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ABSTRACT

Nine possible testing procedures for the{'Gladys N

NAcCall and Pleasant Bayou

geopressured fields are listed. Evidence is presented that shows that reduction in

salinity due to shale water additiOn_to'GIadys McCa

measured over a 2-year period, but water analyses will ne

| formation waters can be

ed to be done under strictly

controlled Iaboratory condltlons Sldetrack cormg of geopressured reserv0|rs ‘after

, productlon appears to be the most effective way of estrmatlng total volumes of

“compaction and shale water recharge of geopressured formations. Sidetrack coring of

the Andrau ('C’) sandstone in the Pleasant Bayou No. 2
amount of mformatron on post- productlon changes in shal

Three preferred testing procedures are suggested in
b,'payback and cost The best testing procedure is to ¢
McCall well for 2 years then to cut a S|detrack core and
At ‘the same time, 2 S|detrack core must be cut in the P
:weII plugged and abandoned TotaI cost of these tests w

'The next best testlng procedure that will give a large

well ‘will give the maximum
es and sandstones.

order of de_'creasing scienti‘ﬁc
ontinue testing ‘the Gladys
pl‘ug and ‘abandon the weIl.a-
Ieasant Bayou well and this
|I| be several million dollars

screntlflc payback is to cut

“sidetrack cores and then' plug:and ‘abandon bothb the Gladysv McCall and Pleasant

‘»Bayou wells at a cost of about $1. 1 million. The Iast testing pr‘ocedure, which will -

 also give a large SC|ent|f'c payback is to cut a SIdetrack

~ Pleasant Bayou, and plug and abandon ‘Gladys McCall at

INTRODUCTION

core -and plug and abandon

a cost of about $600,000.

The purpose of the geopressured-geothermal program is to develop a set of

parameters that will enable private industry to determine the economic viability of a




geopre’ssuredf field using production data from a singleb te‘

of standard reservorr engineenng techniques to""data gathe
_ geopressured reservoir results |n reservorr srze estrmate
geologlcal estlmates (Prltchett and Rlney 1985) Though
~the reservoir I|m|ts test were found to be in good a

pressures during the flrst 6 months of productlon tes

B reservoir volume had to be mcreased by a factor of thr

' productlon history through September 1984 (Prltchett and
lVlany sources for th|s excess Water have been sugges
,"of permeable sandstones durlng productlon mduced pressu
Riney and Garg 1985) rock compactlon (Hamllton and

'_faults (Fowler, 1970) are the. most -I|kely -s-ou_rces of the w

ESTIMATION OF SOURCES OF GEOPRESSL

At the present tlme there is no accurate way of est
~added to a geopressured reserv0|r by shale dewatermg r

faults The geologl’cal estlmate of the size of -geopressur

it well. ‘However, application
red from the (iladys'l\/lcca'll
s Se.ver:ai times Iarge’r"‘than
sir_n'ulation models ‘based -on. '
greement with‘ botto'mhole‘

tlng at Gladys McCall the H
ee to adequately match thej
Rmey, 1985).

ted. but shale-water recharge
re drawdown (Fowler. 1970.'
Stanley, 1‘984).: or leaking :

aters.
JRED WATERS
mating the vOl_urne of water

ock compaction, and leaking

ed re‘S'ervoir -using-standard

reservoir englneerlng parameters can. be represented by a block (frg 1 1) conS|st|ng of

’ 'sand gralns pore water compactlon water and water

o durlng productlon For a productlon penod from t|me T

water equal to (a) should theoretlcally be produced (f'g 1
In geopressured reservoirs, add|t|onal water |s added
reserv0|r volume owmg to compactlon (C). shale We

, lntroduction of deep waters via faults (B) (flg 1- 2) As

R the amount of water produced durlng a productlon penod

that W|lI be moblllzed (M) .

0 to T t a volume of'

1).

beC%’,il.se of the -'red'u’ction of
iter reCha-r'g.e' (S). and the
a result of these additions, o
= 1) will be

(T = 0 to .T
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|

* reservoir engineering parameters compared to the true size of a geopressured reservoir

_(1;’2) by”‘bCOns‘idéfri'ﬁégf'fhe. a"dvc‘i:i't',ic}n of deép- brirh‘es.' éompac

|

tion, and shale waters. "

True size of
geopressured reservoir

Geological estimate of geopressured reservoir size (1-1) using standard

0A7236 |



increased to (G) (fig. 1-2). If the vkolu”m"e:'»‘of_c,yompa‘ct’dn’ w;i'ter and shale water
r'ec:.hargefcan be mea‘sured,durin'g' ~aﬂbr,0dii:<’:-’t' 'r_i“;périOd: ('IT =0to T = t). then the
 volume of deep brine that has: ihv’aded ftl_h'é xireserv;)i‘r along leaking '»vfaujlt"s-”';(':an be

estimated: .

Let Wt = total formation water production at time T = t

Wi = Mt + Ct + St + Bt

Where
Mt = produced mobile water estimate va’tftimne’ T=t using standard reservoir,
engineering methods ‘with known reservoir  porosity, sii_e, and pressure

drawdown

Ct = Produced compaction water at,fi_me T = t estimated from measured

compaction in sidetrack core. -

St =  Produced'shale"Wate‘rgatv time T =t esti‘m'a;ted:frbm pyrolysis and -
compaction studies of shales, salinity studies of waters in shales, and

amounts of decrease in formation water salinities during production

Bt = Prpdliced deep ,'Brines"”that' have invaded the feservoi'r.'aIOng leaking

’faults;_ o

J B :Th,e‘h‘:v )

Bt = Wt - (Mt + Ct + St)

g




All unknowns on the rlght Slde of the Iatter equatlon can be est|mated so that _

the value of Bt can be calculated Hence aIl parameters

caIcuIate the true productlon capauty of a geopressured re

METHODS OF DETECTING DIFFERENT FORM

Leaking Faults

should now be avallable to

Servoir.

