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CHEMICAL ANALYSES OF GEOTHERMAL WATERS 

FROM A SOUTH LOUISIANA WELL* 

B . E .  Hankins, R.E. Chavanne, R.A. Ham, O.C. Karka l i t s ,  
and J.I. Palermo, McNeese S t a t e  University 

INTRODUCTION 

The Osborn-Hodges-Roberts-Wieland Engineering Firm of  Bryan, 

Texas was  responsible f o r  reopening t h e  abandoned Edna Delcambre #l gas 

w e l l ,  about 8 miles south of Delcambre, Louisiana, and co l l ec t ing  

bottom-hole and flowing samples. 

Lake Charles, Louisiana, w a s  responsible f o r  t h e  analyses of t h e  

McNeese S t a t e  University, loca ted  i n  

products of t h e  w e l l .  Figure I shows t h e  ove ra l l  placement of the  

equipment. 

barge, l oca t ed  i n  t h e  c e n t r a l  s ec t ion ,  contained the  high pressure 

The d r i l l i n g  r i g  is  seen on t h e  extreme r ight .  The test 

separa tor ,  chokes, gauges, pumps, and o the r  equipment necessary f o r  t he  

engineers t o  obta in  flow d a t a  and t o  dispose of t h e  e f f l u e n t d n  a d is -  

posa l  w e l l  d r i l l e d  earlier. 

from s t a t i o n s  on t h e  test barge. 

monitored c e r t a i n  c h a r a c t e r i s t i c s  of  t h e  water continuously as it flowed 

through t h e  test barge equipment. 

l e f t  of Figure I and 

recorders for  t h e  in- l ine  probes, as w e l l  as s leeping  qua r t e r s  f o r  t h e  

Most of t h e  flowing samples w e r e  talcen 

Additionally, some in- l ine  probes 

The qua r t e r s  barge is seen on t h e  

ed a small laboratory,  monitoring equipment and 

crews . 
*Work supported by t h e  United S t a t e s  Energy Research and 

Development Administration . 
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TYPES OF SAMPLES AND ANALYSES 

The following kinds of samples were collected f o r  analyses from 

the #3 sand (perforated from 12,869' t o  12,911') and the #1 sand 

(perforated from 12,573' t o  12,605') : 

1. Separator gas samples 

2. Separator water samples 

3. Bottom-hole water samples 

The separator gas data w i l l  be reported by Dr. O.C. Karkalits  i n  a 

later presentation at t h i s  conference. 

zero-flashed t o  obtain the volume of gas dissolved i n  the water and 

these values w i l l  be reported by Dr .  Karkalits also. 

water samples and the zero-flashed bottom-hole water samples were 

analyzed chemically at the on-site lab as w e l l  as at the McNeese labs 

i n  Lake Charles. 

The bottom-hole samples were 

. The separator 

Figure I1 shows the physical placement of the equipment on the 

test barge. Sample collection s t a t ions  f o r  flowing water samples 

were located at  the box marked "sample point" and at  the two "mon- 

i t o r ing  stations". Some of the r a w  sample w a s  collected and sonie 

was f i l t e r e d  through leopore membrane f g l t e r .  Portions 

of each were ac id i f i e  

ed a t  11. A 500 ml. stain-  

less steel  Whi s, w a s  used t o  co l lec t  

a sample a t  the box marked "monitoring station". 

assured col lect ion of a sample t h a t  would retain the pressure of the 

a t o t a l  of four samples were collect-  

The metal cylinder 

sys tern. 
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Figure I11 shows t h e  determinations t h a t  were conducted an-site. 

, 

Figure I11 

Analyses Conducted On-Site 

PH 

Temperature - C 

Conductance - pmhos/cm 

Turbidity - j .t .u. 

