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1.0 ABSTRACT 

Seismic r e f l e c t i o n data from petroleum industry sources showed anomalous 

re f lec to rs in the Cas t i l e Formation nver a small area about 3 miles north of 

the center of the Waste I s o l a t i o n P i l o t Plant (WIPP) s i t e . Addi t iona l corrob­

orat ive seismic r e f l e c t i o n data were co l lec ted as part of WIPP inves t iga t ions , 

and WIPP 11 was d r i l l e d to inves t iga te the anomaly. WIPP 11 was d r i l l e d near 

the northwest corner of Section 9, T.22, S., R.31E. i t penetrated, i n descending 

order, sand dune deposits and the Gatuna Formation ( 2 9 ' ) , Santa Rosa Sandstone 

(132 ' ) , Dewey Lake Red Beds (502 ' ) , Rustler Formation (288 ' ) , Salado Formation 

(1379 ' ) , and most of the Cas t i l e Formation (1240' ) . Beds w i th in the lower part 

of the Salado, and the upper anhydrite of the C a s t i l e , are thinner than normal; 

these beds are displaced upward s t r u c t u r a l l y by the upper Cast i le h a l i t e which 

is h ighly thickened (about 968 ' ) . Tie lowest h a l i t e is t h i n (51 ' ) and the 

basal anhydrite was not completely penetrated. Subsequent seismic and borehole 

data has shown WIPP 11 to be in a s t ruc tu ra l complex now i d e n t i f i e d as the 

"disturbed zone." 

The WIPP is a demonstration f a c i l i t y f o r the disposal of t ransuranic (TRU) 

waste from defense programs. The WIPP w i l l also provide a research f a c i l i t y 

to invest igate the in te rac t ions between bedded s a l t and high level waste, 

though there are nn plans at t h i s time to dispose of high level waste or spent 

fue l at WIPP. 
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2.0 INTRODUCTION 

The in t roduct ion describes background informat ion on the WIPP and the 

invest igat ions invo lv ing WIPP 11. 

2.1 The Purpose of WIPP 

The purpose of the WIPP is d i s t i n c t from that of several other pro­

j e c t s f o r the disposal of rad ioact ive waste. The WIPP is planned t o 

demonstrate disposal technology fo r the TRU waste r esu l t i ng from th i s 

nat ion 's defense programs of over 30 years. Af ter a period (5 years) of 

l im i ted ( p i l o t ) operat ion, i t i s ant ic ipated that the WIPP w i l l be con­

verted to a f u l l - s c a l e repos i to ry fo r permanent disposal of defense TRU 

waste. The WIPP plans also include an underground research f a c i l i t y to 

examine, on a large scale, the in te rac t ions between bedded sa l t and high-

level radioact ive defense waste wi th i t s resu l tant thermal and rad ia t i on 

f luxes. There is no plan at t h i s time to dispose of h igh- leve 1 waste or 

spent fue l 1n the WIPP. 

Addi t ional information on the WIPP and character izat ion of the WIPP 

s i t e may be found i n Powers, et a l . , (1978). 

2.2 The Purpose of WIPP 11 

I n 1976, under contract to Sandla Laborator ies, G. J. Long and Asso­

c ia tes (1977) provided a study of the seismic r e f l e c t i o n data f o r south­

eastern New Mexico, ava i lab le from various industry sources. rrom that 

data, 26 seismic anomalies of varying types and qua l i t y of data were i n d i ­

cated. The anomaly of most apparent s ign i f icance to the WIPP at the time 

was I d e n t i f i e d i n the v i c i n i t y of che corner between Sections 1 , 5, 8 , 
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and 9, T.22.S, R.31E. Discussions at the time in fo rmal ly re fer red to the 

anomaly as the "seismic dropout" because i t showed a lack of coherent 

seismic re f l ec t i ons across an area of perhaps 1/4 t o 1/2 m i le . The anom­

aly appeared on several d i f f e r e n t seismic l ines from various data co l lec ­

t i o n e f fo r t s in the same area, and the re fo re , was accorded much more 

s ign i f icance than a s ingle record would have received. The anomaly was 

judged to be a t rue e f fec t of the geology, though no f i r m i n te rp re ta t i on 

of the feature could be made. Speculation about the causes ranged from 

surface ve loc i t y e f fec ts to a breccia pipe 1n the subsurface. Further 

study, probably inc lud ing d r i l l i n g , was judged to be necessary. 

I n miJ-summer 1977, a new phase of seismic data co l l ec t i on (Hern et 

a l . , 1978) was i n i t i a t e d to gather in format ion on several seismic anoma­

l i es on or i n the immediate v i c i n i t y of the WIPP study area. Included in 

that program were three seismic r e f l e c t i o n l ines over the apparent loca­

t i o n of the anomaly. In view of the strong i n t e r e s t i n the anomaly, i t 

was decided to ask fo r permission to d r i l l a borehole on the loca t ion 

before the new seismic data was co l l ec ted , and ERDA 11 was therefore loca­

ted 1n the northeast corner of Section 8, T.22.S, R.31E. I t appeared 

that extreme In te res t 1n the anomaly might require d r i l l i n g before the 

new seismic work was completed. I n August and September, 1977, seismic 

r e f l e c t i o n l ines X - l , X-2 and X-9 were run across the area of the "seismic 

dropout," and the records confirmed a geologic anomaly. Addi t iona l i n f o r ­

mation on these records suggested s a l t f low or th ickening in the Cast i le 

Formation. In view of the general disturbance in the seismic records in 

th i s area and the apparent s a l t th icken ing, i t was determined to d r i l l 

the anomaly to see i f br ine and gas would be associated wi th the s t ruc ture 

as i n ERDA 6 and some other s im i la r s i t u a t i o n s . 
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The new seismic data indicated a preferable d r i l l i n g locat ion to ERDA 

11; WIPP 11 was located i n the northwest corner of Section 9, T.22.S, 

R.31E along the l i n e of X - l . I n i t i a l predict ions independently made on 

the basis of the geology and seismic r e f l e c t i o n placed the contact between 

the Rustler and Sal ado Formations at 975 and 950 feet depth respec t i ve ly . 

Seismic r e f l ec t i on data ind icated s t ra t ig raph ic disturbance might be as 

shallow as 1800"; depth of 3800' to the Delaware Mountain Group was pre­

dicted by both seismic r e f l e c t i o n and project ions of nearby geology. No 

predict ions of the lower evaporite s t ra t ig raphy were possible w i th the 

seismic r e f l e c t i o n data. 

Af ter WIPP 11 was completed, borehole g rav i t y logs were run i n both 

ERDA 9 and WIPP 11 in an e f f o r t to bet ter understand the geological s t ruc­

ture (see Chapter 5 .0 ) . In add i t i on , the borehole was capped and moni­

tored fo r pressure changes over a period of several months (see Chapter 

4 .0 ) . 

- 4 . 



3.0 GEOLOGIC DATA FOR BOREHOLE WIPP 11 
by 

R. P. Snyder 
U.S. Geological Survey, Denver, CO 

3.1 Abstract 

Borehole WIPP 11 was d r i l l e d i n the nor th-cent ra l part of the WIPP 

s i t e in eastern Eddy County, New Mexico, during February and March 1978, 

to explore a se ismica l ly in fe r red s t ruc tu ra l anomaly. Units penetrated by 

the borehole in descending order are the Quaternary Gatuna Formation, the 

Tr iass ic Santa Rosa Sandstone, the Permian Dewey Lake Red Beds, Rustler 

and Salado Formations, and most of the Permian Cas t i l e Formation. The 

Salado Formation is thinner at th is locat ion than in nearby d r i l l h o l e s . 

An unusually th ick uni t of ha l i t e is present in the upper part of the 

Cas t i l e , and the over ly ing anhydrite is unusually t h i n . The h a l i t e un i t 

i n the lower part of the Cas t i l e i s also unusually t h i n . 

3.2 In t roduct ion 

Borehole WIPP 11 is an exploratory borehole d r i l l e d to determine the 

presence of an apparent anomalous geologic s t ruc ture as in te rpre ted from 

seismic r e f l e c t i o n studies done by G. J. Long and Associates (1977). The 

borehole is located i n the nor th-cent ra l part of the WIPP s i t e (Figure 1 ) . 

The exploratory d r i l l i n g and seismic work were done on behalf of the WIPP 

pro ject o f f i c e of the U.S. Department of Energy (DOE). 

A l l measurements re la ted to the d r i l l hole are reported in the inch-

pound system. These units are used to f a c i l i t a t e d i rec t comparison of 

measurements made by surveyors in es tab l ish ing the geographic coordinates 

of WIPP 11, by d r i l l e r s i n repor t ing well depths fo r cut t ings and cores, 
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and by geophysical loggers 1n recording in -ho le var ia t ions in rock proper­

t ies wi th depth. I f metr ic uni ts are desired, the fo l l ow ing conversion 

factors should be used: 

Mu l t i p l y English un i t By_ To obtain metr ic un i t 

foo t ( f t ) 0.3048 meter (m) 
inch ( i n ) 25.4 m i l l ime te r (mm) 
inch ( in) 2.54 centimeter (cm) 
pounds per square inch 0.006895 megapascal (MFa) 

( l b / i n z J 

3.3 Descr ipt ion of WIPP 11 

wIPP 11 is located i n eastern Eddy County, New Mexico, i n the NK! 1/4 

Sec. 9, T.22S., R.31E. (Figure 1, Table 1). The borehole was d r i l l e d 

between February 6, 1978 and March 12, 1978, to a depth of 3,583 f t meas­

ured from KB (Kel ly Bushing 13 f t above land surface of 3,426.1 f t above 

mean sea l e v e l ) . Consecutive cores were taken from 727.0 t o 785.0, 855.0 

to S91.0, 950.0 to 991.0, 2,244.0 to 3,143.8, and 3,346.7 to 3,538.4 f t . 

Cutt ings in the remaining in te rva ls were not described; i n t e rp re ta t i on of 

these In te rva ls was done using geophysical logs. Core was logged at the 

d r i l l s i t e by C. L, Jones of the U.S. Geological Survey (USSS) and J . L. 

Gonzales of FenU and Slsson, Inc. (F&S). 

Borehole WIPP 11 penetrated s t ra t ig raphy cons is t ing of the Gatuna 

Formation cf Quaternary age, at the Santa Rosa Sandstone of T r iass lc age; 

s l l t s tones and sandstones of the Dewey Lake Red Beds; anhydr i te , dolomi te, 

and s i l t s t o n e of the Rust ler Formation; and h a l i t e , po l yha l i t e , anhydr i te, 

and minor s i l t s t o n e of the Salado Formation, a l l of Permian age (Jones, 

1973). Below the Salado Formation the borehole penetrated i n to the lowest 

anhydrite of the Cas t i l e Formation, cons is t ing of th ick anhydri te and 

na l i t e of Permian age. 
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Figure 1.--Location map of the WIPP site in southeast Hew Mexico, and 
location of borehole WIPP 11 on the site. 
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The Sal ado Formation was found to be th inner than normal in WIPP 11. 

The d i f ference occurs in the lower one- th i rd of the format ion. In the 

underlying Cas t i l e Formation the upper h a l i t e (HI I ) i s much th icker than 

normal and the lower ha l i t e (HI) is much th inner . The highest anhydri te 

( A I I I ) is much thinner than normal; the middle anhydri te ( A l l ) i s of nor­

mal thickness. The lowest anhydrite (AI) was not completely penetrated 

by the borehole. A deta i led l i t h o l o g i c descr ip t ion of the rocks penetra­

ted by HIPP )1 is given i n Table 3, and a l i t h o l o g i c loo prepared from 

the data in that table is shown on Figure 2. 

Geophysical logs were taken the f u l l length of the borehole. The 

logging was done to f a c i l i t a t e the i d e n t i f i c a t i o n and co r re la t i on of rock 

u n i t s , to aid in the i d e n t i f i c a t i o n of gross l i t ho l og ies ( i . e . , dolomite, 

anhydr i te , p o l y h a l i t e , and h a l i t e ) , and to provide a depth determination 

independent of that indicated hy d r i l l - r o d measurement. The geophysical 

log^ included M) a namma-ray curve that recorded var ia t ions in the d is ­

t r i b u t i o n of potassium and other rad ioact ive elements, (21 a compensated-

sonic log that recorded var ia t ions in ve l oc i t y , and (3) a poros i ty log 

that recorded var ia t ions of poros i ty of the various rock un i t s . The sonic 

log is used on Figure 2 as the standard to cor re la te the l i t h o l n g y wi th 

depths. 

A dipmeter and d i rec t iona l survey of the borehole provides addi t ional 

information about the bedding a t t i tudes and borehole response. The " t a d ­

pole" p lo ts and hundred-foot c luster analyses (Figure 2) ind ica te that the 

bads belnw about 2200' dip cons is tent ly southwest at a few degrees. The 

bed a t t i t ude above t h i s i n the Salado is not so consistent . The borehole 

direct :->nal survey, by which the dipmeter survey was corrected, indicates 

the d r i l l i n g b i t veered i n t o the dip - the borehole is more near ly normal 

to the dip (Figures 3 and 4 ) . This hehavior is expectable in d r i l l i n g 

dipping s t r a t a . 
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Table 1.—Abridged borehole history of HIPP-11 

LOCATION: See. 9 , T. 22 5 . , R. ^1 E. 
712 feet from north l ine 
294 feet from west l ine 

ALTITUDE (LAND SURFACt): 3,426.1 feet. Dalian for deptft measurements in d r i l l i n g and logging 
operations, is 3,439.1 feet {Kelly Bushing height) 

LITHOLOGIC LOG PREPARED BY: J . L. Gonzales (F&S) and C. L. Jones (USGS), February 6, 1978 
to March 12, 1978. 

DRILLING CONTRACTOR: Vema Dr i l l i ng Company 
DRILLING RECORD: Coonenced d r i l l i n g February 6,1978, aad completed on March 3 2, 1578,at 

3,583 feet below Kelly Bushing (3,570 f t below land j j r f a c e l . 
Hole temporarily abandoned pending farther studies. 

Core 
No. 

Depth i n t e r v a l , ' 
in feet RPH Weight 

on b i t 
( lbs ) 

Circulat ing 
pressure 
( l b s / i n 2 ) 

Interval 
!.:et ree t 

cored recovered 

Percent 
recovered 

, 727.C- 786.0 50 30,000 800 59 57.0 97 
2 5S6.P- 851.0 60-80 25,000 650 35 16 45.7 
3 950.0- 991.0 80 20,000 600 41 26.2 64 
c 2.244.0-;: 21.0 40 16,000 £.00 59 58.8 <10C 

5 2,303.0-2,363.0 40 16.000 400 60 59.5 99 

6 2,363.0-2,412.0 48 18,000 600 49 47 96 
7 2,412.0-2,450.0 48 18,000. 600 38 29 76 
8 2,450.0-2,489.0 60 20,000 600 39 30.6 73 
9 2,489.0-2,534.0 65 22,000 600 45 38.3 85 

10 2.534.0-2,584.0 70 >2,000 600 50 43.4 87 
11 2,584.0-2,634.0 60 20,000 400 50 46.9 94 
12 2,634.0-2,646.0 70 ic ,000 400 12 "ii.8 98 
13 2,646.0-2,696.4 60 20,000 400 50 50.4 10'. 
14 2,696.4-2,746.4 65 22 ,000 500 50 50 100 
15 2,746.4-2,796.4 65 21 ,000 600 50 49.9 <100 
16 2,796.4-2,846.4 65 20,000 800 • 50 46.9 94 
17 2,846.4-2,893.4 70 24,000 800 4? 46.5 99 
18 2,893.4-2,943.4 70 24,000 800 50 50 100 
19 2,943.4-2.993.4 70 25,000 500 50 50 100 
20 2,993.4-3,043.4 70 24,000 500 50 49.2 98 
21 3,043.4-3,093.4 70 25,000 500 50 50 100 
22 3,093.4-3,143.8 70 22.000 600 50 50.4 101 
23 3,346 7-3,396.7 65 25,050 500 50 50 10J 
24 3,396.7-3,447.1 60 20,000 500 50 50.4 101 
25 3,447.1-3,498.1 60 24,000 700 51 50.8 <;oo 
26 3,498.1-3,538.4 60 20,000 500 40 40.3 10! 

