. 

From the discussion above, we can 
now look at the ASTM standard D5321 
with more understanding and critical 
thought. The first thing to note is that the 
title of that standard is poorly worded. 
The title is QDetermining the Coefficient 
of .. Friction ... " This is somewhat mislead
ing because it implies that the designer is 
simply after a coefficient of friction. In 
fact, what designers need is a relation
ship between shear strength and normal 
stress. Therefore, a more appropriate title 
for this method would be "Determining 
the Relationship between Shear Strength 
and Normal Stress for Soil-to-Geosynthetic 
or Geosynthetic-to-Geosynthetic Interfaces 
Using the Direct Shear Method." Note that 
ASTM D6243 has already rectified this 
problem in its title. 

Another misleading element in 
ASTM D5321 is the definition of ad
hesion (which applies equally to cohe
sion), which it states as: "The shearing 
resistance between two adjacent materi-
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als under zero normal stress (emphasis 
added). Practically, this is determined as 
they-intercept to a straight lint! relating 
the limiting value of shear stress that 
resists slippage between two materials 
and the normal stress across the contact 
surface of the two materials." 

This is actually two separate defi
nitions, which are most likely not the 
intent of the standatd. The first part 
of this definition, which defines the 
adhesion as the shear strength at zero 
normal stress, is not applicable relative 
to the test method. It could be true if we 
proposed to test the interface at zero 
normal load, but that is rarely done and 
generally of no use. The industry would 
be better served by deleting the first part 
of the definition . Tn reality, the second 
part of the defmition is the controlling 
aspect of the definition, and the "y-in
tercept" concept is the true nature of the 
adhesion value which, as stated above, is 
simply a mathematical parameter. 

Note that ASTM D6243 has a differ
ent set of defmitions, and it is not clear 
if those definitions are unique to that 
standard, or are intended to be industry 
norms. ASTM D6243 suggests that ad
hesion is the true shear strength when 

I 

8000 10000 

there is truly zero normal load, and that 
cohesion is the mathematical param
eter of they-intercept obtained from the 
Mohr-Coulomb envelope. In the author's 
opinion these definitions are acceptable 
as stated, but the audience should know 
that the definition of adhesion may con
flict with other definitions put forward in 
the industry. Also, other authors have in
troduced other terms for the measurable 
shear strength under zero normal load, 
such as Lambe and Whitman's (1969) 
"true cohesion." Interested readers can 
research ASTM D6243 and the literature 
and judge for themselves. 

Example problem 1 
The following situation illustrates a com
mon example uf a problem that occurs 
with shear test data interpretation: 
• A specification is written that 

requires a certain minimum inter
face friction angle to be achieved 
between a textured geomembrane 
and a GCL. For purposes of this ex
ample, the requirement is 20° peak 
shear strength for normal loads 
tested between 2,000 and 8,000 
pounds per square foot (psf). 

• The laboratory results, shown as an 
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Figure 61 Example project results. where the two lower points are above the specificat ion and the 
upper point is below the specification. 

example in Figure 5, report a best-fit 
Mohr-Coulomb peak strength enve
lope with shear strength parameters of 
500 psf cohesion and 15° friction. Fig
ure 5 also shows the line representing 
the minimum project specification. 
Inspection of Figure 5 shows that the 

shear strengths achieved in the direct 
shear test plot above the sh ear strength 
envelope required by the specification. 
Even though the plot appears to clearly 
indicate that the minimum required 
shear strength is achieved by the prod
ucts tested, the aur·h.or has experienced 
several projects where one of the proj
ect parties (e.g., the design engineer or 
perhaps a regulator) have declared the 
test a failure because the reported Mohr
Coulomb friction angle was less than the 
specified friction angle. 

In the author's opinion, in many cases 
involving this particular interface, there is 
no reason to consider this a failing test. 

This example illustrates the confusion 
that might arise when specification is writ
ten in terms of a shear-strength parameter, 
when the real objective is to achieve a 
certain value of absolute shear strength. 
Even though the materials provided the 
shear strength required by the specifica
tion, there is some confusion because one 
of the strength parameters did not meet 
the specified value for that parameter. 

It is possible that the original specifier 
had taken into account the potential for 
cohesion, and had wished to discount 
cohesion, and really wanted a tr ue mini
mum friction angle of 20°. If the specifier 
were truly that sophisticated and had 
such complex reasoning, then more than 
likely the specification would have also 
been more sophisticated in explaining 
these constraints on the test results. 

ln the author's experience it is rare 
that other designers and specifiers are 
discounting cohesion with geosynthetic 
interfaces, and usually it is simply a matter 
of proper interpretation and communica
tion of the design intent compared to the 
actual test results. Nevertheless, as stated 
at the beginning of this article, it is not 
the intent of this article to provide guid
ance and suggestions on interpreting tesl 
results. Rather, the intent is to shed light 
on some common misunderstandings. 

Example problem 2 
The following problem has the same lab
oratory shear strength results as Problem 
l, but the specification requirement is 
increased to 22° peak shear strength. 

The relationship between the test re
sults and the specification is shown in 
Figure 6. In this example, the two lower
normalload shear strength test results plot 
above the specification line, while the up-
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per-normalload shear strength test result 
plots below the specification line. Based 
on the failing result of the upper-normal 
load test, most reviewers would initially 
say that this is a noncompliant test result 
and fails to meet the specification. 

In the author's experience, curved 
failure envelopes are common, and the 
tendency for the highest normal-load 
result to fall beneath a straight-line fric
tion-based specification is not unusual. 

In this case, a more detailed review by 
the design engineer might reveal that the 
shear strength results provide an acceptable 
factor of safety for the intended purpose. It 
may be Lhat the additional strength capacity 
provided in the lower normal load range 
that is above the specification more than 
offsets the reduced strength capacity in the 
upper normal load range that is below the 
specification. Clearly, the only person who 
can evaluate this issue, and who carries the 
requisite authority and responsibility, is the 
design engineer. 

The following lessons can be gleaned 
from this example: 
• Design engineers often attempt 

to specify a unique set of shear 
strength parameters as a minimum 
requirement for a given design. 
lJl reality, there may be an infinite 
combination of shear strength 
variations over the applicable range 
of normal loads that may satisfy 
the stability and shear resistance 
requirements, and many of these 
combinations may have a portion 
of their failure envelopes that fall 
below the specification. 

• The tendency for natural and geo
synthetic interfaces to yield curved 
failure envelopes can present a 
challenge to engineers, owners, and 
manufacturers who wish to optimize 
a design using simple straight-line 
shear strength specifications. 

• A learned interpretation of direct 
shear testing data by an experienced 
practitioner may allow acceptance 
of apparently failing test results. This 
can occur because overly simplistk 
specification parameters may not ac-



count for other combinations of shear 
strength results that could provide ac
ceptable overall shear resistance. 

Summary 
The direct shear test measures shear 
strengths as a function of normal stress. 
Period. 

The test does not measure "friction 
angle" or "cohesion," as these values are 
parameters that are derived from the test 
results. Consideration of "friction angle" 
and "cohesion" simply as mathemati
cal parameters used to describe shear 
strength data is of great benefit to practi
tioners for the following four reasons: 

1. Interpretation of laboratory shear 
strength data should not be confused 
>vith the mathematical parameters used 
to describe it. 

2. Proper data interpretation may 
avoid unnecessary penalization of the 
results by arbitrarily reducing the mea
sured values. 

3. This understanding can improve a 
designer's sensitivity to how important it 
is that shear strength is measured within 
the range of normal stresses that repre
sent the design. Thus. the only defend
able extrapolation of data should be: (a) 
back through the origin from the lowest 
normal stress, and (b) horizontally from 
the highest normal stress. 

4. Laboratory shear strength data 
should be interpreted by a qualified 
practitioner experienced in the use and 
application of the results. 

Often of much more importance than 
deciding whether to include or omit the 
cohesion (or adhesion) parameter is the 

I Designer's Forum I 

decision of whether to use peak, post
peak, or residual shear strength. This 
discussion is beyond the scope of this 
technical note, and anyone commission
ing and interpreting shear strength test
ing should be well versed in the issues 
surrounding this topic, as well. 
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PEAK VS RESIDUAL SHEAR STRENGTH FOR LANDFILL BOTTOM LINER 
STABILITY ANALYSES 

Richard Thiel 
Thiel Engineering, Oregon House, CA, USA 

ABSTRACT 

The decision whether to use peak or residual shear strengths for a stability analysis 
must be made in the context of a specific design situation. Yet even when the specific 
situation is defined, the decision of whether to use peak or residual shear strength is often 
unclear. In general, if there are potential construction, operation, or design conditions 
that might cause relative displacement between layers, then a post-peak or residual shear 
strength for the layer having the lowest peak strength is appropriate. If seismic analyses 
predict deformation on a given interface, then the design should use the post-peak or 
residual shear strength for that interface. For bottom liner systems, where stress 
distribution along the liner system is very complex, it is advisable to verify that the slope 
stability has a factor of safety greater than unity for residual shear strength conditions 
along the critical interface. 

INTRODUCTION 

This paper is concerned with the forces that support a landfill on its liner system, 
and the shear strength of geosynthetic interfaces that keep the mass from sliding. Figure 
1 schematically portrays the shear forces that work to keep the waste mass from sliding. 
If sliding occurs, the surface along which sliding would occur is called the critical 
surface, or potential slip plane. Bottom liner systems that use geosynthetics often have 
their critical surface along one of the geosynthetic interfaces. The shear strength of these 
interfaces can usually be measured by means of laboratory testing. These interfaces often 
realize their peak shear strength within a small amount of relative displacement (on the 
order of 25 mm), after which their shear strength decreases. Typically, after 50 to 300 
mm of relative displacement, the shear strength is reduced to a steady minimum value, 
which is called the residual shear strength of that interface. Figure 2 shows a typical 
shear stress-displacement curve for a geosynthetic interface. 

Over the life of a landfill the following activities occur: the liner system is built; waste 
is placed; settlement occurs; a final cover system is installed; and settlement and 
degradation of the waste continues. Each of these phases of the landfill's life produces 
different combinations of normal and shear stresses on the liner system. Landfill leachate 
and gas, which can create destabilizing pore pressures, are by-products of the landfill, and 
are removed with varying degrees of efficiency. The primary questions addressed in this 
paper are: 



• Should a designer use peak or residual shear strengths, something in between, or a 
combination of peak and residual strengths, when evaluating a landfill design? 

• What does the profession really know about the mobilized shear stresses? (This 
paper will focus on bottom liner systems.) 

• Should the same choice whether to use peak or residual shear strengths be applied 
along the entire lining system, or should slopes and base liners be treated 
differently? 

• Is there a preferred design approach? 
• What factors of safety are appropriate for design? 

