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MEETING REPORT
AUTHOR : G. K; Jacobs
LOCATION: Texas Bureau of Economic Geology, Austin, Texas
DATE: August 5-8, 1985
PURPOSE: NRC/DOE Meeting to Discuss Palo Duro Basin Geology

and to Examine Rock Core from Permian Basin, See
Attachment #1 for Agenda

PROJECT TITLE: Technical Assistance in Geochemistry

PROJECT MANAGER: S. K. Whatley

ACTIVITY NUMBER: ORNL #41 37 54 92 4 (189 #B0287)
NRC #50 19 03 Ol

PARTICIPANTS: See Attachment #2.

GENERAL COMMENTS

The objective of this meeting was to examine selected rock core from the
Permian Basin. The three-day meeting was extremely useful in providing
information and perspective for evaluations of geochemical information
relevant to the performance of the Deaf Smith site. An appreciation of the
stratigraphy and petrography of the various rock units in the Palo Duro
Basin is important to our evaluation of geochemical conditions, solubility/
sorption processes, and the geochemistry of waste package interactions. To
facilitate the examination of the core, DOE and its contractors presented
information pertaining to the geology, stratigraphy, petrography, and depo-—
sitional history of the Palo Duro Basin. The cores that we examined
included sections from: (1) Grabbe #1, (2) J. Friemel #1, (3) Zeeck #1,
and (4) Detten #l. We were able to observe examples of core from active
dissolution zones, the entire evaporite sequence (including several
examples of the Lower San Andres Unit 4 salt cycle), the Permian Wolfcamp
carbonate, and the Pennsylvanian-Permian granite wash. Handouts from the
presentations and detailed logs of the cores are included as Attachment #3.

DETAILED COMMENTS

1. The work being accomplished by the Texas Bureau of Economic Geology
appears to be of excellent quality and is directed toward some of the
more important geologic characterization needs at this time.

2, Geochemistry was not emphasized at the meeting. However, the discussion
of stratigraphy, petrography, and depositional history provided excellent
background information for future geochemistry and waste package work-
shops. The examination of the cores provided excellent insight into
the site itself and will help to focus future efforts on evaluations
related to geochemistry.



The staff of the Texas Bureau of Economic Geology indicated that no
new analytical work is planned on hydrogeochemistry until new wells
can be completed. Work will continue, however, on interpretation of
currently available data. In addition, host rock geochemistry and its
role in rock/water interactions will be given major emphasis in the
next months.

It has been found that water can be pumped (72 bbl in 7 months) from
the Lower San Andres Unit #4 carbonate zone in the Zeeck #1 well. This
zone is separated from the target salt horizon by only a thin layer of
anydrite. Therefore, this water-bearing zone will receive increased
attention as wells are completed closer to the candidate site (to date,
this zone in other wells has not produced significant quanitites of
water).

The DOE indicated that a draft Program Plan for geochemistry will be
available sometime this fall. We anticipate that this document will
identify the various geochemical processes that DOE plans to take cre-
dit for in their analysis of repository performance. This information
will help us to direct our evaluation efforts toward the most important
parameters. At this time, DOE appears to be emphasizing rock/water
interactions in the water-bearing units beneath the target salt horizon.
The Texas Bureau of Economic Geology is studying the geochemical con-
trols on water chemistry. This information will be important in eval-
uating the potential retardation behavior of radionuclides should they
be released into these horizons. This information may also be impor-
tant to identifying relevant geochemical conditions in the disturbed
zone for testing waste package components. The waste package workshop
planned for this fall should also help to clarify the DOE position in
this area.



August 5
1:00 p.m.

1:30 p.m. -

2:06 p.m.

3:00 p.m,

4:00 p.m.

August 6
8:15 a.m.

8:3 a.m.

9:30 a.m.

10:00 a.m.

11:00 a.m.

12:00 - 1:00 p.m.

AGENDA
PERMIAN BASIN CORE EXAMINATION

Introductions

Opening remarks and expectations
of meeting.

Overview of the Palo Duro Basin,
current understandings of structural
and sedimentological history.

Origin of the Permian evaporites,
with emphasis on LSA 4.

Palo Duro Basin stratigraphic section,
Jocations of DOE test holes,

regional correlations of major units,
major hydrostratigraphic divisions.

Reconvene

Geologic logging of DOE drill holes,
detailed logs of repository horizon
(Lower San Andres Unit 4), geologic

cross-sections, correlation of formations

and units, description of rocks present

J. Sherwin (SRPO)
E. Bingler (TBEG)

J. Sherwin (SRPO)
J. Trapp (NRC)

5}&&\0@/
TBD (SKEC) T. Peck

fSLEoc.C2~11u§L_ Theg,

!}.T}u&in..(‘°'~\
. Hovorka (TBEG)

¢

S. Hovorka (TBEG)

in the core, ( incl. mineralogic, petrologic,

geochemical characteristics), with emphasis
on evaporite section and host salt beds.

‘Description of features noted in core

from "dissolution wells,
implications

regional

Presentation on available material
related to DOE drill hole logs:
Tithologic logs; geophysical logs;

appiicable reports and data; correlations

of geophysical logs with core;
applications of geophysical logging
to stratigraphic analysis.

Development of geotechnical logs based
on mechanical properties, geophysical

logging and visual core logging-correlated
with test results performed on drill core;
index of laboratory testing for mechanical

properties of rock mass; in-situ stress
measurements.

LUNCH

C. Kreitler (TBEG)

S. Adams (ONWI)

T. Lamb (SWEC)
TBD (RE/SPEC)



PERMIAN BASIN CORE.EXAMINATION
PLANNED AGENDA

(Continued)
August 6 (Continued)
1:15 p.m. Reconvene at Balcones Research Center

and proceed to core repository.
Core examination:

Grabbe #1

J. Friemel #1

Zeeck #1 - LSA Unit 4

One dissolution well - TBD

* There is not enough table space for
all listed core sections to be laid
out simultaneously; over two days all
core will be available,

Concurrent Quality Assurance discussions

August 7
8:15 a.m. Reconvene at Balcones Research Center
Proceed to core repository.
8:30 a.m. Core examination continues.

12:00 - 1:00 p.m. LUNCH

1:15 p.m. Review of status of Palo Duro Studies; TBEG
published references; on-going work; SKEC
data availability. ONWI

SRPO
August 8
8:15 a.m. Propose topics/agenda for Permian

Basin data review.

10:15 a.m. Prepare summary of meeting. J. Sherwin (SRPO)
J. Trapp (NRC)
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Participants

NRC Core Workshop
August 5-8, 1985
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Office of the Governor, Texas
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NRC

NRC

NRC/Weston Geophysical Corp.
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* Clesr esely xline el with emell smouvat of tmetl N8 nllt- grading downwsrd

! 1nte cse hal vith {sstl anh s revidue in broed eeln pits, st 1367,1° hal

i bocomus ru- csely llll- with sbdat 28 mdetn h-tl.ly, v Siwor amh,
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g LITHOLOGIC DESCRIPTION
28 museive coe siltecn with divsipatten etructures end scattered small xls of
6= dtsplecive bal.

B silty claysy coe-med siltetn with silty detd poorly defined rpls, (about
2 wm) to sandy cee siltstn with poorly defined rpls end low-—wed le
bedding, small {13 mm) hel x1s scattered at sbowt 1374.3°, 0.3° vert frec
£111ed with hal ¢ 1578°.

RB cheotic hel mdsta with scarce thevrons sesr base,
ts clayey silteta with disp hal (cubes less then 3.

gt-llu Lute RB mdstn
),

© 8B, pensrsily sessive, sendy to ¥ candy toe siltetn, send fraction is v fine
sand st sbout 1306.3°, swper rownd froetsd med eend gratne, diseipation
otrectures mny facompletaly define sems iwdistinct rple.

‘iR ssndy cse siitsta te clayey ese-med siltstn with poorly defined rpls,
between 1392-1597° rple (1-3 wm) dac in sise wpusrd, rpis 1399,.3-1602°
sbowt 1-2 mm, v deth, gemerally with dinsi. ¢

lese thea 2 cw) anh meds at shout 1398-1399°,

1397-1399° and smail (!

R mgssive sandy coe sfitsta with dinsipstion structures, swper round med

, ®snd et sbout 1603.3°,

B8 clayay coe-fine oiltets with eilty dets rpls (sboud 1-5 mm), Tpls fac in
otse wpvard, .

88 v pendy coe siltstn grading .--rd to slightly stiity v'fine an with’
feserslly o ond N percent inc
wpwerd to sbout 1611° where it grades inte everlying sfltsta.

A8 cve oiltsta with ond 4

B8 caa-fine cloyey olltstn with omall v dath rpls is lover 3* ond poorly
dulined oilty dath rple in wpper 3° {2' core miseing 1622-1624°), small
(arestar than 1 cn) disp hal xle oz sbowt 1624.5° and 11 (lese thew )
o) seh graine at sbouwt 1626.3°,

A8 maesive pandy coe silrern with diseipation atvertnrey, aand (v Fiped
percest saximwm 1631-1634° and 1637-1640.3°,

BB mdsen, wpper 2.3' crwsbled ta Sox, lewer 1’ hao deth rpls 1-2 ws bigh,

BB ssady coe eiltetn with poerly defined rpls, prebable mudctsck Pilled with
v fine sund ot 1643.5°,

BB ¥ slayey ese-med eiltats with eilty dotb rple.

B3 clayey adstu-fine siltetn with v dsth rpls visible in pleces, vpl
wavelength sbout | em.

25 condy ctoa siltsts with poorly deft
dotd with

el to

to BB swh with ity hs lem abowt 1 mm te I en thick, Vht nod anh at
» poseible primary structwres (anh after gyp swellevtails) at ebout

and sparce dlanipation

2B eiity clayey fine—v fine 00 with messtve testwre
b Hoer d d beneath overlying suh,

BB clayey sandy siltata with ¢ deth rpl taxturs.
L2 .ll!htly "dd‘y v fime 9o vith probable paorly defined rple incompletely

© KB clayey eflteta with v doth rpl taxture, interval coarsens wpwerd, grades

inte everlying imtarvael.

83 silty sendy siltsta to silty cloyey fine to v fine gendwtone with disaipation

otrecturss st 1693°, 1696° snd 1698°; interval coarsens wpward to 1694,5°,
then fines upward, lower pert 16 gradstiomal from Underiying efltatn faterval
avd wpper part s gradationsl to sverlying clayey siltsta, dissipation

babl y sutline poerly defined rple, Test of

interval saseive.
B clayey siltstn with v detd rpl textere,

" Pale Ga te Purple wavy lem anh.

Wit to pale BB rexlized hal with cont end disc frr lam of anh.
"t to pale Purpls anh/hal rock with probsble hal peewdomorphs sfter gyp.
Wt te pale RE hal with 1 eh 1am of snh.

Pale Ca te Purple lam enk with hal pesudomorphe efter gyp st base and poanthle
tple ot 1709.7%.
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‘ll ihutlu bal sdutn to sdetn with diep hal, mfwor ash ss irr manses sod
stringare at 1732.5%,and 1738°, thin taterval of mdetn with v dath rols
= 1733.9°. -

Clesn, Wit, renlized snh-hal veck with fev preserved chevrons, anh occurs as
wispe and etringere.

Suff, Cy to BB 1am to sassive enh, X el fwc wpwerd from 1743.8%; §n wpper 2*
el occurs s avenly diseen » small grains or {n o few it7 lam g wpper 1°,
don guh interval separated from everlyiag enbhydritic bal fatervel by thin

; adstn with disp hel at l’“-l"a.?'

‘-ll. otity, clayey, sandy, coe siltsta to wistn with duth rpls, rple ia mdntne

ate moce dotb than eser grained imtervels, bedding generally hs axcept for

135-20 degres bedding st about 1730-1731° sad 1770-1771°, reduction spots

throughowt, plnk-lnly sbhdnt .1a ceer {utervals, vple ave. incompletely
shdnt disesn gyp(?) greiwa 1782-1

although X gyp s probebly trece, 18 gemersl, sendy (ntervals are dowi-
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"~ RS elayey sed-fine atitstn te wista with disc oilty rpls, probeble wnd dropes
v ol v fine lem, some win soft n‘ lchr-.mm.l ,

R

RS coe-oed siltsta. (upper ls') with 5% ehy to cot-tine siltstn {Jowr 4')
-lth 15-20% clay, lower 1° hed 20T v fine sand, very dotb rpl testure.
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“~ 23 clayey med-tine stltate with 13-25% eley, v doth tpls (s1lty mode, lewnen)
#od posaible cley drapes and drape intrsclests.
BB v clayey med-fine siltstn with v deth rpls.

RS adatn with flattened small snh mode, pars to cont bedding, dlac Irr snh
stringers and disp bal. ,
\n sdotn with diep hol. B
RS wdate vith disc weh stringers, diop hal and v dath rplg, Intbd with coe ond
fine grained chaotic hal mistn vock, wavy lam anh sed brecclated sdetn
tenidua textures. |
p o

wdste with disp sl.
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I S .. . . .
b © | - Dunded bel with trece tast) wed ¢ swh, Biseing fostegn from 1852-1857°,
. L i

MIWW‘ IfS’J /m' :

Awhod bl With crece taoti mad. . B
‘*"\’" Wl fum bAd' hnhod hal with fustl 81t + sah —> stlty mistn futhd (0.3%) with small anh
d - elssts .amhed hal with abdat patches of eiltetn banded hal with
.. B imetd u'uil-'imab-bdhlvuhﬂml l-‘-ebnhdnl
. 3 . . with patches of ollty mds -r uu, adatn inthéd (0.4°) with inetl hel.

HIbe

<
i Anked hal with fnet? sud 4+ silt ond vith an srea of wert atacked Jarge
potches of B3 silty wdsca presumsbly sssociated with s Inrge pipe thin
clastic interval with patches of soh ¢ mdstn = mdstn + siltats la¥dd with
sbint diep kel and wimor hel frec £111, detbd chenges Frow sessive siley
. wdetn st bave wp inte a cheotic siltetn + ndstn fabric with sbdat small swh

.1 claste, then wp fsto s deth rpl lam muddy eiltetn.

. ' .

1470

'
- H ST DS Ny
. ',,'a lb:/ . hahed hel with miwor inet] wed + silt fnc wpward amhed hel with ehdne
W:NS& m e Vu e emall patches of wuddy siltstn banded hal with subvert xis and winor
N . ' imstl swd + anhi woit capped by § thin (1 cw) siltsta inthd, large pic

P e e | with Iittls med residue -:e--l in lower portiom of wmit.

H§%0-

;. B SERIREE D
I P ol s
i

. . s 1 Acked hal with ein lnltl aud 4 ssh thie clestic adsto/hel interval :z

I . AN banded hel with =t pnhed hal with patclies

. . : of mhydricte mistn along dise inthd ond with sin instl mud and onk

weidy siltetn intbd (0.)') with sbint diep hal.

)T dmded hel with jnetl suh ¢ adste ;r B silty mintn Sntbd {1.6') with s long
N wert frec f1)led with Eibrowe v part of Inthd {s v snhydritie,

wpe
overlying this is bended hal 'lth'll-at fnatl onh ¢+ sud abd tnterrupted
by @ thin sdate iathd sud 8 cheotic mistw/hal intervel —» mwidy eilteta

|‘3";¥In$ f’uj --10_..,‘ : . tothd (1.3°) with dotd structures oad dtop hal 15 wpper pact.

