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INTRODUCTION 

Preserited here are the results of laboratory testing performed t o  provide 

s i t e  specific information i n  support  of geothermal reservoir acidiring pro- 

grams. The t e s t i  ng program i ncl uded 1 aboratory tes t s  performed t o  determi ne 

the effectiveness of acid treatments i n  restoring permeability of geologic 

mater1 a1 s i nf i 1 trated w i t h  hydrothermal ly a1 tered sepi ol  i t e  d r i  1 1 i ng mud. 

Additionally, autoclave tes ts  were performed t o  determine the degree of hydro- 

thermal alteration and effects of acid digestion on d r i l l i n g  muds and d r i l l  

cuttings from two KGRA's. Work was performed by Terra Tek under subcontract 

t o  Republic Geothermal, Inc. ( R G I )  i n  suppor t  of DOE funded geothermal stimu- 

lation programs. 

Four (4) 1 aboratory scal e permeabi 1 i ty/aci d i  zi ng tes t s  were conducted on 

specimens prepared from dri 11 cuttings taken from two geothermal formations. 

Two tes t s  were performed on material from the East Mesa KGRA Well #78-30, from 

a depth of approximately 5500 feet ,  and two tes ts  were performed on material 

from the Roosevelt KGRA Well #52-21, from depths o f  approximately 7000 t o  7500 

feet. Tests were performed a t  simulated -- i n  situ geothermal conditions of 

temperature and pressure. All core material was supplied by RGI. 

The permeability/acidization t es t s  included five major steps: 

1. An in i t ia l  brine permeability measurement was performed on the 
undamaged dri 11 cuttings specimen. 

2. The t e s t  specimen was infil trated w i t h  sepiolite dril l ing mud which 
was then hydrothermally altered a t  simulated & conditions. 

3. A brine permeability measurement was performed on the mud i n f i l -  
trated, hydrothermally a1 tered, sample. 

4. The sample was acidired w i t h  either S%HF-lO%HCl or 15% HC1 by weight 
acid solutions, a t  simulated fi 9 conditions. 

5. A brine permeability measurement was performed on the acidited 
sample. 

1 



Hydrothermal alteration of attapulgite and sepiolite drilling muds was 

investigated using a pressurized autoclave at three different temperatures for 

three different lengths of time to provide a total of nine tests on each mud 

type. The hydrothermally altered muds were subjected to a standard x-ray 

diffraction analysis scheme to characterize the alteration sequence. 

Additionally, acid solubility of drill cuttings and o f  hydrothermally 

altered sepiolite and attapulgite drilling muds was investigated in a pres- 

surized and heated autoclave. Solubility of drill cuttings was determined at 

elevated temperature in a 5%-10% by weight hydrofluoric-hydrochloric acid 

mixture and a 19% hydrochloric acid solution. Solubility of drilling muds was 

determined at elevated temperature in both 5%HF-lO%HCl and 3%HF-l2%HCl acid 

mixtures. 

2 



PERMEABILITY/ACIDIZATION APPARATUS DESCRIPTION 

i 

An apparatus able to simulate static infiltration of mud, simulate acid 

treatment at fi pressure and temperature, and measure brine permeability 

was used to perform the permeability/aciditation tests, and is illustrated 

schematically in Figure 1. Using this apparatus, it was possible to introduce 

mud to the sample face, induce mud infiltration into the sample, and hydro- 

thermally alter the resulting mud cake. The apparatus allowed the introduc- 

tion o f  acid to the mud damaged sample and acidization of the mud damaged 

sample at simulated - -  in situ conditions. All components of the apparatus 

exposed to acid were fabricated with Hastelloy alloys to resist corrosion. 

The apparatus supplied brine at controlled pressures and flow rates to allow 

permeabi 1 ity measurements on test samples. Autoclave temperature was con- 

trolled using a microprocessor. Pressure was maintained with gas driven 

accumulators which functioned as both constant pressure pumps and as flow- 

meters for the brine and mud. 

The test sample (composed of drill cuttings due to the lack of available 

core materials) was contained in a teflon lined cup, made of Hastelloy 8-2 

alloy. A 100 mesh screen made of "Has- 

te'lloy X" alloy prevented cuttings from flowing out o f  the bottom o f  the cup. 

The chamber above the drill cuttings, analogous to a wellbore, allowed the 

introduction of mud, brine or acid to t sample. Inlet and outlet tubes to 

the cup assembly were made of Hastell -276 alloy. The cup assembly was 

fitted inside t autoclave and was ed against in sion of the heat 

This cup is illustrated in Figure 2. 

transfer f 1 ui d. 