Potential slip surface 

-- Liner below waste 

Figure 1 -Schematic of Shear Forces Along Critical Slip Plane 
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Figure 2- Example Graph of Shear Force vs. Deformation for Geosynthetic Interface 
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ORGANIZATION OF THIS PAPER 

Part 1 of the paper describes general considerations in performing slope stability 
analyses. It begins with a discussion of different types of slope stability analyses, 
including limit equilibrium, finite element, and 2-dimensional (2-D) vs. 3-dimensional 
(3-D) analyses. Understanding how the state-of-the-practice has developed, and the 
limitations of the analytical approach, both contribute strongly to making the right 
selection of appropriate shear strengths and factors of safety. 

2-D limit-equilibrium analyses are by far the most common approach for 
evaluating slope stability. Part 1 discusses practical guidelines and common pitfalls that 
affect the results of these analyses, especially the selection of the critical shear plane on 
which the peak or residual shear strength will be modeled. Part 1 also discusses how 
pore pressures might cause a surface to exceed its peak shear strength and induce 
progressive failure. Selecting the appropriate shear strength requires an understanding of 
the effective normal stress range. Also, commissioning direct shear testing from a 
laboratory requires that one understand the proper testing parameters needed to obtain 
appropriate peak and/or residual shear strength values. 

Part 2 of the paper directly addresses the question of peak vs. residual shear 
strength, and begins by discussing ductile vs. brittle behavior. Progressive failure, which 
occurs with brittle materials, then emerges as the chief concern of this paper. The 
discussion that follows considers conditions that could cause a brittle material to exceed 
its peak strength in the context of a landfill bottom liner, followed by a brief summary of 
field observations in this regard. 

Part 3 discusses possible design approaches in terms of the selection of peak 
strength, residual strength, and hybrid approaches, and then considers the appropriate 
factors of safety for these different approaches. 

Part 4 then presents conclusions reached from the preceding discussions. It also 
provides recommendations for practical design approaches based on the author's 
experience, as well as recommendations for further research. 

This paper surveys the key considerations one employs when deciding whether to 
use peak or residual shear strength for bottom liner systems in landfills. It does not 
presume to make that decision, but rather seeks to outline and discuss all considerations 
that are necessary and pertinent to that process. Although many of the considerations this 
paper presents may be general enough to apply to cover (veneer) systems, it has been 
written solely with bottom liner systems in mind, and does not consider the long-term 
issues related to cover systems. 



PART 1- GENERAL CONSIDERATIONS 

LIMIT-EQUILIBRIUM VS FINITE-ELEMENT ANALYSES 

Limit-equilibrium analyses, whether 2-D or 3-D, are the most common methods of 
assessing slope stability. These methods can be performed by hand or, more commonly, 
by using a computer program. Such analyses evaluate the force and moment equilibrium 
of a slope on an assumed slip plane given assumed shear strength, unit weight, and pore 
pressure parameters. The result of these analyses is then presented as a factor of safety 
(FS) defined as: 

FS = Shear strength along the slip surface 
Shear stress along the slip surface 

One defining characteristic of the limit-equilibrium approach is that it presumes 
that the factor of safety is the same everywhere along the slip plane. Therefore, the 
mobilized shear stress distribution along the slip plane is simplistically assumed to be a 
constant ratio of the shear strength along that plane. Such analyses also do not take into 
account elastic or plastic deformation. These are both significant considerations when 
deciding whether to use peak or residual shear strength. 

Finite-element analyses attempt to calculate the stress distribution and 
deformations in a soil mass. In addition to considering force and moment equilibrium, 
these analyses also typically consider the materials' elastic modulus and Poisson's ratio, 
and some models can also calculate the change in shear strength with displacement for 
various materials. The result of these analyses is usually presented as a distribution of 
mobilized shear stress and displacements. 

At first glance it would seem that finite-element analyses offer more of what we 
wish from a slope stability analysis as opposed to limit-equilibrium analyses. So much 
so, that we might even ask ourselves why we continue to bother with limit-equilibrium 
analyses. The fact remains, however, that the limit-equilibrium approach has been and 
will continue to be the basis of standard practice in the industry. The reasons for this, 
some of which also appear in the next section that considers 2-D vs. 3-D, are: 

• Limit-equilibrium approaches have been performed and "calibrated" through 
industry experience for the past 80 years. Properly performed limit-equilibrium 
analyses have been proven to be adequate. 

• Finite-element analyses are sophisticated and complicated to perform. The 
average design practitioner often is not adequately trained to perform such 
analyses, and the low frequency of projects that require their use do not justify the 
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resources needed to keep an engineer qualified to perform them on every landfill
design firm's staff. 

• In the past few years the author has peer-reviewed a number of slope stability 
analyses. On four major landfill projects for which calculations had been prepared 
by separate reputable nationwide and local design firms, the author found 
fundamental errors in 2-D limit-equilibrium analyses. Some of these projects had 
already been built and were, in the author's opinion, at serious risk of large-scale 
failure. If such fundamental errors continue to be made with analyses as simple as 
2-D limit-equilibrium, the prospects of universalizing a finite-element approach 
for the solid waste industry is not very promising. Finite-element analyses 
epitomize the expression "garbage-in garbage-out", so strict quality control and 
quality assurance is in order whenever they are employed. 

2-D vs. 3-D ANALSYES 

One issue that is periodically debated in the literature and at professional 
gatherings is the use of 2-D as opposed to 3-D analyses. Soong et al. (1998) question 
whether 2-D analyses are appropriate for landfills, and suggest it would be more 
appropriate to use 3-D analyses with residual strengths. From a pragmatic point of view, 
the everyday stability analysis has been, and will continue to be, 2-D in actual practice. 
There are three main reasons for this, clearly laid out by Duncan (1996): 

• Inherent Conservatism. Properly performed 2-D analyses always give a factor 
of safety that is equal to or less than those given by 3-D analyses. 2-D 
analyses, therefore, are more conservative. 

• Ease of Application. The average professional consulting engineer IS 

interested in the amount of time it will take to arrive at an answer, the 
frequency of projects that will require special attention, and the effort it will 
take to organize the results in a final report. 3-D applications are simply not as 
easy to use as 2-D. 

• Avoidance of Errors. As illustrated above, analyses are prone to errors, and 3-
D analyses are more complicated than 2-D analyses. The author believes that 
the emphasis in the profession needs to be on performing solid, fundamental 
engineering, rather than on increased sophistication that invites more errors. 

3-D analyses have mostly been used for forensic studies, and for those few 
complex situations that involve a very unusual geometry and/or distribution of shear 
strengths in the potential sliding mass. Examples of these can be found in Stark and Bid 
(1998). In the author's 16 years of experience performing stability analyses on dams, 
embankments, cut slopes, and landfills, there were only three situations where a 3-D 
analysis was warranted during design, and all three were satisfactorily accomplished 
using multiple 2-D sections. One of these projects was given as an example in the Stark 



and Eid (1998) paper. In that case Stark and Eid (1998) felt that a 2-D slope stability 
analysis could not anticipate the combined effects of the project's complicated geometry 
and shear strength zones. After discussion of the project's complexity, they reported a 
minimum 3-D factor of safety of 1.65 using a 3-D analysis program. In fact, the original 
design team, of which the author was a part, had two years earlier calculated a factor of 
safety of 1.60 using weighted averages of several 2-D cross-sections. Thus, even in this 
circumstance that had unusually complicated geometry and shear strength conditions, a 
modified-2-D approach gave results one would expect relative to the 3-D analysis results. 

Notwithstanding the reservations given above, 3-D analyses will well serve those 
who have the time and budget to perform them. 

To summarize, the refinements in accuracy offered by 3-D analyses are rarely 
matched by the average practitioner's understanding of basic slope stability mechanics, 
much less the level of confidence ordinarily offered by assumed shear-strength and pore
pressure parameters. Most often, the differences in shear strength and pore-pressure 
assumptions made by different engineers will substantially outweigh the refinements 
obtained by favoring 3-D over 2-D analyses. Compare, for example, the different 
conclusions reached by Schmucker and Hendron (1998) versus Stark et al. (2000) 
regarding the cause of a major landfill failure; or the difference in 2-D vs. 3-D 
comparisons for a landfill failure described by Soong et al. (1998), from those made by 
Stark et al. (1998). These case histories, recently published by experienced professionals, 
do not provide a compelling argument that 3-D analyses should be preferred. They do, 
however, reinforce the notion that the major factors contributing to uncertainty in a 
slope's performance are shear strengths and fluid pressures, and that this is where our 
attention should be focused. The purpose of this paper is to focus specifically on one of 
these issues, namely, when it is appropriate to use residual vs. peak shear strength for 
geosynthetic interfaces at the base of a waste containment facility. 

GENERAL DISCUSSION OF 2-D ANALYSIS APPROACH 

Method of Analysis 

Slope stability analyses are most commonly assessed using computer programs 
that evaluate the limit equilibrium of a 2-D cross-section. Less sophisticated limit 
equilibrium analyses can be performed using hand-calculation methods or charts. Hand 
calculations are an effective analysis tool because they often provide a clearer 
understanding of the critical aspects of the problem, and mistakes in geometry and 
assumed failure planes are less likely. A common approach is to perform a hand check 
on the most critical surface that has been analyzed by a computer program. A good 
summary of slope stability approaches using hand calculations is provided by Abramson 
et al. (1996). 
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Limit-equilibrium analyses of varying complexity that have been developed are 
available to design practitioners. One of the first approaches was the Ordinary Method of 
Slices developed by Fellenius. Later refinements were presented by Bishop, Janbu, 
Morgenstern and Price, Spencer, and others. A review of these methods is beyond the 
scope of this paper, and the reader is referred to Abramson et al. (1996) and Duncan 
(1996) as a starting place for a comparison of the various limit-equilibrium methods. The 
author would, however, offer three points from his own practice as to which method to 
use for performing stability analyses of bottom liner systems: 

• The Bishop method is generally not applicable when analyzing bottom liner 
system geometries because it was developed for circular failure surfaces. The 
critical slip plane for liner systems is often a translational block that is non
circular. 

• Spencer's method, which is now commonly available in computer codes, is 
considered more rigorous and complete in its analysis than the simplified Janbu 
method, which is commonly used for block analyses. Spencer's method is 
computationally more intensive, however, and may be difficult to use for random 
searches for a critical failure surface, even with modern computers. It is also less 
stable and can yield incorrect results unless the line of thrust results are checked 
by the user. Therefore, a good practice is to search for the critical surface using 
Janbu's simplified approach, and then perform a final check on the stability using 
Spencer's method. Usually, but not always, Janbu's method will result in a 
slightly higher factor of safety. 

• The approach developed by NAVFAC (1982) for translational block analyses is 
often a good and appropriate method for performing a hand-check on the computer 
results for a 2-D translational block failure along a bottom liner system. 

Identification of Critical Slip Plane 

The most typical requirement for static stability is to meet a specified factor of 
safety. Just what constitutes an appropriate factor of safety will be discussed later in this 
paper. The idea is that if the stability analysis is performed correctly with the proper 
input variables, the factor of safety should provide a level of confidence that the slope 
will in fact be stable. 