" sahed sl with sbdnt patches of weidy etitstn snd clastics comtemt inc wpward
—b muddy siltste inthd (sbowt 8.0°) with cow diep skeletsl hal doppers
snd suell clusts of ewh & wmista; inthd lewe are wewally th with patchy
praservation of ved . 11y at top of intbd where
stltets hel wall-davaloped rpl lam.
. CEE R P P
! -! '/o A'Nd Lo K ‘ ;
[ 0 7T acbed hal w1th abint clante of BB aflty wed + containing a 4 cm thick silty
R . : adetn fathbd —s eilty mdotn $atbd (0.53°) vith mtsor disp hel + frac 111
P . o eniwd Lol with ehiwr fusll Bl sud silt ached hal with atdat
. . -Kty wistn petches b silty sdeta tnthd with dimp hal.
' .

Illﬂil!ml arinimiee

L1440

1% A RS
PPy R Mm‘ 1976 . o-"/‘

f

TR

- l-h-‘ ol with fnetl silt & trace sud ¢ evh onhed hal with sbdne small
v f . ' petches of muddy siltste ¢ winor seh —s y etitetn fntbd with wert

. frac t11led with [ibrove i-l -b amother silts nthd with rpl lase 4

: & suall cont ank clast —s gmbed hel with sbdnt patches of wwidy siltstw
inc wpward ~—» siltsta uzu futerTupted by niseing footegs.

S, N i

. ( . ']

a2 o

it N M.‘ hl vltl nstl o11t and ewh with & thin Interval containfog abdnt well
T 2B muddy sfltstn tathd {(1.0') with seversl

anh clests sad @ long, wear-veft hal-filled frac cuttieg nru-l thin snh

Llam espe inthd, iatbd hes dsth rpl lem

e

occur in Iower part eof sectfom,

\h!od hel with {ustl sl ond trace soh T avhed hol with shint patches of
doth lom muddy eiltetn wnd sshydritic §ilvstn, clantics content {me wpward

throwghout wait, several diseclution festures, especially pite, eccwr in

lewer part of secticam.

; |

Anhad hel with minor fnst] eflt 4 trece wed thin vone of ashed hal with

T

i

UPPER SAN ANDRES

Rk

abdnt patches of RE muddy siltetn —& an hal with fwatl silt anbhed
. bal with shédut patches of siltstn whick quickly grode wpward iwto s chactic
* -untn !uu vuh M-t llw hl 0 tu- smell eloste of owd & anh, din-
N y in lower pary, npper comtact {e
! .t-‘l!!-ul with m!yﬁ- » hal, mt-ln -l q!ll: wature of clastics.
L R .
l v '

!
]
i
-4

11B1ER000

* Anhed hat with win {setl wed, oilk ond trace smh =y enhod hal with abdnt mmall

| o
7480
’7 -] 7 patches of weddy siltetn 4 contatwing & thin (0°2°) frr ryl lem te dech

! silty mistu fathd g~ AB ollty mistn intd (0.7') with diep hal, core missing
rom 1933-1958°, o
HE B <o 1y \
b . F .

0

Sohed bal with {met] wed onhed hal with sbdnt small petches of muddy

siltstn e R siltstn inehd, i

- e |

Inthd of interlem sflitsts + ach with siwor diep hal =& gahed hal with abdnt
patches of muddy silteta ¢ dny‘tltle wdstn,

\-d-‘ Sal with sfnor instl hal & wdsta, wait hae —nul pipee and pits re-
sulting in eress of swhed hal with fnstl swd (B hal), hel worphology is
-ul.l, l:dnio-! between .ﬁv‘"t ond anhed,
[ ! !
S
i

' [

E .
Q
i

'

1

%~

) FEEERRRE ;
HRE RS
_Mll_ '

- Ashed hal vith winor instl sud 4 enh end occesionslly petches of siltstn fn

' wpper portion dath to vpl lem wuddy ailtsen intbd with dinp skeletal
hal hoppers, a Frac f1lled with fibrowe hel mear the top, snd occestonsl
osall elasts of mietn scattered throughout.

7T dendad el wieh sinor inetl smh, large u! cute across wpper part.

o= Bdstn intbd with lorge hel filled frses ond sheletsl hal hoppers, tntbd grades
B wpward imte sfltets owhed hal with mia fvst]l sud It colored silty
h enh fathd (2.1') with frac in lower part + dtep hal in upper part, anh

. conaists sostly of very smell aode, wpper part is rpl lam, sharp dissolv-
—37-\ tien wpper comtact.
Sanded hol vith wdmor inet] med, lover pert muln @ thin siltsta fintdd
and cccasiena] petches of suvidy siltetn.

Ry S o ,
trmicribed by CAC date

0
o
.

i
T
.
K




well _# 1 GRABEL COUNTY_Su/I SHER, DATE 2/24

INTERVAL 1990'-2110' UPPER SAN_AWNDRES _  roggeoey _IV

LITHOLOGY | Structures COMMENTS g LITHOLOGIC DESCRIPTION
(%)

H =
K it J
. 2. Il

FEEY BELOW
(")

LOGGER DaTE

/ TTI™ sahed bal with stace tastl sl ¢ siic snd troce enh, several dissolution
bugle f:!'p-l,uqanwdcj T
N R

Centucee mun. watl capped by rpl Lam stltetw intbd, niesing footage
rmpsomertt

N I ';!. e
: :

~ Anked hal with minor inetl -Il + trace of A8 wed, chevrom structwres occer
1ocslly mear the bave snd top of the wait, wati espped by a | on thick
lul.t.o‘ -h !.-!N. . ) . .

D s aohed sshperitic het vith chevron utes — thin chootic

‘ R mistu/hal tock = thin sene {sbowt 0.4') of bended hal with swbvert xls
’
*

<. | m-m-mm-—oumnaﬁm—u—umuﬂy

Y eiltetn,

: . [ swdded het with sbdut smsll vert gyp m’ - with ul“m‘ -:::n .

N B ; otiginate from bedding plane (sbovt 1,3°) =& mixture + that
'ﬁm!’ﬂﬂht&ﬂ“’ ’k‘FﬂC‘f X chaotic mear the tep of the wmit, wpper somtsct 1s & diesolution
0.30 'mippLan, AHERAM RS Mpgel { 1O s~ face with esh “““ . . .

. a-otn ook + hal mixturs (0.7°) —= sehed hol with sccasional petches ol
Sl BrLLE s A 11tatn end seversl iatbds of rpl Lum B5 weddy oiltstn tathds,
v — \ o.:' thick interlem mdotn + eiltets intbd cape watt.
hh-d bal with several lltl. ’lteiu of muddy liltnn ond thin smhydritic
wdotn sod ssh inthde iu Llever part, sm 18-24 em thick deth muddy sfiltetwn
tathd with eome disp (1) hal gccurs st top of wait,
* anked hal with utnor feetl sud and sfit end eccasionally smh; swall pit
N occure in Ic-" pert.

e
i h e | T T an2iy v miete tatbe (055 < rpl 1am stity ash (9.5%) with well-developed
DRI IR ’ i el foresets —o anh with lerge cheotfcaily oriented gyp poeudomorphs
. . te with Ted stained rims ond fllled with bal {(about 4') —» wixture of
crishly Lam onh sed gyp mr’m (lbout 3.3') —e crinkly lam ash with
sccasionsl gyp ncuawrﬂ' showt 1.5
l’u

'
f}
.
’
i
¢
!
1
.
[}
i
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i

T

nisnrirs W S-hep ok . | ..
q,/p"nw!.x"l&n“; P

large, praarally wvert gyp povudomorph:
lh-: l-‘ the -lt with & M 4rr wpper contect with everlying hal.
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> Y mpen) TSARSY rmeum .
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.

th abdut, wewilly hs oriented, patches of RB silty mdetn, fwstl
ssionally anh 19 eleu ebént, mait sppeste te have sriginsted
hodded hal, sharp unnet with overlying duue inthd,

hﬂﬂ. clear hol with minor In-n onh sod ghdnt chevros structeres —» dk
led hel with ll.tl ] -uy oilt and misor swh, vert orfented hel -l-.

]

ALY 2w® Ny Hu‘ n,nuu )

g
i T

the
in mit, h—lh. vithin hal securs on & 2.3-).0 en oe-l-.

i 95 INE PRl P
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Se oo

T
T

—-‘N'ltl abdnt .‘tehl n!lldlh.l‘d‘y »
elestics fnc stesdily wpwerd, swsber of rpl lem clests slso inc wpward,
upper -—uet -l‘h‘ ly inthd of miotn -u- ltn hal =+ oiltetm.

] o s !

1¢”” ST ambet hat vien 1net] soh 4 einee -‘, Sasal portion sbove comtect e v clean.
. g -

'y

?I‘l—o, onh with occosional sede and hinte ¢f wavy bedding whevre former dolo

. wetrix is esetly replaced by enh —o anh with sbdnt gyp paevdvmorphs f1lled

. with hal cement, peeudomorphe grede from rather large chaoticelly eriented
210 st booe inte pmsller nis that otluut. from wavy (np nond(?)) bedding
planes, wpper 1.4° a vt bowndary b
poewicmorphe and sahed hel with lb‘nt nt:&n ond inst]l seddy ash 4

Bt
yis

bodad e

ieseneninnais

H aphydeitic mud, wpper contact is an frr, hs Sovndary be anh
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al te dk Cy-B to tmpurities.
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P
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~ 1 E M . ‘ N capped by B8 dath, intreclestic sdata/atlitsts
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[ B . Siightly baaded A-type hal, becoming tac pittcd and dsth
d erval of typical D-type hal

+» med in reduced sbhove

L.
71

cconsive hal wnits grading from chaotic andault to
tially texlized A-type bal, nle evhed-subbed, ave Izl
by dnth ndute/stitote {ochd of which

Tt

‘bottos 8 o ta ansssive, becones ic‘del bal,
- domsorphed and felty wpwerd.
PR . . L. Inthd, rexlised bal copped ), A-typc sone, mud content

. P .. __sJ . oharply isc wpward -
- RN © Oy swh with bedded Wal pne ‘c.nrph- afrer lyr- upperenst
e IR ot 17 co 10 Folted anh ta hal,
N ) 7] weslised W and R-type hal, grades to bedded hal with vert

siuin

[~ $

13T

) srfented xis sud scottered chevron zones, bedded hal varicrs
N frem mod te heavily rexl}

e

»
e L by frac stltetan/mdetn imth

N ’ i T

o T ™ Sadded hal becoming tne o lb wpward, |rq4ln| to E-kype hal.

UNAT Y

Chevros lul eut by -d-llllo( ripea, lnc .u“y and deth
.pw
Typinal l-l)’c hel, boconing free of med and cut by soh heds
2634,7-2433. 7.
1 felty drape-Like anh inthe in clear cne hal
yre hal gr. to R-type with Lnc in
freater thew | cm).
Orng-8 banded hal with vert oriented =zin tl.." by serien of
adstn (utbds,
Rexlfzed (auhe
p d to chovron hal, sharply capped by o
Well: tathd A and B-type hal,
organic dobris staining th

I

d wpward

 annasaconesse
T

polygonel, sbout 1 cu in nise) hal frades
stn Inthd.

tnthde aften contain 8k
al,

s532

gL LT

““aitersacing snits af B and D-type bal, houndsrien annocisted
with ndats inthbda, mud content fisc wp
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Oath B-type hal, common pite and imetl euh stringers.
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Winar te mod pitted B and A-type hol, rezitiszed sowes of ¥,
B, and E~-type hal seeecisted with sdatm fathds.

-

i

LOWER SAN ANRRES-

‘?.'m

:‘ L, : Fshﬂ Genexally s highly dath I-typc hal capped by 2 % e mint
- st orininel hal bedding textere at 2673-1674. s'
d with adsta inthds,

. L : .. O TP S . I
. . . . . L o . PR H
. ' . . : . . . .
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tine.

N :
B=type hal showieg varyiag degrece of r ll[

£3;
Al TV

: ; S o y. ' togoed by __ I wte_9/13

T wta_£/§3
tronscrived by__CAC date_ 5/

-
gl wited “te

i




]

UN AL

LOWEK DAN ANDLES -

1:;,

T. welL _¢r 1 GRABBE CounTY__Misyer, DATE Nov /sy
INTERVAL __ 3692 ;mg_mygw%% LOGGED BY _Luwears , Eflioff
kd Y

: :
§§ L"H&LOGY Structures COMMENTS 'g LITHOLOGIC DESCRIPTION §
-} ) @
v 3

2610

WAL (e eonc i il dise. baadses B1-Gy iaterlsw smh, terrd:
= o g mdetn, bsl ¢ dolo, hal inthda sre thin and
TR e cuehs M‘ﬂ‘ ) aisc, dolo fatbds ore tntraclestic. iy

U M‘d-" an tru.m“d“,‘ﬂ‘ r_;__ [ 1107 sah poeutomoryia after Large vert eciented sblentee aln.

Wﬁ laumm wn % 3-Qy para + wavy lam ank, lower 2° {0 gradntional with tnterisw dolo wiste &
'}ML hﬁ) &k tereig wista, intervsl frow 2700.5-2702.0' {s cent to esterolfthic in o
. terrig mdsta wetrix, vpper 4° in composed of altermating nenes of lew, nod
“m& . h\ pén to lacy texture ¢ cemcentrations of smell hal blebs iw snh, sones of hol

B Slebe are toxturslly similer te the psevidomorpha sfter gyp above, menes of
lacy textere are met 1t B ¢ Oy, erigin 18 waknowm,

= 2 _
- F u;’" Ya dl.lorma.h’en R
D . . Tiv-8 doin pkstn, framework of tiny, frr shaped coated graine ¢ intraciancs,

L pinpoint snh replocement + sub {nfilling sllochen -ld- 2106,0-,3" appears
hiped %"m ‘g Sedded or croes NM. it fo + local zomen of
Y‘Y. " texture p d by partizt mlmt of dolo by snh.
b n-n swhydritic dolo mietn, vl-" 1sm te micrnatyiolitie, ponnible Surrowe or
:&i" “g‘.ss l eaft sed 4fmtn 1a lower 3-4°, swh is more shint in wppet 4° ma scatcered
‘ f‘ enail wods and ded beds, pu-l"o euderscks ot 2714.3%, width ime towerd
top end 1o fufilled with dolo + wods of enh (0.3° Long), manther possible
swdcrack at 2711.0°, lerge swbroumded intrecisst (0.1°) & disc heds ot

‘ &’ M M“ M 2713.3°, werrow lal-tnlu Prace eve rimsed vith snh, some wuh pods sre
portially repleced by chart, chert sewstimes sppears lam, one 0. 7* bed of

-Ihdckﬁ{ﬂ'}"f/n& 4 med avh st 271167,

Tiw-B fove 1imeats gnetn, sllochean inclede costed grafna, Rirveneiis-1{ke
uflml + wellwnes (including cephstopoda), wollunce are wrll-preperved,
} HAL “W conted graine sre moldic, sirvcturvless - cavsed by burrvoviwn, wpper

contect ts shary with 2 &n wone of Plseile wdetu.

Tle-B-Oy limestn wkatn, the suly identifisbie sltochesn are girvemeilsn tuben
*u'_n appeer to [lost in the sed matrin, wnit 1s characterized by 8 strange
disgérietic fabric ainilar te vhetns below with &b Cy caleite unds, surround-

Obll. 'or .l f%‘l? deg poorly cemented ssecs srs wiepy lsm ro microstyloliric end sppeer te be
,' displeced around wods during grewth ar compactiom.