ATION WATERS

Sallne brlnes Ieaklng |nto reservorrs along fault planes from adja,cent(-‘fault .b'locks"

" can be detected onIy by sllght mcreases |n the sallnlty of -formation _.vwaters (Fowler, o

conducted at ,geopressured weIIs.

~ Rock 'Co‘mpacﬂti’onf ¥

Rock compactlon durlng productlon helps to malr

s moblllzmg pore water durmg pore space reductlon in oy

f degree of rock compactlon that has occurred |n a reservoir durmg productlon can be L

' '_:1970) These effects WI|| not be V|5|ble in the reIatlver short production tests

ta|n reservoir pressure by'.

erpressured reservours. The ,

‘» dlrectly estlmated onIy by comparmg the change in sandstone thrckness and por05|tyv

“before and after productlon Thlckness changes can best

S|detrack core through the entlre geopressured reserv0|r

be measured by cuttl_ng avf

unit at a d_ivs_tancev from the R

cased hoIe Near the hoIe compactlon ‘has been resrsted by the casing ,reinforcing'the.

strata. Th|s is 'aIso a region .havmg. large changes |n p

- degrees of compaction during production.

ressures and hence variable




E overpressured reserv0|rs from adjacent shales Decreases

f Electric logs run in the .si:detr_‘ack:’ hole'and"direct th

" sandstone unit will give the percentage “of fﬁofmpaction' t

Very accurate directional surveys will need to be run “In

ckness measurements of the o
he reservorr has undergone

the srdetrack hole SO that‘_ ’

'hole‘ orientation can be corrected for’" in the‘ estimate 'of cored thickness. POrosities and

& permeabllltles of the sandstone in the 5|detrack core ca

n be COmpared to those of

~ cores cut before production and the percentage of compactlon can be estlmated

| 'Por05|ty reductlons of 7 to 10 percent were found in

_sandstones from the Hitchcock N E field (nght in press).

| sandstones from the pre- productlon core can be dlrectly

sndetrack core to accurately estlmate the type and degree

‘4 of the sandstone thlckness and porosrty reductlon ‘will aII

of the volume of water added to the reserv0|r by compac1

~ Shear fractures caused by the mcreased Ilthostatr

experlmentally compacted
compared to those in the
of compaction. Measurement
ow an estimate to be made’
tion.

c stress during production

mduced pressure drawdown (nght in press) should be s.ea:rChed vforf.;"in. the sidetrack:

core (fig. 2) These shear fractures may act as condurts g

mding -fluids to the. weIVIbore‘.,

and could explaln the relatlvely hlgh permeablllty of geopressured sandstones after Iong.

perlods of productlon

~ Shale Dewatering

Shale water recharge of permeable sandstones during

:1985) helps to malntaln reserv0|r Ppressure durmg productlon by addlng more water to

waters durlng productlon result from the d|Iut|on of o}

"'waters squeezed out of the shales (Fowler 1970) Ac

production (Rlney and Garg'

in the sallnlty of formatron
rlgrnal formatlon wate_rs by

curate ‘measurement of the

Z.E‘xper‘imentally' compacted
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chloride content of formation waters during 'Iong periods o
, estimate‘ to be made Of‘the. volume 'ofshv%le?- wat-er be

* water. Addltronal conflrmatory ewdence can be obtamed

f production should allow an
ng added to the formatron

by cuttmg a srdetrack core

"through the sandstone reservoir and |ts boundlng- shale unlts (fig. 2). Water content

of the shale adJacent to and at varlous dlstances from the sandstone can be measuredv

"by a pyrolysrs method and a compactlon gradlent can b

e constructed for the shales

adjacent to the reserv0|r A decreasing water content toward the reservoir will |nd|cate ,

~ the total -amount of shale water Ioss (fig: 2) In ‘addltlon the »sallnrty-of the shale, ,

" waters can be measured and used to compute the volume

be added to the formation waters to cause the salinity de

~water can be obtained by ».perforatin’g and testing-’ shale

'perforation tests and ~accurately a,nalyz'in'g the ‘.cornp'osition

The most effectlve method of estlmatlng the volum
' .waters added to formatlon waters dunng productlon is to
.|n a reservoir over t|me perforate and produce shale‘
shale horizon, and cut a 100-ft (30.5- m) S|detrack core th

reservoir sequence and its adjacent shales

H‘ISVTORICAL ESTIMATES OF SALINITY \

of shale water that had to
cllne.' The. salinity of shale
horizons durlng .cross-flow
-Of-' produced . Waters.