Death and interval numbers taken from d r i l l e r ' s measurements. Some corrections or changes made 
on table 3 to correspond to geophysical logs. 
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Table 2.--StratieracMc sugftary of aorehele KIPP-11—Cantlnyed 

ueptn interval' 
Feet 

lower nenber 
'm 127 
!HB 128 
!MB 129 
JHB 130 

J ! « 131 
J W 132 
'R3 133 
JMS 134 
'MB 135 
JHB 136 
3MS 138 
3m 139 
'•m 140 
JHB 141 
!H£ 142 
3 « 143 
! W 144 
Cowden Anhydrite Kemter7 

Castile Formation 
Anhydrite I I I 8 

Halite I f 
Anhydrite I I s 

Halite I« 
Anhydrite I 8 

Maximum depth recorded 

1,756-2,343 
1,776 
1,785 
1,804 
1,810 
1.859 
1,879 
1,833 
1,934 
1,948 
1,986 
2,027 
2,064 
2,105 
2,137 
2,170 
2,197 
2,222 

2,228-2,242 
2,343-3,5B3» 
2,343-2.424 
2,424-3,392 
3,393-3,512. 
3,S12*-3,S63 
3,563-3,583* 

3,583 

!0epth Interval recorded from conpensated neutron-formation I09, depths are from Kelly gushing 
13 feet above ground leve l . 

' Induces a r t i f i c i a l f i l l for c r l l l pad, unnamed sand dune deposits and Gatuna Fonnatlonof Pleistocene age. 
!Marker bed. 
"When only one r\ipth given for marker beds, It 1s for the base of the unit. 
sOf Mens , 1944. 
6Infonnal unit of Salado Formation. 
'Of Glesey end Fulk, 1941, 

a 0 f Anderson and uthers, 1972. 
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Table 2.—Stratlnraphic smiaaiv of borehole UIPP-11 

Rock unit Depth interval 1 

Feet 

Quaternary deposits3 13- 42 
THassic rocks 

Santa Rosa Sandstone 42- 174 
Permian rocks 

De*ey Lake Red Beds 174- 676 
Sandstone marker 272- 280 
Sandstone marker 322- 328 

Rustler Formation 676- 964 
Magenta Dolomite Member 740- 763 
Culebra Dolomite Member 857- 880 

Salado Formation 964-2,343 
Upper member 964-1,429 

'MB 101 -1,082 
'MB 102 1,114 
'MS 103 1,136 
'MB 104 1,145 
'KB 105 1.164 
'K8 106 1,181 
'KB 107 1.221 
>m 108 1,229 
'MB 109 1,273 
3MB 111 1,313 
'KB 112 1,335 
'KB 113 1,358 
'MB 114 1,379 
'MS 115 1,412 
'HB 116 !,42] 

HcHutt potash unit 1,429-1.755 
Vaca Trlste Sandstone Heater5 1,429-1,434 

'MB 117 1,491 
»HB 118 1,511 
'MB 119 , , 5 3 3 
'MB 120 1 ,555 
'MB 121 i.571 
3 W 122 1,578 
Union anhydrite6 1,599-1,606 

'MB 123 1,675 
3MB 124 1,690 
'MB 126 1,758 
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Table 3,-Lltfioloqlc dgglptton of borehole MIPP-U 
[Contacts shown on f i g . 2. Where no cot-e or cuttings are described, depths are taken 

from compensated-sonlc log ; color designations are froir. the Rock-Color Chart 
(Goddard and others, 1948)] 

, , „ . , . . . , . Depth interval 
Uthologic description ^ 1 n f e e t j 

Oepth from KS Co ground level = , , . . 0- 13.0 

No description of cuttings 13.0- 727.0 

Anhydrite, medium-Hght-gray (N6), brecciated, granular 
and fibrous gypsum f i l l i n g inte ; gypsum f i l l i n g Interst ices between clast.s. 

Doloc-.ite, I1ght-gray (N7), t in ted with purple and green, 
fine-grained to dense, thin-bedded and laminated, r ipp le-
marked end cross-laminated; dotted with gypsum porphyro-
blasts and criss-crossed with fibrous gypsum veins 740.3- 763.3 

Anhydrite, medium-light-gray (_N6), brecciated, granular 
gypsum f i l l i n g interst ices between clasts 763.3- 784.0 

No core 784.0- 7B6.0 

No description of cuttings 786.0- 857.r 

Dolonite, nedium-light-gray (.N6), extensively fractured 
and solution pitted 857.0- B65. 

No core ( lost when core barrel l i f t e d to make connection) 865.5- 880.0 

Shale, bluish-gray (5B 5/1) , grading to moderate-reddish-brown 

(101 4/6) s i l t y shaTe in lower 2 f t . . . . B80.0- 887.0 

Gypsum, gray(sh-red (lO_R4/2), coarsely c rys ta l l ine , a r g i l l i c 887.0- 887.5 

No core 887.5- 892.0 

No description of cu t t i ngs . . . . 892.0- 950.0 
Si l tstone, grayish-brawn (5W 3/2), areas of grayish-blue 

(5PB 5/2), a r g i l l l c sparse to rare ha l i te crystals 950.0- 955.0 

No core (lost when l i f t i n g core barrel to make connection) 955.0- 964.4 

Hal i te, light-brownish-gray (10YR 6/1) , a r g i l l l c ; few 
anhydri te s t r l ngers 964.4- 964.8 

Clay, inDderate-reddlsh-brown (1QR 4/6) ; sparse hal i te 
crystals 964.8- 965.7 

Anhydrite, pale-brown (5_YR_ 5/2) 965.7- 966.0 

Hal i te, pale-brown (5YR 5/2), cotrsely c rys ta l l i ne , very 
a r g i l l l c ; scattered"~str1ngers and masses of anhydrite 966.0- 9EJ./ 

" a l u e , translucent, coarsely c rys ta l l i ne ; Ught-gray (_N_ 7) 
clay decreasing downward; scattered stringers and 
masses of anhydrite 969.7- 973.2 

" j l i t e , transparent, coarsely c rys ta l l ine ; trace of 
inhydr i te 973.2- 974.2 

ya 'Ue , Ught-brownlsh-gray (5YR 6/1) , very coarsely 
c rys ta l l ' ne ; many anhydrite "stringers and masses; brown 
zMj Girt ing at 974.5-974.7 f t 974.2- 976.7 

- i ! 4 t e , transparent, medium- to coarsely c rys ta l l ine ; trace 
cf irhjlriit stringers and raasses 976.7- 984.7 
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Table 3.--Utho1og1c description of borehole W1PP-11—Continued 

, ^ , . _, , t I Depth interval 
Lithologic description ^ n f e e t j 

Hal i te, translucent, moderate-brown {5YR 4/4) a r g i l l i c 
concentrations along crystal boundaries; minor amount 
of anhydrite str ingers and masses; clay parting at 
985.1-985.4 f t 984.7- 985.', 

No core 985.9- 991.0 

No cuttings described 991.0-2,244.0 

Hal i te , I1ght-gray (N7), handed with medium-!1ght-gray (N6) 
at 0.3-0.5 f t Intervals;, medium-crystal l i ne , equigranuTar 
to very s l ight ly schistose; sparingly argi l 11c Intervals at 
2,244.8-2,245.8, 2,249.2-2,249.4, and 2,251.5-2,253.2 f t . . . . . . . . . . . . 2,244.0-2,267.7 

Hal i te , 11ght-gray to med1um~light-gray (N7-N6), medius-
c rys ta l l lne , equlgranular to very slfgnFly"schistose; 
crystal elongations dip 10° from hor izontal ; a r g i l l i c , 
as raich as 2 percent clay concentrated along crystal 
boundaries 2.267.7-2,277.0 

Anhydrite, very l i gh t gray (N8), mottled medium-llght-gray 
(£6), dips 7°-10D .7 2,277.0-2,277.2 

Ha l i te , l ight-gray (N7), minor raedlum-Hgnt-gray (N6) 
banding at 0.2-0.4~~ft in terva ls , sparingly anhyarlt lc 
and a r g i l l i c ; few th in seamlets of anhydrite in lower 
0.2 f t 2,277.2-2,284.7 

Anhydrite, very l i gh t gray (N8), very f i ne ly c rys ta l l i ne ; 
h a l i t i c , minor lenses of t iante and pseudoirorphs after 
gypsum in upper 0.4 f t ; argi l l i e i n lower 0.1 f t , clay 
parting at 2,285.4 f t , dips 20° 2,284.7-2,285.5 

Hal i te , l ight-gray (_N7), mottlad medlum-llglit-gray (£6), 
(nediiiffl-crystslline, eqoigranular, very sparingly 
anhydritic and argi l l i e 2,285.5-2,290.7 

Anhydrite, saiie as unit at 2,234,7-2,285.5 f t ; lent icu lar 
ha l i te seamlets in upper half of u n i t , discontinuous 
clay stringers in lower ha l f ; dips 2°~3° 2.296.7-2,291.1 

Hal i te, same as unit at 2,285.5-2,290.7 f t ; very a r g i l l i c 
at 2,291.7-2,291.9 f t 2,291.1-2,2*2.8 

Anhydrite; same as unit at 2,284.7-2,285.5 f t . . . . . . . . . . . . . 2,292.8-2,293.? 

Hal i te , same as unit at 2,285.5-2,290.7 f t ; 0 .1- f t a r g i l l i c 
zone at 2,297.2 f t 2,293.2-2,302.8 

Ho c o r e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,302.8-2,303,0 

Hal i te, raediura-gray f_H5>; l ight-gray [M) banding at 
intervals of a few tenths of a foot ; medium-crystalline; 
equigranular to very s l i gh t l y schistose, crystal elongation 
nearly horizontal , sparingly anhydritfc and a rg f lUc ; th in 
irregular seamlets of anhydrite from 2,320.9 to 2,321.5 f t . . . . . . . . . . 2,303.0-2,321.5 

Anhydrite, Ught-gray (N7), very f ine ly crysta l l ine to dense; 
lent icu lar seams of h a l i t e ; unit dips 5 ' -7° 2.321.5-2,322.0 

Hal i te , Hght-gray to medium-!1ght-gray (N7-H6), medium-
crys ta l l ine ; equlgranular to very sl1ghtly~sch1stose; 
i r regular ly banded; sparingly anhydrl t ic; concentration 
of broken anhydrite seamlets at 2,323.3-2,323.7 f t ; very 
sparingly a r g i l l i c 2,322.0-2,326.8 

Anhydrite, l ight-gray (N7) to greenish-gray (5£X S / U i very 
f inely to coarsely c rys ta l l ine ; banded with numerous 
lent icular seams of ha l i t e ; unit dips 5 M 0 ° 2.326.8-2,328.5 
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Table 3.—Utholoqlc description of borehole WIPP-11—Continued 

l l tho.oolc description D « ^ } ^ " 

Hal i te, l ight-gray (f)7), •edlurn-crystalUne; equigranular, 
sparingly snhydrit ic , 2,328.5-2,330.4 

Anhydrite, Ught-gray (NT) ta greenish-gray (5GY 6/1} . dense 
to very f ine ly c rys ta l l ine , mostly th in ly laiiTnazed, 
sparingly magnesltic and local ly a r g l l l l c ; abundant 
small (3-5 ISB) nultlzoned ha l i te psatidomorphs af ter 
gyasum frost 2,330.4 to 2,331.0 f t ; 0 .2 - f t seam of 
ha l i te at 2,332.0 cuts sharply Into overlying anhydrite 
and truncates pseudomorphlc structure; 0 .5- f t hal i te 
seam at 2,332.9 f t 2,330.4-2,335.1 

Anhydrite, l ight-gray {H?) t o greenish-gray (5GV 6/1} , 
dense, Ir.terlayered with nunsrous th in lent icu lar 
seam of ha l i te . 2,335-1-2,336.1 

Anhydrite, same as unit above, decreased number of ha l i te 
seams, unit dips !5 f l -26° , base of unit truncated by 
underlying ha l i te , 2,336.1-2,337.1 

Hal i te , l ight-gray (N7), medium-crystal l i ne , equigranular; 
sparingly anhydrltTc; upper 0.5 f t of unit Includes 
broken fragments of anhydrite derived from overlying 
u n i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,337.1-2,339.5 

Anhydrite, l ight-gray (N7), dense; sparse lent icu lar seams 
of ha l i t e ; base of unTt intruded by underlying ha l i te 
which cuts sharply across anhydrite bedding. 2,339.5-2,339.9 

Hal i te , l ight-gray to nediu^ l ight -gray {H7-H6), medium-
crys ta l l ine ; sparingly a r g l l l l c and anhydrTtlc; 
0.1- f t seam of cense anhydrite at 2,342.8 f t 2,339.9-2,343.0 

Anhydrite, Tight-gray (_N7) to greenish-gray (5GV 6/1) , 
dense; lent icular seams of ha l i t e ; unit d i p s T O 0 . . . . . . . . . . . . . . . . . . . . 2,343,0-2,343.8 

Hal i te, l ight-gray (N7), medium-crystalline; equigranular; 
sparingly anhydi-itTc; 0.2- f t broken fragment of 
anhydrite seamed with ha l i te at 2,344.0 f t . . . . . . . . . . . . . . . . . . . . . . . . . . 2,343.9-2,345.1 

Anhydrite, Ught-gray (J17J, dense; few th in lent icu lar 
seans of hal i te 1n upper 0.5 f t ; 0 .2- f t seam of 
hal i te containing anhydrite seamlets at 2,346.3 f t ; 
0.7- f t seam of anhydrftlc hal i te at 2,348.6 f t ; most 
anhydrite 1s th in ly and i r regular ly laminated In 
shades of gray; unit dips 1 0 " , , . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . Z."45.1-2,349.0 

Anhydrite, l ight-gray (N7), dense, laminated In shades of 
gray; lent icular seams of hal i te 1n upper 0.3 f t are 
truncated by overlying h a l i t e ; laminated anhydrite 
between 2,350.0 and 2,351.0 f t cut by h a l i t e - f i l l e d 
fractures dipping 20°; other h a l i t e - f i l l e d fractures 
from 2,354.0 to 2,355.0 f t ; uni t dips 10° 2,349.0-2,362.5 

No core 2,362.5-2,363.0 

Anhydrite, iBoderate-brown (5YR 3/4) , dark-gray ( N3), and 
dark-yellowlsh-brown ( 1 0 Y O " / 2 ) , very f ine ly c rys ta l l i ne , 
laminated, grading - inward to Ughi-gray and mediio-Hght-
9 r *y (H7-N6Jj near base unit dips 30 ' ; rest of unit nearly 
h o r i z o n t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,363.0-2,373.5 

Anhydrite, medium-gray (£5), laminated with dark-gray (£3) 
bituminous noncaleareous material at 0 .1- f t Intervals, 
very f ine ly c rys ta l l i ne ; uni t dips 30" 2,373.5-2,387.9 

Anhydrite, l ight-gray {N?J, laminated with 0.5-am-thicfc l ight--
brownish-gray (5Y£ 6/T) bituminous layers at Intervals of 
about 0.1 f t , very f ine ly c rys ta l l i ne ; h a l i t e - t i t l e d 
"gash" fractures (en echelon) between 2,398.0 and 2,399.2 
f t ; unit dips 3 0 * . . . . . . . . . , , . . . 2,387.9-2,410.0 

No cor 2,410.0-2,413.0 
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Table 3.--L1thologic description of borehole WIPP-U -Continued 

, , „ , , , . J L J Oeptii Interval 
Uthologlc description ^ n f e e t ) 

Anhydrite, l ight-gray to acdiuffl-light-gray EN7-K6); banded 
with brownish-gray (5*H, 4/1) lasilnae of bftiiGiFnous 
ca lc l te , very f ine ly c rys ta l l i ne ; laminations f a i r l y 
••ven and uniform except fo r wavy lent icu lar bedding frr.ai 
2,422.8 to 2,424.0 f t ; between 2,417.5 ana 2.419.5 f t 
rock 1s cut by h a l i t e - f i l l e d fractures along which t*>e 
laminations are offset an unknown amount; basal contact 
with ha l i te Is Irregular and plucking of the anhydrite 
by the hal i te Is evident; unit dips 35° 2,413,0-2,425.1 