Tiw-B fose Limsstn gnsta/phate, v &1 tosetl] emh } Vin-
L1ike twbes, -utn 4 ecoated graine, crinolds, bryeznana, -»llunu (pelecy=
pods & ) ond graina ere prorly sarted with focal
econcentrations of large vhole toseiln, tubes sve bollow with porcelsinous

outer walle, conted graine ere 'mnw( or wnldic, -ll-leo are filled

with coe xin epar, bry crinaids are v well

preserved, upper hall of -n 1s htttt prenerved M Iu" half, ntrnc-

tureless bedding hoe beds largaly destroyed by biotnrbation, swount of wed
tinc in wpper 2° & 1 gradetionsl te weit shove,

. ¢ o On=Tlu=3 :pnuly fosa lieestn wkstn, fnniln ave small and difficuit to
. . 1dentily, wnit in winpy 1am with sn of strange 49
’ - AL J'Iltd vertical . atfe fabric of &k Gy calcite wols dloplace snd rrplace low, hal-filled
O . s~ wert fracs st 2747.0%.
2-’ J,y' P Tiv-b limestn melluse gnatn, fonnils incinds Jorxe pelecypndn, gentfrpnds,
(RS crineide + girvenelle-1ihe tuhes, nollivacs are {afilied with ralcite spar,
g r_‘_i Sirvemelila tubes are prenerved or sofdic, wnit fa strocturelenn with poe—
S

m eibls large vert burvows which are differemtiatly eemented.
. Ou-Tiv-B 1imente brachiopod wkatu, fosaile ave well preserved with soee partin)
%ﬁ m h-'-‘ re ( ot whole replacensat of graine by enh, fossils inclwie brackioponds, hryoroa
glg . ond pasaible girvawella-11ke tubes, wnit in wispy lom with o strong din-
gewetic fabrdic of &k Gy esicita noda which sppear tn displare soue lam,
m 1756,0-2757.0° contains pods of packed gratns which say reprearnt burrown,

/Oir-ﬂv-l 1imestn fovsiliferone pachatn/gnetng v diverse foantl anncublage
;_‘_. lnelndu saall girvanelia-I{ke tuben, couted grafus + owcolites, @oifunca

27601 t
{ srnad| m’" £ crlam AN
i in J, ‘3 pelecypods + Migh-spired g 1N [* I 1
. . . op T > oramay lower

e - ls hak srlni a;u*upad (30w I e Troturvates wieh imgy Lou'om In Kradationsl be wmis helow, 23R
¥, . 2759.3" 19 a greetn with only smell pode of mistn, Boat allocheon are wnldic
.. 7, thickal or 1nf111ed with hal, presarvation inc wpeard, girvanclis-itke tubes Are

v pervasive in the wpper 3° ond are found an singie twhen, clmpn of twhes

v HA‘L

end se filamentouws continge arewnd ellechemn, enatingn are Fhickest at
- 2766.5%, wnit 1a gradetional te the wntt shove.
v -
“m“" 0’ The-b-Gn loestn mistn, 2770-2701°. fa Iam to ] tam with parchy somes of
nodn Aave hairiine fracn radiating

a l
™
ioward, 2770-2727% h wispy lem with naat] bz burrown crons eutting Jam,
y ' r}i."f"u ddm MAL -ll-:h—l are -’u-ly ww:‘ -“entll’:.hh. rpq;r m hl:I-:qt
'l ) eincite n, o
NI Ad“}! “'Y")M e 1776, 1" containe mmil bivalve motda which wre fnfilled
SR e, with hal.
|

N*‘ (4lwlm

\u
e "W L‘—-— Yiw-8 dolo mista, vispy lowm with smmil b birrows cross rwtting lem, lowwr
[ an m‘b c’ 0.4 contains small intraciants of &k adata from weit brinw and other tiny
silochems left ss molds end 4o Vioturbated, local comcentrations of

Ly Z b Y srganics sre fiusile.

~ g"&‘ d“'k M (1CW\) -1~ $1-Ca-0k tery mdutn + ach, wpper 3,37 18 componed of fairly well defined thin

beds of dk mistn 4 snh, sud-rich somes are firn{fs, a high orginfc content
) 1o tnferred frow the &k color of the wintn, lower section is 8 remponite
of dsth imtraclentic sdatn and disc + cont beds af anh ¢ miatn, bede srr
patsilel to wavy + contorted, thickest anh fotbd la & cm, theee hal-Eillnd
cavities are. rimmed with anh sphervies at 2797.3%, ome eavily contsine A
1l mdetw futracisat.
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Prinarily S-type Mol with mdotn intbds - U emd € hal sssociated vith intbde,
smell smewnts of A-type hal sined with 3.

F-cype hal futhd with & Oy adetn bede with anh(?) cement.

" Iateriem awh ¢ ¢k terrig mistn with #1sc bal fathds $ poorly formed hal
lem 19 pars te cont, hal {a faintly R i colnr,

——
-.a

4 omens.

4

+-

o e b

v s o

—.0,4

" TBI-Cy ewh vith fsteriem ¢k tecrig sdutn + dalo, lover 1° fu gradatiomal to
dolo, wmit below with tuthds of med snk, grades wpwerd {utn comt to pars
2am, 0.9° thick intbd of lam, wingy Jou sed femestra) dolo wdnm at wmey,
omell 11y pods of hel 1s mistn are sligaed wert in wpper Walf of fnthd ¢ In-
111 fermstrae 1o luwer half, midetn appears deforned arcwnd WAl + tn pel-
lated in thin section, hel conrated Sonen sre conc in owe d15c 2 sone + are
dueply etched da relation te the swrreunding dole, l1em tn wpper 2' of anh o
“‘fl‘{l‘;!“ and conterted wtth tight simtisr lelds of mm lem dole + anh
a 3. N

Tiw-8 suhydritic, inttd dole miatn/phstn, mistn 1s wisgy ism, pkutn comtsine
conted graiwe, signe, molluscs snd other foenils which are difficult to
identify, mest ere dinsclved snd isfilled with hal, these bedy are

: o bloturhated. )

o
g

P eyt
i %’ T

. Bl e e e

i

T
-2k

~ 81-Cy wod to lme swh, dk terr wdetw o inteviam with ank and {n found tantl

Satwesn pods, trace smownts of dole mdetn are alse prasent, ands fa lower
1' eve small snd sve | cm {n disweter, nods in wpper }' are large, terrip
wiste in wpper 3¢ 1s [insile and splitn ennily slonp nubhz planes, sharp

but cont et eoft sed deformed comtacts beath sbove and helow.

Yie-8 sshydritic dolo mintn, wispy 1w, gredationsl to wmkt helow but enntnine
on inc 1n aod ssh, vpper 2' contalen ws lem enk ¢ dolo, wert awh festures
crosscut_buds, shdst kal-cemputed stuen sre stched relstive to surrounding
wdetn, siote metrin io vagwaly Got and wey represent differences {a the
snount of weh comant(?). - .o

Lt Oy dole wintn, wpper 3' 1 wiepy lem with large drr mones of hal rementa-
tion which sre stehed Tefative to werrounding dolo, Iam {s cont throwsh
thene sones, lower section fs Iam with v emall burrows, diarupting some
1am, b ore ty d by hal and are otched relative to mur-

rownding Teck, lscal conc of srg-rich

tock,

terrig wdeta prodwces Eisaility in
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Tlw-D dole selite goven, ¥ well oorted aoliten are the mont mbdnt allorhewa,
othet allechess include mellesce, schinodermn, green alfar] pel
souc in Jags or floet in the fiwar gratped solitic entrix, solites are
diescived and tufilled with hal, lower 1* fn croes bedded,

.~ Thw-8 1sm to Tpl lam siity dole mistn, lewer ' 1o Moturhatrd, Iam to pro—
duced by vaciebility ta silt content & orgenica, contalns tathds of onlfto-
melivec phatn/vhketn 1n wpper 1°, green alpse may aleo ba present in nection
pooriy-formed hal hoppets conc slong soms las,

Bk Cy-3k terrig wintn with giternating sones of well-presetwed rpl 1am dnth
intrecisstic fabric, cont sad diec onh 1aa + emsll clantn of ank 4 wiatn
f2oe¢ I wmtriz, Tlw-Crng siltatc at 2262.2 13 soft ec? creed with
clesty of mista 4 wdate breceia, wppar 1* is highly fiantle,
wod amh st tep.

Tuthd BB sdata with doth fabric and D-type hal,

Prinarily E-type hal, beddrd with vert oriented xla, winor danding, few
chavron {aciusions, tathd U ond £ hel pear somes of shdnt pipes ond plits
and sesocisted with the few dntbde.

9,3 ed of

[ Interlam smh, dele & terrig mdstn, fnm is para to uavy snd cont, becomen dinc
in wpper 1.3%, wpper sene {» 12ed by ond ank o dine hal
pods & e inc in terrig mdatw content, lower beundsry in gradatiomal to
dolo mietn helow, wpper boundary with hal {s sharp.

, §ilorens fal -Gl
L

hat - CWd oabiR &

yims 4

Tlv-§ delo sparsely foss wisin ¢ith gustn/phatn fuchdn, fonslis are emall and
difffcult to fdentify, soat are Snldic or fnfilled with hat, the wprer and
lower boundyries ere gradational, lower 9.3° sbdnt smatl hury
and vague wigpe or lan, len fnc wwerd snd ie occantonally disropted by
Surtowing, vpl lam In wpper 1'; this upper some contains hz tonen of hnl
cesentation which end sbruptly wrsr fracs, wnit s alightly anhydritic with
large snd sunll wede acsttersd throwghout, wert fibrons kal-f{lled fraca
are wp to 3' long, hal hoppers are present st 2899-2901°, thrre grntn tn
photn fntbdy lese thea 1 thick have sharp to Rrafational comtacts ond Are
coupoved prissrtly of oslites, cneted gratwa, girvenrila twbes & (ntra-
claste ~ all woldic or {nfilled with hal, disgenesin in thene graiwy tntbds
sppears compifcated with yamll heai-f1f1led cavitiens and {rr zomen of hal
cemantetion, cavities have bamded chert viwe,
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D LIGUTER 2N 65 .
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2068 HAL- Pils

Tlw-0-Gy 1imeatn whotn/pkatn, this wuit $a gradatiomal to wnit helow bat In
diatinguished by an inc in grafn contewt and sure pronounced dlagenctic
{ned) [ebric, two phetn inthis bave gradatioma]l brundarics, wpper 1.5°
coneista of [aint winpy lam snd local conc of bivalven and/or grees sipne
fossils imclude . Sryoeoa, criwoida, fousiln
are v aail e difficulr

slgse,

to {dentity,
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‘_ ;‘:’“ ‘. ' s :‘ e . Ylv;l 1isentn duui :::ntly'l- to vispy lem, small burrovs disrvpt lem,
LLIT1Lh ackore loenils are smel. d11ficwlt to Identify, wnit han wot dispenett
- ‘ T ¢ L_&,‘?_‘"‘\ otes c‘“}'"" aE fobric caverd by differential his orpeats to
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Palo Dure Basin

Dathert Basin

General Lithotoqyb

and

SYSTEM SERIES FORMATION FORMATION | depositiona! setting |-
HOLOCEN.E alluviun‘;.l ggn sand nlluviuupt.' :,ugc gmd
“Tahoka " "
QUATERNARY PLEISTOCENE "eover sonds” Cover sands Lacustrine clastics
Tuloa. : and windbiown deposits
111,14
TERTIARY | NEOGENE Ogallala Ogatlata o] o s
CRETACEOUS undifferenticted undifferentiated :?;'a'm':?o'::
Fiuvigl-deltaic and
TRIASSIC locustrine clastics
Dewey Lake Dewey Lake
0cHoA Alibates Alibates ;
T —— Saledo/ Tansiil
u' Yates
3 Artesia Group
3 Seven Rivers undifferenticted .
g [ 4
g Queen/Grayburg Cyclic sequences:
> o shallow-marine carbonates;
< San Andres Blgine hypezs - “lt
: Lt
I&l Glarieto Gilorieta )
Upper Cleor Fork Clear Fork
a CLEAR
P FORK Tubd
-4
[=]
'ﬂ Lower Clear Fork unditferentiated
Tubb-Wichita
Red Cave Red Beds
WICHITA
WOLFCAMP
? 7 ?
- VIRGIL ¢i1sco
z Shelf end'
z MISSOURI | CANYON P oorar
S . basing! shale,
g "gﬁ‘sss STRAWN and deltaic
[72) sandstone
£ ATOKA
&u BEND
MORROW
a CHESTER
7]
2 Shelf carbonate
é g MERAMEC ond ehert
s OSAGE
ELLEN- i
OROOVICIAN BURGER She!f dolomite
CAMBRIAN ? Sheomsrae e 7!
PRECAMBRIAN S amorphie

metamaorphic




TYPICAL SAN ANDRES CYCLE
Base next cycle

Texturg) zones

Red mudstone beds
and chaotic mudstone -halite

Halite
Anhydritic halite with
j preserved primary fobric
}
Bedded anhydrité€” /
Nodulor anhydrite
Dolomite
Limestone
Dark mudsione oL,




hble's Textural classification of halite with genetic significance.

Symbal A (] ¢ 0 € F 6 H i
¢ - : BN
halite type chevron halite color banded/ chaotic md- | quant | cquand displacive | halite cavity- tibrovs fracture- .-
rock vertically stone-halite |muddy halite |anhydritic halite in fi11ing cement filling halite
oriented rock rock halfite rock other cement .
. halfte rock :...? . sediments
hatite crystal  “lo.5.5 cm tall [ 0.5-Scm tall Elostorom [ 15cm 1-5 cm 0.5-3cm | 1 to 20+ om Jtalem
halite crystal subvertical subvertical E equant equant equant euhedral equant fibrous
shape msafc; L:N= mosafc; LiN= © | anhedral to mosafc msaic cubes or mosafc
3:2 to 4:) 3:2 to 4:) > | euhedral happer
§ crystals - shapes
compasition |anhydrite anhydrite, w | mdstone, mydstons, mudstone; cavity filling trace of hema-
common ; mudstone, T | wmiror minor anhydrite also halite is clean | tite present as
muds tone organic 6 2. 2 | anhydrite anhydrite dolomi te, but is associ- coloring agent,
possible ; anhydrite | ated nlt: mud- :thenlln pure
“ stone an alite
:;' £ <1%-5% 12-5¢ - 10-50% 1-10% 1-25% 50-99% anhydrite
T | location anhydrite on within and | in masses within grains, |along part- matrix :::«:me
§ grain bound- between . | between minor between |ings, grain for
- aries, part- grains, along 5 halite grains boundaries halite
ings, mud- partings, @ | crystals,
stone only in pipes S | some also
in pipe. fills . | within
& | grains
fluid inclusions abundant ,small varied -1 few varied varied few large and ?
define relict z abundant
growth faces -4
assoclated with  [F along crystal | F & €, Hénd/ E [ eudstone may contain |may contain | non-halite | all halite in ron-halite
halite types boundaries and | or D in pipes | © | beds remnant AB, |remnant A8 rocks types vocks
pipes, Hindor typically possible H possible H
D in pipes includes
remnant
B halite
identifying minute fluid bedding and/ 10-50% halite halite with evhedral exceptionally fibrous halite
charlct:rlstics inclusions or vertical mudstone colored red 1-25% anhy- to sub- coarse clear in fracture,
along relict orientation in inter. brown or drite, hedral crystals, fil1 meny examples
halite growth of crystals crystalline |black by 1-10%]. 3, MO halite cavity in other | red colored
faces masses ,chaot-| imourities, hedding crystals in| salt type
fc texture . . sediments
no bedding
a ~ uld’
sketch . %
/\ ‘;\G’ \&7[". .
. —
4 *’ > N N oA




Key to detailed logs, San Andres units 4 and 5 halite

Colummn 1 Depths in feet below kelly bushing

PC indicates point count of 100 points over 1 foot intervé]
of slabbed core to check estimated percent lithology.