1e. of compaction and shale

measure the salinity decline

waters from an overpressured

rough an entire geopressured

/ARIATIONS

Fowler (1970) has estimated the percentage change in chloride concentration over'

a 2_8-'year' ‘peri_od using :94 water analyses from Frio s
Bayou  field, Brazoria County. Texas j‘('tab'l‘ell).‘The perce
concentration over this period has been converted to

 (table 1).

andstones in the Chdcolate K

ntage change in chloride ion

a percent change per year




Table 1. Historical estimates of salinity variation
field, Brazoria County, Texas (after F«

East Chocolate Bayou

owler, 1970).

in the Chocolate Bayou

‘ Production Percent
Sampling Dates Percent Period in - Cl Change
Reservoir From To Cl1 Change Years Per Year
Frio A 5-1-46 12-16?64 -12.4 18.63 -0.67
Alibel 12-18-56 3-27-68 -33.0 11.27 -2.93
U. Hou. Fms. 6-23-42 4-11-68 +2.3 26.37 +0.087
L. Hou. Fms. 12-18-56 11-24-64 -31.8 7.93 -4.01
Rycade 10-26-56 12-16-64 -28.0 8.14 -3.44
Banfield 4-16-52 12-16-64 -16.6 12.59 -1.32
U. Weiting 12-16-64 4-11-68 | v -6.3 3.89 -1.62
L. Weiting 12-16-64 3-27-68 -8.5 3.28 -2.59
"sh 12-18-56 4-11-68 +0.8 11.32 +0.07
West Chocolate Bayou
Frio A 9-1-46 4-11-68  -6.0 21.61 -0.28
Frio B 6-15-46 4-11-68 -0.5 21.83 -0.02
Frio C 7-16-47 4-11-68 +0.7 20.74 +0.03
Andrau 5-7-40 12-18-56 -42.3 16.45 -2.57




The m'osttcommo'n"pattern is decreasing 'salinity with time, which results from

dilution of the original formation waters by fresher ‘waters

- adjacent to the aquifers (Fowler 1970) The Lower Hous

squeezed out of the shales

ton Farms sandstone in the

-East Chocolate Bayou field shows the largest decline |r1 chloride concentration of -4.01

percent/year, whereas the chloride concentration. fell by so

me 2.57 percent/year in the

. Andrau (‘C’) geopressured sandstone in the West Chocolate Bayou field (table 1,

fig. 3). The mean rate of chloride concentratiOn decline es
1.48 percent/year. |

Some -sandstone reservoirS'(Upperv Houston Farms, ‘S
increases in chlbride content ranging ‘from +0.037"to +0.}0
from water encroachment across faults from more salin
blocks (Fowler, 197-0). |

Standard laboratory methods of es‘ti‘mating t'he'>ch
~ waters :h‘a've relative standard deviations (eoefﬁcient of var
~ Tweedy, personal communicativen. 1986). For chloride co
(Gladys‘ McCall), chloride estimiates Wihlt ‘be‘ within 1 00(
values (79 000 mg/L Pleasant Bayou) estimates W||| be
~actual value. Analyses of chlorlde contents of brines us
researchers at’ R|ce Unlversrty have a precrsron of so
FTomson personal communlcatlon 1986) At the 5 percent
estlmates for the Gladys: McCaII well W|II be within . 2900
- Bayou waters they will be within 4,000 mg/L. -
The‘mean' rate of chloride concentration dec-line from

is -1.48 percent/year, in contrast to 2 57 percent/

timated from all the data is

and Frio C) showed slight

3 percent/year, which results

e aquifers in adjacent fault

loride content of formation

ation) of 1.7 percent (S. W. |

1centrations of 58 000 mg/L

) mg/L Whereas for hlgher :

wrthln 1, 350 mg/L of the

ng the new kltv desrgned by

me 2 to 5 percent (M B.

level, chloride concentration

mg/L, whereas for Pleasant‘

historic data (Fowler, 1970)

year for the Andrau (C)

_geopressured sandstone (table 1 frg 3) We can therefore expect a rate of decllne in

,the chlorrde content of formation waters at the Gla

dys McCaII weII of 15 to

0
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1983; Tomson and Matson. 1985).
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2.5 percent/year v(fig 3). If the Gladys McCaII weII is
* chloride content of the formatlon waters should declme
2,900 mg/L) (fig. 3). This reductlon in the chloride cor

waters will be visible only if the samples are analyze

accurately reproducible conditions where the coefficient «

less than the totallvariation"(3 ‘to 5 percent).
salinities will probably mask any true -chIoride concentratio
The slight incr‘eases in chloride ‘conte'nt‘ (+0.03 to
water encroachrnent from more saline ‘aquifers' vin vadjacent
will not be‘visible during the proposed 2-year productio
V\rell ’(fig 3). This well must be produced for 19 years

(0.09 percent/year) will exceed the coefﬁcrent of variatio

: accurately reproducible laboratory estlmates.v;.

GEOPRESSURED FORMATION WATER SALIN

- The Andrau ('C’) geopressured sandstone has prodt
‘barrels of brine in 0.53 years _production ‘betvrleen' Sept
(Blumhardt, 1983). Chloride vCOncentrations, of formation

production averaged. around 79.000 mg/L 'v(Kh‘araka and ot

produced for 2 years, thev
by 3 to 5 percent (1.740 to‘

centration in the formation

»f variation (1.7 percent) is

The precision of field measured

n Varivations.‘

+0.09 percent/year) due to
fault blocks (Fowler. 1970)‘:
n test at the Gladys McCall

before the salin'rty increase

n (1.7 percent) of the most

ITY ESTIMATES

iced in excess of 3.5 million
ember 1982 and April 1983
waters at the Beginning of

hers. 1979; GoIds‘berry‘ 1981‘-

Rodgervs,' 1983). More recent analyses give the formation

L

| (Tomson and Matson, 1985) Thrs is a Iarger sallnlty de

‘West Chocolate Bayou fleld and it may result largel

’,Fowler' (1970) over a'>16 5-year productlon period for t

- techmques that masked the actual salmlty decllne

12

waters a sahmty of 75,200

crease than was reported by

e Andrau sandstone in the

y from dlfferent analytlcal, ,

d in one laboratory under



The Zone 8 sand has been tested for more‘than 15
“chloride content has apparently ‘fallen‘ from 59,290 mg/L