Pore fluid pressures upstream and downstream of the drill cuttings and 

pressure in the autoclave were monitored with Bourdon tube gauges. Differen- 

tial pressure across the test specimen was measured using a variable reluc- 

3 
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tance diaphragm type transducer. Data from the flowmeters and differential 

pressure transducer were recorded on an analog recorder and plotted as func- 

tions of  time. 
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EXPERIMENTAL PROCEDURE: 

Permeabi 1 i t y /ac id i za t i on  tes ts  

PERMEAB I LITY/AC I D I ZAT ION TESTS 

included f i v e  major steps: 1) i n i t i a l  

permeabi 1 i ty measurement, 2) mud i n f  i 1 t r a t i o n  and hydrothermal a1 terat ion,  3) 

permeabi 1 i ty measurement o f  the mud damaged sample, 4) aci  d i  zat ion a t  simu- 

l a ted  -- i n  s i t u  temperature and pressure, and 5) permeabil i ty measurement o f  the 

ac id i  zed sample. I n i  ti a1 permeabi 1 i t y  t o  b r ine  was measured a t  room tempera- 

ture and -- i n  s i t u  pressure. Mud was introduced i n t o  the chamber above the 

sample and a d i f f e r e n t i a l  pressure was imposed t o  induce mud i n f i l t r a t i o n .  

I n f i l t r a t e d  mud was then hydrothermally a l te red  a t  simulated s i t u  tempera- 

tu re  and pressure. The permeabil i ty t o  b r ine  o f  the mud damaged sample was 

measured a t  room temperature and -- i n  s i t u  pressure t o  determine the permeabil- 

i t y  impairment due t o  i n f i l t r a t i o n .  Acid was introduced t o  the sample v i a  the 

chamber above the sample and was driven through the sample a t  -- i n  s i t u  tempera- 

tu re  and pressure. Permeabil ity t o  b r ine  o f  the acidized sample was measured 

a t  room temperature and -- i n  s i t u  pressure t o  determine the amount o f  permeabil- 

i t y  res tora t ion  a f t e r  ac id i ra t ion.  

Sample Preparation 

Two of the t e s t  samples were composed o f  crushed and sieved core from the 

East Mesa KGRA Wel l  #78-30, taken f rom a depth o f  approximately 5500 feet,  and 

two were made up o f  d r i l l  cut t ings f rom the Roosevelt KGRA Well #52-21, taken 

from a depth o f  approximately 7000 t o  7500. Samples f o r  a l l  four tes ts  were 

m 20/60 mesh size grains sieved f r o m  source material.  

were prepared f o r  t es t i ng  by tamping the sieved pa r t i c l es  i n t o  

the t e f l o n  l i ned  sample cup t o  obtain a specimen 3 cm i n  length and 2 cm i n  

diameter. Sample mass was determined by weighing the sample cup before and 

a f t e r  adding the d r i l l  cut t ings and subtract ing these values. The cup and 



sample were submerged i n  10,000 ppm calcium chlor ide br ine  and subjected t o  a 

vacuum o f  10-1 t o r r  f o r  twenty minutes t o  remove gas f rom the pore space. The 

vacuum was rel ieved, wet  weight o f  the cup assembly was obtained, and the 

sample poros i ty  determined from the weights. The cup assembly was then in -  

s ta l l ed  i n  the autoclave. 

Test Procedure 

I n i t i a l  b r ine  permeabi 1 i ty was determined a t  room temperature. Pore 

pressure was slowly increased t o  the speci f ied value and f low o f  deaerated 

10,000 ppm CaC12 br ine  was i n i t i a t e d  through the sample and continued u n t i l  

steady-state condit ions were observed. Brine f low ra te  and d i f f e r e n t i a l  

pressure across the sample were measured t o  determi ne i n i  ti a1 permeabi 1 i ty. 

Permeabil ity was calculated f rom the steady-state f low t e s t  data as 

follows: 

where K = permeabil i ty (darcy) 

Q = f l o w  ra te  o f  permeating f l u i d  (ml/sec) 

A = cross sectional area o f  specimen (cm2) 

= v iscos i ty  o f  permeating f l u i d  (cp) 

11 = length o f  specimen (cm) 

AP = pressure drop across the specimen (atm) 

A l l  permeabil i ty data were corrected t o  account f o r  apparatus re la ted  

pressure drop. I n  the case o f  very large permeabi l i t ies,  the pressure drop 

contr ibuted by the sample was a small f r ac t i on  o f  t o t a l  measured pressure 

drop, which placed an upper l i m i t  o f  200 darcies on permeabi l i ty  measurement. 

A f t e r  the br ine permeabil i ty determination, the sample was subjected t o  

Sepiol i t e  mud was introduced i n t o  the chamber above s t a t i c  mud i n f i l t r a t i o n .  
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the sample and a pressure o f  about 50 ps i  was applied t o  the mud. A d i f feren-  

t i a l  pressure o f  about 2 ps i  was establ ished across the sample t o  induce mud 

cake formation and mud i n f i l t r a t i o n  o f  the sample. Ouring t h i s  procedure, mud 

f i l t r a t e  f l o w  r a t e  was measured and used as an ind ica tor  f o r  f i l t e r  cake 

development. As the mud cake developed and mud i n f i l t r a t e d  the sample, f i l -  

t r a t e  f low ra te  through the sample decreased. F i l t r a t e  f low ra te  u l t imate ly  

became constant with t i m e  ind ica t ing  the mud had developed a stable cake on 

the sample face. Di f ferent ia l  pressure was removed from the sample when 

f i l t r a t e  f low was observed t o  be constant. 

To remove excess non-caked mud f rom the end o f  the specimen, br ine was 

f lushed through the chamber above the sample u n t i l  the e f f l uen t  was v i s i b l y  

f ree  o f  mud par t i c les .  