+ and * indicate sampled interval, core not available during
detailed logging and checking.

* indicates sample logged by BEG and a detailed description
available in BEG files.

+ indicates sample logged, but no detailed description.

Intervals sampled before BEG logging are labeled as "sampled"
in column 2 "

Column 2 Estimated percent lithology

Mineral Composition

- Porasity

XX%| Potash Salt
Halite
$§:§§ Anhydrite
AAA| Gypsum
£ 1 Dolostone

. Tllﬁ Limestone ]
aa Chert
~o--] Sandstone '
TIZ7] Siltstone
== Mudstane

Claystone

Carbonate Comoonents

G Grainstone
P Packstone
W Wackestone
M  Mudstone



Column 3

Halite
4474
(SRR}

W

sV

Carbonate Components (continued)

o oolitas or coated grains
o intraclasts
e fbssiliferous (general)
~ motluscs

crinoids

forams

o
S

> brachiopods
A phylloid algae
- :

coral

Structures

chevrons
vertically oriented crystals
dark bands

Sketch of structures.in left-half

of column; interbeds of one lithology
in another extend 3/4 of columm width;
boundaries between 1ithologies drawn
across entire column width. ~

pipe, pits (show residue at bottom)

W anhydrite

/
.
I8

g S —

priragr TRy

N\

chaotic mud salt .
recrysta11izedAhalite
exceptionally coarse halite
mudstone interbed -
anhydrite interbed - |
discontinuous mudstone interbed
discontinuous aﬁhydrite interbed

nonhorizontal bedding




Column 3 Structures (conti nued)

Anhydri te

-MM* gypsum pseudomorphs
——4 bedding (schematic)

P ————
\élf'-xﬂ_,: contorted bedding
RS2
»*

nodular
crystallotopic
Carbonates
e be&ding, scour surface
~—~~——  wispy lamination
= ripple lamination
=>2%>  cross beds
SN intraclasts
ROERE cdarse grainstone
v P burrows
- stylolites
Clastics
== lamination
v b burrows
- " ripple lamination

A~ A~ disturbed intraclastic fabric
S Ve more disturbed

- cross ded" ng
::,__Q_ dissipation structures



Colum 3 Structures (continued)

General
-0 - boudinage
= mudcracks
= clasts
V/A - faulting
¥ fractures
B birdseye-fabric
@_ contorted alminae.
a displacive halite hoppers
&om skeletal displacive halite
Q filled fracture
00° nodules (note composition} -
* crystallotopic anhydrite in other lithologies.
Column 4 Comments

A. At left edge letters A through F indicate halite rock types.
Halite Types .

bedded halite with chevron fluid inclusions
bedded halite with vertically oriented crystals
chaotic mudsalt

recrystallized muddy halite

recrystallized halite with interstitial anhydrite
displacive halite in sediment

X 6 ™M M O oo >

coarse recrystallized cavity fill halite
I fibrous fracture fill

See table and text for description of halite classification.



B. Location, irreguiarity and estimated continuity of mudstone
and anhydrite interbeds in halite.

muds tone

T it anhydrite
«vwweer jirregular base, flat top

. .2~ discontinuous beds

C. Comments on interbeds
M indicates mudstone
A indicates anhydrite Z Indigtes s Hsione

bed thickness shown

SA indicates 5 anhydrite interbeds too closely spaced.to
show individually,estimated percent impurities shown.
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wete  Datten DATE__11-83
INTERVAL __1129-12% £ALADG - TANSILY LOGGED BY ST DH Bl mw BP
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LITHOLOGY | Structures COMMENTS ] LITHOLOGIC DESCRIPTION «
(%) § g
- -- - - Tternating layers of tan laminated dol K ¥ibrous fracture P
Ul - . - t111e¢ -/":mam wodule like gyp replacing the dol. Bottom & iontatn hose
pseudomorphs after grassmt swallowtatl gyp. Dol Teminated.ripoie 7 algai?.
- - ) assaat; @yp & Anh pseudomorphs aftar qyp ., woper .6' & lower .2' fine
j‘ rystaliine qyp; wid s' fine crystailine aixture of ant & gyp Contains
1brous
G 9&.« ure T o ae grained =mull|nl {appears replacive) Ghost laminas present.
1P 1"‘( nor strisgers of tan a’" mm o frecturs 1. mmms (red mud)
ves gone & reddish hwe.
tipel 1.3 Ripple sated very fine u. nll pmmcd cross M«H wurlou. scale of
irpies structures sbout 7em ncruﬂngn’ucnm.mndlnuw & cm of pure
[fibrous gyp frecture £111 at base. Cross dads lm angle, gyp modules about 2 mm,
§.3|modarats reddish brown siltstn/sandy SI1Estn; NICACBOUS SUDATADTE; 3aha STZW
ins i» lenses or pods. Low angle to hortzontal gyp {uo to 1Sm). Frecture
- ,:.l & pore £1111ng aodules, less ;Mn 2 - lmwlu: blods of%nn coslescing
3
“Piak ﬁa.'a .5 Sadded massive anh laminations umlloltsli’stly wavy; being converted to @rp.
Gyp. sodules scattered (1-Scm)coalescing § cut cross enh leminations. Upper
. F;\.ra«, 41p gn‘h.n EM) .6° 811 gyp, fibrous § modular. Frecturg f111 commoa fibrous gyp(3-15em) nearly
~ X - ? or aosafc anh; zones of ausaic to bedded meduier aussic. Red intersti-
— by AR ml mud slightly dolomitic in Tewsr footage; MNodules 1-30wm. Scattarsd qyp
A Ttpleem nt sodule nodules (1-10mm) coalescing tnto larger nodules & zones. Aeplacement , stucture
x | < mizta laminations) disrupted by gyp modules. Cosmon fibrous gyp fracture ﬂl\
r > ri-g fall Y - - - . e -
nooular mosaic to deoded modular mosaic anh; modules lass than Ime up to 10mm;
aversge H- Interstitial red md sligntt wluni:; Culucing QP replacement
Lo .. e t:o: ":..‘3;9:"‘: g,n l?: ‘:ntrln‘ns of red mxd lass then .lem -
r 1.5 sma splacive anh modul
3.5 [in md 8§ Taminated 4o (aleat?) merin, o8 Tess than dem
2.5 Green rny ©l wisth w/ m c!c{ !mnu peraliet to -lvy.Mgnly stylotized
€3 lacive crystallotopic amh. sy be ripple lamim
TANN (gqlecing DOL 1.7 | ray dol mista w/ disturted § broken Mdg;ag intraclasts; uylmna- qreen
B = San Facen T 1.6 T Taainated ank w thin Interbeds (1ess than 1 mm] of aray o1 edstn: ioh ect
1.7 5-1 cI thick, parallel to slightly wivy & 11e about 10 degrees trom horizontal .
" undary stylolitic. Anh raslacin 1.
T \ u-mnnd aigal) dol mdste, leminstions .25 to 7 mm § contain numercus vertically |
Gyp $4_vd . z\ oriented Cracks. Interbads of srn .25-5ms, decreasing wp sestion, Posstble ripple
h Suaken sidas l-lu:im oot |-|uuum mnmnu & increasingly broken wp saction until upper
"\) wher «:o-! 'ntﬂc astic,
A 2 s qyp arge o v,
& nm: e (| B tmm thin hmmm of gray al (Tess than 1 -). lom
thick of doi mm. am laminations i- rippie_tsminatfons
Y t dol 1 L': |
\ P, W (130 [11 Teduced; entire layers of mud have beed reduced.
(\. Pods (llltnclutn l Tenses of sand stzed detritial gyp grains; reduction swt‘
Woderste reddih brow s1itstn; subarkose, wicaceous; secondary gyp & detritial
\ mm umcuon spots (1-5em) Low argle fractures iﬂln w w:” d Intnchm
Mutdn l Ml.m!-i algal? Gyp Tracture TVTT. Targe vertical|
— ing gowreerd 'rv- of secrion. |
Moderata reddish brown clay vich, sandy mdstn. Verying % sand & clay. Cosson
’\{.e\ uOA xone gw crystallotopic gratns often im stringery. Scattersd reduction spots 1-13mm).
of aah w/ aodular gyp replscament. Upper bed bedded msssive Jower bed
{bﬂ“ 12 | massive w/ thin interstitial mud layers.
‘ #ﬂgﬁw t\\
« aeides ..
A A Oark reddish brows mdstn. Scattared recutions spots w black cores (6-12m).
A A g [Contatn crystallotopic qrp 4 fracture H111. Gyp growth coalescing to form gyp
IAATS stringers.
) x’\ J Tark reddTsh Brows :lnysu-?-nsu. fruturn Ti11; widely spaced reduction spots
) "F 2.5°] (.S-22m). Mas begimnings of displacive qyp growth
T “ ] Moderate reddish brown fferous siltstn/mdstn; ciuTmn crystaTotopic :
:“: Gyp sond? 3.8 @ crystals coalescing fnto modylar 11ke morpnology.  Apoears to have contorted
A . | possible bedding planes. Modules about 2-5em average. Pnu!bh detritial qrp. |
A 1.9 Dark reddish browm ciaystn/edstn w/ nodular gyp growth up ¢o iSem aiso gyp
16 _.‘._rfncmru il
c.&k s et ure T Moderate reddish orange sittstn w/ suddy & sandy zomes which contain erystallotopic
-\i nndes 13. | gyp. Gyp crystals coslescing i bands, modules b irregular ropey morphologiss.
Fibrous @yp fracture f111. Gyp grains appetr secondary but some meybe detritiai.
Alternating wnity of dark reddish brown claystn/mdstn w/ wispy bedded icaceous
stitstn/sandy s1ltstn; clay rich units contin minor smounts of gyp via fracture
will & widely spaced black cantersd reduction spots up to 1.5 cm) average dmm).
SI\:::: are mr::; n«u:« ?nm 'o:n:n:nim 11gnter colored wispy beds
R . or ingers, posstdly containtng detritial gyp. saconda; crystals
"\‘5\"“\ bre ceiated 11 | present. Gratns rounded, poor sarting, Mumercus reduction w;{s?mm 2mm
som w/ black cores. Sodimury structures, scours, rippie laminations, wispy
Taxinations, deformed beds & rip up clasts.
/BTstorted, bedoed nodular grades to Bassive bedded anh W Interbeds of thin
‘ .3/ S:us‘::n : -)':f M“} {:# 'Pou}bl: r;npll laninatton 1n tower foot. Anh
. relatively so s3 yd .
V\uil escape ;kmw-s’. 2.4 y po: 34 ection lack of complete denhydration
N . . 51 lllgnly fractured mderately reddish brown clayey siltstn w/ derker clay/md tone.
- N Fractures both vertica) § nearly horizontal filled w @rp. loper .6' most
(d 6 | fractured & contains disturted § broken bedding, numerous reduction spots wp to
1.5cm; clay Jayer contains few dut large reductfon spots,{2.5cm). B
iy
logged by _B,, date_i. .3y
date
checked date
transcribed by 1. date_. 8%
wdated date
updated date
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WELL Detlan
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VePrER fENe s RUYER

LITHOLOGIC DESCRIPTION

CONTACTS

(%)

o N A T - sturbed bedded #0121C to M331ve anh; disturbed bedded mosaic contains large
L - m L2 XZ. R - 3 | amount of snhydritized red sud which gives 1t & reddish color. Mud decreasas

LOGGER. DATE

g! LITHOLOGY | Structures COMMENTS
H

. - InsoTuble residue: aBOvt 28 anh nodules; |-2wm ann fracture 1) present, ail
- - < |in mistn. Sem aversge undisturted reduction spots present 1248.3-1283.0. SOwe
Reduchion epsy Jack ry
. lnc:ilm [1°] |nunt 1246.0-1245.8. md modular anh present 1246.2.
k_laminations at 1245.6

/ff;

Insoluble residue; mud clasts, disturbad, about Sem anh nodules, .2mm euhedrai
{1 ent.

B

Shite gray laminated wah

Conkarved Swacind criphes Deveriphion 1204 193"

A

Reduct: ats Red, muddy, sandy siltstn w/ ssximem grafn size very ffne gand.Mistn & clayste present
l tion b ™ distinct intervals & In varying corcentrattons as disturbed, discontinuous
Yeminae within the stitstn. Siit size & greater clastic grains are predominately
». {very sparss) matallic onide winersls present. Aeduction 3pots present

in vertable concentrations & vertable size (.25 wm wo to a few ca thick n{-n)

- . throughout the clastic imml. Mdsta/claystn  intarvals generally fissi Mina
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Figure 26. Stratigraphic column and general lithology of the Palo Duro and Dalhart

Basins. After Handford and Dutton (1980).
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DISSOLUTION CONSIDERATIONS

Process: Shallow ground water dissolving salt
Types: "Peripheral” and "Interior” ?

Controls: Hydraluic gradient, evaporite geology,
overlying geology

Extent: Geographic and stratigraphic
Rates: Rates of dissolution for different types
Timing: Ongoing or relict process

Implications to nuclear repository



TYPES OF DATA

Geologic data: Stratigraphic, structural,
geomorphic

Hydrologic-hydrochemical data: dissolution wells
saline springs

Core data: DOE stratigraphic and hydro wells



HYDROLOGIC-HYDROCHEMICAL DATA
Well locations

Mansfield and Sawyer well results (' penpheral )
1. Hydrologic Testing
2. Chemical composition
3. Stable isotope composition
4. C14 Concentrations

Harmon and Detten wells (“interior”)
. Hydrologic testing
2. Chemical composition
3. Stable isotope composition



CORE DESCRIPTION
Well locations for core in dissolution zone
Diagnostic features of dissolution

Geographic distribution of dissolution features



BEG PUBLICATIONS
REQUESTS FOR REVIEW PENDING

West Texas.Waste Isolation Project
Contract No. DE-AC97-83WM46651

1.

Draft:
Bureau RI

Draft:
Bureau RI

Final:
Contract
Report

Article:
AAPG Bulletin

Draft:
Bureau RI

Draft:
Bureau GC

Draft:
Contract
Report
Bureau GC

Article:
Groundwater

"Hydrogeology and Hydrochemical Facies of the San
Andres Formation in Eastern New Mexico, West-Central
Texas, and the Texas Panhandle," by Dutton and Orr.
Review requested 2/6/85.

"Numerical Modeling of Regional Ground-Water Flow in
the Deep-Brine Aquifers of the Palo Duro Basin, Texas
Panhandle,” by Wirojanagud, Kreitler, and Smith. Re-
view requested 4/18/85.

“"The Internal Structure of Model and Natural Salt Domes
- Experimental Modeling of Salt Diapirs: Final Report,"
by Jackson and Talbot. Review requested 4/29/85.

"Wolfcampian Series Porosity Distribution: Implications
for Deep-Basin Ground-Water Flow in the Palo Duro Basin,

Texas Panhandle," by Conti, Senger, Wirojanagud, and
Herron. Review requested 5/17/85.

"Cyclicity in the Middle Permian San Andres Formation,
Palo Duro Basin, Texas Panhandle," by Fracasso and
Hovorka. Review requested 6/20/85.

"Fracture Analyses of the Palo Duro Basin Area, Texas

Panhandle and Eastern New Mexico," by Collins and
Luneau. Review requested 7/29/85.

BEG PUBLICATIONS
APPROVAL PENDING

"Geology and Geohydrology of the Palo Duro Basin,
Texas Panhandle: A Report on the Progress of Nuclear
Waste Isolation Feasibility Studies (1983)," by
Gustavson and others. Review requested 10/2/84.
Comments received 7/1/85. Extension to 8/15/85
requested.

of Salt Water in the Rolling Plains,
Texas," by Richter and Kreitler,

"Geochemistr
North-Centra



Article:
Geology

Draft:
Bureau RI

Article:
GSA Bulletin

Draft:
Bureau RI

Draft:
Bureau RI

Article:
South Texas
Geological
Society

Review requested 10/10/84.
Responses submitted 6/13/85.
ted 7/3/85.