Bicarbonate - as mg Ca03/1 

Carbonate - as mg CaC03/1  

Chloride - as mg C l - / l  

Dissolved silicate - as mg SiOz/l 

Density - g/ml 

Tota l  dissolved s o l i d s  - mg/l 

Tota l  hardness - as mg CaC03/1  

0 

Figure I V  lists t h e  determinations t h a t  were performed i n  the  

McNeese Labs i n  Lake Charles. The on-site density,  t o t a l  dissolved 

s o l i d s ,  and v i scos i ty  determinations were repeated because a constant 

temperature water ba th  w a s  imprac t ica l  i n  t h e  l a b  on t h e  barge; a l s o  

v ib ra t ions  were too  severe e an a n a l y t i c a l  balance. The 0.w 

f i l ter  papers used t o  c o l l e c t  t h e  f i l t e r e d  s 

were weighed at McNeese t o  give t 

The volume has been normalized t o  lon, i n  a l l  cases. A l l  of 

les on t h e  test barge 

t of suspended sol ids .  

ions, except 

t i o n  o r  flame spectrometry and t 

of t h e  metal. 

ere made using atomic absorp- 

expressed i n  mg/l 
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Figure IV 

Analyses Conducted at McNeese Labs i n  Lake Charles 

Density - g / a  @ 2 0 ' ~  

To ta l  dissolved s o l i d s  - mg/l 

Suspended s o l i d s  - mg/gallon 

v iscos i ty  - cent ipoise  e 2 0 ' ~  

calcium - mg/l 

Magnesium - m g / l  

I ron  - mg/l 

Zinc - mg/l 

Strontium - mg/l 

Boron - mg/l 

Sodium - mg/l 

Potassium - mg/l 

ANALYTICAL DATA AND DISCUSSION 

Figure V lists se l ec t ed  data obtained from t h e  #3 sand. When- 

ever poss ib le ,  standard methods adopted by t h e  U.S. Geological Survey 

were used. A t o t a l  of 18 samples were col lec ted  from 5-22-77 t o  

6-07-77 and, although a l l  samples were not subjec ted  t o  every deter- 

mination, some trends are readi ly  apparent. A l l  of t h e  samples are 

not  l i s t e d  i n  the  t ab le ,  of course, but t he  l i s t e d  ones are represent- 

ative of t h e  group. 

These are t h e  averages of a l l  of t h e  samples run and includes da t a  not  

l i s t e d  i n  Table V. Using t h e  average assumes, of course, t h a t  a l l  of 

t h e  values should be t h e  same which is not necessar i ly  a v a l i d  assump- 

t ion.  No statist ical  treatment of t h e  d a t a  has been made at t h i s  

time bu t  i t  w i l l  be included i n  t h e  f i n a l  report. 

Typical values are l i s t e d  i n  t h e  last  column. 

I n  general, t h e  pH dec l ine  i s  from a value n e a r  7 t o  B value 

nea r  6. This decrease is probably caused by t h e  increased flow rate. 
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Figure V 

Selected Data from 13 Sand 

Flowing Water Samples 

separator 
6.28 
14 

Collect ion 
Date hl 

hl 
I m m 
0 0 

rn m 
0 0 

Collect ion 
sep arat o r separator separato r 8 epara tor 
6.50 6.24 6.19 6.19 
22 26 28 65 

Point f lare flare separator separator 
pH 6.83 6.87 6.60 6.56 

t?l very very 45 35 
high high ---- u Turbidity 

t - 
142,000 CI Conductance 

(corrd t o  25'0 
Density 
@ 20 c ... 1.06 

143,000 146,000 

1.070 1.071 
Tot a1 
Dissolved Solids -1 15,000 113,200 113,300 
S us p ende d 
Solids 

55.2 24.2 

144,000 

29.9 

6 130 
- 
.~ - - 

E 1 4  I / g  I I 4 I : I ;  h I 
hl hl rr) 0 Q\ 
I 

Q) 

m \D 
I I 

0 0 
m rn I m 

0 0 0 

144,000 146,000 143,000 

1.071 1.072 1.071 

113,400 113,400 113,200 
20.0 1.0 0.go 

6120 6080 6030 6 120 
----1- - -1- *---- 

--- -- -- --- --_. ---..-_ p- - -- - 

Typical 
Value 

144,000 

1.071 

6050 
--- 

TABLE CONTINUED ON NEXT PAGE 



Figure V (cont'd) 

Collection 
Date I 

hl 
N 
I 
VI 
0 

flare Collect ion 
Point 

I I I 

E E! 
I- I ob 

# 
I a 
hl hl el 

I I 
M M 

I 
M 
0 0 0 

flare separator separator 

Chloride I 79,400 I 79,200 167,200 I 67,000 
Dissolved 

67,300 67,000 67,000 67,000 

1.188 1.197 - 

Value 
h 

separator I 
78,400 

7 c  I 

1.190 11.194 



There is some question concerning t h e  accuracy of t hese  values, how- 

ever, and the  ramifications of t h i s  w i l l  be discussed i n  d e t a i l  later. 