»(September, 1986) (Sloan. 1983: Tomson “and Matson, 1

ye'ars.,‘during which time the |

(January 1984) to 57.700

985; Randolph, 1986), a 1.8

percent/year decline. However, the reduction in chloride content in the Gladys McCall

waters is 5|m|lar to the trend estrmated by Fowler (1970)

percent/year) ~and Lower Houston Farms >(4.01 percen

for the Andrau (‘'C) (257

/year) reservoirs (fig.‘ 3).

Fur_tjhermore, the trend of chloride red_uction for the Gladys McCall well (dotted llne on

fig. 53) mimics t.he pressure drawdown curves_ between the
the fourth quarter of 1985.vd_uring which‘ time the gas
constant. This indicates '.t'hatv"‘t‘his“ sali'nit)l-_vdeclineais ar
coanIusion that will - be dis'c'ussedv‘i.n more detail ln a
formation water samples -from"the‘ »ZOne 8 sand colle

"December 1986 have been reanalyzed at Rice Universit)

fourth quarter of 1983 and
water ratio ‘remaine'd ”fa»irly
esult of shale dewatermg a
Tvlro

forthcomrng report.

cted in October 1983 and

/(M. B. 'Tomson personal"

communication, 1987). The October:‘1983: s’ample.contalrrs 2 4 percent more chlorlde-

than does the original analysis, Wthh probably results fro
durmg storage The December 1986 sample contams 0.6
does. a sample analyzed in September 1986 (Randolph
percent/year decline in chlonde content |

A solution to th|s real problem is to reanalyze all fo
the Gladys McC-all_well for chlorrde atrone Iabor,ator
~conditions so that, 'any slight decline in the salinlt)r ’will

reanalyzing: waters stored for 3 years (2.4 percent) is less

m water loss or evaporatron

percent less chlorldev than

1986) and represents a 1.9

rmation water samples from

y under strictly. controlled.

become visible. The error |n:-

than the probable reductlon,-

in chlorlde content at the Gladys McCall well over a 2- -year testlng period (4 percent) " '

Formatlon water samples from the Gladys McCall well
University (M. B. Tomson.- personal communication, 1

‘reanalyzing samples for chloride is $8 per sample (see apg

are currently stored ‘at Rice

987). The cur’ren’t'co‘sft of

rendix).




ALTERNATIVE CORING PROCEDU

Cost limitations (tables 2 and 3) (C. R. Featherstone_. personal communication.

1986) limit the maximum length of t\heSidetrack core

RES

that could be cut at the

Pleasant Bayou or Gladys McCall weus to 100 ft (30.5 m). A core of this length in |

" the Pleasant Bayou test well cut from 14'.7620- ft‘ to 14.7
:Would sample at least 10 ft o:f‘shale'above the reservoir
sandstone and 10 ft of shale below the reservoir (flg 2,
- (stored at the Bureau of Economic Geology) have aIrea
sandstone at the_ Pleasant Bayou No. 1 and No.‘v‘2 wells
17 ft and 32 ft (5 and 10 m) long (frg 2, table
'permeablhty measurements are avallable on the cores (Mo
- direct comparlson W|th post—compactron srdetrack cores is
ot requned as it is the rock fabric and not the fIU|d C
needs to be mvestrgated | |
'On'e 100-ft sidetrack cOre‘: COuIdv‘be cut in’ the ‘lead
sand-shale-sand seduence at the top .:of the Zone 8 sands
15,280 ft (4, 627 m to 4,657 m) (fig. 2. table 4). Howeve
one boundmg shale and about 27 percent of the Zone 8
| ‘(104 m) thick. A 10-ft (3-m) shale core- (15.167 ft to 15,
and a 13-ft (4-m) sandstone core (1;5_.1619: ft to 15,192 f
at the Gladys McCaII well orior to p‘roduction are ava|I<
table 4). A 26.5-ft (8-m) sandston_e co‘re was ”also cu
‘between 15.348 ft (4,678 m) and 15.375 ft (4.686
- alternative coring scheme would be to cut two 50—ft
h‘ottom of the Zone‘>8 sand‘ston"e and adjacent shales, but

~all 340 ft (104 m) of the Zone 8 sandstone.

14

20 ft (4.456 m to 4,487 m)

the entire Andrau reservoir
table 4). Two separate cores

dy been cut in the Andrau

prior to production; they are -

4)'. Detalled por05|ty and
rton and others 1983) ‘and

possible. Pres.sure.cor'ing is

ontent of the reservoirs that -

ys McCall ‘well “through the
stone between 1‘5,180 ft and

r. this core will examine only

sand, which is al‘)out 340 ft
177 ft; 4,623 m to 4.626 m)
t; 4624 m to 4.631 m) cut_’

able in this mterval (fig. 2,

t in the Zone 8 sandstone,'

m) (flg. 2._tab|,e‘_4.).

cOresv"through the top and

this would require redrilling

An.



Table 2. Budget estimate to cut a sidetrack éore at the Pbleasant“Bay'ou test well.