Comments received 5/13/85
Revised article submit-

"Geochemical and Textural Evidence of Primary and
Altered Bedded Salt, Permian Lower San Andres Form-
ation, Palo Duro Basin, Texas," by Fisher and Hovorka.
Review requested 10/19/84. Comments received 5/13/85.
Response period extended to 9/1/8S.

"Late Cenozoic Geomorphic Evolution of the Texas Pan-
handle and Northeast New Mexico - Case Studies of
Structural Controls of Regional Drainage Development,"
by Gustavson and Finley. Review requested 12/21/84.
Comments received 7/1/85. Extension to 8/15/85 re-
quested.

"Structural Control of the Development of the Canadian
River Valley, Texas Panhandle: An Example of Regifonal
Salt Dissolution and Subsidence," by Gustavson. Review
requested 3/7/85. Comments received 7/5/85. Extension
to 8/31/85 requested.

"The Pre-Pennsylvanian of the Palo Duro Basin, Texas
Panhandle: Stratigraphy and Petroleum Potential,"
by Ruppel. Review requested 3/11/85. Comments re-
ceived 7/15/85. Responses submitted 7/24/85.

"Stratigraphy of Bedded Halite in the Permian San Andres
formation, Units 4 and 5, Palo Ouro Basin, Texas," by
Hovorka, Luneau and Thomas. Review requested 4/3/85.
Comments received 7/3/85. Responses submitted 7/25/85.

“Reinterpretation of the Internal Structure of Palangana
Salt Dome, South Texas," by Jackson and Talbot. Review
requested 4/23/85. Comments received 7/22/85.



Enclosure

STATUS OF REVIEWS

(List from June, 1985 Progress Report)

West Texas Waste Isolation Project
Contract No. DE-ACS7-83WM46651

1. Draft: Contract
Report Bureau GC

2. Draft: Bureau RI

3. Draft: Bureau RI

4, Article:
GSA Bulletin

5.-Draft: Bureau RI

6. Draft: Bureau RI

pen e b e
r pyeageees TTRAN .: A% ".;~."J
J._.,;“_u W, .. s

"Geology and Geohydrology of the Palo Duro Basin,
Texas Panhandle: A Report on the Progress of Nuclear
Waste Isolation Feasibility Studies (1983)," by
Gustavson and others. Review requested 10/02/84.

Consolidated review comments sent to TBEG for
resolution 06/25/85. Response requested by 08/01/85.

“Late Cenozoic Geomorphic Evolution of the-Texas
Panhandle and Northeast New Mexico - Case Studies of
Structural Controls of Regional Drainage Development,”
by Gustavson and Finley. Review requested 12/21/84.

Review comments sent to TBEG for resolution 06/26/85.
Response requested by 07/31/85.

"Hydrogeology and Hydrochemical Facies of the San
Andres Formation in Eastern New Mexico, West-Central
Texas, and the Texas Panhandie," by Dutton and Orr,
Review requested 02/06/85.

Report is in review cycle at SRPO.

“Structural Control of the Development of the Canadian
River Valley, Texas Panhandle: An Example of Regional
Salt Dissolution and Subsidence," by Gustavson.

Review requested 03/07/85.

Review comments sent to TBEG for resolution 07/01/85.
Response requested by 08/08/85.

“The Pre-Pennsylvanian of the Palo Duro Basin, Texas
Panhandie: Stratigraphy and Petroleum Potential," by
Ruppel. Review requested 03/11/85.

Review comments sent to TBEG for resolution 07/08/85.
Response requested by 08/12/85.

“Stratigraphy of Bedded Halite in the Permian San
Andres Formation, Units 4 and 5, Palo Duro Basin,
Texas," by Hovorka, Luneau and Thomas. Review
requested 04/03/85.

Review comments sent to TBEG for resolution 07/03/85.
Response requested by 08/05/85.



‘' Status of Reviews
Page 2

7. Draft: Bureau RI

8. Article: South
Texas Geological
Society Bulletin

9. Final:
Report

Contract

10. Article: AAPG
Bulletin

11. Draft:
Bureau RI

79568

COPIED FOR QA FE5°

“Numerical Modeling of Regional Ground-Water Flow in
the Deep-Brine Aquifers of the Palo Duro Basin, Texas
Panhandle,” by Wirojanagud, Kreitler, and Smith.
Review requested 04/18/85.

Report is in review cycle at SRPO.

"Reinterpretation of the Internal Structure of
Palangana Salt Dome, South Texas," by Jackson and
Talbot. Review requested 04/23/85.

Report was sent to CER on 05/30/85. Review has been
received by SRPO; transmittal to TBEG is in
preparation.

“The Internal Structure of Model and Natural Salt
Domes - Experimental Modeling of Salt Diapirs: Final
Report,” by Jackson and Talbot. Review requested
04/29/85.

Report was sent to ETC via ONWI on 05/16/85.
due date has been extended to 07/17/85.

Review

"Wol fcampian Series Porosity Distribution:

Implicatons for Deep-Basin Ground-Water Flow in the
Palo Duro Basin, Texas Panhandle," by Conti, Senger,
Wirojanagud, and Herron. Review requested 05/17/95.

Report 1s in internal review, SRPO.

“Cyclicity in the Middle Permian San Andres Formation,
Palo Duro Basin, Texas Panhandle," by Fracasso and
Hovorka. Review requested 06/20/85.

Report was sent to SWEC via ONWI on 07/05/85. Review
is due to SRPO by 08/09/85.



BEG PUBLICATIONS
APPROVAL PENDING

West Texas Waste Isolation Project
Contract No. DE-AC97-83WM46651

1. Article:
Groundwater

2. Article:
Geology

3. Article:
Geological
Society

79568
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“Geochemistry of Salt Water in the Rolling Plains,
North-Central Texas," by Richter and Kreitler, Review
requested 10/10/84. Comments received 05/13/85.
Responses submitted 06/13/85.

“Geochemical and Textural Evidence of Primary and

Altered Bedded Salt, Permian Lower San Andres.Formation,
Palo Duro Basin, Texas," by Fisher and Hovorka. Review
requested 10/19/84. Comments received 05/13/85. Comment
response requested by 06/15/85.

“External Shapes and Dynamics of Salt Structures," by
Jackson and Talbot. Review requested 11/29/84. Comments
received May 24, 1985. Response period extended to
07/31/85.



June 1985

PUBLICATIONS ASSOCIATED WITH RESEARCH IN THE
PALO DURO AND DALHART BASINS

I. Bureau Publications

1979

Dutton, S. P., Finley, R. J., Galloway, W. E., Gustavson, T. C., Handford, C. R., and
Presley, M. W., 1979, Geology and geohydrology of the Palo Duro Basin, Texas
Panhandle: a report on the progress of nuclear waste isolation feasibility studies
(1978): The University of Texas at Austin, Bureau of Economic Geology Geological
Circular 79-1, 99 p.

McGowen, J. H., Granata, G. E., and Seni, S. J., 1979, Depositional framework of the
Lower Dockum Group (Triassic), Texas Panhandle: The University of Texas at
Austin, Bureau of Economic Geology Report of Investigations No. 97, 60 p.

1980

Dutton, S. P., 1980, Depositional systems and hydrocarbon resource potential of the
Pennsylvanian System, Palo Duro and Dalhart Basins, Texas Panhandle: The
University of Texas at Austin, Bureau of Economic Geology Geological Circular
80-8, 49 p.

Dutton, S. P., 1980, Petroleum source rock potential and thermal maturity, Palo Duro
Basin, Texas: The University of Texas at Austin, Bureau of Economic Geology
Geological Circular 80-10, 48 p.

Finley, R. J., and Gustavson, T. C., 1980; Climatic controls on erosion in the Rolling
Plains and along the Caprock Escarpment of the Texas Panhandle: The University of
Texas at Austin, Bureau of Economic Geology Geological Circular 80-11, 50 p.

Gustavson, T. C., Finley, R. J., and McGillis, K. A., 1980, Regional dissolution of Permian
salt in the Anadarko, Dalhart, and Palo Durc Basins of the Texas Panhandle: The
University of Texas at Austin, Bureau of Economic Geology Report of Investigations
No. 106, 40 p.

Gustavson, T. C., Presley, M. W., Handford, C. R., Finley, R. J., Dutton, S. P,,
Baumgardner, R. W., Jr., McGillis, K. A., and Simpkins, W. W,., 1980, Geology and
geohydrology of the Palo Duro Basin, Texas Panhandle: a report on the progress of
nuclear waste isolation feasibility studies (1979): The University of Texas at Austin,
Bureau of Economic Geology Geological Circular 80-7, 99 p.

Handford, C. R., and Fredericks, P. E., 1980, Facies patterns and depositional history of a
Permian sabkha complex: Red Cave Formation, Texas Panhandle: The University of
Texas at Austin, Bureau of Economic Geology Geological Circular 80-9, 38 p.



Handford, C. R., and Fredericks, P. E., 1980, Lower Permian facies of the Palo Duro
Basin, Texas: depositional systems, shelf-margin evolution, paleogeography, and
petroleum potential: The University of Texas at Austin, Bureau of Economic
Geology Report of Investigations No. 102, 31 p.

Seni, S. J., 1980, Sand-body geometry and depositional systems, Ogallala Formation,
Texas: The University of Texas at Austin, Bureau of Economic Geology Report of
Investigations No. 105, 36 p.

1981

Finley, R. J., and Gustavson, T. C., 1981, Lineament analysis of the Texas Panhandle using
Landsat imagery: The University of Texas at Austin, Bureau of Economic Geology
Geological Circular 81-5, 37 p.

Gustavson, T, C., Bassett, R. L., Finley, R. J., Goldstein, A. G., Handford, C. R.,
McGowen, J. H., Presley, M. W., Baumgardner, R. W., Jr., Bentley, M. E., Dutton,
8. P., Griffin, J. A., Hoadley, A. D., Howard, R. C., McGookey, D. A., McGillis,
K. A., Palmer, D. P., Ramondetta, P. J., Roedder, E., Simpkins, W. W., and Wiggins,
W. D., 1981, Geology and geohydrology of the Palo Duro Basin, Texas Panhandle: a
report on the progress of nuclear waste isolation feasibility studies (1980): The
University of Texas at Austin, Bureau of Economic Geology Geological Circular 81-
3, 173 p.

Handford, C. R., Dutton, S. P., and Fredericks, P. E., 1981, Regional cross sections of the
Texas Panhandle: Precambrian to mid-Permian: The University of Texas at Austin,
Bureau of Economic Geology Cross Sections, 8 p.

McGillis, K. A., and Presley, M. W., 1981, Tansill, Salado, and Alibates Formations: Upper
Permian evaporite/carbonate strata of the Texas Panhandle: The University of
Texas at Austin, Bureau of Economic Geology Geological Circular 81-8, 31 p.

Presley, M. W., 1981, Middle and Upper Permian salt-bearing strata of the Texas
Panhandle: The University of Texas at Austin, Bureau of Economic Geology Cross
Sections, 10 p.

Simpkins, W. W., Gustavson, T. C., Alhades, A. B., and Hoadley, A. D., 1981, Impact of
evaporite dissolution and collapse on highways and other cultural features in the
Texas Panhandle and eastern New Mexico: The University of Texas at Austin,
Bureau of Economic Geology Geological Circular 81-4, 23 p.

1982

Baumgardner, R. W., Jr., Hoadley, A. D., and Goldstein, A. G., 1982, Formation of the
Wink Sink, a salt dissolution and collapse feature, Winkler County, Texas: The
University of Texas at Austin, Bureau of Economic Geology Report of Investigations
No. 114, 38 p.



Bein, A., and Land, L. S., 1982, San Andres carbonates in the Texas Panhandle:
sedimentation and diagenesis associated with magnesium-calcium-chloride brines:
The University of Texas at Austin, Bureau of Economic Geology Report of
Investigations No. 121, 48 p.

Dutton, S. P., Goldstein, A. G., and Ruppe), S. C., 1982, Petroleum potential of the Palo
Duro Basin, Texas Panhandle: The University of Texas at Austin, Bureau of
Economic Geology Report of Investigations No. 123, 87 p.

Gustavson, T. C., Bassett, R. L., Budnik, R. T., Finley, R. J., Goldstein, A. G., McGowen,
J. H., Roedder, E., Ruppel, 8. C., Baumgardner, R. W., Jr., Bentley, M. E., Dutton,
8. P., Fogg, G. E., Hovorka, S. D., McGookey, D. A., Ramondetta, P. J., Simpkins,
W. W., Smith, D., Smith, D. A., Duncan, E. A., Griffin, J. A., Merritt, R. M., and
Naiman, E. R., 1982, Geology and geohydrology of the Palo Duro Basin, Texas
Panhandle, a report on the progress of nuclear waste isolation feasibility studies
(1981): The University of Texas at Austin, Bureau of Economic Geology Geological
Circular 82-7, 212 p. .

Presley, M. W., and McGillis, K. A., 1982, Coastal evaporite and tidal-flat sediments of
the upper Clear Fork and Glorieta Formations, Texas Panhandle: The University of
Texas at Austin, Bureau of Economic Geology Report of Investigations No. 115,
50 p.

Ramondetta, P. J., 1982, Genesis and emplacement of oil in the San Andres Formation,
Northern Shelf of the Midland Basin, Texas: The University of Texas at Austin,
Bureau of Economic Geology Report of Investigations No. 116, 39 p.

Ramondetta, P. J., 1982, Facies and stratigraphy of the San Andres Formation, Northern
and Northwestern Shelves of the Midland Basin, Texas and New Mexico: The
University of Texas at Austin, Bureau of Economic Geology Report of Investigations
No. 128, 56 p.

1983

Bassett, R. L., and Bentley, M. E., 1983, Deep brine aquifers in the Palo Duro Basin:
regional flow and geochemical constraintss The University of Texas at Austin,
Bureau of Economic Geology Report of Investigations No. 130, 59 p.

Gustavson, T. C., Kreitler, C. W., Bassett, R. L., Budnik, R. T., Ruppel, s. C.,
Baumgardner, R. W., Jr., Caran, S. C., Collins, E. W., Dutton, A. R., Dutton, S. P.,
Fisher, R. S., Fogg, G. E., Hovorka, S. D., Kolker, A., McGookey, D. A., Orr, E. D.,
Roberts, M. P., Senger, R. K., Smith, Dale A., and Smith, D. Anderson, 1983,
Geology and geohydrology of the Palo Duro Basin, Texas Panhandle: a report on the
progress of nuclear waste isolation feasibility studies (1982): The University of
Texas at Austin, Bureau of Economic Geology Geological Circular 83-4, 156 p.

1984

Collins, E. W., 1984, Styles of deformation in Permian strata, Texas Panhandle: The
University of Texas at Austin, Bureau of Economic Geology Geological Circular
84-4, 32 p.



In press

Fisher, R. S., in press, Amount and nature of occluded water in bedded salt, Palo Duro
Basin, Texas: The University of Texas at Austin, Bureau of Economic Geology
Geological Circular.

Gustavson, T. C., and Finley, R. J., in press, Late Cenozoic geomorphie evolution of the
Texas Panhandle and northeastern New Mexico--case studies of structural control of
regional drainage development: The University of Texas at Austin, Bureau of
Economic Geology Report of Investigations.