The value of 6.50 measured on 5-29 seems somewhat out of l i n e  with t h e  

t rend  and is probably caused by sample co l l ec t ion  p r i o r  t o  t h e  system 

reaching equilibrium a f t e r  s epa ra to r  s h u t  down. The t u r b i d i t y  

decreases, as expected, as t h e  w e l l  is  flushed. The high value on 

June 7 may be the  r e s u l t  of increased sand production near t h e  end of 

t he  f low tests. That sample w a s  t he  last one taken before t h e  w e l l  

w a s  shut-in t o  obtain bottom-hole samples and considerable sand had 

accumulated i n  the  separator.  The suspended solids a l s o  show a de- 

crease from the f i r s t  samples obtained. There is  a s i g n i f i c a n t  

change i n  chloride after 5-26. This may be caused by a chloride gra- 

dient.  The w e l l  w a s  f i r s t  per fora ted  between 12,894' and 12,911'. 

A few days later it was perfora ted  between 12,869' and 12,893' and t h e  

lower chlor ide  values p e r s i s t e d  a f t e r  clean-up following the  second 

perforation. 

of 5 samples and 67,100 r e f l e c t s  t h e  average of 13 samples a f t e r  clean- 

The 78,400 mg C l - / l  shown i n  Figure V is t h e  average 

up following t h e  second perforation. The randomess of t h e  i r o n  is  

probably real and r e f l e c t s  t h e  amount picked up from the  tubing and 

t h e  separator.  

t he  l a rge  d i l u t i o n  f a c t o r  (1:10,000) used and any small e r r o r  is  

The sodium values vary somewhat, probably because of 

g rea t ly  magnified. The h igher  value of 5-26, however, is  probably 

real as a r e s u l t  of t h e  chloride gradient mentioned above. The t rend  

i n  zinc is  unmistakable and is probably t h e  result of cleaning out the 
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system from start  up. Af t e r  s t a b i l i z a t i o n ,  t h e  l i m i t s  were about 

0.1 - 0.2 mg Zn/l. 

various u n i t s  on t h e  test barge contained r e l a t i v e l y  l a r g e  amounts 

of zinc. As w i l l  be seen later, t h e  r e s u l t s  of the upper sand are 

The p ipe  dope used during i n s t a l l a t i o n  of 

r a t h e r  constant with regard t o  zinc which is  cons is ten t  with t h i s  

reasoning. Note t h a t  t h e  density and t o t a l  dissolved s o l i d s  deter- 

minations on t h e  samples from t h e  f l a r e  l i n e  are approximate because 

t h e  v ib ra t ions  on t h e  barge precluded use of an a n a l y t i c a l  balance. 

Figure V I  lists s e l e c t e d  da ta  obtained from t h e  b l  sand. A 

The t o t a l  of 29 samples were co l l ec t ed  from 6-23-77 t o  7-13-77. 

last two samples (7-12-am and 7-13-pm) have been included only 

because they were t h e  last samples taken from t h e  w e l l .  They are 

not u se fu l  i n  co r re l a t ing  values as a function of time because t h e  

pressure  of t h e  sepa ra to r  was changed, chokes were being changed fre- 

quently,  and c e r t a i n  equipment and/or connections f a i l e d  during t h e  

lat ter s t ages  of t h e  test. For these,  and probably o t h e r  reasons, 

the  samples were co l l ec t ed  a t  times which were d i c t a t e d  by expedience 

r a t h e r  than any planned operations;  however, t h e  remainder of t h e  

samples i n  Figure VI show t rends  f o r  several of t h e  determinations. 

The pH tends t o  decrease as a function of time i n  sand P1, 

probably for t h e  same reason s t a t e d  i n  sand #3. 