Phase 1

Clean out well

Replace water with mud -
Drill out packer

Set cement plug over perforatlons

. Estimated cost;  $180,500
Phase 2
Set packer and whlpstock at 14 100 ft
Sidetrack .
Cut core from 14,620 to 14 720 ft

Estimated cost: - $235,000

Phase 3

Plug well and abandon

' Estimated cost:  §$ 7‘5,000
N 'Cohtingéncie_s: N ,$ 19,500
: 'Totai estimated cost: ' -$510,000




Table 3. Budget estimate to cut a sidetrack core at

Phase 1

Clean out well
Replace water with mud
Set cement plug over perforations -

Estimated cost

Phase 2

Set packer and whipstock
Sidetrack
Cut core from 15,180 to 15,280 ft

Estimated cost

Phase 3
Plug well and abandon
| Estimated cos
Contingencie

Total estimated cos

the Gladys MecCall test well.

$273,000

T e

$235,000

o

t: $ 75,000
S $ 19,500

t: $602,500

Note: Cost of cleaning out the well could be higher b
and scale.

ecause of the state of the tubing




l
‘Table 4. Logic flow chart comparing coring procedulres at the Gladys McCall and

: ' l

Pleasant Bayou test wells. ' . , |
| -

|

, |
' GEOPRESSURED GEOTHERMAL ENERGY

TO DEVELOP PARAMETERS WHICH WILL
ALLOW INDUSTRY TO DETERMIN
PURPOSE THE ECONOMIC VIABILITY OF A \
- GEOPRESSURED FIELD USING
DATA FROM ONE TEST WELL -

APPLICATION OF STANDARD m:er-:nvom‘ .
ENGINEERING TECHNIQUES TO
GEOPRESSURED RESERVOIRS ‘
RESULT IN. SIZE ESTIMATES
SEVERAL TIMES LARGER THAN
GEOLOGICAL ESTIMATES ‘

PROBLEM

PROBABLE
‘EXPLANATIONS -

LEAKING FAULTS

DEEPLY BOURCED BRINES
ADDED TO RESERVOIR BY
LEAKING FAULTS ON
BOUNDARIES OF FAULT BLOCK

ROCK COMPACTION SHALE DEWATERING

! HELPS TO MAINTAIN
PRESSURE BY DECREASING
PORE SPACE IN
OVERPRESSURED RESERVOIRS

HELPS TO MAINTAIN
PRESSURE AND.SUPPLIES
ADDITIONAL-WATER TO

OVERPRESSURED RESERVOIRS

OBSERVE THE EFFECTS OF
COMPACTION BY CUTTING
CORES BEFORE PRODUCTION
BEGINS AND SIDETRACK AT
END OF PRODUCTION

MEASURE ‘REDUCTION IN
SANDSTONE THICKNESS BY

DIRECTLY COMPARING CORES
AND ELECTRIC LOGS

COMPARE POROSITIES AND
PERMEABILITIES BEFORE

AND AFTER PRODUCTION
TO MEASURE COMPACTION

1) SEARCEH FOR SALINITY AND
TEMPERATURE INCREASES IN
FORMATION WATERS TO
DETECT. INTRODUCTION OF
DEEP BRINES

SEARCH FOR. SALINITY
DECREASES IN FORMATION
WATERS DURING PRODUCTION |

AS INDICATION OF SHALE I 1
OF SHALE DEWATERING

2) CUT .SIDETRACK SHALE CORE
ABOVE AND BELOW SANDSTONE
RESERVOIR AND MEASURE WATER
CONTENT BY PYROLYSIS METHOD.
DECREASING WATER CONTENT
TOWARDS RESERVOIR WILL
INDICATE EFFECTS OF SHALE

DEWATERING

SEARCH FOR SHEAR
FRACTURES IN- SIDETRACK
CORE CAUSED BY
INCREASED LITHOSTATIC
STRESS DURING PRODUCTION

COMPARE EXPERIMENTALLY
COMPACTED SANDSTONES
WITH THOSE FROM SIDETRACK
CORE TO ACCURATELY
ESTIMATE TYPE AND
DEGREE OF COMPACTION

USE ABOVE METHODS TO
ESTIMATE VOLUME OF {
SHALE WATER LOST TO

RESERVOIR |

17"
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' Table 4 (continued)

BEST SOLUTION

CUT 100 FT SIDETRACK CORE
THROUGH SHALE-SAND-SHALE
SEQUENCE TO DETERMINE

DEGREE OF SEHALE DEWATERING
AND SANDSTONE COMPACTION

ALTERNATIVES

CUT 100FT BIDETRACK.CORE -
THROUGH BAND-SHALE-SAND
BEQUENCE FROM 185,180-15,280 FT
IN GLADYB MCCALL NO.1 WELL

CUT 100 FT SIDETRACK CORE
THROUGH SHALE-SAND-SHALE
SEQUENCE FROM 14,620-14.720 FT
IN PLEASANT BAYOU NO.2 WELL

CORES AVAILABLE

PLEASANT, BAYOU NO.2 ' GLADYS MCCALL.
by A a 3

©) SA E:-
14,084-14,716 FT g? FT SAND) 18,167-15,177 FT (10 FT. SHALE)
LEASANT BAYOU NO.1 ZONE 8:-

15,348-15,37¢4.5 FT (26.56 FT SA

AU (¢') SANDSTONE:-
14,747-14,766 FT. (17 FT BAND)

18,179-15,192 FT (13 FT SANI:J
D)
. .