MeGookey, D. A., Gustavson, T. C., and Hoadley, A. D., in press, Regional structural cross
sections, mid-Permian to Quaternary strata, Texas Panhandle and eastern New
Mexico, distribution of evaporites and areas of evaporite dissolution and collapse:
The University of Texas at Austin, Bureau of Economic Geology Cross Sections.

Orr, E. D., Kreitler, C. W., and Senger, R. K., in press, Investigation of underpressuring in
the deep-basin brine aquifer, Palo Duro Basin, Texas: The University of Texas at
Austin, Bureau of Economic Geology Geological Circular 85-1.

Ruppel, S. C., in press, Stratigraphy and petroleum potential of Pre-Pennsylvanian Rocks,
Palo Duro Basin, Texas Panhandle: The University of Texas at Austin, Bureau of
Economic Geology Report of Investigations.

In preparation

Dutton, A. R., and Orr, E. D., in preparation, Hydrogeology and hydrochemical facies of
the San Andres Formation in eastern New Mexico, West-Central Texas, and the
Texas Panhandle: The University of Texas at Austin, Bureau of Economic Geology
Report of Investigations.

Gustavson, T. C., and others, in preparation, Geomorphology and Quaternary stratigraphy
of the Rolling Plains of the Texas Panhandle: The University of Texas at Austin, -
Bureau of Economie Geology Guidebook 22.

Gustavson, T. C., and others, in preparation, Geology and geohydrology of the Palo Duro
Basin, Texas Panhandle, a report on the progress of nuclear waste isolation
feasibility studies (1983): The University of Texas at Austin, Bureau of Economie
Geology Geological Circular.

Hovorka, S. D., Luneau, B. A., and Thomas, S., in preparation, Stratigraphy of bedded
halite in the Permian San Andres Formation, units 4 and 5, Palo Duro Basin, Texas:
The University of Texas at Austin, Bureau of Economic Geology Report of
Investigations.

Wirojanagud, P., Kreitler, C. W., and Smith, D. A., in preparation, Numerical modeling of
regional ground-water flow in the deep-brine aquifers of the Palo Duro Basin, Texas
Panhandle: The University of Texas at Austin, Bureau of Economic Geology Report
of Investigations. '



PUBLICATIONS ASSOCIATED WITH RESEARCH IN THE
PALO DURO AND DALHART BASINS

[I. Qutside Publications and Contract Reports

1978

Galloway, W. E., Gustavson, T. C., Dutton, S. P., Handford, R. J., and Presley, M. W.,
1978, Locating field confirmation study areas for isolation of nuclear waste in the
Texas Panhandle: The University of Texas at Austin, Bureau of Economic Geology
Annual Report, 109 p.

Gustavson, T. C., Finley, R. J., and Woedruff, C. M., Jr., 1978, Geomorphic studies
applied to the evaluation of nuclear waste isolation sites (abs.): Geological Society
of America, Abstracts with Programs, v. 10, no. 1, p. 6.

Gustavson, T. C., Finley, R. J., Morabito, J. R., and Presley, M. W., 1978, Structural
controls on drainage development on the Southern High Plains and Rolling Plains of
the Texas Panhandle (abs): Geological Society of America, Abstracts with Pro-
grams, v. 10, no. 7, p. 413.

McGowen, J. H., Granata, G. E., and Seni, S. J., 1978, Depositional fremework of the
Lower Dockum Group (Triassic), Texas Panhandle: The University of Texas at
Austin, Bureau of Economic Geology Contract Report, 113 p. (U.S.G.S. Grant).

1979

Dutton, S. P., 1979, Alternating clastic-carbonate deposition in fan delta systems, Lower
Pennsylvanian, Palo Duro Basin (abs.): Geological Society of America, Abstracts
with Programs, v. 11, no. 2, p. 146-147.

Dutton, S. P., 1979, Depositional models and resource potential, Pennsylvanian System,
Palo Duro Basin, Panhandle, Texas (abs.): American Association of Petroleum
Geologists Bulletin, v. 63, no. 8, p. 1425.

Dutton, S. P., 1979, Facies patterns and depositional models, Pennsylvanian System, Palo
Duro Basin, Panhandle, Texas (abs.): American Association of Petroleum Geologists
Bulletin, v. 63, no. 3, p. 442-443.

Dutton, S. P., 1979, Pennsylvanian fan-delta sandstones of the Palo Duro Basin, Texas
(abs.): American Association of Petroleum Geologists Bulletin, v. 63, no. 11,
p. 2116. '

Dutton, S. P., 1979, Pennsylvanian fan-delta sandstones of the Palo Duro Basin, Texas: in
Pennsylvanian sandstones of the Mid-Continent: Tulsa Geological Society Special
Publication, no. 1, p. 235-245.

Finley, R. J., and Gustavson, T. C., 1979, Geomorphic effects of a major storm on an
instrumented drainage basin in the Texas Panhandle (abs.): Geological Society of
America, Abstracts with Programs, v. 12, no. 1, p. 426.



Galloway, W. E., Gustavson, T. C., Dutton, S. P., Finley, R. J., Handford, C. R., and
Presley, M. W., 1979, Locating field confirmation study areas for isolation of
nuclear waste in the Texas Panhandle: The University of Texas at Austin, Bureau of
Economic Geology Annual Report, 106 p.

Gustavson, T. C., and Finley, R. J., 1979, Timing and rates of regional salt dissolution in
bedded Permian salts in the Texas Panhandle (abs.): Geological Society of America,
Abstracts with Programs, v. 11, no. 7, p. 413.

Gustavson, T. C., Finley, R. J., Morabito, J. R., and Presley, M. W., 1979, Regional salt
dissolution and subsidence, Texas Panhandle (abs.): Geological Society of Ameriea,
Abstracts with Programs, v. 11; no. 2, p. 147-148.

Gustavson, T. C., Handford, C. R., Presley, M. W., Baumgardner, R. W., Jr., Dutton, S. P.,
Finley, R. J., McGillis, K. A., and Simpkins, W. W., 1979, Locating field confirma-
tion study areas for isolation of nuclear waste in the Texas Panhandle: The
University of Texas at Austin, Bureau of Economic Geology Annual Report, 99 p.

Gustavson, T. C., Presley, M. W., and Handford, C. R., 1979, A multi-disciplinary
geological approach to basin evaluation for nuclear waste management, Palo Duro
Basin, northwest Texas (abs.): Proceedings, National Waste Terminal Storage
Program Information Meeting, U.S. Department of Energy, Office of Nuclear Waste
Isolation, Battelle Memorial Institute, ONWI-62, p. 75-717.

Handford, C. R., 1979, Depositional history of high-constructive delta systems (Wolfcam-
plan), southeastern Palo Duro Basin, Texas (abs.): American Association of
Petroleum Geologists Bulletin, v. 63, no. 11, p. 21 16-2117.

Handford, C. R., 1979, Depositional and diagenetic history of high-constructive delta
systems (Wolfcampian), southeastern Palo Duro Basin, Texas, in Pennsylvanian
Sandstones of the Mid-Continent: Tulsa Geological Society Special Publication,
no. 1, p. 247-258. A

Handford, C. R., 1979, Depositional éystems and petroleum potential of Lower Permian
strata, Palo Duro Basin, Texas (abs.): American Association of Petroleum Geol-
ogists Bulletin, v. 63, no. 8, p. 1426.

Handford, C. R., 1979, Despite a long list of failures, Palo Duro Basin still has hopes: Oil
& Gas’ V. 17’ pc 190'1980

Handford, C. R., 1979, Lower Permian facies tracts and evolution of carbonate shelf
margins, Palo Duro Basin, Texas Panhandle (abs.): American Association of
Petroleum Geologists Bulletin, v. 63, no. 3, p. 461-462.

Handford, C. R., 1979, Stratigraphy and depositional systems of Lower Permian red-bed
evaporite and dolomite facies, Panhandle, Texas (abs.): Geological Society of
America, Abstracts with Programs, v. 11, no. 2, p. 148.

Handford, C. R., and Dutton, S. P., 1979, Exploration potential of Pennsylvanian-Permian
carbonate-shelf margins and deltaic sandstones, Palo Duro Basin, Texas (abs.):
American Association of Petroleum Geologists Bulletin, v. 63, no. 3, p. 461.



Presley, M. W., 1979, San Andres facies patterns, Palo Duro and Dalhart Basins, Texas
(abs.): American Association of Petroleum Geologists Bulletin, v. 63, no. 8, p. 1427-
1428.

Presley, M. W., 1979, Shelf and supratidal facies of Permian Tubb strata, Texas Panhandle
(abs.): Geological Society of America, Abstracts with Programs, v. 11, no. 2, p. 164.

Presley, M. W., 1979, Shelf and supratidal facies in Upper Permian strata, Palo Duro and
Dalhart Basins, Texas (abs.): West Texas Geological Society Newsletter, October
1979, p. 4.

Presley, M. W., 1979, Upper Permian evaporites and red-beds of Palo Duro Basin, Texas-—
facies patterns through time (abs.): American Association of Petroleum Geologists
Buuetin, Ve 63, no. 3’ pn 511-5120

Presley, M. W., Gustavson, T. C., Galloway, W. E., Finley, R. J., Handford, C. R., Dutton,
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OF #

OPEN-FILED CSRs AND TECHNICAL REPORTS

Originally
: Submitted
Title, Deliverable & Author to DOE Open-Filed

Re~-submitted
to DOE

OF-WTWI-1984-54

OF-WTWI-1984-53
 OF-WTWI-1985-1

0F-NTHI-1985-2

OF-WTWI-1985-3

OF-WTWI-1985-4

Hydrodynamic Development of the Palo 1-18-85 12-18-84
Duro Basin and-Other Mechanisms Creating

Possible Transient Flow Conditions

(332GN G) Principal Ground-Water Flow

Paths

Senger

Reconstruction of the Late Quaternary 1-28-85 12-19-84
Paleoclimate of Northwestern Texas -- '

~ Progress Report, 1984

(332GM J) Paleoclimatology
Caran

Radiocarbon Age of Quarternary Deposits, 1- 30-85 1-30-85
Western Rolling Plains of Texas

(3326M A.)

Milestone Report

Caran and Baumgardner

Hydrogeology and Hydrochemical Facies 2-6-85 2-6-85
of the San Andres Formation in Eastern

New Mexico, Hest-Central Texas, and

the Texas Panhandle

Topical Report

Dutton and Orr

Hydrologic Testing in the Salt-Dissolu- 2-13-85 2-13-85
tion Zone of the Palo Duro Basin,

Texas Panhandle

Topical Report

Dutton and others

Evaluation of Numerical Codes for 2-22-85 2-22-85
Fracture Flow Modeling

(332GN A.)

Milestone Report

Senger

13

N/A

N/A

N/A

N/A

N/A

N/A



OPEN-FILED REPORTS

‘ Date Date
OF # Title, Report Type, Author Submitted to DOE Open-Filed
OF-WTWI-1985-5 Initial Results of the Wolfcamp Pilot Study 2/28/85 2/28/85
(3326P A.)
Milestone Report
Posey, Fisher and Tweedy
OF-WTWI-1685-7 Structure Control of the Development of the 3/7/85 3/7/85
Canadian River Valley, Texas Panhandle: An
Example of Regional Salt Dissolution and Sub-
sidence
(3326M B.)
Milestone Report
Gustavson
OF-WTWI-1985-8 Summary Well Report Supplements (No. 1 Rex White, 3/8/85 3/8/85
No. 1 Grabbe, No. 1 Sawyer, No. 1 Mansfield,
No. 1 J. Friemel, No. 1 G. Friemel, No. 1 Detten,
No. 1 Harman, No. 1 Zeeck, No. 1 Woods-Holtzclaw)
(332FG H)
Milestone Report
WTWI Staff
OF-WTWI-1985-6 The Pre-Pennsylvanian of the Palo Duro Basin, 3/11/85 3/11/85
Texas Panhandle: Stratigraphy and Petroleum
Potential
Topical Report
Ruppel
OF -WTWI-1985-9 Stratigraphy of Bedded Halite in the Permian San 4/3/85 4/3/85

Andres Formation, Units 4 and 5, Palo Duro Basin,
Texas

Topical Report

Hovorka, Luneau and Thomas

14



OF #

OPEN-FILED REPORTS

Title, Report Type, Author

Date
Submitted to DOE

Date
Open-Filed

OF-WTWI-1984-8
Revision 1

OF-WTWI-1985-10

OF-WTWI-1984-33
Revision 1

OF-WTWI-1984-21
Revision 1

OF-WTWI-1983-3
Revision 1

Numerical Modeling of Regional Ground-Water
Flow in the Deep-Brine Aquifers of the Palo
Duro Basin, Texas Panhandle '

Topical Report

Wirojanagud, Kreitler, and Smith

The Internal Structure of Model and Natural
Salt Domes - Experimental Modeling of Salt
Diapirs: Final Report

(332HE E) Final Report of Conclusions

CSR

Jackson and Talbot

Wolfcampian Series Porosity Distribution:
Implications for Deep-Basin Ground-Water
Flow in the Palo Duro Basin, Texas Panhandle
Topical Report '

FY85 Milestone (332GN, Subtask V, B)

Conti, Senger, Wirojanagud, Herron

Cyclicity in the Middle Permian San Andres
Formation, Palo Duro Basin, Texas Panhandle
Topical Report

FY85 Milestone (332GP, Subtask II, A)
Fracasso and Hovorka

Fracture Analyses of the Palo Duro Basin Area,

Texas Panhandle and Eastern New Mexico
Topical Report
Collins and Luneau

4-18-85

4-23-85

5-20-85

6-20-85

7-29-85

4-18-85

4-23-85

5-20-85

6-20-85

7-29-85




l.

b.

Ce

f.

SUMMARY OF WELLS DRILLED AND TESTED BY SWEC

Sawyer No. 1, Donley County, started June 23, 1981, completed
October 15, 1981. T.D.: 4806 ft. Present status: Final plugged.

Casing Program - 13 3/8 in. conductor to 66 ft, 9 5/8 im. surface to
337 £t, 5 1/2 in. production to 3938 ft, &4 in. liner from 3938 ft to
4806 ft.

Rock Coring (all & in. OD core) - Total of 3872 ft, from 66 ft to
3938 ft, Yates through Pennsylvanian.

MAJOR SALT SECTION

Upper San Andres 438 ft to 652 ft, thickness 214 ft
LSA - Unit 5 652 ft to 756 ft, thickness 104 ft
LSA -~ Unit 4 756 ft to 840 ft, thickness 84 ft
LSA = Unit 3 840 ft to 894 ft, thickness 54 ft
LSA -~ Unit 2 894 ft to 947 ft, thickness 53 ft

0000

Unusual features - Fault zone at 756-762 ft - 155 ft of missing section.

Drill Stem Tests (DSTs)

No. 1 2950 ft to 3123 ft - Wolfcamp, PI = 816 psi, k = 0.15 md

Geophysical Logging - Complete suites of cased and open hole logs.

Long~Term Pump Tesciggiand Fluid Sampling

Zone 1 <~ Ellenburger Sand, 4716 ft - 4746 ft, unable to obtain data to
determine PI or K, 4 downhole and 2 surface samples.

Zone 2 ~ Ellemburger Top, &604 ft - 4640 ft, PI = 1390 pgsi, K =
0.3 od., 4 surface samples.

Zone 3 - Penn. Limestone, 4500 ft - 4535 ft, PI = 1531 psi, K =
" 5.4 md., 4 dounhole and 2 surface samples.

Zone &4

Penn. Limestone, 4258 ft-4342 ft, PI = 1350 psi, K = 2.7 md.,
7 downhole and 10 surface samples.

Zone 5 - Wolfcamp, 3189 ft - 3172 ft, PI = 977 psi, K = 6.1 md.,
‘ 3 downhole and 20 surface samples.