#3 sand, t h e  accuracy of t he  pH measurement 

be discussed later. The t u r b i d i t  ase with t i m e  as it 

does i n  sand 113 and t h e  h igher  values near t h e  end are probably caused 

As ind ica ted  f o r  t h e  

s t i onab le  and w i l l  

. .  
t -.. 



Figure V I  

Selected Data from 81 Sand 

Flowing Water Samples 

separator 

6.02 
10 
163,000 

1.084 

Collection 
Date 

separator separator separator 

6.06 6.28 6.17 
71 54 
152,000 166,000 162,000 162,000 

1.084 1.085 

4 
0 
I 
h 
0 
8 eparat or 

~ 

133,800 133,000 

6890 6860 

6.15 

133,400 

69 80 6850 6840 

CIL 

165,000 

1.085 

133,000 

1.0 

6910 

TABLE CONTINUED ON NEXT PAGE 
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*First flowing sample colxected after bottom-hole sample. Note value agrees with flare sample of 6-23-pm and 
bottom-hole shown i n  Figure X for  Sand 81. 



by increased sand production. 

this sand as opposed t o  the earlier one. 

a clear decrease with time i n  the 81 sand which is probably caused 

by precipi ta t ion of carbonate at  higher temperatures as a resu l t  of 

higher flow rates. 

not as pronounced. 

approximately equal t o  that  found i n  sand #I. 

values are probably a resul t  of the much slower flow rates used (and 

therefore longer contact time with the separator) a t  the beginning of 

the test 011 sand P1. 

opposed t o  the #3 sand; presumably, a l l  of the pipe dope was cleaned 

out of the system during t e s t ing  of the f i r s t  sand. 

determinations i n  Figure VI do not exhibi t  any marked changes and the 

two sands may be compared with the aid of the last colunms i n  Figures V 

and VI. The value fouud f o r  a determination i n  sand #1 is  almost 

always higher than the corresponding number f o r  sand C3. 

sil icate is  s l igh t ly  lower i n  sand #1 because the temperature, and 

therefore the so lubi l i ty ,  is lower than i n  sand 113. 

The chloride is rather  constant i n  

The bicarbonate ion shows 

This w a s  seen i n  sand #3 also but the change w a s  

The i ron decreases but reaches a l imiting value 

The higher i n i t i a l  

The zinc is remarkably constant i n  t h i s  sand as 

The remaining 

As expected, 

A number of samples were sent  t o  outside laborator ies  as shown i n  

Figure MI. 

nitrogen, and carbon. Dr.Rraemer is in te res ted  i n  the uranium levels. 

Dr. Kharaka has obtained'both bottom-hole and flowing samples f o r  an 

extensive analysis of each. 

f o r  a determination of trace organics. 

measure the amount of helium i n  the flowing samples. 

Dr .  Kreitler is measuring i s top ic  r a t io s  of oxygen, 

McNeese submitted samples t o  Dr. Laseter 

The Bureau of Mines asked t o  

Dr. Fruchter 
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Figure VI1 

Outside Laboratories 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Kreitler - UTA - Austin, Texas 

kEte.mer - USGS - Bay S t .  Louis 

Cairns - Freeport Sulphur - New Orleans 

Kharaka - USGS - Menlo Park, Ca l i fo rn ia  

Janzer  - USGS - Denver 

Fruchter - Battelle P a c i f i c  Northwest, Richland, Washington 

Laseter - UNO - New Orleans 

Bureau of Mines - Amarillo, Texas 

came t o  the  si te and co l l ec t ed  a n a l y t i c a l  samples f o r  mercury, a rsen ic ,  

and o t h e r  heavy metals. 

r ad ioac t iv i ty  and t h e  r e s u l t s  are shown i n  Figures VI11 and IX.  

of t hese  values are about a f a c t o r  of t e n  h igher  than those observed i n  

A t  McNeese's reques t ,  D r .  Janzer  measured t h e  

Some 

sur face  waters ; consequently, t h e  r ad ioac t iv i ty  of t h e  water probably 

should be inves t iga t ed  fu r the r .  The t o t a l  potassium values showh i n  

Figure I X  agree r a t h e r  w e l l  with those determined at McNeese. 