Hal i te , transparent to very l i gh t gray (j[8), mediuin-
crysta lHne; eqyigranular t o s l i gh t l y schistose loca l ly ; 
banded at 0.1- f t intervals wi th white (W9) ea lc i t i c 
anhydrite 1 cm th ick ; bands are broken and contorted; 
most are feathery and contain various amounts of ha l i t e ; 
unit dips JO*-35* ?,425.1-2,431.S 

Anhydrite, l ight-gray t o medium-light-gray (N7-f<6), very 
f ine ly c rys ta l l ine ; banded with laminae of"brownish-
gray (5YR 4/1) bituminous ca lc l te at 0.5-cn Intervals ; 
0.2- f tTens of clear to white (N9) ha l i te at 2,431.7 
f t ; unit dips 35" 2.431.5-2,433.0 

Haute, transparent to very I fght gray Offl), raedium-crystalline 
to s l igh t l y schistose; banded with broTen feathery layers 
of white (N9) c a l d t l c anhydrite 2,433.0-2,435.1 

Anhydrite,. l ight-gray to raed1um-1!ght-gray (N7»N6), very 
f ine ly crysta l l ine; banded with laminae orbrownish-
gray (5YR 4/1) bituminous ca l c l t e ; fractured and 
brokenTn Irregular fragments and separated by intrusive 
veins of transparent ha l i t e . . 2,435.1-2,436.4 

Hal i te , transparent to fery t ight gray (N8), medium-crystalline, 
banded at Irregular Intervals with broTTen feathery layers of 
white (N8) ca l c i t l c anhydrite a few mil l imeters to 0.1 f t 
th ick; unit dips 35D 2,436.4-2,442.0 

No core. 2,442.0-2,450.0 

Hal i te , transparent to white (N9), medium-crystalline, schistose; 
banded at short Irregular intervals with layers of lacy-
white QJ9) to l ight-gray (N8) anhydrite containing laminae 
of brownish-gray {SYR 4/1!ibltuinlnous ca lc l te ; layers are 
broken and exhibi t well-developed boudln structure; uni t 
dips 30°-40° 2.450.0-2,462.0 

Anhydrite, raediuro-dark-grey ( M ) , very f i ne ly c rys ta l l ine ; 
rhythmically banded with laminae of brownish-gray 
(5,YR 4/1) bituminous ca l c l t e ; 1.0-ft lens of transparent, 
very coarsely crysta l l ine ha l i te cuts unit at 2,465.0 f t ; 
margins of lens cut anhydrite at nearly r ight angle to 
bedding; h a l i t e - f i l l e d "gash" fractures cut bedding 1n 
anhydrite below lens at r ight angles; Individual fractures 
about i-2 tan wid* ; unit dtps 4 0 ° . . , . , . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . , 2,462.0-2,467.0 

Hal i te , transparent to white (JJ9), med1ur>crystall1ne and 
schistose; boudlnaged layers of lacy white (H?) to 
very l i gh t gray (N8), f i ne ly c rys ta l l ine anhydrite 
containing laminae of browMsh-gray (5*R 4/1) bitumi­
nous ca lc l te ; uni t dips from 30 p - 45 " . . . . 2,467.0-2,480.6 

No core 2,480.6-2,489.0 

Hal i te , transparent t o white (N9), raediuo-crystalHne; banded 
at intervals of 0.5-3.0 f t with lanlnae of white (H9), 
very f i ne ly crysta l l ine anhydrite (3-5 mm th i ck ) ; strongly 
folded and sheared with occasional development of boudlnage 
structure; dip of anhydrite layers and schistosl ty 40"-5C°, 
but local ly v a r i a b l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.489.0-2,527.3 
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Table 3.—Utho1og1c description of borehole HIPP-U—Continued 

, , „ . . , . , , . ... Depth Interval 
Lithologlc description 7 l n f , , e t ) 

No core 2,527.3-2,534.0 

Hal i te, transparent to white (K9), ffletfium-crystanfne, modtr. 
ately to strongly schistose, dotted with aqulgramilar 
ha l i t e ; banded at 0.6-1.5-f t intervals with sheared 
layers of white (H9), very f ine ly crysta l l ine anhydrite, 
strongly folded and showing well-developed boadlnage 
structures; unit dips 40D-45° 2,534.0-2,577.4 

No core 2,577.4~2,5B4.0 

Hal i te, transparent to white (K9); .•aedium-crystalHre, 
schistose; dotted with patches of eqyigranular h a l i t e , 
transparent to white (N9); banded at intervals of 
0.2-0.6 f t with anhydrite a few mill imeters th ick ; 
anhydrite layers are twisted in shear folds and show 
boudinage structures; unit dips about 3 0 ° - . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,584.0-2,630.9 

Mo core 2,630.9-2,634.0 

Hal i te, same as unit at 2,584.0-2,630.9 f t ; some anhydrite 
laminae bent in shear and isocl inal fo lds ; dips on fo ld 
axes range from vert ical to 40°; planes of schistosl ty 
dip 40% local ly wch less . . . . . . 2,634.0-2,645,8 

Hal i te, same as unit at 2,634.0-2,645.8 f t ; many anhydrite 
laminae have uell-developed boudinage structures; 
planes of scMstosi'.y dip f ree 40° to 6 0 ' ; heavy 
inclusion of anhydrite laminae at 2,652.0-2,654.3, 
2,671.5-2,679.5, and 2,695.0-2,696.4 f t 2,645.8-2,696.4 

Hal i te, transparent to white (N9), medium-crystalline, 
schistose; local ly recrystalTized and equlgranular; 
laminae of tery f ine ly crysta l l ine anhydrite becoming 
very s l igh t l y ca lc i t l c downward; a l l laminae twisted 
into steeply dipping isocl inal folds with wel l -
developed boudinage structures; unit intensely 
deformed; heavy inclusion of anh-'drite laminae at 
2,696.4-2,702.0 f t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,696.4-2,7*6.0 

Hal i te , transparent, medium-crystalline, schistose, local ly 
recrystalUzed; l ight-gray (JJ7) laminae of very f ine ly 
crysta l l ine anhydrite at 0.3-2.0-f t in tervals; laminae ' 
1-4 mm thick ere shearfolded and show boudinage struc­
tures; a few laminae contain ca lc i te ; heavy concentra­
t ion of anhydrite laminae at 2,778.7-2,784.0 f t ; 
schistosity dips 40° , 2,746.0-2,797.9 

HQ c o r e . . . . . . . . . . . . . . . . . . . 2,797.9-2,798.0 

Hal i te , satne as unit at 2.746.0-2.7P7.9 f t ; schfstosity dips 
45° 2,798.0-2,844.9 

No core . 2,844.9-2,84B.0 

Hal i te , transparent to white (N9), medium-crystalline, schistose; 
local recrystal l izat io. i and coarsening of crystal size; 
upper 1 f t of unit banded with folded laminae of very 
f ine ly crysta l l ine white (N9) to very l igh t gray (NSJ 
anhydrite showing shearing and boudinage structure's; lower 
29.5 f t banded with white (H9) and l ight-gray (N8-H7) 
anhydrite at intervals of 075 * t as knots and cTusTers 
of anhydrite fragments and crystals dipping 35D-40* 
essential ly paral le l to schistosity •',848.0-2,894.5 

fio c o r e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,894.5-2,895.0 

Hal i te, same as unit at 2,848.0-2,894.5 f t ; occasional folded 
laminae of anhydrite; well-developed boudinage structure 
at 2,922,0-2,S-^.F. f t . 2.B95.0-2.945.0 
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Table 3 .—Utho logk description of borehole WlPP-U—Continued 

, , . . , . . . , Depth Interval 
Llthologic description ( 1 f ] f e e t ) 

H*Hte, transparent to white (N9)> medium-crystalline; local ly 
schistose and recrystal Hzeewi th some coarsening of 
crystals; banded at 0.3-0.6-f t intervals with layers of 
l ight-gray (N7-J16) anh^drit lc ha l i te containing sheared 
larainae and fragments of very f ine ly crysta l l ine anhydrite 
and traces of ca lc i te ; SOPC ha l i te crystals as large as 
0.1 x 0.2 f t contain paral le l l ines of minute anhydrite 
crystals ( l a th l i ke ) ; unft dips 40° . 2,945.0-2,995.0 

Hal i te, same as unit above; anhydrite laminae In t r ica te ly 
folded; shlstoslty dips 50°; concentrated anhydrltic 
hal i te at 3,022.6-3,028.0 f t ; laminae contain 1-2 mm 
square and rectangular ha l i t e c r y s t a l s . . . . . . . . . . . . . . 2,995.0-3,044,2 

No core 3,044.2,3,045.0 

Hal i te, sae-e as unit at 2,995.0-3,044,2 f t . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,045.0-3,035.0 

Hal i te, transparent to white (N9), raedium- to cocrsely 
c rys ta l l ine , schistose to equlgranular; bandet' at 0.1-2.0-f t 
intervals with l ight-gray (N7) to white (N9) anhydritic 
ha l i te containing a single Taninae of very f ine ly crysta l l ine 
* M i e to t ight-gray |N9-f.7) ca l c i t i c anhydrite and 1-2 mm 
euhedraT crystals of ITaTTte; recurrent strat igraphfc 'equsnces 
(0.1-2 f t thick} indicate a basal layer of anhydrite and an 
overlying unit of white (_N9) banded ha l i te wi th l ines of 
microscopic anhydrite crystals paral le l to bedding grading 
upward to transparent ha l i te free of anhydrite; most anhydrite 
laminae are twisted into in t r icate shear folds ana show wel l -
developed boudinage structures; dip on bedding at 3,107.0 f t 
is 50D 3,095.0-3,145.4 

No description of cu t t i ngs . . . . 3,145.4-3,345.4 

Hal i te , same as unit at 3,095.0-3,145.4 f t ; dips range from 
40" to 60°; scattered through ha l i te layers are broken 
fragments of white (N9), banded ha l i te as large as 0.1 f t , 
shewing paral le l l ines of microscopic anhydrite c r y s t a l s . . . . . . . . . . . . 3,345.4-3,392.0 

No cuttings described (rock b i t used; d r i l l i n g time log 
indicates halite-anhydrite contact at 3,392.0 f t ) 3,392.0-3,397.(1 

Anhydrite, medium-dark-gray (JJ4), very f ine ly c rys ta l l ine ; 
rhythmically banded (1 m) with bituminous ca lc i te ; 
h a l i t e - f i l l e d tenslonal fractures 0.1-0.3 f t long 
and as wide as 0.1 f t cut bedding at steep angles and 
are near vert ical [80°); surfaces of most fractures 
l ined with glassy, colorless anhydrite laths and tabular 
crysta ls ; centers of fracture f i l l i n g s are colorless 
glassy ha l i t e ; fractures at 3,397.1, 3,398.0, 3,393.6, 
3,399.8, 3,402.1, and 3,407.B f t ; the last has cavit ies 
p?-"tially h a l i t e - f i l l e d ; fo ld ing of laminae below groups 
of fractures between 3,399.0 and 3,400.0 f t ; unit dips 
I0 D-15° near top, increasing to 25" near base. 3,397.0-3,408.0 

Anhydrite, moderate-dark-gray {N4}, very f ine ly c rys ta l l ine ; 
rhythmically handed with mlllTmeter-thick laminae of 
bituminous ca l :1 t t ; short intervals of mlcrofolding 
between 3,408.0-3,410,5 f t ; dips range from 15° to 2 5 " . . , . , . . . 3,408.0-3,424.9 

Anhydrite, medium-dark-gray (_N4), very f ine ly c rys ta l l ine ; 
alternating bands and massive anhydrite containing 
zones (0.1-0.6 f t ) of rhythmic laminations alternating 
with thinner bands (O.l-O.Z f t ) of massive, very f ine ly 
c rys ta l l i ne , medium-gray (N5) anhydrite free of ca lc i te ; 
dips range from 10° to 1 5 * 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Anhydrite, medfux-dark-gray (N4), very f ine ly crystal l ine 
-^ t o r • 

3,424.9-3,434 

rhythmically laninated withbitunfnous ca lc i te ; unit 
dips i O S . . , . 3,*34.8-3,438.1 
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Table 3.—Uthologlc description of borehole HIPP-U--Cont1nued 

, , , . . , ^ , , ... Depth interval 
Uthologle description 7 1 f ) f e e j j 

Anhydrite, nediun-da'-K-gray (N4), very f ine ly c rys ta l l ine ; 
alternately rhytr.sically larnlnated and massive bands 
{0.1-0.5 f t ) ; massive bands are eateite-free and 
possibly recrystal l lzed transparent to Ught-gray ^N7) 
anhydrite tending to Intrude the laminated portions; 
prominent kink-folds grade downward to siicrc-folds at 
3,442.0-3,442.5 f t ; unit dfps 10" 3,438.1-3,445.6 

Anhydrite, medium-dark-gray (JH4), very f i ne ly c rys ta l l ine ; 
nodular with short Intervals (0.1 f t ) of Irregular 
ca lc i te l a m i n a t i o n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,445.5-3,447.4 

Anhydrite, medium-gray (JH5-N4). very f ine ly c rys ta l l ine ; 
i rregular laminations of Tituminous calc i te at 5-10 sra 
Intervals near upper part of unit decreasing to 1 am near 
base; unit dips 10° 3,44?.4-3,419.5 

Anhydrite, medium-gray (N5-N4), very f ine ly c rys ta l l i ne , 
massive and free of caTcffe | r e c r y s t a l l 1 z e d ) . . . . . , . . . , . . , . . . . . . . , . , . 3,449.5-3,450.5 

Anhydrite, medium-gray (N5-N4), very f ine ly c rys ta l l ine ; 
regular rhythmic lasii nations of bituminous calc i te 
1 mm th ick , Interrupted occasionally by irregular bands 
of l ight-gray (H7) anhydrite frett of s t r a t i f i ca t i on and 
ca lc t te , less f e t i d than the laminated port ion; margins 
of bands cut Into laminated rock; bands of recrystal l ized 
anhydrite at 3,451.1-3,451.3, 3,453.3-3,453.8, 3,454.2-3,454.3, 
3,454.7-3,454.8, 3,456.4-3.456.5,3,456.7-3.457.2, 3,458.3-
3,456.8, 3,459.1-3,459.2,3,459.9-3,460.1, 3,461.2-3,461.7, 
3,462.5-3,462,7, 3,463.1-3,463.5, 3,463.8-3,464.1, 3,464.2-
3.464.3, 3,466.3-3,466.5, 3,469.5-3,470.1, 3,470.6-3,471.0, 
3,471.3-3,471.5, 3,471.7-3,471.8, 3,472.7-3,472.8, 3,473.1-
3.473.4, 3,473.8, 3,474.0, 3,474.4-3,474.5, 3,474,9-3,475-0, 
3,477.2-3,477.3, 3,480.9-3,481.3 (underlain by near-vertical 
veinl ike tens of glassy anhydrite O.i f t thick cut t ing 
sharply through banded anhydrite about 0.3 f t long), 3,483.2-
3,483.3, 3,483.5-3,483.6, 3,484.6-3,484.7, 3,485.1-3,485.2, 
3,485.6-3,485.7, 3,486.1-3,486.3, 3,486.7-3,486.8, 3,488,7-
3,488.8, 3,490.6-3,490.7, 3,491.5-3,491.6, 3,492.5-3,492.6, 
3,494.3-3,454.5, 3,495.4-3,455,5, 3,495,7-3,495.8, 3,497.4-
3,497.5; unit dips 15° at 3,454.0 f t , 15" at 3,461.0 f t , 20 e 

at 3,463.0 f t , 15° at 3,465.0 f t , 10° at 3.468.0 f t , 15° at 
3,476.0 f t , 10° at 3,481.0 f t , ami 15* at 3,493.0 U ; we l l -
developed microfcids at 3,445.2-3,449.5, 3.450.6-3,450.7, 
3/54.0-3,454.2, and 3,474.2-3,474.8 f t 3,450.5-3,497.8 