BEST SOLUTION

CUT 100 FT SIDETRACK CORE
THROUGH SHALE-SAND-SHALE
SEQUENCE FROM 14,020-14,780 FT

"IN PLEASANT BAYOU NO.2 WELL

- “REASONS

3.7 TIMES AS MUCH SAND
FROM NEAR SAND-SHALE '
INTERFACE AVAILABLE IN

ORIGINAL CORE AT PLEASANT
BAYOU THAN AT GLADYS MCCALL

-

A 100 FT SIDETRACK WILL ONLY
EXAMINE 27 % OF THE ZONE 8
SAND AT GLADYS MCCALL WHILE
IT WILL EXAMINE ALL THE
ANDRAU AND ADJACENT SHALES
IN THE FLEASANT BAYOU WELL.

EFFECTS OF DRAWDOWN COMPACTION
WILL BE-MASKED AT GLADYS MCCAL
BECAUSE OF GREAT THICKNESS OF
20NE B SAND (340 FT) WHILE

COMPACTION TEXTURES SHOULD BE|
BETTER DEVELOPED. IN ANDRAU (C)
RESERVOIR (70 FT THICK) .

&

)
=

4) COST- OF CUTTING A SIDETRACK
AT GLADYS MCCALL WILL BE MORE
EXPENSIVE THAN AT PLEASAN
BAYOU .

18




CONCLUSIONS

‘Several testing procedures that could be undertaken at the Gladys McCall and

Pleasant Bayou wells have been compared (table 5). Of these, the preferred choice

that will giVe the maximum scientific payback-‘will be to produce the Gladys McCall

’,we'll for an additional 2~yea‘rs‘ to measure the rate of

sidetrack core, perforate and test shale horizons, and
Gladys McCall and the Pleasant Bayou test wells (No.

formation water samples must be analyzed by a sing

“chloride decline and then
plug and abandon both the
8, table 5). In this scenario,

e Iaborat,ofy under strictly

reproducible conditions where a low coefficient of variation is to be expected (1.7

- percent). Samples need to be collected only on weekly in

~of data (100 points). The salinity of formation waters ‘in

be measured in sidetrack cores so '_rthat the volume o

produced formation waters can be estimated.

If the Gladys McCall Wellvcahﬁet' be kept epen, it is

~ cores be cut in both ‘the Pleesant Bayou and Gladys N

tervals to obtain a good set
adjacent shales should also

f shale water added te‘the' ‘

_'recommended that fsidetrackv

IcCall wells (No. 9. table 5)

and that both wells be’pl>ugg"ed'>and- abandoned at a cost of $1.1 million (tables 2

and 3). In 'thie scenario, formation waters collected d‘urin
Gladys McCall well and stored at iRi’ce University
. communicatioh. 1987) could be reana[yZed for vchloride by
:control‘led conditions to measure the selinity decline (1.5
productioﬁ period. Salinity of'formatie_n Weters in adj
‘measured in the s‘idretrack core so that the.bv‘olume o

produced formation waters can be estimated.

g previous production at the
(M. B. Tomson, personal -

one Iaborat_ofy under strictly

to 2.5 percent/year) over the
acent vshalevs should also be

f shale water added to the

If only one ‘si'det»rack‘ core can be cut. it is recommended that the GladyvacCall .

well be plugged and abandoned (Nd. 7. table 5). A 100-ft (30.5-m) sidetrack core

|
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~Table 5. Comparison of test prbcedufes at the Gladys McCall and Pleasant Bayou test wells.

Pleasant Bayou

Number Gladys MeCall Comment
(1) Leave GM open Reopen PB. Too expensive.
continue prod. No scientifie
’ payback.
(2) : Leave GM open Plug and abandon PB. Less expénéive.
- continue prod. ' ‘ ' No scientifie
payback.
3 ~ Plug and abandon GM. ~ Reopen PB. Less expensive.
‘ , » No scientific
p_ayback.
4) - Leave GM open Cut sidetrack Expensive but
o -continue prod. core. Plug and large scientific
' abandon. payback.
(5) ~ Cut sidetrack Plug and abandon PB. Less expensive
core. Plug and ‘ : but less scientific
abandon GM. payback.
(6) ~ Plug and abandon GM. Reopen PB. | Cut ‘Too expensive.
» : sidetrack core. - Less scientific
Plug and abandon PB. payback.
(/17) Plug and abandon GM. - Cut sidetrack core. Less expensive.
’ . Plug and abandon PB. - Large scientific
o payback.
(8) Leave GM open. Cut sidetraclq core. , Expensiv‘é but
- Cut sidetrack core. Plug and abandon PB. maximum scientific
Plug and abandon GM. payback.
(9) Cut sidetrack core. Cut sidetrack core. Less expensive.

Plug and abandon GM.

‘Large scientifie
payback.

Plug and abandon PB.