Figure X lists t h e  analyses f o r  t h e  bottom-hole samples. The 

lower ~ s c o s i t y  f o r  sand #3 i s  caused almost completely by t h e  lower 

density which is used i n  t h e  v i scos i ty  calculation. 

an order of magnitude h igher  i n  t h e  bottom-hole samples when compared 

The i r o n  is. about 

t o  t h e  flowing samples. 

w e l l  is  shut-in during bottom-hole sampling and t h e  amount of i r o n  is  

This is  probably caused by t h e  f a c t  t h a t  t h e  

ED-81 



Figure VI11 

Radioactivity 

USGS - Denver 

Sand #3 

15 Rn in gas, 

pCi/l 

Collect ion I 05-24-pm I 05-31-am I 06-03-pm I 06-07-pm I Date 

100 61 64 

1400 137cs, 
P C i / l  

Gross a as 
14000 

u/1 

I i n  solution I I 

1100 1900 1800 

6900 13000 6300 

I 

Gross B as 
90 pCi S r / l  

Ra, 
226 

P W l  

u, 
Id 1 

I P W l  

1300 920 1600 1500 

2 80 310 4 80 500 

a. 10 0.11 0.2 0.06 

I -  I 540 I 300 I -  
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Figure IX 

Radioactivity 

USCS - Denver 
Sand Y l  

i-24-pm I 6-27-pm Collection 
Date i-28-pm -30-PU -03-pm 1 - 1 1-pm 

~~ 

Rn i n  gas, 
41 I 59 55 31 24 

I 3 30 140 190 150 

137& 1200 800 1100 1300 

Gross as 
6400 4100 6400 0,000 

400 I1100 1100 
Gross B as 

700 960 1200 90 pCi S r / l  

360 240 2 30 370 

0.01 0.05 0.10 I".o9 0.07 0.01 

290 

220 

- 
- 

300 

220 

320 

240 

K, dissolved, mg/l 
I 

40K, pCi / l  
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Figure X 

Bottom-Hole Samples 

Typical Values 

PH 

Turbidity 

I 
I 

5.90 

17 

Total Hardness 

Chloride 

Conductance (corrd to  25OC) 142,000 

Density @ 2O0C 1.075 

Total Mssolved Solids 114,100 

5 830 

67,100 

Dissolved Si l icate  

Bicarb mate 

59 

1300 
~~ 

Calcium 

zinc 

Strontium 

Magnesium 

Iran 

1.2 - 8.4 
300 

1600 

Bora 

Sodium 

160 

59 

44000 

100 

Potassium 

viscosity, 2O0C 

~~~ 

270 

1.208 

6.33 

30 

1.084 

134,600 

6.9 4 0 

80,000 

45 

1200 

1.243 
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increased  due t o  d i s so lu t ion  of the  tubing. 

bottom-hole values t r a c k  t h e  values obtained from t h e  flowing samples. 

The remainder of t h e  

IN-LINE MEASUREMENTS 

The in- l ine  equipment w a s  meant t o  measure the  pH, conductance, 

and temperature, continuously. I n i t i a l l y ,  one set  of t h e  probes w a s  

placed at each of t h e  th ree  sampling s t a t i o n s ;  i.e., 'at t h e  box 

marked "sample point" and t h e  two "monitoring s ta t ions"  shown i n  

Figure 11. The probes were connected with cables t o  appropriate 

amplifiers and monitors loca ted  i n  the on-site laboratory on the  

qua r t e r s  barge. A multipoint recorder with s ix  inputs  monitored any 

two of t h e  t h r e e  sets continuously. The r e s t r i c t i o n s  placed on t h e  

in- l ine  equipment were severe with respect t o  pressure and tempera- 

tu re .  A manufacturer t h a t  could supply equipment capable of with- 

s tanding  both high temperature and high pressure apparently was not  

ava i lab le .  The equipment w a s  purchased, t he re fo re ,  with t h e  know- 

ledge t h a t  it would probably f a i l  bu t  some usefu l  information could 

possibly be obtained before f a i l u r e .  

The thermocouples worked w e l l  i n  measuring t h e  temperature at the  

th ree  points.  The conductance, as measured from t h e  recorder, gave 

almost i d e n t i c a l  values when compared t o  t h e  laboratory measurements 

obtained on t h e  same sample. 

values t o  cor rec t  them f o r  t h e  constant of t h e  conductivity cel l  

because t h e  constants supplied by t h e  manufacturer were apparently 

nominal values, Each cell  w a s  ca l ib ra t ed  at McNeese before it was 

It was necessary t o  ad jus t  t h e  in- l ine  

used at t h e  barge. 