The essential operative words in the above paragraph relating to stability analyses 
is that they are "performed correctly". The safety margin in a factor of safety exists to 
account for unknown or unpredicted deviations from the original design assumptions. It 
is not, however, supposed to account for errors in the analysis, or incorrect geometric and 
material property assumptions. 

When performing a correct analysis the critical slip plane for analysis must be 
identified correctly. An experienced geotechnical engineer is usually required in order to 



select the critical cross-sections for analysis of a slope. Even for experienced ( 
practitioners, though, it is not always obvious which section is the most critical, and 
several trials generally need to be performed. For very complicated geometries, as 
described in the previous section, multiple 2-D sections may need to be weighted in order 
to simulate a 3-D analysis, or the more complex 3-D analysis can actually be performed. 

In addition to selecting the proper cross-section, it is also important to search for 
and select the correct critical slip plane within that cross-section. In peer-reviewing slope 
stability analyses performed by others, the author has found errors in which the designer 
had correctly identified the critical cross-section, but incorrectly identified the critical slip 
plane within that cross-section. He found others, too, in which the designer had 
conceptually identified the correct slip plane, but failed to code the computer program to 
correctly place the slip plane at the correct interface within the liner system. The effects 
of such errors was to drop from an ignorantly-blissful factor of safety of 2 to 3, to an 
uncomfortable factor of safety of less than 1.1. 

When the critical slip plane is along the liner system, the critical surface is always 
the one that has the lowest peak strength. If residual strengths are used in the analysis, 
they should reflect the surface that has the lowest peak shear strength, because that is the 
one that will govern deformations. 

Pore Pressures 

Next to gravity, pore pressures (most pervasively those caused by liquid as 
opposed to gas) are the single most prevalent factor contributing to slope stability 
failures. They are also among the most overlooked elements in slope stability analyses. 
Schmucker and Hendron (1998) illuminate this problem when they state that "Very little 
is known at this time regarding the generation and distribution of pore pressures in MSW 
landfills." 

The one area where evaluating the influence of pore pressures on slope stability 
has been well focused has been in the design of dams. For this reason there have been 
few dam failures due to the neglect of pore pressures, with dam failures in the past 
century generally being caused by other factors (e.g. liquifaction or piping). Pore 
pressures are not commonly included in landfill analyses. Yet most (or at least many) of 
the dramatic landfill failures reported in the industry can be attributed to pore pressures 
that built up either in the foundation, due to waste loading, or in the waste itself, due to 
leachate buildup or leachate injection. Examples are the Rumpke landfill failure (see 
Schmucker and Hendron, 1998, who attributed the failure in part to leachate buildup 
caused by an ice dam at the toe), and the Dona Juana landfill failure (see Hendron et al., 
1999, who attributed the failure to high-pressure leachate injection). 
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When performing slope stability analyses, designers should consider the potential 
for unanticipated pore pressures. Unanticipated conditions may occur in landfills due to 
clogging of the leachate collection systems, or aggressive leachate recirculation in the 
waste mass. Additional discussion of this issue is provided by Koerner and Soong 
(2000). Further discussion later in this paper describes how pore pressures could lead to 
a localized exceedence of peak strength, leading ultimately to a progressive failure. 

Selecting and Measuring Material Shear Strengths 

Shear Strength Definition. Figure 3 illustrates a non-linear shear strength envelope, which 
is typical for many soil and geosynthetic interfaces. Sometimes the non-linearity is 
slight, and a straight-line approximation over the entire load range under consideration 
can be valid. This is often true for very narrow load ranges such as those considered for 
cover veneer systems. At other times this non-linearity is quite significant, especially 
when shear strength characteristics are evaluated over the broad range of normal loads 
indicative of bottom lining systems. 

Linear Approximation of Shear 
Strength Over A Limited 
Normal Stress Range 

I 

'-- Shear Failure Envelope 
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Figure 3 - Typical Shear Failure Envelope for Soil and Geosynthetic Materials. 

If the shear strength curve of the evaluated materials is non-linear with respect to 
normal load, then special consideration should be given to defining the shear strength 
parameters within a specific normal load range. Many computer programs only allow the 
input of linear shear strength parameters. These parameters are normally identified as a 
friction parameter (¢) and a cohesion (or adhesion) parameter (c). It is useful to 



recognize that these are often only mathematical parameters that describe the shear 
strength of a material or interface over a specific normal load range. The shear strength 
parameters are demonstrated in Figure 3. 

Draft European Standards, and other publications (e.g. Koerner and Daniel, 1997) 
suggest that the apparent cohesion of a shear strength envelope can be ignored. As stated 
by Jones and Dixon (1998): "This assumption can have a significant effect in that the 
shear strength for any particular normal stress will be quoted as being lower than 
measured... It is possible that the failure envelope may curve to the origin at very low 
normal stresses, in which case ignoring the apparent cohesion will result in over 
conservative results." If we recognize that the values of the parameters ¢and c are only 
mathematical tools used to describe the measured or estimated shear strength over a 
given normal load range, we can discount statements that advocate that cohesion can be 
ignored. 

The friction parameter ( ¢) is related to the slope of the line (slope = tan¢), the 
cohesion parameter (c) is they-intercept, and the normal load range is the abscissa range 
over which the straight-line approximation of the shear strength envelope is valid. Use of 
the shear strength parameters outside of the normal load range for which they were 
defined is generally non-conservative, as illustrated in Figure 3. 

(' 

If the computer program only allows the consideration of linear shear strength ( 
envelopes, the shear strength envelope for non-linear materials should be discretized into · 
a series of straight-line approximations for different normal load ranges. Furthermore, 
where the critical slip surface runs through a material or interface that exhibits a non-
linear strength envelope, the designer should either use a computer code that allows input 
of a non-linear shear strength envelope, or assign different strength parameters to 
different zones of the material or interface according to the normal loading it theoretically 
experiences. For computer codes that do not allow non-linear shear strength envelopes, 
the delineation of different normal-load zones for non-linear materials is usually 
calculated by hand. This procedure is outlined in detail by Thiel et al. (200 1 ). 

Shear Strength Measurement. For geosynthetic lining systems, the internal and 
interface shear strength is normally determined by using the direct shear test in 
accordance with ASTM D 5321. For GCL internal and interface shear strength 
evaluation, direct shear testing is conducted in accordance with ASTM D 6243. In these 
direct shear tests, the geosynthetic material and one or more contact surfaces, such as soil 
or other geosynthetics, are placed within a direct shear box. The specimens are hydrated, 
consolidated, and placed under a constant normal load in accordance with the ASTM 
procedures, along with any project-specific testing clarifications/instructions from the 
design engineer. A tangential (shear) force is applied to the materials, causing one 
section of the box to move in relation to the other section. The shear force needed to 
cause movement is recorded as a function of horizontal displacement. 
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The test is normally performed for several different normal loads. Typically a 
series of at least three individual tests are performed at specified normal load conditions. 
The normal load and shear forces are converted to stresses by the given area over which 
shear occurred, typically a 12 in x 12 in (300 mm x 300 mm) sample. The peak and 
post-peak (or residual, if deformation is taken far enough) shear strengths are plotted on a 
graph, and a best-fit straight line or curve is fit through the data to represent the shear 
strength envelope. Several factors can influence the interface shear strength of 
geosynthetics. The most important of these are discussed below. 

Valid Testing Technique. While not offering any endorsements, the author can state that 
he trusts very few laboratories in the nation to provide high quality direct shear test data. 
Initial ASTM round-robin testing of even the most simple interface (nonwoven geotextile 
against a smooth HDPE geomembrane) produced a shot-gun scatter of results with very 
poor correlation. Unless the initial test data has integrity, most of the further 
considerations offered in this paper become meaningless. It is imperative that the 
designer screen the testing laboratory in order to obtain test data of assured accuracy. 

Rate of Shear Displacement. The typical default shear rate for direct shear testing with 
geosynthetics as presented in ASTM D 5321 is 0.04 in/min (1.0 mm/min). For testing 
hydrated GCLs, ASTM D 6243 provides guidance on attaining consolidated drained 
conditions that should preclude the build-up of excess pore pressures. 

In general the rate of shear displacement affects peak strength more than residual 
strength. Depending on the interface being tested, the strain rate of the test should be 
slow enough to give results representative of long-term (slow) shear conditions. 

Hydration. The moisture content, degree of saturation, and degree of consolidation of 
adjacent soils and geosynthetics can all exert an influence on the shear strength results. It 
is important to direct the testing laboratory as to the sequence of hydration and 
consolidation. With clay soils adjacent to geosynthetics, it is generally more conservative 
to hydrate under low normal loads before consolidating. Thus far, the type of hydrating 
fluid has not been reported in the literature as affecting shear strength results, especially 
in regard to typicallandfillleachates. 

Normal Stress. The most common strength-related errors in computer slope stability 
analyses stem from using strength parameters that do not correspond to the normal load 
conditions at the surface being analyzed (Lambe et al., 1989). It is generally 
unconservative to extrapolate linear strength envelopes beyond the limits for which they 
were defined. It is, therefore, important that shear test data be acquired under normal 
loading conditions that are representative of the conditions being analyzed. For base 
liners this is zero to full height of the waste mass. 



Utilization of Representative Materials. Designers often tend to use either published 
literature values or previously obtained test results for shear strengths. In such cases, 
their experience and judgment may assist them in selecting shear strength parameters for 
the purposes of preliminary design. It is highly recommended, however, that material
specific testing be performed to assist in preparing the final construction specifications, 
and/or to verify the actual materials delivered as part of a CQA program. The reason for 
this is that the variation in geosynthetic manufacturing parameters from job to job can 
have a significant effect on shear strength. The most significant of these is the degree of 
texturing on coextruded geomembranes. Figure 4 presents a graph showing the 
difference in peak and post-peak shear strengths obtained with two different degrees of 
texturing. Designers can use this concept to their advantage, as will be discussed later. 
Designers unaware of this issue may test a manufacturer's sample and obtain passing 
results, and then use GRI-GM 13 as a texturing specification. This would provide an 
extremely low-level requirement for texturing that may not achieve the same interface 
shear strength as the nice sample provided for initial testing by the manufacturer. The 
same principle may hold for geotextile-based products, whose fiber denier size, fiber 
type, degree of needling, etc. can influence its interface shear strength properties. The 
only way to be sure is to test the actual materials provided for construction. 
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Figure 4 - Variation of Interface Shear Strength with Different Degrees of Geomembrane 
Texturing 

Adjacent Materials and Consolidation Time. Using representative materials for direct 
shear testing refers not just to the materials for the interface being tested, but also to the 
adjacent materials. The use of realistic adjacent soil materials will typically provide 
slightly higher interface shear strengths than will, for example, the use of steel plates. In 
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the same vein, Breitenbach and Swan (1999) show that longer load consolidation times 
result in a significant increase in interface shear strengths, apparently due to micro-scale 
load-induced deformation of the interface materials. Jones and Dixon (1998) question 
the used of the ring-shear apparatus for testing, because the narrow specimen of limited 
surface area on hard, smooth boundaries may not be representative of field conditions. 
These factors can affect both the peak and post-peak shear strength results. 