No core 3,497.8-3,498.4 

Anhydrite, medium-dark- to dark-gray (S4-H3), very f ine ly 
c rys ta l l i ne ; alternately banded and masTive at short 
internals; banded portion is narked by reguter rhythmic 
laminations of very f ine ly c rys ta l l i ne , «xie rate ~b row ;i 
(5GY 3/4} bituminous calc i te J. mm th ick ; massive portion 
is very f ine ly crysta l l ine { re ' i rys ta l l i zed) ; medium-gray 
(N5) anhydrite free of calci te and cutt ing Into the 
lanlnated por t ion; the recrystal l lzed bands range from 
0.05-0.2 f t th ick, are irregular 1n thickness, and are 
separated by 0.05-0.2 f t ; laminated portion from 3,502.4 
to 3,502.7 f t 1s cut by an essentially vert ical veinlet 
of ha l i te 1 ran th ick ; unit dips 15° 3,498.4-3,503.2 

Anhydrite, medium-dark- to dark-gray (N4-![3), very f inely 
c rys ta l l i ne ; I ndp ien t l y banded at Intervals of 1 mm to 
as ouch as 0.1 f t ; wavy uneven laminae of moderate-brown 
(5¥g_3/4), very f i ne ly c rys ta l l ine bltusnnous ca lc i te ; 
nany ca lc l te laslnae cut by Intrusive anhydrite contain­
ing ssiall pods and crystals of h a l i t e ; unit dips 1 5 ° . . . , . . . . . . . . . . . . 3,503.2-3,510.4 
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Table 3.--L1tho1og1c description of borehole W1PP-U--Continued 

. , i L . * _. , •... Depth interval 
Lithologic description ( 1 n f e e t j 

Hal i te, transparent to very l igh t gray (N8), medium crys ta l l ine ; 
banded at intervals of 0.2-1.5 f t w l t h l i gh t -g ray (JO) 
anhydritlc halHe containing disseminated fragments and 
broken laminae of very f ine ly c rys ta l l ine , gray (H7) 
anhydrite; the raore competent laminae contain euhedral 
crystals of hal i te and flecks of brown c a l d t e ; very 
coarsely crystal l ine transparent hal i te ( recrysta l l i ied) 
forms 0.5- f t lens at 3,513.4 f t and a 0.3- f t lens at 
•i,531.1 f t ; unit dips 15° 3,510.4-3,538.7 

No cuttings described (geophysical log Indicates ha l i te -
anhydrite contact at 3,563.0 f t ) 3,538.7-3,583.0 
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A. MAP VIEW 
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Figure 3.--WIPP 11 Directional Survey to 2409' 
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Figure 4.--UIPP l l D i r e c t i o n a l Survey to 3 5 8 3 ' . 
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4.0 HYDROLOGY 

No d r i l l stem tests were performed as no i n - f l ow of gas or pressur­

ized f l u i d s were detected during d r i l l i n g . The wellhead was f i t t e d w i th 

a pressure gauge in June 1980 and i t was monitored at in te rva ls up to 2 

weeks fo r several months. The gauge showed a steady 6 psi over the period 

June through November. In December the pressure was indicated to be 16-18 

p s i . The pressure is no longer being monitored. 
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5.0 REMARKS 

Various studies of the borehole geology resul ted in addi t ional i n f o r ­

mation which w i l l be useful in i n t e r p r e t a t i o n . 

5.1 Borehole Gravi ty 

The USGS used a borehole gravimeter to survey both ERDA 9 (Kososki et 

a l . , 1978) and WIPP 11. The data were compared and ind icate the presence 

of the s t ruc ture at WIPP 11 (Schmoker, 1980). However, mocel studies 

indicated that the technique has very l im i ted app l i ca t ion fo r detect ing 

such structures in evapor i tes, but the generalized sa l t an t i c l i ne model 

used by Schmoker is reasonably consistent with the measurements in WIPP 

11. Other a n t i c l i n a l structures have been reported from the northern 

Delaware Basin {Anderson and Powers, 1978) which may be s im i la r to the 

s t ruc ture at WIPP 11. 

5.2 Further Studies 

Since HIPP 11 was completed, a high prec is ion g rav i t y survey has been 

conducted over much of the s i t e to determine i f s t ruc tu res , such as +*••'•. 

at WIPP 11, could be detected and modeled. The resu l t s of the invest iga­

t ion are to be reported elsewhere. 

Macroscopic and petrographic studies of core from the ' 'd isturbed 

zone" have been i n i t i a t e d in a fu r the r e f f o r t to discern the mechanisms 

of deformation. Samples are examined as well for minerals which may be 

rad iomet r i ca l l y dated to determine the age of the "d is turbed zone". 

Information from th i s study w i l l be reported separately. 

- 2 7 -
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INTRODUCTION TO APPENDIX A, JUSTIFICATION 

Appendix A consists of the memorandum from D. W. Powers to L. R. 

H i l l , dated 1/10/78, "WIPP 11 " . This document provides de ta i l s of back­

ground informat ion and program options as understood at the time of 

i n i t i a t i o n . The reader i s cautioned, the re fo re , that the de ta i l s of the 

program may have been a l tered as informat ion became avai lab le and that 

pre l iminary i n t e rp re ta t i ve hypotheses or ideas guiding the program formu­

l a t i o n may need rev is ion based on informat ion presented in th i s repor t . 

Later i n te rp re t i ve reports may deal wi th such i tems. 
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Sandia Laboratories 
January 10, ,1978 

L. R. H i l l / 5311 

AibtiQuerQ^f!, Uev, Men 
L<vefmare. California 

D. W. Po/ers - 5311 

Summary: WIPP 11 will be drilled in the northwest corner of 
Section 9, T22S, R31E, to explore a structural anomaly in the 
Castile, Salado, and Rustler Formations. The anomaly is 
interpreted, on the basis of seismic reflection profiles, to be 
an anticlinal structure in the upper Castile and Salado 
Format ions caused by salt flowage and thickening in the lower 
Castile. Lower Rustler and upper Salado show an apparent 
syncline; the synclinal structure may the the result of salt 
thinning or dissolutioning over the structure. Drilling is 
expected to be complete at 3200 to JS00 feet when the second 
anhydrite or lower halite of the Castile Formation is 
encountered. Core will be taken from potential aquifer zones, 
levels equivalent to repository horizons, and 6ome of the upper 
Castile Fa. Geophysical logs, drill-stem tests, and iud 
logging will be important parts of the drilling operation. If 
suitable, the borehole will be maintained open for later 
testing of in situ stress and eventually will be converted to a 
hydrological observation hole. 

Background: The area (Fig. 1) of the structural anomaly was 
originally pinpointed as anomalous by G. J. Long and 
Associates, Inc., during a review of seismic reflection data 
made available by the petroleum Industry (G. J. Long and 
Associates, Inc., 1977). That review resulted in the location 
of 2 ar^as of anomalous seismic records in the northern 
Delaware Basin in the Salt Lake quadrangle. Fourteen of those 
anomalies are within the study area and Its immeaiate 
surroundings. Because the anomalous records varied in quality, 
a program for new data collection was initiated in 1977 
directed specifically &.. those 14 anomalies and the upper 
stratigraphic section of interest. That data is now available 
(Long and Associates, December 30, 1977) and is summarized 
below for the drilling of WIPP 11. 

•Geological Data: The geological data relevant to WIPP 11 
/consists of relatively shallow borehole data from potash holes, 
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L. R. Hill - 5311 -2- Jamiary 10, 1978 

seismic reflect!on data, and resistivity data. The data from 
the seismic reflection program is most relevant to drilling 
WIPP 11. 

The most consistent in format ion avail able from industry and 
ERDA potash holes is marker bed 124 near the base of the McNutt 
postash zone of the Salado Formation. Griswold (197 7) shows on 
his Figure 13 that the 124 marker bed slopes southeast at about 
100 feet/mile (I ). A low point, with about 50 feet of 
closure, occurs about one mile south of the WIPP 11 site. 
Contours of the top of the Salado (Griswold, 1977) are not as 
reliable although several low points with 20 - 70 feet of 
closures are shown within about one mile cf WIPP 11. The top 
oE Salado at WIPP 11 also dips southeast. 

The resistivity data in sections 4, 5, 8, and 9 (T22S, R31E) 
show no anomalies associated with the WIPP 11 site. The trend 
of resistivity readings is from high in the east to low in the 
west. Other anomalies in the resistivity data in the study 
area sre addressed elsewhere (Elliot, in preparation). 

Seismic reflection data collected for Sandia is available from 
parts of three lines (X-l,X-2, X-9) in the immediate vicinity 
of the WIPP 11 location (Fig. 1). The data (Figs. 2, 3, 4) are 
shown with preliminary interpretations of *ome reflectors. The 
interpretation is that salt flowage has occurred within the 
Castile Formation and has bulged upward within the upper 
Castile and lower Salado. Line X-1 (Fig. 2) shows evidence of 
faulting west of the WIPP 11 location through the upper 
Delaware Mountain Group and into the Salado. Line X-2 (Fig. 3) 
also shows apparent synclinal structure near the top of the 
Salado Formation. Line X-9 is apparently along strike (Fig. 4) 
and shows less distinct dips. The approximate limits of the 
anomaly as shown on Figure 1 imply an anomaly as much as 2,500 
feet across. 

The seismic data is showing a geologic anomaly possibly 
involving faulting and salt flowage forming on anticlinal 
structure. This structure bears some resemblance to that at 
ERDA 6 and may be related to the deformation zone in front of 
the Capitsa reef (Anderson & Powers, in press). 

Re commendat ions: The anomaly located near the northwest corner 
of section 9, T22S, R31E, must be drilled to determine the 
extent and origin of salt flowage within the Castile and Salado 
at this location. The anomaly bears some structural 
resemblance to ERDA 6, and drilling will be necessary to 
determine if brine and gas are also associated with this 
structure. Indirect methods, such as seismic reflection, are 
not of value for this purpose. 
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L. R- Hill - 5311 3- January 10, 1978 

The anomaly appears to be generally restricted to below the 
Salado Formation in view of resistivity data- The Rustler 
Format ion is probably suited for hydrologic testing, and the 
borehole will be prepare** for that circumstance. 

Interpretation of the structural conditions w? thin the lower 
Salado and upper Castile are of high priority in i-his borehole, 
and the stratigraphic relations may be difficult. Our 
experience in ERDA 6 shows that borehole geophysical logs may 
not be obtainable when brine and H_S are present. The core 
taken is necessary for our structural interpretations. The 
recommendation here is to begin just above the Cowden with 
continuous core, as far as is consistent with safety 
requirements, to the middle anhydrite (Anhydrite 2) of the 
Castile Formation. Special care is needed to not penetrate 
into the Delaware Mountain Group because of the location of the 
borehole within the Known Potash Area (KPA). 

Because of some potential for brine and gas within this 
structure, safety precautions during drilling operations will 
be extensive with special emphasia on blowout preventers, H.S 
detection and protection, and gas sampling. 

Re ferences 

Anderson, R. Y. and Powers, D. W. Salt anticlines in the 
Castile-Salado evaporite sequence, northern Delaware Basin, New 
Mexico. Circular, New Mexico Bureau of Mines and Mineral 
Re sources (in press). 

Griswold, G. B. Site selection and evaluation studies of the 
Waste Isolation Pilot Plant (WIPP), Los Medanos, Eddy County, 
New Mexico. SAND77-0946, Sandia Laboratories, Albuquerque, New 
Mexico (1977). 

Long, G. J. and Associates. Waste Isolation Pilot Plant (WIPP) 
Site Review - Final Report: open file report to Sandia 
Laboratories (1977). 

Copy to : 
1133 R. D. Statler 
5300 0. E. Jones 
5310 W. D. Weart 
5311 S. J. Lambert 
5732 G. B. Gr iswold 
9512 F. L. McFavling 
5311 D. W. Powers 
5311 Ar chives (Z) 
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Hap showing location of seismic reflections lines X-l, X-2, and 
X-9. Dashed lines show location and approximate limits to 
anomaly in sections 8 and 9, T22S, R31E. WIPP 11 is located at 
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FIGURE 2 

Fart of line X-l showing anomaly between points 55 and 85 
and WIPP 11 location. Scale is about 1:1; 550 feet 

between dark vertical lines 

A. Without interpretation. 
B. Interpretation showing top of Salado Formation, 

Castile horizon near top of formation, and 
Delaware sand reflector. 

A-6 



LINE X - 1 

FIGURE 2A 



LINE X-1 

DELAWARE SA«D 

FIGURE 2B 



Figure 3. 

Part of lines X-l showing anomalous region between points 
65 and 100. Scale is about 1:1; 550 feet between 

dark vertical lines 

A. Without interpretation. 
B. Interpretation showing top of Salado Formation, 

Castile horizon near top of formation, and 
Delaware sand reflector. 
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LINE X-2 
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LINE X-2 

TOP SUMO . 

FIGURE 3B 



FIGURE U 

Part of line X-9 showing anomalous region between points 
30 and 55. Scale is about 1:1; 550 feet between dark 

vertical 1ines. 

A. Without interpretation. 
B. Interpretation showing top of Salado Formation, 

Castile horizon near top of formation, end 
Delaware sand reflector. 

A-12 



LINE X-9 
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INTRODUCTION TO APPENDIX B, DRILLING AND TEST PLAN 

The d r i l l i n q and tes t ing plan is the t rans la t i on of technical objec­

t ives contained in the document in Appendix A in to f i e l d engineering 

terms. Changes or amendments are included as w e l l . The approvals and 

permits obtained from various agencies p r io r t o d r i l l i n g are kept on f i l e 

hut are not included here. 

B-l 



Sandia Laboratories 
i<nc January 26, 1978 Aiij-vjieiq..* N&.-. M.-..CC 

to Distribution 

Iram R, D. Etatler - 1133 

WIPP 11 Drilling Program, Schedule and Test Plans 

The exploratory hole designated as WIPP 11 is scheduled to be drilled 
beginning late January 1978. The selected location is very nearly three 
miles due north of ERDA 9 exploratory hole. 

The enclosed document describes the drilling plan, schedule and test plans 
as they are presently understood. The testing program (Appendix c> will 
be forwarded to you under separate cover. 

RDSirj 

Distribution w/enclosures: 
c. L. Jones, U S G S , special Projects, Denver, CO 
J. w. Mercer, USGS-WHD, Albuquerque, NM 
R. E. Ashlock, Fss, Las Vegas SV 
W. E. Cunningham, FfiS, Carlsbad, NM (3) 
1130 K. E. Viney 
1135 P. D. Seward 
5311 L. R. Hill 
5311 D. W. Powers (3) 
5311 S. J. Lambert 
5311 J. W. McKiernan 
5732 G, B. Griswold 
9517 F. L. KcFarling (2) 
5311 Archives (2) 
1133 R. D. statler (5) 

B-2 



WIPP 11 Drilling ?l..n, Schedule 
and Test Plans 

A. Objective (as defined in memo, D. W. Powers to L. R. Hill, dtd 1/10/78, subject, WiPP-l] 

Summary - WIPP 21 will be drilled in the northwest corner of Section 9, T22S, 
R31E, to explore a structural anomaly in the Castile, Salado, and Rustler 
Formations. The anomaly is interpreted, on the basis of seismic reflection 
profiles, to be an anticlinal structure in the upper Castile and Salado 
Formations caused by salt flowage and thickening in the lower Castile. 
Lower Rustler and upper Salado show an apparent syncline; the synclinal 
structure may be the result of salt thinning or dissolutioning over the 
structure. Drilling is expected to be complete at 3200 to 3500 fee*" when the 
second anhydrite or lower halite of the Castile Formation is encountered* 
Core will be taken from potential aquifer zones, levels equivalent to 
repository horizons, and some of the upper Castile Formation. Geophysical 
logs, drill-stem tests, and mud logging will be important parts of the drilling 
operation. If suitable, the borehole will be maintained open for later testing 
of in situ stress and eventually will be converted to a hydrological osbservation 
hole. 