Hydrothermal a l t e ra t i on  o f  the mud cake was performed by increasing pore 

pressure and temperature t o  the speci f i e d  -- i n s i  t u  values and ma! n t a i  n i  ng these 

condit ions f o r  a t  l eas t  24 hours. Results o f  the autoclave hydrothermal 

a l t e r a t i o n  studies showed t h a t  a large por t ion  o f  mud a l t e r a t i o n  i n  sep io l i t e  

occurred i n  the f i r s t  24 hours. 

the sample was slowly cooled t o  room temperature. 

A t  the conclusion o f  the a l te ra t i on  procedure, 

The permeabi l i ty  o f  the mud damaged sample was measured using the tech- 

nique out l ined f o r  the  undamaged sample. The cup assembly was then removed 

f rom the autoclave, inspected t o  confirm mud cake development, weighed t o  

estab l ish the mass o f  the mud, and re ins ta l l ed  i n  the autoclave. 

The specimen was acidized by introducing three t o  four  pore volumes o f  

ac id  a t  ambient room condit ions i n t o  the chamber above the specimen and then 

increasing temperature and pressure t o  in s i t u  values. P r io r  t o  the i n t ro -  

duction o f  the acid, plumbing not needed f o r  the ac id izat ion procedure was 

removed from the apparatus leaving only Hastel loy a l l o y  par ts  i n  contact w i t h  

9 



the acid. After introduction of the acid, pore pressure was increased to the 

required -- in situ value using nitrogen as the pressurizing medium. The sample 

was heated to -- in situ temperature, allowed to equilibrate, and finally the 

acid was slowly forced through the sample by nitrogen while the effluent was 

collected. The pH o f  the liquid effluent was measured with narrow range 

indicating papers and the appearance of the effluent was noted. After all 

free liquid had been driven from the sample, the sample was allowed to cool, 

pore pressure was released, and about 20 pore volumes of brine were passed 

through the sample to purge remaining acid and reaction products. 

Brine permeability of the acidized specimen was measured using the tech- 

nique outlined previously. The cup assembly was removed from the autoclave, 

weighed to establish wet weight, and sample appearance was noted. Finally, 

the sample was removed from the cup and examined microscopically. 

Presented in Table 1 is a summary of test and sample conditions. Initial 

sample mass and mass of the acidized sample were both obtained from wet sam- 

ples. 

Data for. masses are accurate to kO.01 g. The narrow range pH indicating 

paper resolves pH from 7 to 0 in steps of 0.5. Temperatures and pressures 

were held constant to within 5%. Acid compositions were prepared as outlined 

in Appendix IV. Compositions of the mud systems used in this testing are 

given in Appendix V. 

10 



Table 1 

Summary o f  Test and Sample Conditions 
f o r  Permeabi 1 i ty/Acidizat ion o f  Mud 

Damaged Geothermal Materi a1 s 

Test Number 
~~ ~ 

Geothermal Resource Area 
Depth 
Sample Grain Size 
D r i l l i n g  Mud 
Acid Composition 

I n i t i a l  Sample Mass 
Mass o f  Absorbed Mud 
Mass o f  Acidized Sample 
I n i t i a l  Porosity 
I n i t i a l  Pore Volume 

Conditions o f  Hydro- 
thermal A1 terat ion:  

Temperature 
Pore Pressure 
Duration 

Aci d i t a t i  on Conditions: 
Temperature 
Pore Pressure 
Duration 
Acid Volume 

East Mesa 
5500 ' 
20-60 mesh 
Sepi o l  i t e  
5%H F /10%H C 1 

18.11 g 

4.49 9 
17.04 g 
57% 
5.4 m l  

425OF 
500 ps i  
62 hrs 

425OF 
500 p s i  
1 hr  
16 m l  

2 

East  Mesa 
5500' 
20-60 mesh 
Sepio l i te  
15% HC1 

19.96 g 
2.46 g 

23.34 g 

57% 
5.4 m l  

425'F 
500 ps i  
24 hrs 

35OOF 
500 ps i  
1 hr  
16 m l  

3 

Roosevel t 
7000-7500' 
20-60 mesh 
Sepiol i t e  
5%HF/lO%HCl 

19.12 g 
3.21 g 
20.07 g 

69% 
6.5 m l  

491OF 
700 ps i  
28 hrs 

491OF 
700 ps i  
1 h r  
20 m l  

4 

Roosevel t 
7000-7500' 
20-60 mesh 
Sepiol i t e  
15% HC1 

18.90 g 

10.45 g 
26.15 g 

53% 
5.0 m 

491OF 
700 ps i  
29 hrs 

491° F 

700 ps i  
1 h r  
20 m l  

11 



TEST RESULTS AND SAMPLE DESCRIPTIONS 

A summary o f  the permeability/acidization t e s t  resu l ts  i s  presented i n  

Table 2 and observations and photomicrographs o f  the t e s t  samples are pre- 

sented i n  fo l lowing sections. Included i n  Table 2 i s  i n i t i a l  b r ine  permeabil- 

i ty ,  mud damaged permeabil i ty, post-acidizat ion permeabi l i ty  and pH o f  the 

ac id iz ing  ef f luent .  Descriptions o f  tested samples are given w i th  the Scan- 

ning Electron Microscope photomicrographs. 