Peak vs. Post-Peak vs. Residual Shear Strength. The highest level of shear strength 
measured in a direct shear test under a given normal load is defined as the peak strength. 
With continued shear displacement there is typically a loss of strength. The shear 
strength at any given displacement past the point of peak strength is referred to as "post
peak strength". The strength at which there is no further strength loss with continued 
displacement is called the "residual strength". Many of the most common direct shear 
devices do not allow enough displacement to occur that would enable true residual 
strength to be measured (e.g., see Stark et al., 1996). Therefore, in some cases it is not 
technically correct to refer to end-of-test conditions as representing the "residual" 
strength, but rather, to refer to "post-peak" strength while also specifying the amount of 
displacement. For the purposes of this paper, the lowest expected shear strength after 
significant deformation (typically more than 3-6 inches [70-150 mm]) is described as the 
residual shear strength. Shear strengths between the peak and residual shear strength are 
referred to as post-peak. This brings us then, to the main focus of this paper, which is 
whether it is appropriate to use peak or residual shear strengths (or something in 
between). 

PART 2- PEAK vs. RESIDUAL: 
THEORETICAL AND PRACTICAL CONSIDERATIONS 

BACKGROUND DISCUSSION ON BRITTLE MATERIALS AND 
PROGRESSIVE FAILURE 

Many, but not all, geosynthetic interfaces are strain softening. This highlights the 
essence of the peak vs. residual question. With a relatively short amount of deformation 
(typically less than 25 mm), the materials pass beyond peak strength into a lower post
peak shear strength, ultimately becoming what we call residual. In geotechnical 
engineering these shear strength characteristics are also sometimes called 'brittle' -
brittle meaning that the material substantially decreases in strength after it is "broken", 
that is, has gone past peak strength. (Note that this has nothing to do with the tensile 
behavior of the material.) This behavior is in contrast to a ductile shear interface, which 
continues to deform after reaching its peak strength, but retains its strength close to the 
peak. An example of a brittle geosynthetic interface is an HDPE textured geomembrane 
against a geotextile, which produces a dramatic drop in strength after the peak strength is 



exceeded. An example of a ductile geosynthetic interface is a smooth PVC 
geomembrane against a geotextile (see data published by Hillman and Stark, 2001 ). 
Also, MSW waste is generally considered a ductile material in terms of shear strength 
(Kavazanjian, 2001 ). 

As a progressive failure develops, the shear stresses are redistributed within the 
slope. This often involves the slow deformation of the failing mass over time, followed 
by an abrupt slide. If the critical plane supporting a slope is brittle, and for some reason 
part of it is stressed past its peak strength, then that part quickly becomes significantly 
weaker, which means it can carry less of the load. That in turn puts more of the load on 
other parts of the critical plane, which may in turn cause another part of that plane to 
become overstressed and exceed its peak strength. The continuation of this process is 
called progressive failure. At some point the entire system becomes overstressed and an 
abrupt failure occurs. This is the concern when there is a brittle interface. 

Progressive failures have been characteristically noted for stiff clays, as described 
by LaRochelle (1989): "We have come to realize that we cannot count on the peak 
strength in this strain-softening material either for short- or long-term stability." Past 
landfill failures have been attributed to this same phenomenon (Schmucker and Hendron, 
1998; Mazzucato et al., 1999; Stark et al., 2000), which holds significant potential for 
future failures (Gilbert and Byrne, 1996). 
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POTENTIAL CONDITIONS THAT MAY LEAD TO PROGRESSIVE FAILURE ( 

Several reasons are provided below which explain why the peak strength of a 
bottom liner interface might unexpectedly be exceeded. 

Non-Uniform Stress Distribution and Strain Incompatibility 

Perhaps one of the most compelling reasons to be concerned about progressive 
failure in liner systems is that the stress distribution along the liner interface is not 
known. "It is impossible to obtain all of the necessary information in most cases" to 
perform a rigorous analysis of a progressive failure process (Tiande et al. 1999). "It is 
difficult to determine the available shear resistance along an interface exhibiting strain
softening behavior. It may be unsafe to assume that peak strength is available, while it 
may be excessively conservative and costly to assume that only the residual strength is 
available" (Gilbert and Byrne, 1996). 

The complexities of stress distribution are affected by the type of loading and by 
pore pressures. According to Li and Lam (200 1) " .. the development of progressive 
failure will also be different depending on whether failure is triggered by a rise in water 
table [insert by author: namely, leachate] or an increase in external loading [insert by 
author: namely, continued waste stacking]". 



Reddy et al. (1996) present a most interesting finite-element modeling study that 
evaluates the stress distribution and deformations along a landfill liner system for an 
assumed landfill geometry. Their study compares smooth and textured interfaces for 
different stiffnesses of waste. Although their analysis did not model strain-softening 
behavior of the interfaces, the results provide valuable insight into stress and strain 
distribution. Some of the conclusions from their study are: 

• The stiffness of the waste influences the distribution of interface stress and shear 
displacements. Stiffer waste puts more stress and strain on side slopes (especially the 
lower part of the slope). Softer (more compressible) waste puts more stress on the 
base liner below the highest part of the waste, and more strain accumulation towards 
the toe. The overall factor of safety, however, is not affected by the waste stiffness, 
assuming that no strain-softening of the interface shear strength occurs. 

• The smooth interface with 11 o friction reached its peak strength in a number of places 
along the interface in their example, even though the global factor of safety was 1.5. 
The textured interface did not approach its peak strength anywhere along the interface 
in their example, but had a factor of safety of over 4. This means that a typical 
stability evaluation that results in a factor of safety of 1.5 may actually result in areas 
of the critical interface achieving their peak strength and possibly going into a 
reduced post-peak strength. 

A finite element study was performed by Filz et al. (200 1) who reached 
conclusions similar to those obtained by Reddy et al. (1996). Filz et al. (2001) provided a 
compelling demonstration that a smooth clay-geomembrane interface exhibiting strain
softening characteristics might be inappropriate to analyze based on peak shear strengths. 
They showed that the distribution of mobilized shear stresses was not uniform along the 
base and side slope, and would result in progressive exceedence of peak strength. Their 
comparative analyses demonstrated that whereas a limit-equilibrium analysis based on 
peak strengths might result in FS = 1.6, the finite-element analysis would suggest 
impending failure (i.e. FS = 1.0). The same problems analyzed using residual shear 
strengths in limit-equilibrium analyses resulted in an average FS = 0.94. Furthermore, 
for a finite-element analysis to show FS = 1.5, the limit-equilibrium analysis based on 
peak strengths needed to show a FS of about 2.2, and the limit-equilibrium analyses using 
residual shear strength resulted in FS = 1.3. 

Differences in the relative stiffnesses of the overlying waste as compared to that of 
the liner interface are also cited by Gilbert and Byrne (1996) as a significant potential 
cause of deformations along the liner interface that could lead to residual shear strengths. 

Similar suppositions are made by Stark et al. (2000), who postulate that strain 
incompatibility between MSW and underlying interfaces can lead to progressive failure, 
as they believe was the underlying cause of the Rumpke landfill failure. The weaker 
lower interfaces may achieve post-peak strengths before the MSW ever achieves peak 



strength. After peak strength of the interfaces is achieved, the peak strength of the MSW 
may be mobilized at a time when the strength of the interfaces is reduced to the residual 
value. They state: "The greater the difference between the stress-strain characteristics of 
the MSW and the foundation soil or geosynthetic interfaces, the smaller the percentage of 
[peak] strength mobilized in the MSW and underlying materials." 1 

Unexpected Increases in Pore Pressure 

The typical effect of pore pressures is to decrease the effective normal stress, 
which in turn decreases the effective shear strength, even as the shear stress that is 
driving instability remains unchanged. When pore pressures are introduced, the effective 
shear strength may be reduced to the point that the peak shear strength at that location is 
exceeded, at which point progressive failure can begin. This was what Schmucker and 
Hendron (1998) concluded was the triggering mechanism for the Rumpke landfill failure. 

Seismic Loading 

With seismic loading there is certainly the potential for deformation to occur along 
the critical failure plane, which can reduce the strength of the critical interface below its 
peak strength. In this regard the design practitioner needs to assess the potential for this 
type of deformation and, if the design earthquake is expected to produce deformation 
greater than about 20 mm, then the residual strength of that interface must be considered. 

Construction Deformation 

Construction conditions frequently result in temporary stability conditions with 
lower factors of safety than the completed fill scenario. To the author's knowledge, the 
effect of preliminary interface deformation at low normal loads on the subsequent shear 
strength at higher normal loads has only been documented in one recent study by 
Esterhuizen et al. (200 1 ). They showed that for a smooth clay-geomembrane interface, 
deformations at low normal loads would partially, but not fully, reduce the peak strength 
of the interface at higher normal loads. They provide a very interesting "work-softening" 
model to describe this behavior in a manner that can be used in a finite-element analysis. 
Although their model fits the data very well, it is only applicable to the specific clay and 
geomembrane used for their study, and it is not know at this time how well their approach 
would work for other interfaces. This is an area for further research. 

1 For years now the author has heard the statement that the strain incompatibility between waste and liner systems 
could be a major consideration in selecting appropriate shear strengths. It is interesting, however, that some of the 
literature reports surprisingly low amounts of deformation required to reach the peak strength of the waste; on the 
order of only 40 mm for rigid-body deformation. See, for example, Bidet a!. (2000), Stark eta!. (1998), Mazzucato 
et a!. (1999). Also Kavazanjian (200 1) states his belief that strain compatibility with MSW is not nearly as 
significant an issue as has generally been supposed, based on direct- and simple-shear test results that show that the 
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strains and deformations required to reach peak strength are comparable to those required for most soils. ( __ 



Waste and Foundation Settlement 

Over time there is substantial deformation and settlement of the waste that may 
cause unknown redistribution of stresses. The settlement of waste adjacent to a sideslope 
has often been noted as a source of downdrag forces, which may become great enough to 
exceed the peak strength of one of the slope liner interfaces. This phenomenon was cited 
by Stark and Poeppel (1994) as a mechanism contributing to the Kettleman Hills landfill 
failure, and is echoed in Gilbert and Byrne's (1996) theoretical study:" ... it is more likely 
that the residual strength will be mobilized along the side slope rather than the buttress 
[bottom liner]", and they even go so far as to say " .. .it is unlikely that an average stress 
greater than the residual value could be mobilized along a typical side slope in a 
containment system." Likewise, foundation settlement has the potential to cause 
differential movements of the liner system. 

Aging and Creep 

Geosynthetic durability has been the subject of many papers and studies which 
address the ability of geosynthetics to maintain their physical properties as containment 
barriers, and to some extent as tensile reinforcement. Little has been published, however, 
regarding the long-term durability of shear interfaces such as, for example, the long-term 
dependence on the strength of geotextile fibers at interfaces with textured geomembranes, 
or within reinforced GCLs. Quantitative predictions regarding the long-term aging and 
creep potential of geosynthetic interfaces are certainly beyond the author's capacity, but 
are noted as an additional potential mechanism whereby the assumed peak strength of an 
interface might be reduced. 