Background - The area of the structural anomaly was originally pinpointed as 
anomalous by G. J. Long and Associates, Inc., during a review of seismic 
reflection data made available by the petroleum industry (G, J. Long and 
Associates, Inc., 1977). That review resulted in the location of two areas 
of anomalous seismic records in the northern Delaware Basin in the Salt Lake 
quadrangle. Fourteen of those anomalies are within the study area and its 
Ixmediate surroundings. Because the anomalous records varied in quality, a 
program for new data collection was initiated in 1977 directed specifically 
at those 14 anomalies and the upper stratigraphic section of interest. That 
data is now available (Long and Associates, December 30, 1977) and is sum­
marized below for the drilling of WIPP 11. 

Geological Data - The geological data relevant to WIPP 11 consists of relatively 
shallow borehole data from potash holes, seismic reflection data, and resistivity 
data. The data from the seismic reflection program is most relevant to drilling 
WIPP 11. 

The moit consistent information available from industry and ERDA. potash holes 
is marker bed 124 near the base of the McNutt potash zone of the Salado Formation. 
Griswold (1977) shows on his Figure 13 that the 124 marker bed slopes south­
east at about 100 feet/mile (1°). A low point, with about 50 feet of closure, 
-occurs about one mile south of the WIPP 11 site. Contours of the top of the 
Salado {Griswold, 1977) are not as reliable although several low points with 
20 - 70 feet of closures are shown within about one mile of WIPP 11. The top 
of Salado at WIPP 11 also dips southeast. 

The resistivity data in sections 4, 5, 8, and 9 (T22S, R31E) show no anomalies 
associated with the WIPP 11 site. The trend of resistivity readings is from 
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high in the east to low in the west, other anomalies in the resistivity 
data in the study area are addressed elsewhere {Elliot, in preparation). 

Seismic reflection data collected for Sandia is available from parts of 
three lines (x-l# X-2, X-9) in the immediate vicinity of the WIPP 11 
location. The data are shown with preliminary interpretations of some 
reflectors. The interpretation is that salt flcwage has occurred within 
the Castile Formation and has bulged upward within the upper Castile and 
lower Salado. Line X-l shows evidence of faulting vest of the KXPP 11 
location through the upper Delaware Mountain Group and into the Salado. 
Line X-2 shows apparent synclinal structure near the top of the Salado 
Formation. Line X-9 is apparently along strike and shows less distinct 
dips. The approximate limits of the anomaly imply an anomaly as much as 
2500 feet across. 

The seismic data is showing a geologic anomaly possibly involving faulting 
and salt flowage forming on anticlinal structure. This structure bears 
some resemblance to that at ERDA 6 and may be related to the deformation 
zone in front oi the Capitan reef (Anderson and Powers, in press). 

Recommendations - The anomaly located near the northwest corner of Section 9, 
T22S, R31E, must be drilled to determine the extent and origin of salt 
flowage within the Castilt and Salado at this location. The anomaly bears 
some structural resemblance to ERDA 6, and drilling will be necessary to 
determine if brine and gas are also associated with this structure. Indirect 
methods, such as seismic reflection, are not of value for this purpose. 

The anomaly appears to be generally restricted to below the Salado Formation 
in view of resistivity data. The Rustler Formation is probably suited for 
hydrologic testing, aid the borehole will be prepared for the circumstance. 

Interpretation of the structural conditions within the lower Salado and upper 
Castile are of high priority in this borehole, and the stratigraphic relations 
may be difficult. Our experience in ERDA 6 shows that borehole geophysical 
logs may not be obtainable when brine and H2S are present. The core taken 
is necessary for our structural interpretations. The recommendation here 
is to begin just above the Cowden with continuous core, as far as is con­
sistent with safety requirements, to the middle anhydrite (Anhydrite 2) of 
the Castile Formation. Special core is needed to not penetrate into the 
Delaware Mountain Group because of the location of the borehole within the 
Known Potash Area (KPA). 

Because of some potential for brine and gas within this structure, safety 
precautions during drilling operations will be extensive with special 
emphasis on blowout preventers, H2S detection and protection, and gas 
sampling. 
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Keferences - Anderson, R. Y., and Powers, D. W. Salt anticlines in the 
Castile-Sal.ado evaporite sequence, northern Delaware Basin, New Mexico. 
Circular, New Mexico Bureau of Mines axid Mineral Resources (in press) , 

Griswold, G. B. Site selection and evaluation studies of the Waste 
Isolation Pilot Plant (WIPP), Los Medanos, Eddy County, New Mexico. 
SAND77-0946, Sandia Laboratories, Albuquerque, New Mexico {19775. 

Long, G. J., and Associates. Waste Isolation Pilot Plant {WIPP) Site 
Review - Final Report: open file report to Eandia Laboratories (1977). 

B. Schedule 

1. Drilling contract awarded December 1977 

2. BLM permit received December 1977 

3. Access road and drill pad complete by January 15, 1978 

4. Notice to proceed given to drill contractor January 16, 1978 

5. Expect spudding of hole to be approximately January 23, 197B 

6. Completion data estimate by early March 1978, 

C. Organisation 

Technical direction will originate within Sandia Division 5311 under 
Dennis Powers. Field operations, managed by Bob statler, sandia Division 
1133, will be conducted by W. E. Cunningham, Fenix fi Scisson. Drilling 
contract and associated support service contracts will be let and administered 
by F&S as arranged for by Federal agency order through Nevada Operations Office, 
DOE. 

Identification of marker beds, core logging and other geologic interpretations 
will be provided by Charlie Jones, USGS-Special Projects, Jerry Mercer, USGS-
WRD, and Joe Gonzales, FSS. 

Quality Assurance Program will be administered by F. L. McFarling and 
Jim Jones, Sandia Division 9517. 

Indratrial Safety program will be administered by specialists from Fenix 
.& Scisson, Las Vegas. 

Administrative assistance and logistical support of Sandia Programs will 
be provided by P. D. Seward and J. E. Magruder, Sandia Division 1135. 
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Field Operations 

1. Site selected and land surveyed. Land survey should consist of a plot showing 
Township, Range, Section/ and distance in feet to the closest section boundary. 
Plot should show route of a 25 foot wide access road and layout of 300 feet 
x 300 feet drill pad. A temporary monument should be placed in a convenient 
corner of the drill pad and elevation ahove sea level to closest 1/10 of 
foot be established. 

2. Archeological survey taken in conjunction with land survey for filing with 
land use permit application. 

3. Temporary land use permit application for specific site filed with BLK 
for access road and drill pad, 

4. File "Notice of Intention to Drill Exploratory Well" with USGS Area Geologist, 
Roswell; USGS Oil & Gas Commission, Artesia; USGS Area Mining Supervisor, 
Carlsbad; KJi State Engineer, Roswell; NM Oil Conservation Coinniissiont Santa Fe; 
as appropriate. Notify surface land lease holder and notify lease holder of 
Oil s Gas rights and lease holder of mineral rights, if any. 

5. Award drill contract, purchase long lead time items, Negotiate other pertinent 
contracts as appropriate (mud, casing, coring, logging testing, etc.). 

6. Award dirt contract, construct access road and drill pad with 6 inch caliche 
base, excavate 6 foot x 6 foot x 6 foot cellar, line with 3 inch timbers. 
Dry hole auger approximately 40 feet of approximately 18 inch diameter hole. 
Set 13-3/8 j-55 54# casing to GL. Cement annulus from TD to floor of cellar. 

7. Excavate brine pit and reserve pits line with suitable material. 

8. Move in rig and associated equipment required for safe drilling of wells con­
taining hydrogen sulfide. Pad layout should be adapted from recommendation 
published by American Petroleum Institute Bulletin API RP49, latest edition. 

9. Rotary a nominal 8 inch hole to approximately 1000 feet or about 40 feet below 
Rustler formation into the top of Salado Salt. Use conventional circulation 
with salt base mud as required to match formation. At each of three intervals, 
the Magenta, the Culebra and the Rustler/Salado interface take one or more 
50 foot x 4-1/4 inch 0 core. Core is intended to aid in the analysis of 
fresh water acquifers above the salt. USGS-WRD representative will specify 
core intervals. Core will be logged, photographed, packaged and stored 
-according to procedure outlined in Appendix A of this procedure. 

Drill crew will take cuttings at approximately 10 foot intervals from 
bottom of surface casing to TD. Depths of cutting source will be recorded 
on each package and made available on daily basis to geologist on duty. 
Cuttings will be handled and stored as outlined in Appendix A. 
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OSGS-WRD crew may run gamma and neutron logs of top 1000 feet. Other 
commercial logs may be run as technical director chooses. 

Make up hole opener and open hole to noninal 12 inch diameter to TD. Caliper 
log may be run at discretion of FfiS manager. Run 9-5/8 inch OD 36# J-5S 
casing to TD with centralizere placed on at least two locations. Cement 
annulus using class "C" cement with 2% calcium chloride circulate/ a minimum 
of 50% excess above calipered volume calculated to fill annulus. Test stand 
a minimum of 12 hours under pressure and a total of 24 hours before drilling 
plug to resume drilling. 

Rig up gas and iaud control equipment including B.O.P., drilling head, gas 
separator, choke manifold, kill lines, kelly-cock, remote B.O.P. controls, 
flare lines, wind indicators, and mud logging units. B.O.P. should be 
selected commensurate with possible severe hole conditions and tested and 
certified accordingly. A possibility exists of an Artesian brine pocket 
charged with high concentration of H 2S gas. Brine flow rates in the 10,000 
barrel/day range may exist. Sufficient storage capacity should be on site 
to handle these maximums. Gas separator Jines and flare lines should be 
equipped to allow samples to be taken of any fluids or gas produced. Drilling 
fluid should be saturated brine to match formation. Have a sufficient supply 
of H s inhibitor on hand for adding to drilling mud system as may be required. 

Pick up nominal 8 inch drill bit and rotary down to approximately 30 feet 
above Cowden formation. Upon advice of duty geologist, switch to coring 
operation. 

Take continuous 4-1/4 inch+_ core down to middle of massive anhydrite bed 
at the top of the Castile formation. Core logging, photographing, packaging, 
and handling will be carried out as defined in Appendix A. Clean and dress 
hole as necessary, and prepare for logging program as defined in Appendix B 
and drill stem tests as defined in Appendix c. 

Particular attention needs to be given to the nature of any gas pocket 
present for at this time a decision must be made whether or not to set a 
production string of casing. If hole is judged sufficiently safe, then 
coring operations can resume through the open hole down to the TD in 
Anhydrite Bed II in the Castile. This is the formation which is expected 
to produce the brine flow with or without H2S. 

If serious gas pockets have been encountered in the drilling thus far, or 
if the Technical Director and/or the Manager of F&S operations suspect 
an unsafe condition, then a production casing string will be stood in 
upper massive anhydrite bed to the surface after logging and drill stem 
tests are completed. 

The production string will be 7 inches OD J-55 23# cemented at least up 
to Cowden with a mud pack in the annulus to the surface. Hole conditions 

B-7 



may be such that cementing of annulus should be run even higher. After the 
cementing process, similar to that used in cementing surface casing, let 
cement stand a minimum of 12 hours under pressure and a total of 24 hours 
before drilling the plug to resume coring. 

1J. Resume coring with coring tool suitable for safe working inside 7 inch 
production string. Take continuous core to final TO in the middle anhydrite 
bed (Anhydrite II) of the Castile Formation. Special care must be exercised 
not to penetrate into the Delaware Mountain Group below the Castile. Geologists 
should closely monitor hole production to be sure TD is set without risk 
of a serious penetration below the Castile. 

Upon reaching TD in Anhydrite II, the objective is to complete the logging 
program and make tests for such as formation pressure and size of fluid 
reservoir if any, and take samples of fluids and gases present. Several 
options may exist for conducting test program, it is important to select 
one or more methods that are compatible with hole conditions and maintain 
acceptable safe practices. 

It should be noted that seismic reflection data may be interpreted to indicate 
that salt flowage has occurred in the Castile and has bulged upward within 
the upper Castile and lower Salado. Top of the Castile may occur any depth 
below 2500 feet as opposed to the 3000 feet earlier predicted. 

16. When coring, testing and logging is completed, hole should be conditioned 
for setting a cement plug. If production string has been stood into the 
upper anhydrite bed of the Castile, then the hole should be plugged back 
to the level of cement in annulus around production casing. If no production 
casing has been stood, then hole should be plugged up into the lower salt 
unit of the Salado. Top of cement is uncertain at this writing, and will 
be established according to data given by logs and cores. 

17. Condition well and leave loaded with salt based mud system. Remove B.O.P. 
and associated hardware. Install casing head with appropriate fixtures, 
valves and gages to monitor any gas release from well. 

18. Rig down and release rig. 

Quality Assurance 

Certain features of this exploratory well may have a significant bearing on 
decisions about site selection and therefore a Quality Assurance Program is 
required for those activities that will produce important data and information. 
The activities or features requiring quality assurance are: 

1. Location of the well. 
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2. Measurement of the ground level above sea level, and rig measurement such 
as height of kelly bushing and length of drill stems. 

3. Drill depths as they affect determination of marker bed intercepts, core 
intervals, and formation thicknesses. 

4. Direction of hole to establish that deviation is controlled within API 
recommended practices. 

5. Drilling fluids monitoring and logging to the extent it is used to determine 
presence of formation gases and gluitis. 

6. Geologic logs to the extent they are used to determine formation geology 
and supplement data taken from c"re and cuttings examinations. 

7. coring, core logging, and handling. 

8. Well bore and drill stem tests to the extent they are used to define well 
characteristics, formation character, fluid and/or gas reservoir strengths 
and character. 

9. Cementing of casing annulus as required to separate specific aquifers and 
formations from communication when required by State and Federal regulation. 

10. Bore hole plugging to the extent required to plug open hole and prevent 
intermixing of fluids and gases of different zones within salt beds. 

Actual procedures to be followed during coring, logging, testing, cementing, 
and plugging operations will be published as appendices to this document. 

Appendix A - Core and Core Handling Program 
Appendix B - Logging Program 
Appendix C - Testing Program 
Appendix D - Cementing and Plugging Program 
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WIPP 11 
Appendix A. Core and Core Handling program 

Cores with 4-1/4 inch nominal diameter are to be taken at four intervals 
in WIPP 11. The first three intervals are within the Rustler Formation 
through the Magenta, 'he Culebra and across the Rustler/Salado interface. 
Careful monitoring Oi drilling progress should permit minimizing core 
intervals to 50 feet for each of the three zones occurring in the first 
1000 feet of hole. 

The fourth Interval should begin just above the Cowden, estimated between 
2000 feet and 2500 feet depth. Coring should be continuous down to the TD 
estimated at 3200 feet. 

If production string id necessary, coring will be interrupted within the 
upper anhydrite bed of the Castile until geologic logs, drill stem tests 
and casing operations are complete. Coring may then continue down to TO 
taking 3-1/2 inch core. 

A duty geologist will log and measure core as it is removed from core barrel. 
Core will Chen be cleaned and photographed, and sealed within plastic 
sleeving before packaging in standard cardboard boxes. Boxes will be marked 
with hole identity and core interval. Core will then carefully be loaded 
in a transport vehicle by contractor personnel, as supervised by duty 
geologist, and taken to core storage in Carlsbad, New Mexico on South Canyon 
Street. 

A coring record should be kept showing: date and tour, sequence of care 
interval, length of interval, depth of interval, footage of core recovered and 
percentage. Rig operating conditions such as RPM, weight on bit, circulating 
pressure should also be kept, 

For sake of consistency a routine h^s been established for handling and marking 
core at the drill pad as follows: 

1. Coring contractor and roustabouts will remove core fros core barrel. 
All pieces are to be recovered and placed in troughs in the order 
they come out of the barrel for inspection and ueasurenent. Troughs 
are marked orange or red indicating top end, and black indicating down 
direction. 

2. Each major piece should be marked with a water-proof black ink arrow 
pointing in the direction the hole ia advancing. 