Preferred priofity of actions

1st choice (No. 8)

2rid choice (No. 9)

‘3rd choice (No. 7)

R

Maximum sciTntific payback
Large scientific payback
Cost: $1.1 million

Large scientific payback
Cost: '$600,000




should be cdutthrou‘gh the shal'e-Andrau‘kreser‘voir-shale
14, 720 ft (4 456 m to 4487 m) in the Pleasant Bayou
The reasons for this chouce are:

(1) The sidetrack core wil samp‘ie shales both above

sequence from 14,620 ft to
No. 2 well (fig. 2. table 4).

and below the Andrau (;C')

sandstone in the Pleasant Bayou well whereas it WI|| sample. onIy one shale in the

| Gladys McCaII well unless two cores are cut at Gladys M
the Zone 8 sand. : ‘ | »

- {2) A 100-ft (30;5—m)' sidetrac’k core Wlll e.'xvamine'on
sandstone"in the ‘Gladys.McCaI'I :weII.E whereas it‘wiyll pene

- sandstone and adjacent shales.

cCaII at the top and base of -v

ly‘ 27 percent of the ZOne 8

trate the entire Andrau )

(3) The effects of pressure drawdown compact,ion at Gladys bl_VIcCaII will be

masked because of the great thickness of the Zone 8 san

dstone (340 ft, 104 m), but

com’pattion textures should be better devel'op_ed""in the.Aridrau 5("C') sandstone, ‘which

is about 70 ft (21 m) thick at Pleasant Bayou

(4) The cost of cuttlng a sndetrack core at Pleasant Bayou ($510.000) 'rna'y be

con5|derably Iess than that at the’ Gladys McCaII weII

commumcatlon 1986)

also be reanalyzed by a single : I‘aboratory.r
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APPENDIX ;

BUREAU OF ECONOMIC GEOLOGY
THE UNIVERSITY OF TEXAS AT AUSTIN

SPECIFIC WORK INSTRUCTION

TITLE — [REVISION: o
MINERAL STUDIES LABORATORY ANALYTICAL PROCEDURE y
CHLORIDE BY TITRATION DATE: 10-31-86
MOHR METHOD » . _
( ) SWI 1 1 -~ |PAGE: 1 OF 5
APPLICABILITY SUPERSEDES
BUREAU-WIDE THIS IS THE ORIGINAL ISSUANCE
| APPROVAL CONCURRENCE
‘ Not applicable
Co PROGRAM COORDINATOR
e ﬁ A [ vﬂ/ﬂ
DIRECTOR ¥ ATE |
|

|
. , |
1. SCOPE |

1.1 This method covers the determination of chloride ions in water, waste-
water, brines, and extract media. The method is best applied to clear,
colorless solutions, as the endpomt can be obscured in cloudy or colored
samples. Chloride concentrations in solid samples can also be determined
provided appropriate sample dissolution can be effected.

| .

1.2 Solution chloride concentrations ranging from 5 pprn tc saturation can be
determined. |

|

2. SUMMARY OF METHCD | |

|
|

2.1 Near-neutral solution is titrated with silver nitrate in the presence of a

' potassium chromate indicator. Chloride quantitatively precipitates as
silver chloride until, at the equivalence point, all chloride in solution is
consumed. Thereafter, silver will precipitate as the more soluble orange-
colored silver chromate, the first occurrence of which is used to mark the
endpoint of the titration. '

. »2.2 Relevant reactions:

CI™ + Ag* -—-> AgCl (white ppt.) o
2 Ag} + CrO42™ -—--> AggCrOy (orange ppt.)

|
|
|
|
|
|
|
|

. - |
3. SIGNIFICANCE : . : 1

'3.1 The classical Mohr method provides a convement, simple, yet accurate
procedure for chloride analysis, utilizing | readily available equxpment and
reagents. '

\
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4.  INTERFERENCES

4.1  Bromide, iodide, and cyanide register as equivalent chloride concentrations
but are normally present at low levels| relative to chloride. If the
orthophosphate concentration is greater than 25 mg/L, Ag3P04 will preci-
pitate, thus interfering.

4.2 Sulfide, thiosulfate, and sulfite interfere but can be removed by treatment
with hydrogen peroxide or oxidizing acid. |
: |
4.3 The potentiometric mercuric nitrate or 'iolr'l chromatogréaphic method may
be more suitable for colored or turbid samples in which the endpoint is
difficult to observe and for samples whose constituents may form
precipitates with the indicator, such as iron and other heavy metal ions.
|
: \ . )
4.4 It is the responsibility of the analyst to ensure the validity of the method
for untested matrices. This can be ascertained by quantxtatlve recovery of
a known amount of chloride added to the sample.
|

5. APPARATUS i
5.1 = Erlenmeyer flask, 250 mL_ S
5.2 | Burette, 50 mL, class A, calibrated in 0.1 r{nL incremevntsv
6. REAGENTS/MATERIALS 3
’ |
‘
|

6.1 Potassium chromate indicator -- _
6.1.1 ~ (0.25 M), dissolve 50 grams potz‘assmrn chromate (K9CrOg4) in
100 mL of water and add silver nitrate (AgNOj3) until a slight red
precipitate is produced. = Let the solution stand in the dark
overnight. Filter solutlon and dilute to 1 liter with water.

8.2 Silver mtrate solution -- - RS

6.2.1 (0. 0141 N), for sample chloride concentrations <5000 ppm -
: Dissolve 2.395 g AgN03 in distilled water and dilute to 1 liter. -

- Prepare fresh, store in amber bottle, do not use without frequent

restandardization. o i

6.2.2 (0. 20 N), for sample chloride concentratlons >5000 ppm --Dissolve

33971 g AgNO3 in distilled wate‘r and dilute to 1 liter. . Prepare
- fresh, store in amber bottle, do not use w1thout frequent restan-
~ dardization. |

6.3 Standard chlorlde solutxon, 2,000 ppm -

I
f
|
6.3.1 v DISSOIVE 3. 2969 g oven-drled reagent g'rade NaCl m dxstllled water
' and dllute to 1 liter. : 1 _
Il
!