I n  a l l  four tests,  mud i n f i l t r a t i o n  and hydrothermal a l t e r a t i o n  resul ted 

Typical l y  the decrease i n  permeabi 1 i ty i n  a decrease o f  sample permeabi 1 i ty. 

was greater than one order o f  magnitude. 

The ac id e f f luen ts  from a l l  four samples had a pH o f  less than zero 

ind ica t ing  the presence o f  free acid. This indicates t h a t  not a l l  the ac id  

introduced i n t o  the samples reacted during ac id izat ion processes and the f ree  

unreacted ac id was washed out along w i th  the e f f luen t .  The ac id  e f f luen ts  

were also found t o  contain a tan  colored prec ip i ta te.  An elemental analysis 

o f  one o f  the prec ip i ta tes i s  presented i n  Appendix V I .  The analysis of 

another p rec ip i t a te  sample indicated the presence o f  Ralstoni te (Na, Mg, A l ,  

Fe*H20) i n  the prec ip i ta te.  

Acidzation o f  the mud damaged samples resul ted i n  some recovery o f  perme- 

a b i l i t y  i n  a l l  four  tests.  Recovery ranged f rom 3% t o  greater than 100% o f  

the i n i t i a l  b r ine  permeabil ity. 

Sampl e Descriptions 

Photomicrographs o f  the untested and tested samples are presented i n  

Figures 3 t o  7 along w i th  a b r i e f  sample descript ion. Each f i gu re  includes a 

SOX magnif icat ion photo i n  the lower por t ion  and a lOOx magnif icat ion i n  the 

12 



Table 2 

Summary o f  Test Results f o r  
Acid Stimulation Tests 

SO 

Test Description 
I n i t i a l  Brine 

Permeabi 1 i t y  

SO SO $0 

Mud Damage Brine 
Permeabi 1 i t y  

Post Acidizat ion Brine 
Permeabi 1 i t y  

pH o f  E f f l u e n t  



Figure 3. East Mesa KGRA 20/60 mesh untested sample material shown at lOOx 
and SOX magnifications. East Mesa material is more uniform in 

' size than Roosevelt material and has rounded, rough surfaces. 
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4 

Figure 4. Roosevelt KGRA 20/60 mesh untested sample material shown a t  lOOx 
and SOX magnifications. 
t i o n  of larger  pa r t i c l e s  with smoother and more angular pa r t i c l e s .  

Roosevelt material has a greater  propor- 
Figure 4. Roosevelt KGRA 20, v v  ,,,_-.. _..___ __.  

and SOX magnifications. 
t i o n  of larger  pa r t i c l e s  with smoother and more angular pa r t i c l e s .  

Roosevel t material has a greater  propor- 
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Figure 5. Post-Test East Mesa Sample, Test #1, shown a t  lOOx and SOX magnifi- 
cations. P a r t i c l e  surfaces are etched and mud p a r t i c u l a t e  material  
i s  v i s i b l e .  
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- 
cations. Most surfaces 
c l e s  have been rounded. 

Figure 6.  Post-Test Roosevelt Sample, Test # 3 ,  shown a t  lOOx and 50x magnifi- 
are severely etched. Sharp angular parti- 
Some mud particles are v is ib le .  
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Figure 7. Post-Test Roosevelt Sample, Test #4, shown a t  lOOx and 50x magnifi- 
cations. The smooth surfaces show very l i t t l e  etching. Mud p a r t i -  
c les  are  v i s i b l e .  
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upper portion of the page. No photos of the sample used for  t e s t  #2 were 

produced. 

As shown i n  Figures 3 and 4, the Roosevelt material is more angular and 

has a greater proportion of larger particles than the East Mesa material. 

East Mesa material was more uniform i n  size and had rougher surfaces than the 

Roosevelt. Obtaining uniform d i s t r i b u t i o n  of particle size during rock crush- 

ing t o  20-60 mesh size was not always possible. Due t o  the cleavage prefer- 

ence of the Roosevelt sample material, fewer small particles were produced 

during crushi ng. 

After each tes t ,  the sample was removed and inspected. Observations made 

during these exami nations are presented bel ow. 

Test #1 

The acidized sample was essentially free of d r i l l i n g  mud. However, a 

discrete volume of the sample (c.a. 25%) had no t  completely reacted w i t h  the 

acid, i . e. , some channel i ng had occurred. Microscopic exami nation reveal ed 

very few mud particulates, many liberated s i l ica  fines, and etching of the 

si 1 i ca grai ns. The sample had expanded several m i  1 1 imeters above Tef 1 on 

insert. The Acid Digestion Results (discussed i n  detail under the section on 

Hydrothermal Alteration Results) of untested East Mesa material i n  a 19% HC1 

solut ion show that some gas is  produced during the process. T h i s  gas produc- 

t i o n  i s  one o f  the factors leading t o  the sample expansion. Other factors 

such as clay swelling may also contribute t o  the observed expansion. 

Test #2 

Examination of the aci d i  zed sample reveal ed very few mud particul ates . 
Some evidence of channeling could be seen, b u t  no severe etching was visible. 