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The real s u r p r i s e  came i n  t h e  recorded pH values f o r  they were 

considerably lower than the  values obtained i n  t h e  on-site labora- 

tory. Figure X I  shows the  a c t u a l  t r ac ing  obtained on 5-31-77 at t h e  

s t a t i o n  preceding the separator.  The pH is  obtained by dividing the  

brown colored l i n e  ( l abe l l ed  pH #3) by 10 and adding 2. 

hand s i d e  of t he  paper is zero.) 

(The l e f t  

Note t h a t  t h e  lower p a r t  of t h e  

recording gives an average value of about 5.5. 

at a poin t  no tea  by t h e  arrow but  t h e  recorder continued :to- m n i t o r  

t h e  pH .and t h e  temperature. The pH .changed t o  6 2  , which. ' is  about 

t h e  same as t he  values measured i n  t h e  on-site laboratory,  .while- t h e  

temperature ( l abe l l ed  temp 113) decreased from 212'F t o -  800F. 

The ce i l .  ,was 'shut-in . _  

. .  

. .  

The 

system is  obviously not i n  equilibrium w i t h  respect t o  the gas and the 

h igher  values obtained i n  the  l ab  f o r  t h e  113 sand 'are apparently t h e  

r e s u l t  of a l o s s  of carbon dioxide while t he  sample is  being t ranspor t -  

ed t o  the  lab  t o  make t h e  nkasurement. 

measurement of t h e  pH is probably the  result of consistency i n  the  t i m e  

Any consistency i n  t h e  l ab  

of t ranspor ta t ion  and measurement only. and does not  r e f l e c t  t h e  t r u e  pH 

of the  so lu t ion .  

Figures XI1 and XI11 give similar conclusions from recordings on 

t h e  #l sand on 6-25-77 and 6-26-77 respectively.  .. Some of t he  in- l ine  

equipment f a i l e d  a f t e r  tests on t h e  63 sand. The in- l ine  cells were 

then re loca ted  t o  a po in t  immediately a f t e r  t h e  sepa ra to r  f o r  t h e  tests 

on t h e  C 1  sand although they were loca ted  immediately preceding t h e  

sepa ra to r  f o r  t h e  tests on t h e  #3 sand. 
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FIGURE X I  

IN-LINE RECORDING FOR 93 SAND 
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FIGURE X I 1  

IN-LINE RECORDING FOR #1 SAND (6-25-77) 
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Note t h a t  t h e  pH va lue  is about 5.4 ( c i r c l e d  area) f o r  t h e  6-25 

sample and about 4.2 - 4.5 f o r  t h e  6-26 sample. 

t he  temperature is i n  brown, and they are l a b e l l e d  pH #2 and Temp #2. 

-The pH is  i n  red,  

A f t e r  t h e  w e l l  w a s  shut- in ,  t h e  pH inc reased  t o  about  6.0 - 6.1 which, 

again,  is  t h e  va lue  of t he  l abora to ry  measurement. The temperature  

on a l l  of t h e  f i g u r e s  is obta ined  by mul t ip ly ing  t h e  cha r t  reading by 

4 ( the  l e f t  s i d e  i s  zero)  and shows t h e  cool ing  of t h e  ce l l  t o  ambient 

temperature a f t e r  shut- in .  

The pH cells were c a l i b r a t e d  both be fo re  and a f t e r  t h e s e  runs a t  

ambient and e l e v a t e d  temperatures  and were accura t e  t o  w i t h i n  0.1 unit .  

As s t a t e d  earlier,  t h e  i n - l i n e  equipment w a s  n o t  in tended  f o r  use  under 

the  condi t ions  of temperature and p res su re  experienced i n  t h i s  test. 

D i f f i c u l t i e s  i n  maintaining t h e  flow, p re s su re  f l u c t u a t i o n s ,  and equip- 

ment f a i l u r e s ,  prevented continuous record ing  of t h e  two sands.  

One las t  test f o r  pH w a s  made by touching a p i e c e  of pH paper  t o  

t h e  f l u i d  from a zero-f lashed bottom-hole sample as i t  emerged from t h e  

labora tory  high-pressure apparatus .  The paper  showed t h e  pH t o  b e  5.2 

and an immediate pH measurement on a l abora to ry  instrument  read 6.62. 

SUMMARY AND RECOMMENDATIONS 

Some observa t ions ,  made after an examination of a l l  of t he  d a t a  

c o l l e c t e d  t o  da t e ,  are as follows: 