Dissolution Zone Water Well

Sawyer No. 2, 784 ft, 20 ft screen section at bottom of hole in LSA
Unit 4. Testing by TBEG scheduled to begin April 1983.

BX213697-183



2.

b.

Ce.

d.

£.

Mansfield No. l, Oldham County, started October 19, 1981, completed
December 19, 1982. T.D. 4995 ft by SWEC, 7409 ft by Baker & Taylor (dry
hole). Present status: Final plugged.

Casing Program = 13 3/8 in. conductor to 4l ft, 9 5/8 in. surface to
1212 £t, 5 1/2 in. tubing to 5180 ft.

Rock Coring (All &4 in. OD core) - Total of 4196 ft.
o 46 ft to 3540 ft ~ Dockum to Red Cave

o 4023 £t to 4123 ft - Wichita

o 4393 £t to 4995 ft < Wichita and Wolfcamp

MAJOR SALT SECTION

Upper San Andres 985 ft to 1373 ft, thickness 388 ft

o

o LSA - Unit 5 1373 £t to 1546 ft, thickness 173 ft
o LSA - Unit & 1546 ft to 1815 ft, thickness 269 ft
o LSA = Unit 3 1815 ft to 1940 ft, thickness 125 ft
o LSA - Unit 2 1940 ft to 1978 ft, thickness 38 ft
-] LSA <« Unit 1 1978 £t to 2001 ft, thickness 23 ft

Drill Stem Tests (DSTs)

No. 1 4800 ft. - 4996 ft - Wolfcamp PI = 1322 psi K = 26.6 md.

No. 2 4550 ft - 4650 ft - Wolfcamp - Did not produce sufficient
fluid.

No. 3 4550 ft - 4650 ft - Wolfcamp - Did not produce sufficient
fluid.

No. 4 4550 ft - 4650 ft - Wolfcamp - Unable to set. packers.

No. 5 6994 ft - 7409 ft - Granite Wash - Did not produce sufficient
fluid,

No. 6 6612 ft - 6640 £t - Penn. Carbonates, PI = 2230, K = 21.4 md.

No. 7 4812 ft ~ 4840 ft - Wolfcamp, PI = 1404, K = 30.22 wd.

Geophysical Logging - Complete suites of cased and open hole logs.

Long-Term Pump Testing and Fluid Sampling

Zone 1 - Wolfcamp, 4818-4890, PI = 1470 psi, K = 3.3 md., & downhole
and 24 surface samples.

Zone 2 - Wolfcamp, 4514-4638, PI = 1150 psi, K = 0.6 md., 9 dowmhole
and 8 surface samples.

Dissolution Zone Water Well

Mansfield No. 2, 780 ft, 30 ft screen at bottom in Queen/Grayburg.
Testing by TBEG scheduled to begin May 1983.

BX213697~183
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- Detten No. 1 = Deaf Smith County, started February 26, 1982, completed

May 5, 1982. T.D. 2839.3 ft. Status: Final plugged.

Casing Program - 13 3/8 in. conductor to 53 ft, 9 5/8 in. surface to
1122 ft.

Rock Coring (all 4 in. OD core) - Total of 1249 ft

o 1129.2 ft to 1423.0 ft - Salado, Yates, Upper Seven Rivers
(-] 1884 ft to 2839.3 ft - Upper San Andres, Lower San Andres to
Unit 3

MAJOR SALT SECTION

o Upper San Andres 1866 ft to 2374 ft, thickness 568 ft
o LSA - Unit § 2374 £t to 2575 ft, thickness 201 ft
o LSA - Unit &4 2575 £t to 2830 ft, thickness 255 ft

Drill Stem Tests (DSTs)

No. 1 1160 ft - 1360 ft - Upper Seven Rivers - Unsuccessful - Poor
packer seat.

No. 2 1299 ft - 1366 ft - Upper Seven Rivers - Unsuccessful - Poor
packer seat. )

No. 3 2749 ft - 2839 ft - LSA Unit 4 Dolomite, P.I. = 1150 psi,
K= 0.16 md.

Geophysical Logging - Complete suites of cased and open hole logs.

Long~Term Pump Testing and Fluid Sampling - None.

Dissolution Zone Water Well

Detten No. 2, 1325 ft, 20 ft of screem at bottom in Yates. Testing by
TBEG scheduled to begin May 1983.

BX213697-183
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£.

G. Friemel No. 1 - Deaf Smith County, started February 23, 1982, com-
pleted March 31, 1982. T.D. 2710 ft. Present status: Final plugged.

Casing Program - 13 3/8 in. comductor to 50 ft, 9 5/8 in. surface to

1058 ft..

Rock Coring (all &4 in. OD core) - Total of 1121.7 ft

o 1191.5 ft to 1312.0 ft - Yates, Upper Seven Rivers
° 1709.0 £t to 2710.2 ft - Queen/Grayburg, Upper San Andres,

Lower San Andres to Unit 3

MAJOR SALT SECTION

o Upper San Andres 1742 ft to 2331 ft, thickness 589 ft

" e LSA <« Unit 5 2331 ft to 2435 ft, thickness 104 ft
o LSA =~ Unit & 2435 ft to 2688 ft, thickness 253 ft

Drill Stem Tests (DSTs)

No. 1 2600 ft ~ 2710 ft, LSA Unit 4 Dolomite, P.I. = 975 psi,

0.07 md.

Geophysical logging - Complete suites of cased and open hole logs.

Longrfbrm Pump Testing and Fluid Sampling = Nome.

Dissolution Zone Water Well None.

BX213697-183
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£.

Zeeck No. 1l - Swisher County, started Apiil 9, 1982, completed
August 12, 1982. T.D. 7652 ft. Scheduled completion of pump testing is
April 1983. Well will be final plugged at completion of pump testing.

Casing Program - 13 3/8 in. comductor to 26 ft, 9 5/8 in. surface at
1024 ft, 5 1/2 in. to 7421 ft.

Coring (all 4 in. OD core) - Total of 1993 ft
o 1035 £t to 1144 £t - Salado

o 1885 ft to 3102 ft - Queen/Grayburg, Upper San Andres, Lower San
Andres Units 5, 4, 3, and Upper Section of

Unit 2.
o 5309 ft to 5780 ft - Wichita/Wolfcamp Contact and Upper Wolfcamp
o 5910 ft to 6058 ft - Wolfcamp

o 7300 ft to 7387 ft

Pennsylvanian Carbounates

MAJOR SALT SECTION
Upper San Andres 2014 ft to 2574 ft, thickness 560 ft

o

-] LSA - Unit $ 2574 ft to 2732 ft, thickness 158 ft
] LSA - Unit 4 2732 ft to 3014 ft, thickness 282 ft
o LSA =~ Units 3,2,&1 3014 ft to 3188 ft, thickness 174 ft

Drill Stem Tests (DSTs)

No. 1 1019 ft - 1044 ft - Salado, Unsuccessful.

No. 2 1019 ft - 1044 ft - Salado, Did not produce suffxczent fluid.

No..3 3035 ft - 3103 ft - LSA, Unit 3, Did not produce sufficient
fluid.

No. &4 2932 ft - 3103 ft - LSA Unit 3, Unsuccessful.

No. 5 2927 ft - 3103 £t - LSA Unit 4 Dolomite, P.I. = 1250 psi, K =
0.25 md.

No. 6 5365 ft - 5542 ft - Upper Wolfcamp, PI = 1875 psi, K = 6.77 mnd.

No. 7 7146 ft - 7225 ft - Pennsylvanian, PI = 2559 psi, K = 2.83 md.

Geophysical Logging - Complete suites of open and cased hole logs.

Long-Term Pump Testing and Fluid Sampling

Zone 1 - Penn. Carbonates, 7140 ft - 7230 ft, P.I. = 2500 psi, K = 15
md., 7 downhole and 33 surface samples.

Zone 2 - Wolfcamp, 5603 ft - 5640 ft, PI = 1960 psi, K= 1l md.; 8
downhole samples.

Zone 3 - Wolfcamp, 5470 ft - 5550 fr, P.I. = 1890 psi, K= 7 md., 8
downhole and 4 surface samples.

Zone 4 - LSA Unit 4 Dolomite, 2930 Ft - 2970 ft, P.I. = 1300 psi,
pumping and sampling in progress.

Digsolution Zone Water Well - Noune.

BX213697-183
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Barmon No. 1 - Swisher County, started July 29, 1982, completed
September 7, 1982. T.D. 3052 ft, hole completed as Shallow Dissolution
Zone Water Well (see below).

Casing Program - 13 3/8 in. conductor to 40 ft, 9 5/8 in. surface to
1063, cement to plug 1220 ft + to 1400 £t +*.

Rock Coring (all 4 in. OD core) - Total of 1481 ft

o 1070 £t to 1303 ft - Alibates, Salado, Yates, and Upper
Seven Rivers

o 1804 ft to 3052 ft (T.D.) - Queen/Grayburg, Upper San Andres, and
Lower San Andres intc Unit 2.

MAJOR SALT SECTION
o  Upper San Andres 1949 ft to 2466 fr, thickuess 517 ft
o LSA = Unit § 2466 ft to 2651 ft, thickness . 185 ft
o LSA - Unit &4 @ 2651 ft to 2931 ft, thickness 280 ft
o LSA - Unit 3 2931 ft to 3012 ft, thickness 81 ft

Drill Stem Tests (DSTs)

No. 1 2840 ft - 3050 ft - Unit & Dolomite, P.I. = 1203 psi,
K= 0.011 md., minor leakage noted
around packers.

No. 2 2830 ft - 3050 ft (T.D.) - Unit 4 D°1°mice, P.1l. 1315, K=
0.186 md.

Geophysical Logging - Complete suites of cased and open hole logs.

Long-Term Pump Testing and Fluid Sampling - None.

Dissolution Zone Water Well

Installed in existing borehole with open hole section from bottom of
surface casing at 1064 ft + to top of cement plut at 1220 ft +. Gravel
packed screen (30 ft long) set in Yates. Pump tests and fluid sampling
by TBEG scheduled to start late spring 1983.

BX213697-183
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J. Friemel No. 1 - Deaf Smith County, started October 15, 1982,
completed March 18, 1983. T.D. 8283 ft, pump testing scheduled to start

June 1983..

Casing Program - 22 in. conductor to 48 ft, 16 in. surface to 1210 ft,
10 3/4 in. intermediate salt string to 4695 ft, 5 1/2 in. to 8283 ft.

Rock Coring (all 4 in. OD core) - Total of 3043 ft

° 352 ft to 1464 ft - Dockum, Dewey Lake, Alibates, Salado,
. Yates, and Upper Seven Rivers

o 1846 £t to 2830 ft - Upper San Andres, LSA Units 5, 4, and

Upper Section of Unit 3

° 5519 ft to 6032 ft - Wolfcamp

-] 6421 ft to 6537 ft - Penn. Carbonates

o 7698 ft to 7780 ft - Granite Wash.

o 8047 ft to 8283 £t (T.D.) - Granite Wash

MAJOR SALT SECTION

Upper San Andres 1880 ft to 2372 ft, thickness 492 ft

o

o LSA - Unit 5 2372 ft to 2560 ft, thickness 188 ft
o LSA =~ Uanit & 2560 ft to 2822 ft, thickness 262 ft
° LSA - Units 3,2,81 2822 ft to 3018 ft, thickness 196 ft

Drill Stem Tests (DSTs)

Santa Rosa - Too high Producer..
Santa Rosa - Unsuccessful.

No.
No.

958 ft - 1216 ft
787 £t - 850 ft

No. 1279 ft - 1464 ft - Upper Seven Rivers - Did not Produce
Sufficient Fluid.
- 1464 ft - Upper Seven Rivers - Did not Produce

Sufficient Fluid.

LSA Unit 4 Dolomite -~ Did not Produce
Sufficient Fluid.

5630 ft - 5909 ft - Wolfcamp, PI = 1756 psi, K = 10.3 ud.

Penn. Carbonates and Granite Wash - Unsuccessful, tool stuck.

2753 ft -~ 2830 ft

No.

1
2
3
No. &4 1279 £t
S
6
No. 7

Geophysical Logging -~ Complete suites of open and cased hole logs.

Long-Term Pump Testing and Fluid Sampling

Scheduled to start June 1983. Propose testing Granite Wash, Penn.
Carbonates, Wolfcamp, and LSA Unit & Dolomite. :

BX213697-183
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Holtzclaw No. 1 - Randall County, started February 28, 1983, scheduled
completion April 1983. Planned T.D. 2800 ft +. Present status: Coring
Lower San Andres.

Casing Program - 20 in. conductor .to 41 f¢, 10 3/4 in. surface to
1400 ft +.

Rock Coring (All 4 in. OD)
1080 ft - 1401 ft - Salado, Yates, and Upper Seven Rivers
Planned - Contact of LSA Unit 5 into LSA Unit 3.

MAJOR SALT SECTION

Unavailable at present.

Drill Stem Tests (DSTs)

No. 1 1276 ft - 1322 ft - Upper Seven Rivers
No. 2 1140 ft - 1186 ft - Salado
Fo. 3 702 ft - 748 ft - Santa Rosa

Planned -~ LSA Unit 4 Dolomite. If indication of porosity contact of LSA 4
and 5, contact U.S.A. and Unit 5, and upper contact of U.S.A."

Geophysical Logging - Complete suites to T.D. planned.
Long-Term Pump Testing and Fluid Sampling

None presently planned.

Dissolution Zone Water Well

None presently planned.

BX213697-183
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85-44,144

- CONTRACT E512-05000
STONE & WEBSTER ENGINEERING CORPORATION

ONGOING TECHNICAL TASKS
FY1985 - FY1986 |

HYDROGEOLOGY
e EXTEND REGIONAL 2D MODEL INTO SW OKLAHOMA
o BEGIN 3D MODEL FOR 20 MiI RADIUS OF SITE .
e ANALYSIS OF PUMP TEST DATA, ZEECK AND J. FRIEMEL WELLS

GEOLOGY | |
« STRUCTURAL ANALYSES OF PALO DURO BASIN
 HYDROGEOLOGIC SUBDIVISIONS OF PALO DURO BASIN
o SALT DISSOLUTION IN THE INTERIOR OF THE PALO DURO BASIN

GEOPHYSICS
e MAINTAIN AND UPGRADE THE SEISMIC NETWORK

GEOTECHNICAL ENGINEERING
e GEOTECHNICAL PROFILES - DEAF SMITH COUNTY
e GEOPHYSICAL LOG ANALYSIS / ROCK MECHANICS LAB DATA
e COMPLETE LAB TESTING OF ROCK CORE



85- 44,145

COMPUTER DATA BASES

MAINTAINED BY STONE & WEBSTER

OGALLALA WELL DATA FILE

DOCKUM WELL DATA FILE

DEEP BASIN DST FILES: PRESSURE, PERMEABILITY
FORMATION FLUID CHEMISTRY FILE

FORMATION TOPS, MAJOR SALT UNIT TOPS

HYDROGEOLOGIC UNIT TOPS
ROCK MECHANICS LAB TESTING DATA
TEST SAMPLE DESCRIPTIONS

GEOPHYSICAL LOG DATA (SWEC WELLS) REFORMATTED
FOR IBM - |



. €~1369702-10

07/30/85

032

STONE & WEBSTER TECHNICAL REPORTS

REPORT_TYPE

Characterization Report

Topical Report
Topical Report
well Completion
Well Completion

well Completion

Well Completion
Topical Report

well Completion

Wall Completion

Well Complation

wWaell Completion
Topical Report
Wall Completion

Topical Report

REPORT NO. DATE
GB82-16 11/23/82
T-1 03/22/83
T-2 03/07/83
T-3 02/23/83
T-4 04/12/83
T-5 04/25/83
T-6 05/26/83
T-8 06/17/83
T-9 08/01/83
T-10 07/07/83
T-11 12/29/83
T-12 12/15/83
and 12/16/83
T-14 08/29/84
T-15 08/01/83
T-16 10/21/83
09/14/83

Report
Report

Report

Report

Report

Report

Report

Report

Report

Topical Report (Draft)

JITLE

Area Geological Characterization Report (AGCR)

Ogaliala Aquifer Mapping Report

. Revised 10/21/83 (T-16)

Maps of Selected Formations
Deaf Smith County (Draft)

Datten Final Core Log and Core
Photographs

G. Friemal Final Core Log
and Core Photographs

Sawyer No. 1 Pumping Test
and Fluid Sampling Report
Revised 9/7/84 (T-25)

Zoeck No. 1 Final Core Log:
and Core Photographs

Major Salt Beds (Revision of
Report G82-12, 10/29/82)

Mansfield No., 1 Pumping Test
and Fluid Sampling Report
Revised 7/25/84 (7-26)

Dissolution Zone Water
Wells

J. Friemel No. 1 (PD-9) Well
Completion Report

Holtzclaw No. 1 Well (PD - 10)
Complation Report

Hydrogeologic Investigations Based
On Drill-Stem Tests

Harman No. { Final Core Log and
Core Photographs

Ogallata Aquifer Mapping Program

Geoengineering Evaluation for the
Intermediate Shaft Liner Seal

1.13

1.47
1.18

1.22
1.23

1.27
1.28

1.32
1.33

1.37
1.38
1.39

1.42
1.43

1.45
1.46

1.48
1.50

1.52
1.53



c-1369702-10

REPORT NO.