The t o p  o f  the sample was s l igh t ly  coagulated w i t h  small amounts of mud fines. 
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Sample was found t o  expand -1/2 cm above t e f l o n  i nse r t  a f t e r  the acid t rea t -  

ment. 

t e s t  #3 

The sample showed very few mud par t icu la tes i n  the lower 3/4 o f  the 

sample. Some mud par t i c les  were v i s i b l e  near the top and i n  the expanded 

region above the t e f l o n  inser t .  Sample pa r t i c l es  near the top had coagulated 

and formed discrete lumps which were held together w i th  mud par t ic les.  Most 

par t i c les  had been etched by the acid. The sample expanded -3 mm above the 

t e f l o n  insert .  

Test #4 

Examination revealed the upper h a l f  o f  the sample was l i g h t e r  i n  co lor  

and contained more mud par t i c les  than the lower h a l f  o f  the sample. Sample 

par t i c les  near the top had coagulated and formed discrete lumps which were 

held together w i th  mud par t ic les.  The sample expanded -1 cm above the t e f l o n  

insert .  
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DISCUSSION OF PERMEABI LITY/ACIDIZATION TESTS 

The permeability/acidization tests revealed two major phenomena. First, 

unmnsol idated granular specimens exhibit large decreases i n permeabi 1 i ty when 

infiltrated by sepioli te dri 11 i ng mud and subsequently subjected to hydrother- 

mal alteration. Second, treatment of a mud damaged sample with HCl/HF acid 

systems significantly restored permeability. Treatment with HC1 acid systems 

restored some permeability to the mud damaged sample, but was less effective 

than HCl/HF systems. 

The decrease in brine permeability due to mud damage is significant. 

Post-acidiration damage recovery is also significant, although it shows some 

variation from sample to sample. Roosevelt samples showed greater ‘sensitivity 

to mud damage and poorer recovery as compared to the East Mesa samples. This 

observation perhaps correlates with the vi sua1 observation (Figures 3-7) that 

the Roosevelt samples contained a larger fraction of 20 mesh cuttings. 

The depth to which mud infiltrated each sample varied. Mud particulates 

were visible in the filtrate effluent in Test #1 and in Test #4. No mud was 

seen in the effluent in Test #2 and #3. This was probably the result of 

inhomogeneities and channel ing. 

‘ Acidiring increased permeability of all four mud damaged samples. Res- 

toration of permeability is most pronounced with a HC1-HF acid mixture where 

permeabi 14 ties recovered by several hundred percent. This recovery is not un- 

expected in that hydrofluoric acid dissolves sepiolite (a magnesium silicate) 

as well as minerals in the sample. The post-test photomicrographs reveal a 

considerable degree of HF etching o f  grains in both the East Mesa and Roose- 

velt samples, but very little etching of grains when only hydrochloric acid 

was used. Samples treated with HC1 showed recovery in permeability, but to a 

smaller degree than those treated with HC1-HF. This smaller recovery is not 
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unexpected i n  tha t  HC1 does not dissolve sepiol i te.  I n  a l l  tests, the ac id  

d i d  react w i th  the samples, but  not a l l  o f  the ac id  was consumed during the 

reaction as evidenced by the low pH o f  the ef f luent.  

Some channeling o f  acid flow occurred i n  the samples. Evidence o f  t h i s  

channeling was seen i n  the Hastelloy X screen used t o  prevent d r i l l  cut t ings 

from leaving the cup assembly. When exposed t o  acid, Hastelloy X acquires a 

black coating. Af ter  acidizat ion o f  the samples, the screen was examined and 

on occasion showed an i r regu la r  black coating, ind icat ing channeling o f  the 

acid flow. Parts o f  

the samples showed signs o f  ac id  reaction while others did not. This was 

evidenced by lumps o f  coagulated d r i l l  cut t ings and unreacted mud f ines found 

i n  the tested sample. 

Further evidence was seen i n  the samples a f t e r  test ing. 

During these experiments, a cer ta in  amount o f  corrosive in teract ion 

occurred between the acid and the various parts o f  the system. Visual in- 

spection revealed tha t  the Haste1 loy-C components downstream o f  the sample 

p i t t e d  s ign i f i can t ly ,  while the upstream components, made o f  Hastelloy 8, 

displayed no v i s i b l e  corrosion. The elemental analysis o f  the acid-eff luent- 

precipi tate,  reported i n  Appendix V I ,  revealed the prec ip i ta te  t o  be composed 

largely  o f  chromium and molybdenum wi th  lesser amounts o f  nickel,  copper and 

zinc. This i s  most l i k e l y  due t o  the acid-metal interactions. The precipi-  

t a te  was also found t o  contain sodium, potassium, magnesium, i r o n  and aluminum. 

I n  a later- .at6fygis,  these elements were found t o  occur as the mineral Ral- 

s ton i te  (Na, Mg, A l ,  F6*H20) i n  the precipi tate.  
n 

' '. 
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PERMEAB I LITY /AC ID IZATION CONC LUS IONS 

o The permeability of East Mesa and Roosevelt KGRA unconsolidated drill 

cutti ngs is typical ly  decreased by an order of magnitude when i nf i 1 trated 

by sepia1 i te dri 11 ing mud and subjected to subsequent hydrothermal a1 ter- 

ati ons. 