FIELD OBSERVATIONS 

From the author's experience and his informal polling of industry representatives, 
two general field observations that have been made regarding deformations along 
geosynthetic interfaces on slopes: 

~ Slopes that were designed with robust interfaces using textured geomembrane or 
granular materials against geosynthetics, have not been observed to undergo 
tension or deformation. 

~ Slopes that had less brittle, but also less strong interfaces, such as a geotextile over 
a smooth geomembrane, have been observed to result in tension in the upper 
geosynthetic, presumably due to slippage along the interface which occurred as a 
result of downdrag forces. 

It is worthwhile to note in the Gilbert and Byrne ( 1996) model that strain softening 
on the slope would generally only occur if the slope angle was greater than the peak 
friction angle of the lining material. Although unverified by the author, this may be a 



general guideline for estimating whether or not peak or residual shear strength would 
occur on a slope (excluding seismic forces). For example, on a 3(H):l(V) slope, perhaps 
a peak interface strength of 18° or more would maintain its peak strength, and an 
interface strength of less than that would have a higher potential for going into residual. 

Given the large number of landfills constructed with geosynthetic bottom liner 
systems, it is quite surprising how few failures have actually been reported. Furthermore, 
none of the reported failures, to the author's knowledge, involved the progressive failure 
of a substantially brittle geosynthetic interface. Most of those failures have involved soil 
(including bentonite failures associated with unreinforced GCLs, which are ductile 
relative to shear strength). The best example of a pure geosynthetic failure that involved 
some degree of strain softening is the notorious Kettleman Hills failure, but the interfaces 
in that failure were fairly weak to begin with (all against smooth I-IDPE), and the initial 
factor of safety, even assuming peak strengths of the interfaces as they existed, was low, 
and below standard industry guidelines. 

The conclusion of industry observations is that actual industry experience has not 
shown degradation of peak strength (i.e. progressive failure) to be a pervasive problem. 
Nonetheless, it definitely presents a potential problem that has on occasion bloomed into 
an unfortunate reality. It is, therefore, worth taking it into account by means of design 
and analysis considerations, which are discussed in the next section. 

PART 3 -DESIGN APPROACHES 

THE PEAK vs. RESIDUAL ISSUE IN THE CONTEXT 
OF THE DESIGN PROCESS 

Many elements of a landfill are not designed, per se, but are largely dictated either 
by the owner's desires or by regulatory constraints. For example, the geometry of a 
landfill (boundaries, slopes, height, etc.) is often governed by an attempt to maximize the 
resource (i.e. volume) while meeting the constraints presented by conditional use permits, 
property line setbacks, maximum slope regulations and the like. Furthermore, the liner 
system is usually prescribed by regulation, at least in its fundamental requirements, and 
oftentimes by a default regulatory configuration. 

In many cases then, the two major elements that influence a stability analysis are 
largely predetermined. That is, both the preferred landfill geometry and the liner system 
are more or less given to the "designer", who is charged with producing the "final 
design". From the point of view of slope stability, what is there left to do? Obviously the 
slope stability should be checked and verified. What does this mean and how is it done? 
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The first step in performing a slope stability analysis is to define the basis of the 
analysis. This is often documented in the project files as a Design Basis Memorandum 
(DBM), in which the following kinds of determinations are made: 

• Will the analysis look at only the final configuration, or at interim operational 
configurations as well? (The latter option is highly recommended for risk 
management.) 

• What unit weight will be assumed for the waste? 

• What material strength values will be assumed for the different materials, and how 
will they be determined? 

• Which pore-pressure scenarios will be evaluated? 

• What will be the minimum acceptable factors of safety? 

• Are seismic analyses required? If so, what approach will be used? How is the 
design earthquake defined? If a deformation approach is used, what is the 
maximum allowable deformation? 

The results of the slope stability analyses will be: 

• A static factor of safety (for each configuration analyzed). 

• If a seismic analysis is required, the results will present either a potential 
magnitude of deformation along the critical slip plane, or a factor of safety for a 
simplified pseudo-static analysis. 

• A description of the minimum required interface shear strength properties for the 
liner system construction. 

It is this last point that makes slope stability analyses a design function rather than 
a mere geotechnical engineering exercise. It is essential that a clear linkage be made 
between the slope stability calculations and the ultimate project specifications, to ensure 
that the proper materials are provided during construction to meet the slope stability 
requirements. If the analysis results do not meet expectations, iterations of laboratory 
testing and/or alterations in slope geometry and/or liner materials may be required in 
order to achieve an acceptable design that can be adequately specified. 

The design aspect of slope stability analyses becomes even more interesting when 
an additional constraint is put on the design criteria, namely to position the critical slip 
surface above the primary geomembrane. This is a common practice in Germany that is 
also employed by several design practitioners in the United States (and likely in other 
places as well, given the author's limited knowledge of practices worldwide). This 
design approach helps to ensure that, if for any reason slippage does occur, the barrier 
liner system will remain intact. Ensuring that the slip plane is above the primary 
geomembrane is not necessarily a simple matter; laboratory shear testing programs and 



iterations of slope stability analyses are often required in order to achieve acceptable 
results. 

Implicit in the slope stability design and analysis process is the need to decide 
whether peak or residual shear strengths should be used. Though this is not generally an 
issue for waste materials, which are usually considered ductile, it is often a significant 
issue for liner system interfaces. This decision will significantly influence the calculated 
factor of safety. For seismic analyses, the influence is often less significant, because if 
the seismic analysis indicates deformation will occur, a prudent designer will use a post
peak shear strength (even as the question remains whether to use a deformation-based 
post-peak strength, or a true residual strength). 

WHAT IS AN APPROPRIATE FACTOR OF SAFETY? 

The author previously co-authored a paper whose title posed this same question 
concerning cover systems (Liu et al., 1997). That paper discussed assessing the degree of 
confidence in each of the variables that went into assessing the factor of safety, and 
assessing the potential risk and cost of a failure. This approach is espoused by Gilbert 
(pers. comm.) who believes that the factor of safety should be based on "uncertainties, 
assumptions, and the consequences of failure." 
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It is common in the literature to see geotechnical references that reiterate the idea 
that the greatest degree of uncertainty in performing slope stability analyses is the shear ( 
strength of the materials (e.g. Liu et al, 1997; Stark and Poeppel, 1994; Duncan, 1996). 
Given that the factor of safety is a reflection of uncertainty, it should logically reflect the 
degree of uncertainty in the shear strength properties. This was clearly noted by Terzaghi 
and Peck (1948, pg. 106): 

"The practical consequences of the observed differences between real soils and 
their ideal substitutes must be compensated by adequate factors of safety." 

A commonly accepted value for the factor of safety in geotechnical engineering 
slope stability analyses is FS ~ 1.5. Many engineers blindly accept this value while 
remaining ignorant of its basis. The origin of this value was the empirical result of 
analyzing the relative success and failure of dams that have been constructed over the 
past century. Experience proved that when an analysis was performed correctly, 
assuming reasonable and prudent material properties, an earthen structure with a factor of 
safety of 1.5 can be expected to remain stable even when some of its structural geometry 
and material properties have varied from those assumed in the analysis. Similarly, other 
values for an acceptable factor of safety have been established as general industry 
practice for other types of problems, such as bearing capacity (required FS generally 
between 2 and 5) or drainage applications (FS generally ranging from 1 to 20 depending 
on the problem). 
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It is also fundamental to the establishment of generally accepted factors of safety 
that analyses are performed correctly, and are based on prudent assumptions regarding 
material properties, geometry, unit weights, and pore pressures. Factors of safety are not 
intended to compensate for engineering errors or omissions. Indeed, the author has 
evaluated failures where the design factor of safety exceeded 1.5, which means that the 
original design neglected to take into account one or more critical factors. 

With containment lining systems we meet a unique opportunity. We have a 
greater ability to know where the potential critical slip plane is, and can measure its shear 
strength characteristics more accurately than we can in a number of traditional 
geotechnical problems. We have far more knowledge of the geometry and shear 
strengths than when we are confronted with a natural slope, for example. Knowing 
where slippage is most likely to occur, we have to assess the implications for 
deformation. As described previously in this paper, we often don't really know if some 
deformation will occur, but experience from many analogous failures, along with the 
process of deduction, tells us that it could occur. Knowing this, we should at least be 
prepared to use the post-peak shear strength of the surface having the lowest peak 
strength. 

SPECIFIC APPROACHES 

Some specific design approaches, which the author has himself employed, are 
summarized below. This does not imply that others approaches do not exist, but simply 
that this paper is based on the author's experience. 

1. The Most Conservative Approach - Force the Slip Plane Above the 
Geomembrane and Use Residual Shear Strengths Everywhere the Slip Plane 
Occurs in the Liner System. A simple and common way of achieving this 
objective is to use single-side textured geomembrane for the primary liner, and 
then cover it with a geotextile or geonet product. In nearly every case the 
author has been involved with (save a few inevitable exceptions), single-sided 
textured geomembrane (textured side down, of course) always caused 
whatever slippage occurred to take place on the top surface of the 
geomembrane, if it was covered with another geosynthetic. Even when 
directly covered by a granular material, it was often possible to make the 
bottom (textured) interface stronger than the smooth geomembrane/granular 
soil interface. In our experience there is often not a large difference between 
the peak and residual shear strength on smooth geomembrane interfaces with 
either other geosynthetics or granular soils, and these interfaces would not be 
considered very brittle. There may be some exceptions, such as a smooth 
HDPE geomembrane against a wet clay as described by Filz et al. (2001) for 
the Kettleman Hills failure analysis. 



Some designs may need greater shear strength for interim construction and 
operational conditions than can be provided by a smooth geomembrane 
surface, so a double-sided textured geomembrane may be required. In this 
case the design condition of having the weak interface above the primary 
geomembrane may still be achieved by specifying a more aggressive texturing 
on the lower side of the geomembrane (see shear data presented in Figure 4). 

If a designer is able to use the residual shear strength of the upper 
geomembrane interface and achieve acceptable factors of safety, this design 
can be very safe from the point of view of both stability and environmental 
containment. This approach is favored by Hullings and Sansome (1997), who 
recommend: "If possible, provide a slip plane and a stress-free 
geomembrane." 

If true residual shear strengths are used for the analysis, and those strengths 
are measured with a degree of confidence that they represent worst case for 
the liner system interfaces, it follows that a lower-than-typical factor of safety 
can be allowed. Gilbert and Byrne (1996) suggest that a factor of safety 
simply greater than unity may be an adequate design criterion for analyses that 
assume residual shear strengths are the only strengths mobilized along the 
entire slip surface. Part of Gilbert's rationale (personal communication, 2001) 
is that even if a failure were induced for a slope analyzed with this criterion, 
things could not degenerate quickly, presuming the analysis were properly 
performed. The slope could subsequently be monitored and measures taken to 
reduce the deformation rate, if deemed necessary. 