3. Log, identify and measure all core pieces, express to the closest 
l/10th of foot. Note: all depth measurements are from the top side 
of the Kelly Buahing unless otherwise specified. 

4. Move troughs to photo shed, set up to color photograph in sequence. 
Each picture should show Hole identity "WIPP 11", core run number, 
direction hole is advancing, and depth of interval. 

5. As the ohotos are completed, separate pieces into appropriate lengths. 
Sleeve and seal and Insert into boxes. Tape boxes and mark outside 
of box with Hole identity and depths of core interval. 

6. Transport boxed core to core storage taking particular care in handling 
and delivery to avoid damage to core. 
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WIPP 11 
Appendix B. Logging Program 

Geologic logs will be run in WIPP 11 to determine formation character as well 
as hole dimensions and direction. The information of interest and the probable 
logs to assist in the determination are: 

Information 

Sonic or Acoustic Property 
Clay/Water [Hydrogen) 
Density 
Resistivity, 
Porosity, 
Water Saturation 
Lithology/Natural Radiation 
Formation Dip 
Hole Diameter 
Hole Direction 
Temperature 

Probable Log 

BHC Acoustilog 
Neutron Log 
Densilog 
Dual Laterelog, 
Dual Induction, 
Micro Laterolog 
Gaaima Ray 
Dip Log 
Caliper 
Directional Survey 
Top of Cement 

It should be noted that the list of probable logs are trade names of a particular 
company and are not intended to imply the need for sole sourcing. An exception 
is the Dip Log, where the requirement does exiat that it be done by Schlumberger. 

The drilling plan for WIPP 11 is euch that logging will probably have to be done 
in three phases as follows: 

Phase 1: 0-1000 feet before casing. 
Acoustilog BHC 
Dual Induction Log 
Micro-Laterolog 
Densilog 
Gamma 
Neutron 
Caliper 

A temperature log may be desired to locate top of cement in annulus after casing. 
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Phase 2; 1000 feet to top of Castile before standing production string 
1- Acoustilog BHC 
2. Densilog 
3. Dual Laterolog 
4. Gamma and Neutron 
5. Dip Log 
6. Caliper 
7. Directional Survey 

Phase 3: To TD if possible 
1. Acoustilog BHC 
2. Densilog 
3. Dual Laterolog 
4. Gamma and Neutron 
5. Dip Log 
6. Caliper 
7. Directional Survey 

rtud logging service should be employed to determine the presence of hydrocarbons, 
H 2S, CQ2' a n t i nitrogen. Systems used should be selected to minimize any inter­
ference within the measuring due to coexisting gases. Standard industry hydro­
carbon measurements should be used to indicate the species of hydrocarbons as 
well as total hydrocarbons expressed as methane. 

Approximate detection limits are: 

H 2£ - Lower limit: lppm or less 
COj - Lower limit: About lOppm 
N 2 - Lower Limit: About 2000ppm 

Samples of gases or fluids are desired when requested by Technical Director, 

The original recordings and 10 copies of all logs should be delivered to Fenix £ 
Scisson, Carlsbad office, upon completion of service. A limited number of field 
prints may be requested at the well site as soon as logs have been run. 

Fss will distribute log records as follows: 

USGS-WRD J. W, Mercer {2} 
USGS-Spec Proj. C. S. Jones 
FSS, Carlsbad W. £. Cunningham (2) 
5311 D. W. Powers (original + 1) 
5311 S. J, Lambert 
5311 Archives File 
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Sandia Laboratories 
d , 3 l e March 1 , 1978 Albuquerque. New Mexico 

Livsrmo'e. California 
to Distribution 

7. 
I. ^ / * - I- - T- <-

Uotf R. D.' Statler - 1133 

subjea Wlpp 11 Drilling 

Attached for your information is WIPP 11, Appendix C, Testing Program. 

Distribution: 
C. L. Jones, USGS, Special Projects, Denver, CO 
J. W. Mercer, USGS-WRD, Albuquerque, NM 
R. E. Ashlock, F&s, Las Vegas NV 
W. E. Cunningham, FSS, Carlsbad, NM (30 
1130 H. E. Viney 
1135 P. D. Seward 
5311 L. H. Hill 
5311 D. W. Powers (3) 
5311 s. J. Lanbert 
5311 J. W. McKiernan 
5732 G. B. Griswold 
9517 F. L. McFarling (2) 
5311 Archives (2) 
1133 R. D. Statler (5) 
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Appendix C - Testing Program 

One objective in drilling the exploratory well wi^P-ll is to analyze and 
understand fluid or gas entry into the well base. The thickness of the 
formation, volume of the "reservoir" as well as the pressure and composi­
tion of the fluids are all important information. 

During the drilling operation, difficulty can be expected in determining 
the presence of small pockets of gas. Particular attention nust be given 
such things as any anomalous drilling rates, changes in mud density, gas 
detected at the separator or any visual evidence that might signify the 
existence of gas pockets or fluids and indicate a need for running a drill 
stem test. 

If no significant quantities of fluids or gas have been encountered during 
the drilling or coring operation then the drill stem test intervals will 
be established after review of geological logs to be run after reaching 
TD. 

Conventional drill stem tests will be used as a means of determining 
productivity of the subsurface formation in KiPP-11. In order to accomplish 
this, the selected test interval rr.ust be opened to atmospheric or reduced 
pressure. 

The procedure is to lower the testing tool into the well bore on drill 
pipe with the tool closed to prevent entry of well fluids into the drill 
pipe. Well-bore packers will be included in the assembly below and 
above the testing tool, and expanded to block-off the zone to be tested. 

The testing tool will then be opened, leaving formation fluids exposed 
to atmospheric pressure and allowed to flow into the empty drill pipe. 
The amount of fluid flow into the drill pipe will be used as a measure 
of the ability of the well to produce fluid. After a certain prescribed 
flow period, probably 30 minutes, the testing tool will be caused to close. 
This will allow the pressure of the formation to build back up while 
being recorded on a clock-driven recording device located within the 
testing tool. 
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The "shut-in pressure" will probably be held for 120 minutes during the 
first cycle. Alternate flow and shut-in pressures may be conducted up 
to three times with flow #2 probably held for 120 minutes and shut-in 
82 held for 360 minutes. If flow #3 is considered desirable the flow 
period and shut-in period will b. established in the field by the 
Technical Director. 

it is estimated that three separate DST's will be run in WIPp-11 and 
that each test will take 36 hours to complete. 
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WZPP IX 
Appendix D. Cementing and Plugging Program 

The WIPP XI exploratory hole is located within tht known potash area (KPA) and 
within a water basin as designated by Hew Mexico State Engineers office. 

State regulations require that aequifers be kept separate to avoid comingling 
and be kept out of the salt beds below. 

Cementing of the casing will be carried out according to existing practices by 
a reputable supplier knowledgeable of such regulations. 

Hole snould be calipered for establishing the volume of cement required to fill 
annulus. 

Sufficient quantity of class "C" cement with 2% calcium, chloride to circulate up 
to 50% excess should be provided. 

A casing pressure test should be applied as follows: displace mud with clear 
water; apply a pressure of 600psi and hold for 30 minutes and observe. If a 
pressure drop of lOOpsi or inore should occur within 30 minutes, take corrective 
measures and repeat test. If pressure drop is less, cementing job is considered 
complete. 

See page 2, Appendix D. 
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After completion of the drilling program for WIPP Wll the hole will consist 
of 9-5/8 inch casing set and cemented from the surface into the top of the salt 
at about 1000 feet depth. Below this depth the hole will be 7-7/B inch down 
to the second Anhydrite bed in the Castile at approximately 3200 feet depth. 
The plugging operation will be done in two phases and will plug the hole from 
total depth to the bottom of the casing. 

The first phase will place a continuous plug from total depth to approximately 
2750 feet. After a period of testing and studies in the remaining open hole 
the phase 2 plugging operation will be accomplished. This plug may be continuous 
from about 2750 feet to the bottom of the casing or placed in two stages dependent 
on any "loss of circulation" zones noted during the drilling and coring operations. 

The grout mixture for both phases of the plugging operation will be the same as 
the grout placed in plugs two and three of the ERDA #10 drill hole which was 
plugged during the early part of October 1977. The grout mixture is 70 percent 
Class C (sulfate resistant) cement/30% flyash with water and additives. This 
70/30 mixture by volume equals 75/25 by weight. The mixing water will be 
salt-saturated (approximately 36 percent by weight of water). Other additives 
will include 2 percent Attapulgite (Brine gel), 2 percent calcium chloride, and 
a dispersant or friction reducing agent to improve flow characteristics of the 
grout during pumping. A silica sand (about 5 percent by weight) may be added to 
reduce the loss to the formation. 

Volumes of each plug will be calculated from the caliper logs. My tentative 
recommendation for each plug is to include enough volume of grout for 50 percent 
excess over the calculated volume of the hole through the plug distance plus 
an additional 100 feet of hole (to be reversed out). This amount of excess 
volume is subject to adjustment during the preliminary meetings and the reviews 
of the drilling data and logs. 

Preliminary meetings with the potential grouting contractors should be held 
during the next few weeks. These meetings should discuss the above proposed 
grouting plan including materials, equipment and operational procedures and 
quality control. 

The quality control program will be provided by the Wagerways Experiment Station 
(WES) and will be similar to the one for the plugging of the ERDA #10 drill hole. 
WES will inspect the batching plant and all of the equipment before the grouting 
operations. Samples of all materials will be taken from storage and from the 
blended batches. Samples of the grout will be taken before and during the pumping 
of each plug and any grout returned to the surface during the "reversing out" 
of the grout from above the desired location of the top of the plug. The samples 
will be tested and evaluated at the WES Lab in vicksburg as a part of the 
Borehole Plugging Development Program investigations. 

The pumping rate and pressure will be monitored and continuously recorded. A 
flow meter will be added to the discharge line to the mud pit to compare directly 
with the pumping rate and to check for loss of grout to the formation. 

I will maintain close liaison with Mr. Earl Cunningham of Fenix s Scisson, Inc., 
Ralph Bendinelli of WES, the grouting contractor and interested Sandia personnel 
until the plugging of WIPP #21 is completed. 
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Sandia Laboratories 
dale M a r c h 9 1 9 7 8 Albuquerque. New Mexico 

Livermore. California 
'o W. E. Cunningham - F&S 

from tf D. Statlei - 1133 

subiec! Modification to Drilling Program WIPP-11 

Upon completion of taking core #23, expected to be at an approximate 
depth of 3191 feet, suspend continuous coring operations and begin 
rotary drilling. Drill until intercept with Anhydrite I has been 
definitely established. Estimate this to be about 3550 - 3600. Take 
a final core at total depth and then prepare for logging and any 
possible drill stem tests. 

Following logging and testing leave well temporarily completed with 
saturated colu-̂ n of fluid standing. 

Rig down and de-mobillze site. 

RDS:ah 

Distribution 
C. L. Jones, USGS, Special Projects Denver, CO 
J. W. Mercer, USGS-WRD, Albuquerque, NM 
R. E. Ashlock, FSS, Las Vegas, NV 
W. E. Cunningham, PSS, CarlBbad, NM (3) 
1130 
1135 
5311 

-5311 
5311 
5311 
5732 
9517 
5311 
1133 

H. E. Viney 
P. D. Seward 
L. R. Hill 
D. W. Powers (3) 
S. J. Lambert 
J. W. McKiernan 
G. B. Griswold 
F. L. KcFarling (2) 
Archives (2) 
R. D. Statler (5) 
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£» Sandia Labordtories 
d3ie: AugUSC 1 , 1 9 7 7 ^ ^ Albuquerque. New Me*ico 

Ltvermore. California 
R. D. S t a t L e r - 1L33< 

A i 

from: D. W. Powers - 1141 

subject: Logging Program for ERDA #11 
The primary purpose of ERDA #11 is to test the so-callel 

seismic dropout in Section 8, T22S, R31E. Secondary purpose.; 
of the hole are to test the dissolution of the upper part of 
the Castile Formation and the hydrology associated with the 
Rustler Formation. In accordance with those purposes the 
following logging program is anticipated: 

1. The USGS/WRD from Albuquerque will log the Rustler 
Formation as soon as that drilling is completed. 

2. The entire hole will be logged, as appropriate, for 
the following: 

Formation Character Probable Log 
Sonic or acoustic property Acoustic log (BHC) 
gamma ray gamma ray 
clay/water (hydrogen) neutron 
density densilog 
resistivity dual laterolog 

*dips dlplog 
*velocity up-hole seismic 

*logs that are contingent on the information from the borehole. 

It is possible that the gamma ray and sonic log will be 
necessary prior to initiating coring at the Cowden anhydrite 
to facilitate stratigraphic picks; however, it is likely that 
the WRD logging truck will be available for this purpose. 
DWPowers:1141:bv 
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R. D. Statler - 1131 -2-

Copy to: 
C. Jones, USGS, Denver, CO 

W. Mercer, USGS, Albuquerque, KM 
1140 W. D. Weart 
1141 L, R. Hill 
1141 S. J. Lambert 
1141 D. W. Powers 
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Sandia Laboratories 
date. A u g u s t A, 1 9 7 7 Albuquerque New Mexico 

. ^ Livermore. Cahlornia 
to- R. D. Statler - llSS^g***—""*••-• 

from D. W. Powers - 1141 

subject Mud Logging for ERDA 10 and 11 

As we have previously discussed, there are four basic pieces 
of information desired from sampling gas separated from the 
mud in ERDA 10 and 11: hydrocarbons, H^S, CO?' and nitrogen. 
The further requirements of the monitoring system are: 

1) Minimal interference within the measuring systems 
due to coexisting gases. 

2) Standard industry hydrocarbon measurements indicating 
the species of hydrocarbons, and total hydrocarbons 
expressed as methane. 

3) Detection limits approximately as follows: 

for CO2: lower limit about 10 ppm 
for N„: lower detection limit about 2000 ppm. 

Please understand that these are approximate limits that 
are not purposely designed to eliminate any potential con­
tractor. These limits have been given in each instance by 
at least one field operator as reasonably obtained in the 
field. If further precision is readily available, we should 
take advantage of it. 
As we also discussed with Mr. Cunningham, a system should be 
available where Steve Lambert can sample gases or fluids. He 
has expressed the desire to use glass sample bottles, and will, 
I presume, be able to advise you concerning any characteristics 
of the system he envisages. 
DWP:1141:bv 
Copy to: 
W. E„ Cunningham, F&S, Carlsbad 
1141 L. R. Hill 
1141 S. J. Lambert 
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Sandia laboratories 
d a , e J a n u a r y 2 5 , 1978 ^ , Aibuaumw New Me«.eo 

^ ^ f c 2 * . Ltvermese. California 
1 0 R. D. Statler - 11334?*'""'"'^ 

/ 
D. W. Powers - 5311 

subject Borehole Logging of WIPP #11 

After discussions with John Hem, it is apparent that a 
sonic or acoustic log will be sufficient for aiding inter­
pretation of seismic reflection data. The uphole seismic 
velocity log requested in a previous memo may be disregarded. 
The sonic or acoustic log will be required from the surface 
down. 
Our previous experience has indicated some contractors have 
difficulty supplying sonic logs through the section of 
interest. Because the interpretation of the seismic re­
flection work here is so important to analyzing the structure 
around WIPP 11, care should be taken in selecting the con­
tractor best able to provide the sonic logging service. 