~ 

4 

0 Acidization of mud infiltrated East Mesa and Roosevelt KGRA samples helps 

recover some fraction of the i ni ti a1 permeabi 1 i ty. Recovery i s  greater 

when hydrofluoric/hydrochloric acid mixtures are used. 

0 A certain amount of flow channeling occurred in the laboratory tests 

which limited the overall effectiveness of acid stimulation of mud dam- 

aged geologic materials. 

n 
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HYDROTHERMAL ALTERATION RESULTS 

Mud Incubation Tests 

Samples o f  as-received a t tapu lg i te  and sepiol i t e  were incubated a t  tem- 

peratures o f  15OoC, 215OC and 25OOC f o r  periods o f  up t o  125 hours. Composi- 

t i ons  o f  these mud systems are given i n  Appendix V. Incubation runs were 

performed using a tef lon-1 ined high temperature-high pressure autoclave. The 

sample charges were not s t i r red .  Runs were car r ied  ou t  a t  a nominal pressure 

of 100 atmospheres nitrogen. The t e s t  resu l t s  are summarized i n  Tables 3 and 

4. The as-received mud samples and intubated mud samples were a l l  subjected 

t o  a standard x-ray d i f f r a c t i o n  analysis scheme i n  order t o  characterize the 

hydrothermal a1 te ra t i on  sequence. The ana ly t i ca l  scheme involved x-ray analy- 

s i s  o f  a i r -d r ied  and glycolated glass s l i d e  c lay mounts. The a i r -d r ied  sample 

was subjected t o  x-ray analysis, glycolated, and then reanalyzed. Subsequent- 

ly, the glycolated sample was heated t o  3OO0C and then 55OOC for one hour 

periods. X-ray analyses were immediately performed a f t e r  each heating episode. 

The resu l ts  o f  x-ray analyses are presented f o r  the a t tapu lg i te  and sep io l i t e  

mud samples i n  Appendices I and 11, respectively. 

The mud samples were washed repeatedly t o  remove soluble s a l t s  which 

promote f loccu la t ion  o f  c lay par t i c les .  About 30 m l  o f  each mud suspension 

was d i l u t e d  by -70 m l  of deionized water and 1 m l  o f  saturated sodium poly- 

phosphate so lu t ion  was then added t o  promote dispersion of. c lay  par t ic les.  

The mud was dropped from suspension by centr i fug ing and the supernatant l i q u i d  

discarded. The mud was redispersed i n t o  deionized water and again spun down. 

The mud was washed four  times i n  t h i s  manner. Oriented c lay mounts were 

prepared by drying a suspension o f  (2 pm material onto glass sl ides. X-ray 

d i f f r a c t i o n  patterns were obtained from a i r  dried, g lycolated (6OOC f o r  10 
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Table 3 

Degree o f  Hydrothermal A1 te ra t fon  o f  Sepiol i t e  D r i  11 i n g  Mud 

Samp 1 e 
Number 
R G I - 1 1  

Treatment 
As- recei  ved 

RGI-12A 
RGI-13A 
RGI-14A 

RGI-18A 
RG I 19A 
RGI-20A 

RGI-15A 
RGI-16A 
RGI-17A 

24 hrs @ 15OOC 
48 hrs @ 15OOC 
96 hrs  0 15OoC 

24 hrs @ 215OC 
48 hrs @ 215OC 
72 hrs  6 215OC 

24 hrs 6 25OOC 
48 hrs 8 25OOC 
72 hrs 6 25OOC 

SamPl e 
Number 

RGI-8A 
RGI-SA 
RGI-1OA 

RGI-SA 
RGI-6A 
RGI-7A 

RGI-1A 
RGT-3A 
RGI-4A 

Absol ut( 
Sep io l i te  (S) 

30 

28 
26 
27 

18 
28 
20 

30 
24 
18 

peak Heights 
Montmori 1 loni t e  (M) 

0 

1 
1 
1 

3 
5 
8 

6 
12 
i 7  

Table 4 

Degree of Hydrothermal A1 t e r a t i  on o f  
Palygors k i  t e  (Attapul g i  te) D r i  1 1 i ng Mud 

Treatment 
As-received 

24 hrs @ 15OOC 
48 hrs 0 15OoC 
96 hrs @ 15OoC 

24 hrs @ 215OC 
48 hrs @ 215OC 
72 hrs  8 215OC 

24 hrs  6 250*C 
48 hrs @ 25OOC 

125 hrs @ 25OOC 

Absol Ute 
Palygorski t e  (P) 

44 

29 
24 
20 

10 
15 
10 

15 
17 
12 

'eak Heights 
Montmori 1 l o n i  t e  (M) 

25 

30 
27 
30 

12 
35 
45 

15 
25 
25 

-Em 
S/M 

Q, 

28 
26 
27 

6.00 
5.60 
2.50 

5.00 
2.00 
1.06 

TZE 
P/M 
1.80 

0.97 
0.89 
0.67 

0.83 
0.43 
0.22 

1.00 
0.68 
0.48 
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hours or more), and heated samples (3OOOC and 550°C for one hour or longer at 

each temperature). 