T-18

T-26

T-27

T-28

CATE

11/16/83
11/18/83

04/05/84

07/19/84
06/29/84
08/20/84

12/22/83

09/07/84

07/25/84

11/09/84

12/04/84

05/15/8%

11/16/84

08/8%

07/30/4%

082

STONE & WEBSTER TECHNICAL REPORTS

REPORY TYPE

Wall Completion Report
Well Completion Report

Wall Completion Report

Well Completion Report
Wall Complation Report
Well Completion Report

Well Completion Report

Well Completion Report

wall Completion Report

Topical Report

Topical Report
Well Completion Report

Topical Report

Well Completion Report

JITLE

Sawyer No. 1 wWell (PD-3)
Reptaces draft of 3/8/82

Mansfiald No. 1 well (PD-4)
Replaces draft of 6/24/82

G. Friemel No. {1 well (PD-5)

Detten No. { Well (PD-6)
Revision 1 '

Zeack No. 1 Well) (PD-7)
Ravision 1

Harman No. 1 Well (PD-8)
Revision 1

Dissolution Zone Water
wells (PD-B, 11, 12, 13)
Revision 1

Sawyer No. t Well (PD-3)
Pumping Test and Fluid
Sampling Report
Revision 1

Mansfield No. 1 Well (PD-4)
Pumping Test Revision |

origin of the Salado, Seven
Rivers, and San Andres

Salt Margins in Texas

and New Mexico

Geotechnical Borehole
Taesting Report, Holtzclaw
No. {1 Weld

Zeeck Mo. 1 Well (PD-7)
Pumping Test and Fluid
Sampling Report

Structural Analysis of the
Northern Pato Duro Basin

J. Friemel No. {1 Well (PD-9)
Pumping Test and Fluid
Sampl ing Report




c-1369702-10

REPORY NO.

T-32

T-42

T-43

T-44

DATE
12/21/84

01/03/85
Revised

07/88

01/03/85
Revised

04/85

04/26/8%8

04/08/85

04/01/85

06/10/85

08/8%

04/22/8%

06/12/8%

06/10/85

SVmJ—Ff—

Topical

Topical

Topical

Topical

Field Test Activitias Report

Topical

Topical

Topical

Topical

Topical

Topical

Topical

Topical

o1/

082

STONE & WEBSTER TECHNICAL REPORTS

REPORT TYPE

Report

Report

Report

Report

Report

Report

Report

Report

Report

Report

Report

Report

TITLE

Regional Permeability
Determinations

Histortcatl Seismicity of the
Texas Panhandle from an
Examination of Lubbock
Station Records

Palo Duro Microearthquaks
Network Operation Report for
April-July 1984

A Preliminary Simulation
Model to Determine
Ground-Water Flow and
Ages Within the Palo
Duro Basin Hydrogeologic
Province

Black No. 1 Well,
Deaf Smith County, Texas

Velocity Study: J. Friemel No. 1
and Zeeck No. t Wells

Geologic Database Management
and Computer Mapping

Pumping Test Analyses - Sawyer No. 1

and Mansfiald No. { Wells

Palo Duro Microearthquake
Network Operation Report
August-December 1984
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A Report on Fracturing in the
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Hydrogeologic Subdivision of
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Pennsylivanian System of

the Deaf Smith County Area, Texas
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ROCK MECHANICS LABbkd?ORY TESTING REPORTS

Testing Report No.
Report Title Lab and Date Presents Results of:

Laboratory Testing on Rock - SWEC 13A-1 Density, Porosity, Water Content, Rehound Hardness,
Core Samples from 1-6-84 Tensile Strength, Slake Durability and Atterberg
Mansfield No. 1 Well, Limits Testing from the Mansfield No. 1 Well
Permian Basin Project .
Laboratory Testing on Rock SWEC 13A-2 Density, Porosity, Water Content, Rebound Hardness,
Core Samples from 5-22-84 Tensile Strength, Slake Durability and Atterberg
Detten No. 1 Well, BMI/SRP 5023 Limits Testing from the Detten No. 1 Well
Permian Basin Project Aug 84
Laboratory Testing on Rock SWEC 13A-3 Density, Porosity, Water Content, Rebound Hardness,
Core Samples from : 6-14-84 Tensile Strength, Slake Durability and Atterberg
G. Friemel No. 1 VWell, BMI/SRP 5025 Limits Testing from the G. Friemel No. 1 Well
Permian Basin Project Aug B84
Laboratory Testing on Rock SWEC 134-4 Density, Porosity, Water Content, Rebound Hardness,
Core Samples from 9-21-84 Tensile Strength, Slake Durability and Atterberg
Zeeck No. 1 Well, Limits Testing from the Zeeck No. 1 Well
Permian Basin Project
Laboratory Testing on Rock SWEC 13A-5 Density Porosity, Water Content, Rebound Hardness
Core Samples from 2-25-85 Tensile Strength, Slake Durability and Atterberg
J. Friemel No. 1 Well Limits Testing from the J. Friemel No. 1 Well
Permian Basin Project
Report of Direct Shear Testing SWEC 13A-11 Shear Strength Determinations of Naturally Occurring
on Rock Core Samples from 6-14-84 Discontinuities from the Mansfield No. 1 Well
Mansfield No. 1 Well, BMI/SRP 5027
Permian Basin Project Aug 84
Report of Direct Shear Testing SWEC 13A-12 Shear Strength Determinations of Naturally Occurring
on Rock Core Samples form 6-14-84 Discontinuities from the Detten No. 1 Well
Detten No. 1 Vell BMI/SRP 5026
Permian Basin Project Aug 84

B4-1369713-10A



Report Title

Testing
Lab

Report -wo.
and Date

Presents Results of:

Report of Direct Shear Testing
on Rock Core Samples from
Zeeck No. 1 Well

Permian Basin Project

Report of Liquid Permeability
Measurements on Rock Core
Samples from Mansfield No. 1
Well -~ Permian Basin Project

Laboratory Testing of Rock and
Salt Samples for Static Moduli,
Dynamic Moduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and A

Salt Samples for Static Moduli,
Dynamic Moduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and

Salt Samples for Static Moduli,

Dynamic Moduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and
Salt Samples for Static Moduli,
Dynamic Moduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and
Salt Samples for Static Moduli,
Dynamic Moduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and
Salt Samples for Static Moduli,
Dynamic Moduli and Triaxial
Compressive Strength

B4-1369713-10A

SWEC

- SWEC

ARA

ARA

ARA

ARA

ARA

13A-13
11-30-84

13A-21
2-26-85

Vol. 1
7-26-83

"BMI/SRP 5015

Sept 84

Vol. 2
7-26-84
BMI/SRP 5015
Sept 84

Vol. 3
7-26-84
BMI/SRP 5015
Sept 84

Vol. 4

2-7-84
BMI/SRP 5015

Sept 84

Vol. 5

2-7-84
BMI/SRP 5015

Sept 84

Vol. 6

2-7-84
BMI/SRP 5015

Sept 84

2

Shear Strength Determination of Naturally
Occurring Discontinuities from the Zeeck No. 1 Well

Measurement of permeability of selected samples from

the Mansfield No. 1 Well

Unconfined Compression
ments for Samples from

Unconfined Compression
ments for Samples from

Unconfined Compression
ments for Samples from

and Pulse Velocity Measure-
the Mansfield No. 1 Well

and Pulse Velocity Measure-
the Detten No. 1 Well

and Pulse Velocity Measure-
the G. Friemel No. 1 VWell

Triaxial Compression and Pulse Velocity Measure-

ments for Samples from

the G. Friemel No. 1 Well

Triaxial Compression and Pﬁlse Velocity Measure-

ments for Samples from

the Mansfield No, 1 VWell

Triaxial Compression and Pulse Velocity Measure-

ments for Samples from

the Detten No. 1 VWell
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Testing Repori ...
Report Title Lab and Date Presents Results of:

Laboratory Testing of Rock and ARA Vol. 7 Unconfined Compression and Pulse Velocity Measure-

Salt Samples for Static Moduli, 4-4-84 ments for Samples from the Zeeck No. 1 Well

Dynamic Moduli and Triaxial BMI/SRP 5015

Compressive Strength Sept 84

Laboratory Testing of Rock and - ARA Vol. 8 Triaxial Compression and Pulse Velocity Measure-

Salt Samples for Static Moduli, 4-4-84 ments for Samples from the Zeeck No. 1 Well

Dynamic Moduli and Triaxial BMI/SRP 5015

Compressive Strength Sept 84

Laboratory Testing of Rock and ARA Vols. 9-15 Unconfined and Triaxial Compression

Salt Samples for Static Moduli 11-16-84 and Pulse Velocity Measurements for

Dynamic Moduli & Triaxial Samples from the J. Friemel No. 1 Well
_Laboratory Testing of Rock and ARA Vols. 16-20 Unconfined and Triaxial Compression

Salt Samples for Static Moduli, 1-10-85 and Pulse Velocity Measurements for

Dynamic Moduli & Triaxial Samples from the Harman No. 1 Well

Laboratory Testing of Rock and ARA Vol. 1 Schmidt Rebound Hardness, Taber Abrasion Hardness

Salt Samples for the Determination 7-23-84 and Unconfined Compressive Strength for Samples from

of Rebound Hardness, Abrasion BMI/SRP 5029 the Zeeck No. 1 VWell :

Hardness and Unconfined Compressive Nov. 84

Strength

Laboratory Testing of Rock and ARA Vol. 2 Schmidt Rebound Hardness, Taber Abrasion Hardness

Salt Samples for the Determination 7-23-84 and Unconfined Compressive Strength for Samples from

of Rebound Hardness, Abrasion BMI/SRP 5029 the J. Friemel No. 1 Well

Hardness and Unconfined Compressive Nov. 84

Strength '

Laboratory Testing of Rock and ARA Vol. 3 Schmidt Rebound Hardness, Taber Abrasion Hardness

Salt Samples for the Determination 7-23-84 and Unconfined Compressive Strength for Samples

of Rebound Hardness, Abrasion BMI/SRP 5029 from the Harman No. 1 Well

Hardness and Unconfined Compressive Nov. 84
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Testing Reporiasﬁ.
Report Title Lab and Date Presents Results of:

Laboratory Testing of Rock and ARA Vol. 4 Schmidt Rebound Hardness, Taber Abrasion Hardness
Salt Samples for the Determination 2-4-85 and Unconfined Compressive Strength for
of Rebound Hardness, Abrasion Samples from the Lower portion of
llardness and Unconfined Compressive the J. Friemel No. 1 Well
Strength
Laboratory Testing of Rock Samples Dartmouth Vol. 1 Clay Mineralogy Determinations of Selected‘Samples
for the Determination of Clay College 1-10-84 from the Mansfield, Detten and G. Friemel Wells
Mineralogy BMI/SRP 5018

Sept 84
Laboratory Testing of Rock Samples Dartmouth Vol. 2 Clay Mineralogy Determinations of Selected Samples
for. the Determination of Clay College 1-12-84 from the Zeeck No. 1. Well
Mineralogy BMI/SRP 5018

Sept 84
Laboratory Testing of Rock Samples Dartmouth Vol. 3 Clay Mineralogy Determinations of Selected
for the Determination of Clay College 1-1-85 Samples from the J. Friemel No. 1 Well
Mineralogy
Laboratory Testing of Rock and Salt REI 1 Water Coﬁtént; ﬂﬁlk Density, Apparent Specific
Samples for Determination of 9-20-83 Gravity, Specific Gravity, Effective Porosity and
Specific Gravity and Total Porosity BMI/SRP 5022 Total Porosity Determinations from the Mansfield

July 84 No. 1 Well
Laboratory Testing of Rock and Salt REI 2 Water Content, Bulk Density, Apparent Specific
Samples for Determination of 7-12-84 Gravity, Specific Gravity, Effective Porosity and
Specific Gravity and Total Porosity Total Porosity Determinations from the G. Friemel

and Detten Wells

Laboratory Testing of Rock and Salt REI 3 Water Content, Bulk Density, Apparent Specific -
Samples for Determination of 5-7-84 Gravity, Specific Gravity, Effective Porosity and
Specific Gravity and Total Porosity BMI/SRP 5021 Total Porosity Determinations from the Zeeck

July 84 No. 1 Well ’
Suspected Presence of Solid Hydro- REI 4 Laboratory Efforts to Identify Material Previously
carbon in Bedded Salt Samples from 3-5-84 Suspected to be Hydrocarbons

the Permian Basin

B4-1369713-10A



" Report Title

Testing
Lab

Report -id.
and Date

Presents Results of:

Suspected Presence of Solid Hydro-
" carbon in Bedded Salt Samples from
the Permian Basin

B4-1369713-10A

RE1

4 (rev. 1)
11-28-84

Laboratory Efforts to Identify Material Previously
Suspected to be Hydrocarbons



PERMIAN BASIN CORE EXAMINATION MEETING
TEXAS BURFAU OF ECONOMIC GEOLOGY

Review of status of Palo Duro Basin Studies

August 7, 1985

Surface/Subsurface Geoclogy

A.
B.
c.
D.

E.

Quaternary stratigraphy of the western Rolling Plains (Gustavson)
Paleocenvironmental and paleoclimatic reconstructiion (Caran)
Characterization of the Blackwater Draw and Ogallala Formations (Gustavson)
Characterization of Dockum Group strata (Johns)

Depositional systems analysies of post-San vAndres strata (Pemian) (Nance)
Effects of interior salt dissolution in post-San Andres strata (Nance)
Petrography of post-San Andres Formation evaporites (Hovorka)

Diagenesis of the San Andres Formation (Hovorka)

Porosity and permeability analyses of Wolfcampian strata (Conti)
Regional stratigraphy of the San andres Formation (Fracasso)

Regional stratigraphy early Paleozoic strata (Ruppel)

Structure and tectonic history, Palo Duro Basin  (Budnik)

Interion and peripheral salt dissolution (Gustavson)