DWP:5311:blk 
Copy to: 
w. D. Cunningham - FsS/Carlsbad, N.M. 
5311 L. R. Hill 
5311 D. W. Powers 
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Sandia Laboratories 
_ , . n \ . c m i o Albuquerque New Mexico 
doic. F e b r u a r y 6, 1 9 7 8 L, v c, m o,c. ca:.i»,n,3 

m: R.D. statler 1133 

from D.W. Powers 5311 

Marker Horizons in WIPP 11 

Charlie Jones has estimated (verbally) the following 
depths at WIPP 11: 

top Rustler Fm 630' 
Magenta Dolomite 710' 
Culebra Dolomite 810' 
top Salado Fm 950' 

Jerry Mercer has supplied approximate depths as follows: 
Santa Rosa 20-140' 
Dewey Lake 140-635' 
Rustler Fm 635-935' 
Magenta Dolomite 690-715' 
Culebra Dolomite 610-885' 
Salado Fm 935-2835' 

John Hern has estimated depths from seismic data at WIPP 
11: 

top Salado Fm 950' 
top disturbed none 1830' 
top Delaware 3900' 

Carrying a Castile reflector through the disturbed zone 
indicates the top of Castile may be as shallow as 
2500-2600'. The disturbed nature of the reflectors 
indicates we should be prepared for unusual stratigraphy 
in any case. 
DWP:5311:dp 
Distribution: 
W.E. Cunningham, F&S, Carlsbad, NM (3) 
C.L. Jones, USGS, Special Projects (c/o SLA, Carlsbad) 
J.W. Mercer, USGS - WRD (c/o SLA, Carlsbad) 
5311 L.R. Hill 
5311 D.W. Powers 
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APPENDIX C 

HOLE HISTORY 

compiled by 

R. 0. Statler 

Division 1133 

and 

P. D. Seward 

Division 1135 

Sandia National Laboratories 



INTRODUCTION TO APPENDIX C , HOLE HISTORY 

The hole h is to ry is a document provided soon after completion of the 

borehole, and i t summarizes the relevant informat ion on the da i l y loq kept 

by the contractor. The hole h is to ry is not edi ted to ensure conformance 

in eve-y de ta i l w i th l a t e r information developed fo r previous chapters. 

Further informat ion may be obtained as necessary through examination of 

the o r i g ina l da i l y time logs. 

C-l 



PLe«c REFLV To.TES : 1 2 0 4 
P. O BOX 496 
MERCURY. NEVADA 90023 

« * FfeS c 

V 

June 16, 1978 

Mr. R. D. Scatler, 1133 
Sandia Laboratories 
P.O. Box 5800 
Albuquerque, New Mexico 

87115 

CARLSBAD HOLE HISTORY 

Enclosed is the original hole history on WIPP #11 for your distribution. 

G. T. BRUESCH, MANAGER 
TECHNICAL SUPPORT 

cc: W. E. Cunningham w/encl. (4) 
W. D. Sutherland w/encl. 
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J u n e 8 , 1 9 7 8 

F E H I X I SCISSON, INC . 

HOLE HISTORY DATA 

H ^ E N O . , WTPP # 1 1 * . 0 . NO.. 1 1- 0- NO.. 

USER< S a n d i a L a b TYPE HOLE. E x p l o r a t o r y 

L O C A T I O N New M e x i c o 
1 

COUHTYr E d d y | AREA. 

SURFACE COORDINATES* 7 0 9 1 F N L r 2 9 4 * F W L . S e c . 9 . T 2 2 S . R U E 

GROUND ELEVATION. 3 4 2 6 . 1 2 * PAD ELEVATION. TOP CASING ELEVATION: 

RIC ON LOCATIONi 2 - 4 - 7 8 SPUDDEOi 2 - 6 - 7 8 COMPLETED. 3 - 1 4 - 7 8 

C I R C U L A T I N G M E D I A . S a l t b a s e m u d . 

MAfN HIS t CONTRACTOR j NO. OF COMPRESSORS * CAPACITY 

BORE HOLE RECORl' CASING RECORD 

FROM TO SIZE ! . D . * T . / F T . WALL GRADE CPL'G. FROM TO CU. FT.CMT. 

* o 1 5' E x c a v a t e d ' 6 ' x 6 ' C E L U R ) 0' 5' D i r t 

* 5 ' 40.4' 18" 12.715" 4 8 # H-40 0' 40.4* 81 

53' 985* 12Vf 8.921" 36# J-55 0' 985' 656 

985 ' 3580' 8-3/4" 

T - A L D E P T H i 3 S 8 0 ' | AVERAGE MANDREL DEPTH' PROM REFERENCE ELEVATION 0 

JUNK & PLUGS LEFT IN HOLEi 

SURVEYS PACE. 1 CORING PACE* ? I | CU. PT. CUT. TOTAL t * PLUGS. ETC. 

L O G G I N G D A T A < P a g e 6 

• O T T O M H O L E C O O R D I N A T E S . 8 7 2 . 8 ' F N L , 5 2 2 . 1 ' E E L @ 3 5 8 3 * 1 R E F E R E N C E . S c h l u : n b e r g e r 

t lCS USED {Site Prep Rigs *} 

RIG NO. NAME TYPE CLASS O,K:U SECURED 
W CREW * " c « « 'XV.?" 

13 V e r n a D r i l l i n g C o . B r e w s t e r / S k y t o p 36.38 36.38 

K - 4 

R E M A R K S " Site Prep heifist D e p t h s s h o w n a t g r o u n d l e v e l . 

A l l d e p t h s s h o w n a r e f r o m t e l l y b u s h i n g e l e v a t i o n , 1 3 ' a b o v e g r o u n d l e v e l , 

e x c e p t f o r s i t e o r e p w o r k . 

H o r i z o n t a l d e v i a t i o n a t 3 5 8 3 ' ( l o g d e p t h ) w a s 2 8 0 . 8 ' , N 3 5 ° E -

PREPAlt t0 BYi D W S / i t C - 3 TIME BREAKDOWN ON NEXT PACE | 



WIPP #11 

TIME BREAKDOWN 

SITE P R E P A R A T I O N 

DRILLING OPERATION TIME (OOT) OTHER SCHEQULEO TIME (OST| OPERATIONAL DELAY TIME (ODT) 

DRILL MOVE 

RUN CA5IHG 

CEMENT CASING 

SITEO 

RIG REPAIRS 

W. 0 . DRILLIHG SUPPLIES 

CLEAH OUT FILL 

SECURED WITH CREWS 

SITE ODT 

TRIPS 

SURVEYS 

MOVE 

RUN CA5IHG 

CEMENT CASING 

SITEO 

RIG REPAIRS 

W. 0 . DRILLIHG SUPPLIES 

CLEAH OUT FILL 

SECURED WITH CREWS 

SITE ODT 

TRIPS 

SURVEYS 

MOVE 

RUN CA5IHG 

CEMENT CASING 

SITEO 

RIG REPAIRS 

W. 0 . DRILLIHG SUPPLIES 

CLEAH OUT FILL 

SECURED WITH CREWS 

SITE ODT 

MOVE 

RUN CA5IHG 

CEMENT CASING 

SITEO 

RIG REPAIRS 

W. 0 . DRILLIHG SUPPLIES 

CLEAH OUT FILL 

SECURED WITH CREWS 

SITE ODT 

MOVE 

RUN CA5IHG 

CEMENT CASING 

SITEO 

RIG REPAIRS 

W. 0 . DRILLIHG SUPPLIES 

CLEAH OUT FILL 

SECURED WITH CREWS 

SITE ODT SITE DOT DAYS 

MOVE 

RUN CA5IHG 

CEMENT CASING 

SITEO ST DAYS 

RIG REPAIRS 

W. 0 . DRILLIHG SUPPLIES 

CLEAH OUT FILL 

SECURED WITH CREWS 

SITE ODT 

TOTAL SITE PREP TIME DAYS | REMARKS* 

MAIN H O L E C O N S T R U C T I O N 

DRILLING OPERATION TIME (DOT) OTHER SCHEDULED TIME (05T) OPERATIONAL DELAY TIME (ODT) 

DRILL 4 . 1 1 

TRIPS 0 . 7 9 

DRESS DRILLING ASSEMBLY 

SINGLE SHOT OEV. SURVEYS 0 . 2 5 

OPEN HOLE OIRECTION SURVEYS 

SN HOLE 1.67 

MOBILIZATION I D E U 

CORE 

LOG 

CASED HOLE DIR. SU 

UNLOAD CASED HOL 

RUN MANDREL 

HYBROLOGICAL TE5 

R i g Up & D o w n 

G o v e r n m e n t E q 

OBILIZATIOH RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

2.60 
0.19 
1.62 

DRILL 4 . 1 1 

TRIPS 0 . 7 9 

DRESS DRILLING ASSEMBLY 

SINGLE SHOT OEV. SURVEYS 0 . 2 5 

OPEN HOLE OIRECTION SURVEYS 

SN HOLE 1.67 

MOBILIZATION I D E U 

CORE 

LOG 

CASED HOLE DIR. SU 

UNLOAD CASED HOL 

RUN MANDREL 

HYBROLOGICAL TE5 

R i g Up & D o w n 

G o v e r n m e n t E q 

15.90 
2.40 

RVEYS 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

2.60 
0.19 
1.62 

DRILL 4 . 1 1 

TRIPS 0 . 7 9 

DRESS DRILLING ASSEMBLY 

SINGLE SHOT OEV. SURVEYS 0 . 2 5 

OPEN HOLE OIRECTION SURVEYS 

SN HOLE 1.67 

MOBILIZATION I D E U 

CORE 

LOG 

CASED HOLE DIR. SU 

UNLOAD CASED HOL 

RUN MANDREL 

HYBROLOGICAL TE5 

R i g Up & D o w n 

G o v e r n m e n t E q 

E 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

2.60 
0.19 
1.62 

DRILL 4 . 1 1 

TRIPS 0 . 7 9 

DRESS DRILLING ASSEMBLY 

SINGLE SHOT OEV. SURVEYS 0 . 2 5 

OPEN HOLE OIRECTION SURVEYS 

SN HOLE 1.67 

MOBILIZATION I D E U 

CORE 

LOG 

CASED HOLE DIR. SU 

UNLOAD CASED HOL 

RUN MANDREL 

HYBROLOGICAL TE5 

R i g Up & D o w n 

G o v e r n m e n t E q 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

2.13 

DRILL 4 . 1 1 

TRIPS 0 . 7 9 

DRESS DRILLING ASSEMBLY 

SINGLE SHOT OEV. SURVEYS 0 . 2 5 

OPEN HOLE OIRECTION SURVEYS 

SN HOLE 1.67 

MOBILIZATION I D E U 

CORE 

LOG 

CASED HOLE DIR. SU 

UNLOAD CASED HOL 

RUN MANDREL 

HYBROLOGICAL TE5 

R i g Up & D o w n 

G o v e r n m e n t E q 

rs 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

2.13 

MAIN HOLE DOT 6 . 8 2 DAYS 

MOBILIZATION I D E U 

CORE 

LOG 

CASED HOLE DIR. SU 

UNLOAD CASED HOL 

RUN MANDREL 

HYBROLOGICAL TE5 

R i g Up & D o w n 

G o v e r n m e n t E q 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

MAIN HOLE DOT 6 . 8 2 DAYS 

MOBILIZATION I D E U 

CORE 

LOG 

CASED HOLE DIR. SU 

UNLOAD CASED HOL 

RUN MANDREL 

HYBROLOGICAL TE5 

R i g Up & D o w n 

G o v e r n m e n t E q n i p r a e n t i e g 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

CASING OPERATION T)*t£ (COT) C i r c u l a t e S a m p l e s 0 . 1 5 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

0.18 
0.39 

0.28 

0.27 

RUN 9 - 5 / 8 " CASING 0 . 2 9 

RUN CASING 

CEMENT 9 - 5 / g " CASING 0 . 9 2 

CEMENT CASING 

OR1LL OUT SHOE 0 . 0 6 

MAIN HOLE COT 1 * 2 7 p A y S 1 

N i p p l e Up 

L a y Down D r i l 

MAIN HOLE 0 

0 . 1 9 

L P i p e 0 . 4 1 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

0.18 
0.39 

0.28 

0.27 

RUN 9 - 5 / 8 " CASING 0 . 2 9 

RUN CASING 

CEMENT 9 - 5 / g " CASING 0 . 9 2 

CEMENT CASING 

OR1LL OUT SHOE 0 . 0 6 

MAIN HOLE COT 1 * 2 7 p A y S 1 

N i p p l e Up 

L a y Down D r i l 

MAIN HOLE 0 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

0.18 
0.39 

0.28 

0.27 

RUN 9 - 5 / 8 " CASING 0 . 2 9 

RUN CASING 

CEMENT 9 - 5 / g " CASING 0 . 9 2 

CEMENT CASING 

OR1LL OUT SHOE 0 . 0 6 

MAIN HOLE COT 1 * 2 7 p A y S 1 

N i p p l e Up 

L a y Down D r i l 

MAIN HOLE 0 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

0.18 
0.39 

0.28 

0.27 

RUN 9 - 5 / 8 " CASING 0 . 2 9 

RUN CASING 

CEMENT 9 - 5 / g " CASING 0 . 9 2 

CEMENT CASING 

OR1LL OUT SHOE 0 . 0 6 

MAIN HOLE COT 1 * 2 7 p A y S 1 

N i p p l e Up 

L a y Down D r i l 

MAIN HOLE 0 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 

RUN 9 - 5 / 8 " CASING 0 . 2 9 

RUN CASING 

CEMENT 9 - 5 / g " CASING 0 . 9 2 

CEMENT CASING 

OR1LL OUT SHOE 0 . 0 6 

MAIN HOLE COT 1 * 2 7 p A y S 1 

N i p p l e Up 

L a y Down D r i l 

MAIN HOLE 0 ST 2 0 . 6 3 DAYS 

RIG REPAIRS 

W. 0 . EQUIPMENT 

FISH 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W . O . L o g g e r s 

M i " . & C o n d i t i o n M u d 

R e p a i r G o v e r n m e n t 

E q u i p m e n t 

M a g n a f l u x D r i l l C o l l ­
a r s 

MAIN HOLE ODT 7 . 6 6 DAYS 

TOTAL UAlN MOLE CONST. TIME 3 6 . 3 8 DAYS | REMARKS! 

TOTAL . E L A P S E D T IME 

TOTAL SITE PREP TIME 

TOTAL MAIM MOLE CONST. TIME 

SEC. W/O CREW SITE PREP 

. W/O CREW MAIN HOLE CONST. 

TOTAL SUSPENDED {NO RIG) 

T O T i l t--i 1 « » Q T/H£ , „ 3 j > , 3 _ 

DAYS 

3 6 , 3 8 DAYS 

DAYS 

DAYS 

REMARKS! TOTAL SITE PREP TIME 

TOTAL MAIM MOLE CONST. TIME 

SEC. W/O CREW SITE PREP 

. W/O CREW MAIN HOLE CONST. 

TOTAL SUSPENDED {NO RIG) 

T O T i l t--i 1 « » Q T/H£ , „ 3 j > , 3 _ 

DAYS 

3 6 , 3 8 DAYS 

DAYS 

DAYS 

TOTAL SITE PREP TIME 

TOTAL MAIM MOLE CONST. TIME 

SEC. W/O CREW SITE PREP 

. W/O CREW MAIN HOLE CONST. 

TOTAL SUSPENDED {NO RIG) 

T O T i l t--i 1 « » Q T/H£ , „ 3 j > , 3 _ 

DAYS 

3 6 , 3 8 DAYS 

DAYS 

DAYS 

TOTAL SITE PREP TIME 

TOTAL MAIM MOLE CONST. TIME 

SEC. W/O CREW SITE PREP 

. W/O CREW MAIN HOLE CONST. 

TOTAL SUSPENDED {NO RIG) 

T O T i l t--i 1 « » Q T/H£ , „ 3 j > , 3 _ 

DAYS 

3 6 , 3 8 DAYS 

DAYS 

DAYS 

TOTAL SITE PREP TIME 

TOTAL MAIM MOLE CONST. TIME 

SEC. W/O CREW SITE PREP 

. W/O CREW MAIN HOLE CONST. 

TOTAL SUSPENDED {NO RIG) 

T O T i l t--i 1 « » Q T/H£ , „ 3 j > , 3 _ 

DAYS 

3 DAYS 

TOTAL SITE PREP TIME 

TOTAL MAIM MOLE CONST. TIME 

SEC. W/O CREW SITE PREP 

. W/O CREW MAIN HOLE CONST. 

TOTAL SUSPENDED {NO RIG) 

T O T i l t--i 1 « » Q T/H£ , „ 3 j > , 3 _ 

DAYS 

3 DAYS 

TOTAL SITE PREP TIME 

TOTAL MAIM MOLE CONST. TIME 

SEC. W/O CREW SITE PREP 

. W/O CREW MAIN HOLE CONST. 