A similar recommendation is given by Stark et al. (1998): " ... strain 
incompatibility can facilitate the development of slope instability because the 
geosynthetic interface may mobilize a post-peak or residual strength while the 
waste is mobilizing a strength that is significantly below the peak strength. 
This can be incorporated into a design by assigning a residual strength to the 
critical interface or slip surface and requiring a factor of safety, 
FS> 1 ... Because field interface displacements and effect(s) of progressive 
failure are not known [emphasis by author}, a factor of safety, FS> 1 with a 
ring shear residual interface strength assigned to all potential slip surfaces 
should be satisfied in addition to meeting regulatory requirements." 

Filz et al. (200 1) suggest that if true residual shear strengths are used for the 
analysis, then whatever factor of safety would normally be deemed 
appropriate for a given project could be reduced by the following reduction 
factor (RF): 
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Where Tr = residual shear strength, and Tp = peak shear strength. They imply 
that the normally appropriate factor of safety would be determined based on 
considerations of uncertainty and consequences as described by Duncan 
(2000). Also, it should be noted that their discussion and recommendations 
were restricted to smooth-geomembrane/clay interfaces. 

2. Safe Approach- Use Residual Shear Strength of the Interface with the Lowest 
Peak Strength. This approach could be the same as the above approach if the 
interface having the lowest shear strength happens to be above the primary 
geomembrane. If, due to overall slope stability constraints, the interface with 
the lowest peak strength is below the primary geomembrane (e.g. weak 
sub grade interface), this approach will still result in a very safe design relative 
to slope stability. It could, however, be less conservative in terms of 
environmental containment should deformation occur, causing a tear in the 
primary geomembrane. This approach is recommended by Gilbert and Byrne 
( 1996) who "strongly recommended that the potential for instability be 
explored in a limit equilibrium analysis using residual strengths along all 
interfaces ... .It is strongly recommended that a factor of safety greater than one 
be achieved in all containment system slope designs, assuming residual 
strengths are mobilized along the entire slip surface." 

The same degree of factor of safety for this approach would apply as for 
Approach # 1 above. Holley et al. (1997) reported using residual shear 
strengths for a critical surface below the primary geomembrane in a steep 
canyon landfill, and obtaining operating factors of safety of 1.2 and an 
ultimate factor of safety of 1.4 for the final build-out. It is not clear if these 
were their minimum design criteria, or simply the results that they accepted. 

3. Brute Strength Approach - This approach would employ very aggressive 
texturing to achieve high interface strengths, although the assumed strengths 
may be prorated by some factor to account for variability. The need to 
occasionally use this approach is suggested by Hullings and Sansome (1997): 
"Overall slope stability conditions often do not allow low interface strengths, 
so the interface strengths above the geomembrane cannot be much lower than 
the interface strength on the underside of the geomembrane." 

If the approach of high interface strength is used everywhere, and seismic 
analysis shows no deformation, an acceptable design basis may be to use peak 
shear strength with an adequately high factor of safety. How high is adequate 
is difficult to say, because the theoretical possibility of progressive failure still 
exists. The finite-element study performed by Filz et al. (200 1) indicates that 
FS > 2 should be required for analyses based on peak strength of smooth
geomembrane/ clay interfaces. 



We have only the record of successful designs that were constructed based on 
peak strength to testify that the brute strength approach may be valid, but this 
does not demonstrate that it is conservative. The analysis should account for 
potential leachate build-up under worst case assumptions, for example after a 
post-closure maintenance period with substantial leachate still being 
generated, and the operations or leachate-collection layer completely clogged. 
Check that a submerged condition at the toe does not result in a reduction in 
shear strength (due to reduction in effective normal stresses) to the point that it 
fails the peak strength at the toe, which could lead to progressive failure 
through the rest of the fill (such as that discussed by Schmucker and Hendron, 
1998). 

4. Hybrid Approaches 

a) Use Residual on the Side Slope and Peak on the Base. To the author's 
knowledge, this approach was first documented in the literature by Stark 
and Poeppel ( 1994) in their review of the notorious Kettleman Hills 
failure. As they so aptly stated: " ... it appears that peak and residual 
interface strengths should be assigned to the base and sideslopes, 
respectively, for design purposes." This was later echoed by Jones and 
Dixon (1998) from the U.K., who stated: "In some instances residual 
values may be appropriate on the side slope where large displacements are 
anticipated, used together with peak values on the base." In the author's 
opinion, this approach is a strong qualifier for accepting a traditional 
factor of safety in the range of 1.5 for ultimate build-out conditions 
(assuming unexpected pore-pressure scenarios are included in the 
evaluation), and 1.3 for operations. 

b) Use Post-Peak Strength Values that Anticipate a Limited Amount of 
Deformation. Shear strength reductions may occur due to relative 
deformations during construction, landfill operations, and waste 
settlement, but these deformations may be less than those which would 
lead to the minimum residual shear strength conditions. Also, based on 
their observation of numerous apparently successful facilities, design 
practitioners may consider peak shear strengths with an adequate factor of 
safety to be valid designs, while still wishing to incorporate an additional 
degree of conservatism by reducing the measured peak strength of the 
geosynthetic interfaces. These strength reductions would be applied to the 
side slope as well as the base. Use of this approach is suggested by Filz et 
al. (200 1 ), who suggest using a mobilized strength that is higher than the 
residual by about 1 0% of the increment from residual to peak strength, 
and applying an appropriate factor of safety to this based on reliability 
concepts as described by Duncan (2000). 
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c) Use Lower Waste Shear Strengths. From the observation of trends 
published in the literature, shear strengths of 30° or more are commonly 
used for municipal solid waste. This level of shear strength has been 
documented as being generally conservative (e.g. Kavazanjian, 2001), but 
may require some amount of strain to become fully mobilized. As an 
approach to stability analyses designers may wish to reduce the mobilized 
strength of the waste material to more closely match the strain 
compatibility of the liner system. 

The author has used all the above approaches in his own practice, which over the 
years has been based on improved levels of understanding. Currently (subject to 
change!) the author employs a combination of Approach #1 and #4 as his standard 
practice. That is, he usually defines a "design condition" which he believes will be the 
actual long-term conditions that interface shear strengths will experience. The decision 
as to what long-tenn shear strengths he selects is project-specific (there are many 
variations), and a complete discussion of this is beyond the scope of this paper. Suffice it 
to say that the decision is usually related to the criteria described for Approach #4. Next, 
the author follows the advice of Gilbert and Byrne (1996) and checks that the stability 
under the worst-case shear strength conditions (e.g. hydrated residual shear strength) 
results in FS > 1.0. This latter test is often the more significant. 

A good example of the above approach is for bottom liner designs that involve the 
encapsulation of unreinforced bentonite between two geomembranes. The design 
scenario argues that most of the bentonite will remain dry for at least several centuries, 
and the basic slope stability analysis is performed on this basis. A second analysis is 
performed, however, to verify that the stability factor of safety is greater than unity even 
when all of the bentonite is under fully hydrated residual shear strength conditions. This 
example is more fully described in Thiel et al. (200 1 ). 

PART 4- CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

~ Many geosynthetic interfaces are highly strain-softening (i.e. "brittle"). The most 
common example is a textured geomembrane against some form of geotextile 
(whether it be a cushion, part of a geonet composite, or a GCL). 

~ There are mechanisms that can lead to exceedence of peak strength even though a 
correctly-performed slope stability analysis predicts a factor of safety greater than 
one. Examples of these mechanisms include: 

• Non-uniform mobilized stress distribution. 



• Relative differences in stiffness between waste and liner materials. 

• Unexpected pore pressures. 

• Seismic loading. 

• Deformation during construction. 

• Waste settlement. 

• Foundation settlement. 

• Aging and creep of the geosynthetics. 

~ Exceedence of peak strength in a brittle interface can result in progressive failure. 

~ Based on field observation, most facilities designed with aggressive interface 
shear strengths are not experiencing post-peak shear strength, which means that 
the working shear stress is probably less than or equal to the peak strength. Only a 
few examples of progressive failure along geosynthetic interfaces have occurred in 
the industry, and these have not been along highly brittle interfaces, which means 
that the projects did not have high factors of safety to begin with, even assuming 
peak interface strengths. 

~ Several design approaches have been used over the years and the standard-of-

(' 

practice is evolving. In the United States a preferred approach has not yet clearly ( 
emerged. 

RECOMMENDATIONS FOR PRACTICE 

~ Designers and CQA firms should conduct material-specific testing of interfaces to 
verify that the materials specified and/or supplied for a project are realistic and 
meet the design requirements. Whoever commissions the testing should possess a 
skilled familiarity with the design objectives as well as the testing technique. 

~ Designers should attempt to position the critical slip plane above the primary 
geomembrane to the extent feasible for a given project. If a double-sided textured 
geomembrane is required for construction or operational stability, attempt to 
specify more aggressive texturing on the under side of the geomembrane. 

~ Using peak shear strengths on the landfill base, and residual shear strengths on the 
side slopes appears to be a successful state-of-the-practice in many situations. 

~ Designers should consider evaluating all facilities for stability using the residual 
shear strength along the geosynthetic interface that has the lowest peak strength. 
This would be an advisable risk-management practice for designers, even if the FS 
under these conditions is simply greater than unity. 



~ Regardless of the design assumptions, specify soil spreading by pushing up-slope 
only, and require close monitoring of LCRS and operations soil placement on 
slopes during construction to verify that relative shear displacement does not occur 
during construction. Exceptions to this practice should be allowed only with field 
tests and CQA verification. 

~ If LCRS or operations soils are placed as part of landfill operations, designers 
should assume the worst and automatically assume residual side-slope shear 
strength conditions will occur (and extra leakage rates as well). The reason for 
this is that construction by landfill operators is usually not controlled and 
monitored closely. 

~ Check stability for a potential leachate buildup, especially near the toe of the 
landfill. 

RECOMMENDATIONS FOR FURTHER RESEARCH 

>- More finite element analyses at an academic level, such as those performed by 
Reddy et al. (1996) and Filz et al. (2001) would be warranted, to gain a better 
understanding of the threshold beyond which localized stress distributions might 
cause exceedence of peak shear resistance. Refinements in the analyses would 
include modeling the strain-softening behavior of the geosynthetic interfaces, and 
checking different types of interfaces and geometries. The results of these 
analyses might prove useful for establishing guidelines as to when peak strengths 
might be exceeded and when they might be maintained. Ultimately, the author 
envisions correlations between the FS determined by limit equilibrium analyses, 
ratios of peak interface strengths to waste fill strengths, and relative stiffnesses 
(somewhat as proposed by Gilbert and Byrne (1996), but more specific and less 
general), being used to estimate when and where peak vs. post-peak strengths 
would be reached at the interfaces. 

~ The monitoring of slope deformation on geosynthetic interfaces that are being 
buried by waste is recommended. One fairly easy way to do this would be to use 
the simple tell-tale technique employed for the Cincinnati cover demonstration 
project (Koerner et al., 1996), though this would require participation by landfill 
owners and operators. This avenue of research echoes that suggested by Gilbert 
and Byrne (1996), who state: "Future research should focus on measuring 
deformations and mobilized shear resistances in existing waste containment 
facilities." 