1. The pH and b icarbonate  values  (measured i n  t h e  labora tory)  

t end  t o  decrease wi th  increased  flow rate through t h e  

separa tor .  
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2. Turbidity a& suspended so l ids  values decrease with t i m e  

i n  the flawing samples. 

3. The dissolved silicate concentration decreases as the  temp- 

erature  of the aquifer decreases. 

Correct i n  s i t u  values probably cannot be obtained f o r  a l l  

determinations by analyzing bottom-hole samples. 

Concent ration gradients apparently occur within cer ta in  

zones of the  aquifer f o r  cer ta in  ion ic  species. 

The values fo r  most of the  analyt ical  determinations remain- 

ed ra ther  constant throughout the test 011 any one sand. 

The flow rate af fec ts  the pH measurement i n  .an’ in-l ine cell 

and the pH generally decreases with increasing flow rates 

through the separator. 

The in-line pH measurement is affected by the pressure of 

4. 

5 .  

6 .  

7. 

8. 

the  separator. 

9. - The in-line pH measurement may be affected by ,the composi- 

t ion of the gas and/or a streaming potential .  

Erratic in-line measurements may be the  resu l t  of plugged 

chokes, excessive gas evolution, and/or adsorption of gas 

bubbles on the  electrode. 

The hydrogen ion concentration of the  flowing samples is 

10. 

11. 

-7 at least an order of magnitude lower ,than the  laboratory 

me as urement . 
be even lower. 

The value of the  hydrogen ion i n  s i t u  may 

Both values should bea known accurately, 
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the f i r s t  f o r  p rac t i ca l  operation of surface equipment and 

the latter f o r  theore t ica l  purposes. 

McNeese collected almost 250 separate flowing and bottom-hole 

water samples. 

determination, about 1000 separate determinations, excluding gas 

analyses, have been made. 

Although a l l  samples were not subjected t o  every 

A few determinations s t i l l  remain .but the 

ana ly t ica l  portion of t h i s  project  should be completed soon. In t he  

future,  i t  probably w i l l  not be necessary t o  co l l ec t  as many samples 

and be as thorough i n  t h e i r  analyses but  t h a t  w a s  not known f o r  the  

f i r s t  geopressured w e l l  u n t i l  all of the samples had actual ly  been 

done. The number of samples col lected i n  the  future  w i l l  be dictated,  

of course, by the  kind of information, including trends,  which may be 

desired. 

Some of the  elemental analyses show tha t  water of t h i s  type m u s t  

! 

i 

almost cer ta in ly  be disposed of by deep-well inject ion.  

ac t iv i ty  problem should be Investigated further.  

highly sa l ine  geothermal w e l l s  w i l l  almost cer ta in ly  be a problem t o  

The radio- 

Corrosion from 

surface equipment. Bottom-hole col lect ion and t r ans fe r  procedures 

seem t o  be poor, at best ,  and m u s t  be improved i f  representative 

samples are t o  be obtained. Conductance and pH cells capable of with- 

standing more heat and pressure are desirable i f  accurate measurements 

are t o  be made f o r  even a short  period of time. . Some equipment 

construction and sampling procedures should be modified t o  avoid con- 

taminating samples p r i o r  t o  analysis; e.g., pipe dope contaminates the  
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flawing samples and mercury, used i n  the hydraulic pump, and contain- 

ing other  trace metals, contaminates the bottom-hole samples. 

Finally, consideration should be given t o  more coordination between 

the engineering data and the chemical information desired and haw it  

is t o  be acquired. 

engineering data precludes obtaining consistent ana ly t ica l  data useful 

i n  showing trends. 

The s tar t  and stop operation used t o  obtain some 

. 
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