TOTAL SUSPENDED {NO RIG) 

T O T i l t--i 1 « » Q T/H£ , „ 3 j > , 3 _ 

DAYS 

3 DAYS 
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WIPP #11 
HOLE HISTOPV 

1-17-78 A 61 x 61 cellar was excavated to 51 and lined with 3" x 12" boards, 
Link Rat Hole drilled an 18" hole to 40.4' with an auger rig. Set 
13-3/8" O.D., 48#, H-40 casing at 40.41 (GL). Cemented annulus to 
the bottom of the cellar with 81 ft3 of ready mix. 

Note: Depths reported will be from kelly bushing (KB) elevation 
13' above ground level (GL) unless otherwise noted. 

2-4-78 Moved in Verna Drilling N-4 Brewster rig #13 with a 96' L.C. 
Moore derrick and started rigging up. 

2-5-78 Continued rigging up. 

2-6-78 Completed rigging up at 1500 hours. Drilled 8-3/4" hole from 53' 
to 181' using mud. 

2-7-78 Drilled 8-3/4" hole from 181' to 727'. Rigged up International 
Diamond Coring, Inc. equipment with 8-11/16" diamond core bit. 

2-8-78 Cut core #1 from 727' to 786', recovered 57'. Ran 8-3/4" bit in 
the hole, reamed and washed to botccT. Drilled 8-3/4" hole from 
786' to 856'. 

2-9-78 Cut core #2 from 856' to 891', recovered 20'. Reamed core hole 
and drilled 8-3/4" hole from 891' to 950 1. Cut core #3 from 950' 
to 991** Lost 250 barrels of mud on trip in hole with core barrel. 

2-10-78 Recovered 26.21 on core #3. Ran 8-3/4" bit in the hole washed and 
reamed to bottom. Conditioned mud for logging. Ran Schlumberger 
logs. Lost 7.5 barrels of mud while logging. Made up 12-V hole 
opener and reamed hole from 53' to 263'. 

2-11-78 Opened 8-3/4" hole to 12%" from 263* to 784'. Pecos Valley 
Construction Co. sandblasted 9-5/8" O.D. casing. 

2-12-78 Opened 8-3/4" hole to 12^" from 784' to 985'. Conditioned mud to 
run casing. Ran Schlumberger caliper log. Ran 9-5/8" O.D., 36#, 
J-55 Foster casing in the hole to 985.18' (972.18' GL). Installed 
a Davis type guide shoe on bottom and a Davis type 702 float collar 
on top of the bottom joint at 943.68'. Centralizers were placed 
at 963.5*, 701' and 357.96'. 

2-13-78 Finished running casing. Cemented annulus to surface using BJ with 
25 barrels of water ahead of 154 ft 3 of chix set cement with lost 
circulation material followed by 502 ft^ of class "C" cement with 
2% calcuim chloride. Displaced cement with 79 barrels of water and 
Dumped plug with 1100 psi, Cement in place at 0425 hours. Waited 
on cement. 
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WIPP #11 
Hole History 

2-14-78 Cut off 13-3/8" O.D. and 9-5/B" O.D. casing at ground level. Welded 
a 7" casing hanger on the 9-5/B" casing. Welded the 13-3/8" casing 
to the 9-5/8". Installed 10" aeries 900 blow out preventer with 
Payne accumulator and 2 sets of controls, gas separator, choke 
manifold, flow line and flare line. Repaired blind rams. 

2-15-78 Completed connecting up blow out hardware and tested to 1000 psi. 
Repaired leaks where inducated. Drilled out cement and 8-3/4" hole 
from 991' to 1130' using salt base mud. 

2-16-78 Drilled 8-3/4" hole from 1130' to 1675*. 

2-17-78 Drilled 8-3/4" hole from 1675' to 1997*. Ran USGS log, 

2-18-78 Drilled 8-3/4" hole from 1997' to 2240*. Conditioned hole for 
logging. Ran USGS log. Made up 8-11/16" core bit and cut core 
#4 from 2240' to 2243'. 

2-19-78 Completed cutting core #4 fron 2243* to 2299', recovered 58.8'. 
Cut core #5 from 2299' to 2307'. 

2-20-78 Completed core #5 from 2307' to 2359', recovered 59.5'. Cut 
core #6 from 2359* to 2368'. 

2-21-78 Completed core #6 from 2368' to 2408'. Pulled out of hole, 
recovered 47' of core. Top 3' of outer core barrel had twisted 
off leaving 65' of outer barrel in the hole, top of fish at 2343'. 
Made up Star Fishing Tool's spear and bumper sub. 

2-22-78 Ran in hole and recovered fish. Corrected depth to 2409'. Ran 
Schlumbarger logs. Ran Sandia special instrumented drill collar 
in the hole and tested. Test was negative. 

2-23-78 Laid down drill collar. Made up coring assembly and cut core #7 
from 2409' to 2446'. Pulled out of hole, recovered 29' of core. 
Found bottom part of outer barrel had twisted off, overall length 
was 29.85'. Top of fish at 2412'. Made up fishing tools. 
Started in hole. 

2-24-78 Completed trip in hole. Latched onto fish and recovered same. Ran 
Drilco bottom hole reaming assembly with 8-3/4" bit in the hole. 
Reamed from 2160' to 2170' and twisted off. Pulled out of hole 
and left 9 drill collars and Drilco assembly in the hole. Made 
up Star Fishing Tool's 7%" overshot, bumper sub and jars. Washed 
to top of fish and knocked to bottom. Latched onto fish and 
recovered same. 

2-25-78 Joe's Inspection Service magnafluxed drill collar tool joints and 
found 1 cracked box. Ran 8-3/4" reaming assembly in the hole and 
reamed from 2160' to 2446'. 

2-26-78 Pulled up to 2160* to ream second pass. Reamed to 2352* and twisted 
off. Pulled out of hole and left 10 drill collars and Drilco tools 
in the hole. Made up fishing tools and recovered fish. Ran 8-3/4" 
Drilco reaming assembly in the hole and reamed from 2360' to 2398'. 
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WIPP #11 
Hole History 

2-27-78 Reamed hole from 2398' to 2446*, made 2 passes. Made up coring 
assembly with 8-11/16" diamond core head. Cut core #8 from 2446' 
to 2462', 

2-28-78 Completed core #8 from 2462' to 2405', recovered 30.6'. Cut core 
#9 from 2485' to 2530'. 

3-1-78 Recovered 38.3' on core #9. Cut core #10 from 2530' to 2580', 
recovered 43.4'. Cut core #11 from 2580' to 2621'. 

3-2-78 Completed core #11 from 2621' to 2630', recovered 46.9'. Cut 
core #12 from 2630' to 2642'. Started out of hole and shut 
down at 1000 hours for rig repairs. 

3-3-78 Completed repairs at 0915 hours. Pulled out of hole and recovered 
11.8' on core #12. Cut core #13 from 2642' to 2692', recovered 
50.4'. 

3-4-78 Cut core #14 from 2692' to 2742', recovered 50'. Measured out 
of hole and corrected depth to 2744'. Cut core #15 fro™ 2744' 
to 2794'. 

3-5-78 Recovered 49.9' on core #15. Cut core #16 from 2794' to 2844', 
recovered 46.9*. Ran in hole and washed 15' to bottom. Mixed 
mud and lost circulation material. Started cutting core #17. 

3-6-78 Completed core #17 from 2844' to 2891', recovered 46.5'. Cut core 
#18 from 2891' to 2941', recovered 50'. 

3-7-78 Cut core #19 from 2941' to 2991', recovered 50'. Rotary table 
locked up at 29531 , repaired same. 

3-8-78 Cut core #20 from 2991' to 3041', recovered 49.2'. Cut core #21 
irom 3041' to 3091", recovered 50'. 

3-9-78 Cut core #22 from 3091' to 3141', recovered 50.4'. Cut core 1)23 
from 3141* to 3191', recovered 50'. Repaired rotary chain. Made 
up 8-3/4" drilling assembly and ran in hole. 

3-10-78 Reamed hole to bottom and drilled 8-3/4" hole from 3191' to 3394'. 
Pulled out of hole and made up core barrel. Started cutting core 
#24. 

3-11-78 Completed core #24 from 3394' to 3444', recovered 50.45'. Cut core 
#25 from 3444' to 3479'. 

3-12-78 Completed core #25 from 3479' Co 3495', recovered 50.8'. Made 1' 
depth correction and cut core #26 from 3494' to 3534', recovered 
40.3'. Coring assembly was stuck on bottom and worked loose by 
pulling 60,000# over weight of string. Core bit was damaged. 
Found 3/8" x 1" hex head bolt missing from drilling head flange, 
may have fallen in hale. 
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WIPP #11 
Hole History 

3-13-78 Made up 8-3/4" drilling assembly and ran in hole. Reamed and 
washed 60' to bottom. Drilled 8-3/4" hale from 3534* to 3577*, 
Measured out of hole and corrected total depth to 3580'. Ran 
Schlumberger logs. 

3-14-78 Completed logging. Laid down drill pipe and tools. Removed blow 
out equipment. Released rig at 24O0 hours. Hole completed. 
Cut off the 7" casing hanger and welded a 10" series 900 flange 
on the 9-5/8" casing. 
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BIT DEPTH FEET KOTATINC; 
NO^ HAKE SIZE TYPE OUT' DRILLED IIOUKS 

1 H u g h e s 8-3/4" OSC3-J 950 897 28-3/4 
? S e c u r i t y 8 -3 /4" S 4 T J 2240 1249 53-1/4 
3 S e c u r i t y 8 -3 /4" M44N 2446 0 30-1/2 

Keaminy 

'4 K u r u n 
Hughes 8-3 /4" O'-TM 3394 

3580 
203 
46 

5-1/4 
6 -1 /2 

DEVIATION SURVEYS 

DEPTH - FT DEVIATION - DEGREES 

2-6-78 96 1/4 
2-7-78 237 1/2 

3 78 3/4 
478 3/4 

2-8-78 856 1 
2-16-78 1311 3/4 

I486 3/4 
1691 3/4 

2-17-78 1964 1-1/2 
2-18-78 2225 3 
2-25-78 2351 2-3/4 

2398 6 
2-26-78 2391 6 
2-27-78 2391 6 

2422 6 
3-2-78 2642 5-3/4 
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HIPP #11 
Hole His to ry 

LOG INDEX SHEET 

Caliper 

TYPE LOG DATE 

SCHLUfBSRGER LOGS 

2-12-78 

Borehole Compensated 
Sonic Log 

Compensated Neutron-
Formation Density 

Dual Laterolog Micro-
SFL 

Dipmeter - Basic Data 
Log for Directional 

Continual Directional 

2-10-78 

2-22-78 
3-13-78 

2-10-78 

2-22-78 
3-13-78 

2-22-78 
3-13-78 

2-10-78 

3-13-78 

2-10-78 
2-22-78 
3-13-78 

D i r e c t i o n a l P r i n t Out 2-10-78 
2-22-78 
3-13-78 

Dipmeter Arrow Plot- 2-22-/8 
Job #2412 
Job #2427 3-13-78 
Job #2443 3-13-78 

Dlpmeter Cluster 2-23-78 
Calculation Job #2412 

Job #2427 3-17-78 
Job #2443 3-30-78 

Core Lab Mud Log 3-17-78 

RUN 
MO. 

DEPTH 
DRILLER 

DEPTH 
LOGGER 

LOGGED 
FROM TO 

1 987 987 53 986 

1 991 991 53 989 

2 
3 

2409 
3577 

2411 
3577 

900 
2200 

2408 
3580 

1 991 991 0 990 

3 
2409 
3577 

2411 
3583 

900 
2200 

2397 
3582 

1 991 991 53 989 

2 
3 

2409 
3577 

2411 
3583 

900 
2200 

2397 
3581 

1 991 991 53 990 

3 3577 3583 2200 3582 

1 
2 
3 

991 
2409 
3577 

991 
2411 
3583 

53 
986 

2200 

990 
2410 
3582 

1 
2 
3 

40 
992 
2212 

991 
2409 
3583 

2 2409 2411 986 2410 

3 
3 

3577 
3577 

3583 
3583 

2200 
2200 

3582 
3582 

3 
1-2 

MOTE: Listing of logs furnlBhed to F & S/ Mercury. 
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Page 7 CORE RECORD 
HIPP 111 HOLE HISTORY 

.IHIEJVM, 

2240 

izm. 

_2A£5_ 
2530 

FEET 

2299 

2408 

_4°_ 

2446 

,2530 
2580 

48 

_65_ 

299t 

_31A1_ 
3394 

2742 

3041 

_21il_ 
.3.444 

3S34 

25 .000 

20 .000 

16,000 
16.000 

18.000 
18,000 

20.000 

22.000-
22.000 

20 .000 

20 .000 

22 .000 

21.000 

_BL 

-iH-

20.00Q 

24.000 
2 t , 0 0 0 

too 

-600 

25,000 
24,000 

25.000 

22 .000 

.25,000 

20.OOP. 
24,000 

20 .000 

iPQ 

_5i_ 

_ 4 i -

K H WE1UHT 01! ClR-t-'IL. , r ^ i , . ^ ^ 
BIT 000? PRESS PS! OBRED tECOVERED Z RECOVEI ED 

500 

500 
_i00_ 

5.QQ . 

c-n 

_iD_ 

_5fi_ 

50 

58 .8 

49.2 

-SiLAi 

7 i L5__ 
8 5 . 1 

"c: Pipe Tal le \ 
£oxie£ J_2742-274i 

98.9 

aOJK 

100+ ~ Core TIarked From 
"14L.4-3191.4 
m-ji&e6 F r O T 

.100+- J 3 3 ? ? - J . 
„„ 'Core Marked Fro' 

_99.6 _3A44.45.-349;. .1 
l^foot Correct is 

I 

"T 

http://_3A44.45.-349
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HIPP NO. 11 

6 1 x 6' cellar lined 
with 3" x 12" boards 

12-1/C hole ti 

5-1/2" Casing, ca;>red 

0" Series 900 Flame reduced 
to 5-1/2" casino 

0" Series 900 :;e:dcJ Fl3i.-:e 
pT^rp-n 

iiround Level 

13-" /C ' , 41.'- casino ce^entea 
at -10.4' with CI f t3 of s lurr 

-0/. ' ." . 2(~- casirv) cerented at 
72' i.it«. f.CC f t 3 cf s lurry 

-3/4" hole to 3GC7' 

:iOTE: Deptns shown ere fror 
ground level 13' below 
kelly bushinn elevation 

Not to scale. 
As built hole conditions 

a& of 3-14-78. 
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SURVEY MONUMENT "AS BUILT" 
W.I.PP II 

SECTION 9 .TOWNSHIP 22 S , RANGE 3IE.N.MPM. 
EDDY COUNTY.NEW MEXICO 

ELEVATION OF BRASS MONUMENT 3426.0?' 
708.89' FNL a 297.96'FWL 

N89" 55'E (GLO) 



HIPP 11 Logs 

Log Company ELSI#2 

Top of 
Logged 

Interval - 5 

( f e e t ) 

Bottom 
Logged 

Interva l 
( f ee t ) Date 

BHC Sonic Schlumberger W7099W Surface 3580 1-13-78 

Compensated 
Neutron 
Formation 
Density 

Schlumberger W7099S Surface 3582 3-13-7P 

Dual-
Laterolog 

M1cro-SFL 

Schlumberger W7099X Surface 3581 3-13-78 

Cont i nuous 
Dipmeter 

Schlumberger H7099L 53 3582 3-13-73 

Continuous 
Di rec t iona l 

Schlumberger N/A 986 3582 3-13-79 

W i g i n a l data i s retained in SandiaWIPP Central F i l e , D iv i s ion 1542. 
Sandia National Laborator ies, Albuquerque, NM 87185 

'Order number f o r logs ava i lab le through West Texas E l e c t r i c Log Service, 
Inc . (ELSI), 105 West Wall Ave. , Midland, TX. 

3Deu^hs measured from ground surface; e levat ion o f f i c i a l l y 3426.1' above MSL. 
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