~ The monitoring of pore pressures in the LCRS above liner systems, with the 
reporting of the worst-case conditions, would provide valuable information 
regarding long term conditions in landfills. Unfortunately, any high pressures 
would likely result in a permit violation at many facilities, so it is improbable that 



an existing owner will voluntarily monitor high pressures, much less report them. ( , 
We are therefore left with only orphan or Superfund sites as a possible basis for 
monitoring. Because of this limitation, participation in international waste 
conferences is increasingly valuable. 

~ Additional laboratory testing, conducted on various types of interfaces, would be 
useful to assess the impact of interface deformations at low normal loads on the 
peak strength reductions at higher normal loads. 
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EXPLORATION, SAMPLING, AND IN SITU SOIL MEASUREMENTS 85 

Table 3-2. Standard designation and sizes for drill rods and casing 

Drill Casing and Core-barrel-bit Approx. diam of 
rod OD,in core barrel OD,in borehole,* in 

E 1-fi; EX 1]6 11 
2 

A 1_,j_ 
8 AX p 

8 2 
B p 

8 BXt 2.J_ 
8 

21 
2 

N 2.J_ 
8 NX 11_,5_ 

16 3 

* Diameter of borehole is very nearly the ID of the casing. 
t In soft or fractured rock, BX or larger cores are preferred. 

Diam of core 
sample, in 

1 
8 

11 
8 

p 
8 

21 
8 

The SPT was originally developed for cohesionless soils so that samples would 
not have to be taken. The test has evolved to the current practice of routinely 
determining N for all soils. In the zones of particular interest from about 2.5 ft or 1 m 
below ground surface to considerable depth below the estimated base ofthe founda
tion the test is performed every 2.5 ft or 1 m depth increment. At considerable depths 
where the boring becomes more informational the depth increment for testing is 
often increased to 5 ft or 2 m. 

Empirical correlations between N and various soil properties have been at
tempted for cohesionless soils (Table 3-3 ). Table 3-3 should be used cautiously; for 
example, a "loose" soil with a range of Dr between 15 and 35 percent places rather 
arbitrary numbers on a rather tenuous description of a soil. 

Table 3-3. Empirical values for ¢, D,, and unit weight of granular soils based on the standard penetration number 
with corrections for depth and for fine saturated sands 

Description 

Relative dens1ty D, * 0 

Standard penetra-
tion no. N 

Approx. angle 
of internal 

Very loose 

friction cp 0 'f 25°-30° 

Approx. range 
of moist unit 
weight, (y) pcf 
(kN/m3

) 

70-100t 
(11-16) 

* USBR [Gibbs and Holtz (1957)]. 

0.15 

I 
4 

I 
27-32° 

Loose 

90-115 
(14-18) 

0.35 

I 

r 
30-35° 

Medium 

0.65 

I 

'I 
35-40° 

110-130 
(17-20) 

Dense 

110-140 
(17-22) 

0.85 

I 

r 
38-43° 

Very 
dense 

I 
I 

1.00 

130-150 
(20-23) 

t After Meyerhof (1956). 4> = 25 + 25D, with more than 5 percent fines and 4> = 30 + 25D, with less than 
5 percent fines. Use larger values for granular material with 5 percent or less fine sand and silt. 

t It should be noted that excavated material or material dumped from a truck will weigh 70 to 90 pcf. 
Material must be quite dense and hard to weigh much over 130 pcf. Values of 105 to 115 pcf for nonsaturated 
soils are common. 
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Chapter 28 Side-slope Liner Stability 

Problem Statement 

Liner stability or side-slope slippage is complicated for multi-layered liner and collection 
system. A unit load of waste gravitationally induces shear stress and a portion of stress is 
transmitted by means of friction to the geosynthetics components beneath. The difference between 
frictional components must be carried by the particular component in the form of tensile stress and 
then compared to the component's yield stress for the resulting factor of safety. The portion 
transmitted to upper component is then propagated to the next component in the multilayered 
sequence. An unbalanced portion is eventually transmitted to the subgrade soil beneath the lower 
geosynthetic. If mass failure is going to occur, it will seek the interface with the lowest friction 
angle. The liner stability method is simply a resolution of shear stresses Koerner, 1994 ). 

Design Objective 

Calculate the tensile stresses and shear stresses carried by the upper and lower geosynthetic 
components and estimate the factor of safety. 

Design Equations 

Figure 1 shows a schematic of a multi-layered liner and resolution of forces assuming a 
single waste lift thickness. 

Draina~e Layer 

/ Geomembrane 

Waste 

Figure 1: Resolution of Shear Forces in A Multi-layered Landfill Barrier Liner (adapted from 
Koerner, 1990). 

The simple barrier system consists of a geomembrane underlain by a geosynthetic clay liner (GCL). 
The procedure may be extended to any number of interfaces, such a geotextile, geomembrane, clay 
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liner, etc. Time is assumed to be sufficiently long between waste lifts that system readjustment will 
occur and either equilibrium or failure will exist. A unit width is assumed. The numbers 1 through 

6 shown in the figure represent the forces that must be resolved sequentially. 

where 

where 

The weight of a unit width of compacted waste is given by 

W = _!_ H __!!__ 
w 2rw tanp 

Ww =weight of waste per unit width (lbf/ft or kN/m) 

H =lift height (ft or m) 

~ = slope angle (0
) 

Yw =unit weight of waste (lbf/fe or l<N/m3
) 

The frictional resistance along the waste edge is given by 

Tw =frictional resistance force per unit width (lbf/ft or l<N/m) 

crh = horizontal stress of waste lift (lbf/ft2 or kN/m2
) 

~w = waste fiction angle (0
) 

Ko =coefficient of earth pressure at rest (unitless) 

crh = vertical stress of waste lift (lbf/ft2 or kN/m2
) 

Eq. 1 

Eq.2 

Eq. 3 

Eq. 4 

The net weight of the waste is the difference between the downward acting waste weight and 
the upward acting resistance force, or 

Eq. 5 

The net weight can now be resolved into its two components: a normal force component 
acting perpendicular to the slope and a parallel force component acting downslope, or 

' ' 

N=~etcosp Eq. 6 
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where 

P=~e1 sinf3 

N = normal force component of net weight (lbf/ft or kN/m) 

P = parallel force component of net weight (lbf/ft or kN/m) 

Eq. 7 

This latter force component is assumed to be dissipated through the drainage layer (Koerner, 1990). 
The forces that must be determined are a function of the normal force and the frictional resistance 

provided by the respective interface; for example, in the first force couple, the following 
relationships hold: 

Eq. 8 

Eq. 9 

where 

81 =drainage layer friction angle with respect to the upper geomembrane surface (0
) 

82 = lower geomembrane surface friction angle with respect to the upper GCL surface (0
) 

IfF1 exceeds F2, then the geomembrane is in tension. The force difference must be carried by 
the geomembrane. The actual stress in the geomembrane is given by 

where 

(
F; -F2 J a actualgeomembrm~ = t 

geo 

Gactual geomembrane = actual stress in geomembrane (lbf/ft2 or kN/m2
) 

tgeo =geomembrane thickness (ft or m) 

The factor of safety for the geomembrane against failure in tension is 

where 

()yield 
FSgeomembrane = -------'---

0" 
actualgeomcmbraw 

cryield = allowable geomembrane stress at yield (lbf/ft2 or l<N/m2
) 
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Eq. 10 

Eq. 11 



The allowable geomembrane stress at yield is usually given in terms of lbf/in2 or kN/m2 or kPa based 
on a wide-width tensile test (ASTM D 4885-01 Determining Performance Strength of 
Geomembranes by the Wide Width Strip Tensile Method). 

The frictional shear force acting on the lower geomembrane surface, or F 2, is equal and 
opposite to the frictional shear force above the GCL surface, or F3; thus, 

Eq. 12 

The frictional shear force acting on the lower GCL is given by 

Eq. 13 

where 

84 =friction angle between the lower GCL surface and the subgrade soil 

The difference between F 3 and F 4 determines the tensile force carried by the GCL. If 
negative, the GCL is not in tension. If positive, then the GCL is in tension and a factor of safety must 
be evaluated based on the wide width strength test (ASTM D 6768-04 Standard T~st Method for 
Tensile Strength of Geosynthetic Clay Liners). The force difference must be carried by the 
geomembrane. The actual stress in the GCL is given by 

(~ -F4 J 
O"actual0 CL = t 

GCL 

where 

. . 2 2 
O'actual ocL =actual stress m GCL (lbf/ft or kN/m ) 

tgeo = GCL thickness (ft or m) 

The factor of safety for the GCL against failure is 

where 

FS = o-yieict 
GCL 

O"actual0 cL 

O'yield = allowable GCL stress at yield (lbf/ft2 or 1CN/m2
) 

Eq. 14 

Eq. 15 

If 82 = 84, then F4 = F2 =F3. If the lower frictional shear force exceeds the upper frictional 

shear force for a given interface, then the factor of safety is infinite and only a value of the upper 
frictional shear force will be mobilized at the upper surface of the next interface below. This 
procedure is repeated for multiple interfaces until the lower most interface is encountered, i.e. a 
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compacted subgrade or compacted clay. For compacted clay, special attention must be paid to its 

short-term friction angle versus its long-term friction angle with respect to the interface above. 

Compacted clay can consolidate with overburden stress and expel moisture, which can reduce the 

friction between it and the contact surface above, potentially placing the upper geosynthetic in 

tension. 

Design Example #1 

Evaluate the maximum stresses, if any, in the landfill liner system described in Figure 1 

consisting of a textured 60 mil HDPE/non-woven, needle-punched Bentomat® GCLIUSCS SP 

compacted sub grade sequence. The following data may be assumed: 

H=10ft(3.0m) 

~ = 18.43 o (3H:1V) 

Yw = 60 lbf/ft3 or (9 .4 l<N/m3
) 

~w = 20 ° 

~h = 18 ° 

~)z=16° 

04 = 30 ° 

O'al!owgeomembrane = 2100 lbf/in
2 

(14,478l<N/m
2

) 

TacL = 100 lbf/in (17.5 kN/m) 

tacL = 0.25 in (6.4 mm) 

Solution: 

The critical interface lies between the HDPE geomembrane and the GCL based on the 

magnitude of the respective friction angles. The following parameters are calculated: 

Ww = 9.0 x 103 lbf/ft (131l<N/m) 

I<o = 0.658 

crv = 300 lbf/ft2 (14.4l<N/m2
) 

crh = 197lbf/ft2 (9.4 kN/m2
) 

Tw = 718 lbf/ft (10.5l<N/m) 

Wnet = 8282 lbf/ft (120.9 kN/m) 

N = 7857 lbf/ft (114.7l<N/m2
) 

F1 = 2553 lbf/ft (37.3 kN/m) 

222 

Eq. 1 

Eq. 3 

Eq. 4 

Eq.2 

Eq. 2 

Eq. 5 

Eq. 6 

Eq. 8 
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GSE STANDARD PRODUCTS

www.gseworld.com

North America GSE Lining Technology, Inc.  Houston, Texas   800.435.2008   281.443.8564  Fax:  281.230.6739
South America GSE Lining Technology Chile S.A.  Santiago, Chile  56.2.595.4200 Fax:  56.2.595.4290
Asia Pacific  GSE Lining Technology Company Limited  Bangkok, Thailand    66.2.937.0091  Fax:  66.2.937.0097
Europe & Africa  GSE Lining Technology GmbH  Hamburg, Germany     49.40.767420  Fax:   49.40.7674234
Middle East GSE Lining Technology-Egypt The 6th of October City, Egypt  20.2.828.8888 Fax:   20.2.828.8889

MINIMUM PROPERTIES FOR GSE HD TEXTURED

Appendix B - Minimum Testing Frequencies and Properties for GSE Geomembranes

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this information.  Please check with
GSE for current, standard minimum quality assurance procedures and specifications.