6.4 pH ad]ustmg solutlons —
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~6.4.1  Basic solution -- Make about 1 liter ‘of solution by adding NaOH to

1 liter of distilled water unt11 pH is 8\ 5.

6.4.2 - Acidic solution -- Prepare an acxdlc solution by adding HNOg3 to
1 liter of distilled water until the pH is 5.5 (distilled water [pH
typically 6] is usually sufficient for slightly basie samples).

: |
7. . PREPARATION OF APPARATUS j
7.1 Prepare and set up titration equipment in th‘e conventmnal manner. Check
' burette tip and stopcock for accurate dehvery of titrant. #

‘8. CALIBRATION | | |

8.1 This procedure does not require instrum!ent or apparatus calibration.
Reagent standardization is required and is described in Section 9.

t

9.  PROCEDURE |

|

9.1 Standardization of AgNOg -- Perform daily.j

9.1.1 Take a 5 mL aliquot of the stocll chloride (step 6.2.1 or 6.2.2)
“solution. Dilute with pH adjusting so'lution to a consistent volume
(25 mL). The pH should be between 7 and 9. Add 1 mL KgCrO4
indicator solution and titrate with silver nitrate solution to a light
orange endpoint.. . The endpoint can be better detected against a
white background. Be consistent in endpoint recognition. Repeat

.2.1 or 6.2.2) solution.
| i

C9.1.2 Rep‘eat“ the above proceddre for a bl}ank.
9.1.3 Calculate normality of AgNO3 us_iné‘ the:equation: |

| N AgNOg3 = [(VC*V) /(A-B)/ ’3‘5,450\

where: ; ' \ ‘\
C = Cl standard concentration, in ppm
V = volume, in mL, of chloride standard

A = AgNOg titrant volume for standard used _
- B= AgNO3 titrant volume for blank

|
9.2 Sample Analysxs = ' f
‘ 9_.2.1 Take an approprlate ahquot of sample, - dependmg on suspected
7 chloride concentration. (see Note 1), dilute to -approximately - -
+100 mL - with deionized water, and adjust. pH with pH-adjusting =

: solutlon to pH Tto 9 and tltrate as descrlbed m Sectxon 9.1.1.

) 49.2.’2 : Titrant volumes should be greater\than 5 mL and Iess than 40 mL, o
' it not, use a dlfferent ahquot of sample or ad]ust tltrant strength. PN
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[
|
-
|
|
\
|
\

- 9.2.3 If the presence of sulfxde, sulflte, or thlosulfate is suspected in the
' sample, add 1 mL H9O49 (30%) prlor to titration. :

Note 1. Guide to sample ahquots and tltrant concentratlow

Sample ‘ : Sample

Titrant
- _Type : Volume, mL Concentration

~ . - Brines 0.1 -- 1 » 0.2 N
: ~ Seawater, Brackish Water 1 ~ -- § ' 0.2N -
Fresh, Natural Water 10 -- 50 0.014 N

9.3 Blank Analysis:

\
|
\
l
|
\
l
|
|
|
-t
\
\
|
\
\
|
\
[
l

9.3.1 Repeat titration as in step 9.2 with several reagent blanks.

9.3.2 Average the resultant blank tltratlon volumes for use in equation
given in section 10.2. |

|
10. DATA HANDLING‘ | ‘ 1
l

10. 1 Keep detailed records of the analys1s and record the pertment mformatlon
in the procedure log book. [

10.2 Chlorlde Concentratlon Calculatlon - }

—(A B)* N * 35450/V

~ C = chloride concentration, in solution,-in ppm
A = volume, in mL, of AgNOg used for sample
B = volume, in mL, of AgNO3 used for blank
‘N = normality of AgNO3 - \w ‘

V= sample volume, inmL ‘

10.3 If the solution analyzed is a result of a solid sample dissolution or ,
extraction procedure, appropriate calculatlons must be carried out to -
express the chlorlde concentration on the ba51s of the solid sample. '

- 10.4 Sahmty-— ;
: The dxssolved salts in seawater may be expressed as sahmty, S. SN

s : : \

e 96 S =1, 80655 * C' b (see references 12 1 or 12 4)

, where C' 1s the chlorlde concentratlon expressed in parts per thousand, by
*welght. R e T R ‘\ Sl .

11, QUALITY ASSURANCE/CONTROL } |

: 11 1 Acceptable recoveries for reference standards must accompany any sample

: analyms. The determlnatlon of acceptable recovery crlterla wxll depend on g

e *!NCONTROLLED DOCUMENT A Slani
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12.

11.2

11.3

11.4

REFERENCES

12.1

- 12.2

12.3

12.4

UNCONTHOLLED DOCUMENT | __j

|
|
|
|
| 4
|
l

the level of analysis required, amount of sample avallable, chloride
concentration, and so on. K
A standard seawater sample is avallable frorn the Institute of
Oceanographic Sciences for which a certlfled chloride concentration value
of 1.937% Cl is given. Use this standard for procedure validation when

‘titrating samples with high chloride content. The error should not exceed

1.0% relatlve. R : . :

Round-robin = performance - evaluation - samples, distributed by the

Environmental Protection Agency, are also javailable and’ may be useful for
validation of this method at lower chlomde concentrations. The error
should not exceed 5.0% relative. o

l
Precision and accuracy estimates on typlc.al samples w1ll be avaxlable in
future revisions. J
!
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