The major effect of heating is hydrothermal alteration of both mud types 

to smectite (montmorillonite). Tables 3 and 4 summarize the degree of hydro- 

thermal alteration for both mud types in terms of the absolute peak height 

ratios of palygorskite/montmoril lonite (P/M) and sepiol ite/montmori llonite 

(S/M). Use of the term 

palygorskite, however, is preferred because this term is referenced in the 

x-ray diffraction standard patterns. 

The term palygorskite is equivalent to attapulgite. 

In the case of palygors ki te, the greatest degree of hydrothermal a1 tera- 

tion occurred at 215OC. The least amount of hydrothermal alteration occurred 

at 150°C. In the case of sepiolite, the degree of hydrothermal alteration 
continuously increased with increasing temperature. 

Supplementary studies were performed on sepiol i te dri 11 ing mud to assess 

the amount of montmorillonite in the as-received mud as well as the effect of 

kaolinite on sepiolite. The results of this work are presented in Appendix 

111. 

Acid Digestion Results 

The acid solubility of rock cuttings and incubated sepiolite and palygor- 

skite drilling muds were evaluated. For the cutting samples, a 5%-10% hydro- 

chloric acid-hydrofluoric acid solution and a 19% HC1 solution were used. 

Sol ubi 1 i ty o f  dri 11 i ng mud samples was determined i n both 5% hydrofluoric 

acid-10% hydrochloric acid and 3% hydrofluoric acid-12% hydrochloric acid 

solutions. Acid solutions were prepared as outlined in Appendix IV. 

Acid Digestion o f  Cuttings 

Acid solubility of rock cuttings from the Roosevelt Hot Springs area and 

from East Mesa was determined in 5% HF-10% HC1 acid at room temperature and at 
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Table 5 

Acid 
Weight 

(gm) 

57.4377 

65.1537 

58.0198 

50.3797 

S o l u b i l i t y  of Cuttings i n  a.5% Hydrofluoric Acid - 10% Hydrochloric Acid Mixture 

Weight Ratio Incubation 
Aci d/Sampl e Co nd i ti on s 

127.98 Ambient 

132.0505 Ambient 

116.06 150OC; 100 atms 

106.15 15OoC; 100 atms 

Materi a1 

Roosevel t 

East Mesa 

Roosevel t 

East Mesa 

'erra Tek 
Sample 
Number 

2023 

2024 

2021 

2022 

Sample 
Weight 

(gm) 

0.4488 

0;  4934 

0.4999 

0.4746 

N 
U 

0.0987 78.01 

0.0580' 08-25 

0.0411 91.78 

1 0.0066 98.61 

Sample Acid Weight Ratio Incubation 
Material Weight (gm) Weight (gm) Acid/Sample Conditions 

Insoluble 
Res i due 

Percent 
S o l u b i l i t y  

Weight Percent 

East Mesa 4.97 54.65 l . l .00 Ambient 

Roosevel t 5.81 54.65 9.41 Ambient 

5 .8  

7 .5  

Table 5a 

S o l u b i l i t y  o f  Cuttings i n  19% HC1 Solut ion 

Normality 
of Spent 

Acid 

4.28 

4.40 

4.02 

4.28 



15OoC and 100 atms nitrogen. Results are summarized i n  Table 5. The normal- 

, 

i ty  of the original acid mixture was 4.17. In several runs, spent acid nor- 

mality increased slightly suggesting that a small amount of solution was 

evaporated during the incubation period. However, the acid t o  sample ratio 

was of such a magnitude as t o  suggest that actual acid consumption was negli- 

gible. Spent acid also appeared t o  be buffered a t  a pH of about 6.0 probably 

due t o  dissolved s i l i c i c  acid and carbonate species. All samples were incu- 

bated for 24 hours. In general, significantly more sample is digested a t  

15OoC. East Mesa cutting material was significantly more soluble than Roose- 

vel t cuttings a t  both ambient and elevated temperatures. 

Acid solubility of d r i l l  cuttings from the Roosevelt and East Mesa KGRA's 

was determined i n  19% HC1 a t  room temperature and pressure. Results are 

summarized i n  Table 5a. A known mass o f  cuttings was stirred i n  acid for  

three hours a t  ambient room conditions. The cuttings were then fi l tered,  

dried i n  an oven, and weighed t o  determine loss i n  mass. COO gas was evolved 

during these tes ts  indicating the presence of carbonates. 

Acid Digestion of Dr i l l ing  Muds 

Samples of . hydrothermal l y  a1 tered sepiol i t e  and palygorski t e  dr i  11 i ng 

muds were incubated i n  5% HF-10% HC1 and 3% HF-12% HC1 solutions for 24 hour 

periods a t  15OoC and 100 atms nitrogen. Sepiolite mud sample RGI-17A had 

previously been incubated fo r  72 hours a t  25OoC. Palygorskite mud sample 

RGI-4A had previously been incubated for 125 hours a t  25OoC. The analytical 

results are summarized i n  Table 6. In general, palygorskite mud was signifi- 

cantly more soluble i n  a S%HF-lO%HCl acid mixture than i n  a 3%HF-l2%HCl acid 

mixture. The reverse situation was observed f o r  sepiolite. X-ray diffraction 

analysis of the insoluble residue from b o t h  palygorskite digestion runs were 

carried out.  Results are summarized i n  Table 7. These results indicate that 
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Table 6 