GSE and other trademarks in this document are registered trademarks of GSE Lining Technology, Inc. in the United States and certain foreign countries.

12
GEOMEM MQA R1/14/08

Geomembranes Manufacturing Quality Assurance Manual

NOTES:
• +Note 1:  Dispersion only applies to near spherical agglomerates.  9 of 10 views shall be Category 1 or 2.  No more than 1 view from Category 3.
• +Note 2:  10 mil average. 8 of 10 readings ≥7 mils. Lowest individual ≥ 5 mils.
• GSE HD Standard Textured is available in rolls weighing about 4,000 lb (1,800 kg). 
• (1)The combination of stress concentrations due to coextrusion texture geometry and the small specimen size results in large variation of test results. Therefore, these ten-

sile properties are minimum average values.
• (2)NCTL for HD Textured is conducted on representative smooth membrane samples.
• All GSE geomembranes have dimensional stability of ±2% when tested with ASTM D 1204 and LTB of <-77° C when tested with ASTM D 746.
• (3)Roll lengths and widths have a tolerance of ± 1%.
• *Modified.

Product Code HDT HDT HDT HDT HDT
030G000 040G000 060G000 080G000 100G000

Thickness, (minimum average) mil (mm) ASTM D 5994 every roll 29 (0.73) 38 (0.96) 57 (1.45) 76 (1.93) 95 (2.41)
Lowest individual for 8 out of 10 values 27 (0.69) 36 (0.91) 54 (1.40) 72 (1.80) 90 (2.30)
Lowest individual for any of the 10 values 26 (0.66) 34 (0.86) 51 (1.30) 68 (1.73) 85 (2.16)

Density, g/cm3 ASTM D 1505 200,000 lb 0.94 0.94 0.94 0.94 0.94
Tensile Properties (each direction)(1) ASTM D 6693, Type IV 20,000 lb

Strength at Break, lb/in-width (N/mm) Dumbell,  2 ipm 45  (8) 60 (11) 90 (16) 120(21) 150 (27)
Strength at Yield, lb/in-width (N/mm) 63 (11) 84 (15) 126 (22) 168 (29) 210 (37)
Elongation at Break, % G.L. = 2.0 in (51 mm) 100 100 100 100 100
Elongation at Yield, % G.L. = 1.3 in (33 mm) 12 12 12 12 12

Tear Resistance, lb (N) ASTM D 1004 45,000 lb 21 (93) 28 (125) 42 (187) 56 (249) 70 (311)
Puncture Resistance, lb (N) ASTM D 4833 45,000 lb 45 (200) 60 (267) 90 (400) 120 (534) 150 (667)
Carbon Black Content, % ASTM D 1603*/4218 20,000 lb 2.0 2.0 2.0 2.0 2.0
Carbon Black Dispersion ASTM D 5596 45,000 lb +Note 1 +Note 1 +Note 1 +Note 1 +Note 1
Asperity Height GRI GM 12 second roll +Note 2 +Note 2 +Note 2 +Note 2 +Note 2
Notched Constant Tensile Load(2), hr ASTM D 5397, Appendix 200,000 lb 300 300 300 300 300

Oxidative Induction Time, min     ASTM D 3895, 200° C; 200,000 lb >100 >100 >100 >100 >100
O2, 1 atm

Roll Length(3) (approximate), ft (m) Standard Textured 830 (253) 700 (213) 520 (158) 400 (122) 330 (101)
Roll Width(3), ft (m) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9)
Roll Area, ft2 (m2) 18,674 15,750 11,700 9,000 7,425

(1,735) (1,463) (1,087) (836) (690)

TESTED PROPERTY TEST METHOD FREQUENCY MINIMUM VALUE

REFERENCE PROPERTY TEST METHOD FREQUENCY NOMINAL VALUE

t61it. 
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1.0 INTRODUCTION 

DNCS Environmental Solutions (DNCS Facility) is a proposed Surface Waste Management 

Facility for oil field waste processing and disposal services.  The proposed DNCS Facility is 

subject to regulation under the New Mexico Oil and Gas Rules, specifically 19.15.36 NMAC, 

administered by the Oil Conservation Division (OCD).  The Facility has been designed in 

compliance with 19.15.36 NMAC, and will be constructed and operated in compliance with a 

Surface Waste Management Facility Permit issued by the OCD.  The Facility is owned by, and 

will be constructed and operated by, DNCS Properties, LLC. 

 
1.1 Description 

The DNCS site is comprised of a 562-acre ± tract of land located south of NM 529 in portions 

of Section 31, Township 17 South, Range 33 East; and in the northern half of Section 6, 

Township 18 South, Range 33 East, Lea County, NM.  A portion of the 562-acre tract is a 

drainage feature that will be excluded from development.  The drainage feature includes a 500-

ft setback and totals 67 acres ±.  The DNCS Facility will include two main components; a 

liquid oil field waste Processing Area (177 acres ±), and an oil field waste Landfill (318 acres 

±); therefore the DNCS Facility comprises 495 acres ±.  Oil field wastes are anticipated to be 

delivered to the DNCS Facility from oil and gas exploration and production operations in 

southeastern NM and west Texas.  The Site Development Plan provided in the Permit Plans, 

Sheet 3, identifies the locations of the Processing Area and Landfill facilities.   

 
 
2.0 DESIGN CRITERIA 

The purpose of the Erosion Calculations is to determine potential soil losses due to wind and 

rainfall erosion for the DNCS Facility Landfill during operations and following final cap 

installation.  Erosion calculations project that the soil loss from rainfall is approximately 4.96 

tons per acre per year, which is below the established criterion of 5.0 tons/acre/year.  The wind 

erosion loss from the site is estimated at 1.2 tons per acre per year, which is also below the 
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established criterion of 2.5 tons/acre/year.  The total soil loss from the site potentially caused 

by water and wind erosion is calculated at 6.16 tons per acre per year.   

 
The attached calculations were used to assess the potential for wind and rainfall erosion at the 

DNCS Facility.  These conservative calculations were also used to determine if additional 

erosion control measures are required.  Evaluation of erosion of the final cover surface was 

based on the following design criteria: 

1. The New Mexico Energy, Minerals, and Natural Resources Department Oil and Gas 
Rules, 19.15.36 NMAC, Surface Waste Management Facilities Closure and Post-
Closure Requirements. More specifically, 19.15.36.18.D.(2)(a) NMAC states:  
“The operator shall properly close landfill cells, covering the cell with a top cover 
pursuant to Paragraph (8) of Subsection C of 19.15.36.14 NMAC, with soil contoured 
to promote drainage of precipitation; side slopes shall not exceed a 25 percent grade 
(four feet horizontal to one foot vertical), such that the final cover of the landfill’s top 
portion has a gradient of two percent to five percent, and the slopes are sufficient to 
prevent the ponding of water and erosion of the cover material.” 

2. The final cover crown of the landfill consists of a maximum 5% slope. 
3. The sideslopes of the landfill consist of a 4H:1V slope with drainage benches. 
4. The longevity of any temporary erosion protection shall be a minimum of 24 months 

for the 5% slope and 36 months for the 4H:1V slope. 
5. The design erosion rate shall not exceed the 12-inch soil thickness of the landfill 

erosion/vegetative layer of the final cover.   
6. The final cover has been conservatively assumed to have poor vegetation (50% 

coverage) established. 
7. A soil loss tolerance target erosion rate is established at 5.0 tons/acre/year for rainfall 

erosion; and 2.5 tons/acre/year for wind erosion.  The target values represent the 
erosion at which a management system is or is not sustainable. The target values are 
typical for non-farm application of erosion calculations (NRCS, 1962). 

8. The Operations, Inspection, and Maintenance Plan (Volume II.1) provides routine 
corrective measures to address cover erosion when the site is under construction. The 
Closure/Post-closure Plan details specific plans to address potential erosion of the final 
cap.  

 
 
3.0 RAINFALL EROSION LOSS CALCULATIONS 

North American Green, Inc. Slope Erosion Protection Module (Attachment III.8.A) was used 

to model the soil erosion rate from the DNCS Landfill final cover due to rainfall.  The City of 

Alamogordo database was selected based on its similar climate to the DNCS site.  This program 

uses the Revised Universal Soil Loss Equation (RUSLE).  The equation is as follows: 

 

III.8-2 
P:\FILES\542.01.01\PermitApp\RAI No. 1\Vol 3\III.8-Erosion\DNCS-III.8-Erosion_Nov 2013_RAI.docx 



 

A = R x K x LS x C 
 
Where: 

A is the soil loss per unit area, typically in tons per acre per year. 
R is the rainfall/runoff factor which varies with location and climate. 
K is the soil erodibility factor, which depends on the soil type 
LS is the topographic factor which accounts for the site slope gradient and slope length. 
C is the cover factor that accounts for ground cover (bare slope=1). 
NOTE: The Slope Erosion Protection Module calculates these factors based on the 

assumptions input. 
 
The RUSLE was used to determine the loss of soil from each drainage area (Figure III.8.1) of 

the final cover.  The values of final cover erosion and their sum are provided on Table III.8.1: 

 
TABLE III.8.1 

Rainfall Erosion Losses 
North American Green Output  
DNCS Environmental Solutions 

 

Area ID Area (ac) 
Slope 

Length 
(ft) 

Average 
Slope 
(ft/ft) 

Slope 
Gradient 

(H:1) 

Average Soil Loss 
with Vegetation 

(in) 

Tons/year with 
Vegetation 

A 8.0 761 0.16 6.25 0.029 46.3 
B 36.0 1462 0.11 9.1 0.025 165.3 
C 104.0 1579 0.10 10 0.023 519.1 
D 43.0 1072 0.13 7.7 0.027 231.8 
E 39.0 1076 0.13 7.7 0.027 210.2 
F 89.0 1645 0.10 10 0.023 408.7 

Sum 319.0    0.154 1,581.7 
 
 
Conclusion:  When a 50% vegetative cover is considered, the soil loss is 4.96 tons per acre 

per year.  
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