Acid Sol ubi 1 i ty of Incubated Palygorski te and Sepiol i te 
Drilling Muds at 15OoC and 100 atms Nitrogen* 

Mud Type 

Sepiol i te 

Palygors ki t e  

Sepiot i te 

Palygors ki te 

Terra Tek Mud 
Sample Weight 
Number (gm) 

2025 0: 3304 

202 0.5032 

202 0.5295 

202 0.5469 
1 

Acid Acid 
Composition Weight Mass Ratio 

5-10 ' 47.8707 144.89 

5-10 69.1185 137.36 

3-12 66.1189 124.87 

(HF-HCl)(%) (gm) Aci d/Mud 

Insoluble I 
Residue Percent Normality of 
(sm) Solubi 1 i ty Spent Acid 

...- 50.06 6.96 

0.0983 80.47 6.84 

0.1157 78.15 4.67 

+ 4  

*Normality o f  as-mixed 5%HF-l0%HCl and 3%HF-l2%HCl acid solutions were 4.17 N and 5.34N, respectively. 
+The solid residue was gelatinous and could not be removed from the filter paper. Thus, this estimate 
for insoluble residue could be significantly in error. 
residues suggested that sepiolite was significantly more soluble than palygorskite in both acid mixtures. 

In general, visual examination o f  insoluble 

65.2809 119.37 5.34 



w 
0 

Gorcei x i  t e  
Hol landite (Ba,Ca,Sr,Al , I I Bar i te  1 Celsian 1 Edi ngteni t e  

(BaS04) (BaAlzSiOs) (BaA12Si301~*4Hz0) (MnBaM6014) PO*OH*2Hz0) 
k i d  Mixture 
(HF-HCl)(%) oaFeMn,016 

5-10 I Trace I Trace* 

3- 12 

Common? 

Table 7 

X-Ray D i f f r a c t i o n  Analysis o f  Palygorskite 
Acid Digestion. Insoluble Residues 

Common Very 
Abundant 

I -- Abundant I Trace I Trace Abundant 

*Possibly an a1 te ra t ion  product o f  apat i te ,  
?Brownish, very fine-grained. 



the insoluble residue is mostly original barite from the drilling muds and 

possibly a1 teration products of both barite and apatite. A1 though sepiol i te  

insoluble residues were not analyzed, mineralogy is most likely similar t o  

residues obtai ned from pal ygors ki te  runs. 
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APPENDIX I 

Bul k Mineralogy Based on X-Ray D i f f r a c t i o n  
Analysis of Palygorskite D r i l l i n g  Mud 

Terra Tek 
Sample Sample 
Number Descript ion Mineralogy 

RGI-2A As- Palygorski t e  - Very Abundant 
Received Montmori 1 l o n i  t e  - Common 

Sep io l i te  - Trace 

15OoC Incubation 

RGI-8A 24 hours Palygorski t e  - Abundant 
Montmori 11 oni t e  - Abundant 
Sep io l i te  - Minor 
Muscovi t e / I1  1 i t e  - M i  nor 

RGI-9A 48 hours Montmori 1 l o n i  t e  - Abundant 
Palygors k i  t e  - Abundant 
Sep io l i te  - Minor 
Muscovi t e / I1  1 i t e  - M i  nor 

RG I -10A 96 hours Montmori 11 oni t e  - Abundant 
Palygors k i  t e  - Abundant 
Muscovi t e / I1  1 i t e  - M i  nor 
Sep io l i te  - Trace 

215OC Incubation 

RGI-SA 24 hours Montmori l lonite - Abundant 
Palygorskite - Abundant 
Muscov i te / I l l i te  - Minor 
Sepiol i t e  - Minor 

RGI-6A 48 hours Montmori l lonite - Very Abundant 
Palygorski t e  - Abundant 
Sep io l i te  - Minor 
Muscovite - Minor 

RGI-7A 72 hours Montmori l lonite - Very Abundant 
Palygors k i  t e  - Common 
Muscovite - Minor 
Calc i te  - Trace 
Sep io l i te  - Trace 
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Terra Tek 
Sample Sample 
Number Descr ipt ion 

250°C Incubation 

RGI-1A 24 hours 

RGI-3A 48 hours 

RGI-4A 125 hours 

Mineralogy 

Montmori 1 l o n i  t e  - Abundant 
Palygors k i  t e  - Abundant 
Muscovi t e / I  1 1 i t e  - M i  nor 

Montmori 11 oni t e  - Abundant 
Palygors k i  t e  - Common 
Muscovi t e / I 1  1 i t e  - M i  nor 
Sep io l i te  - Trace 
Kao l in i te  - Trace 

Montmori l lonite - Very Abundant 
Palygors k i  t e  - Common 
Muscovi te / I1  1 i t e  - M i  nor 
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APPENDIX I1 

Bulk Mineralogy Based on X-Ray D i f f r a c t i o n  
Analysis o f  Sep io l i te  D r i l l i n g  Mud 

Terra Tek 
Sample Sample 
Number Descr ipt ion Mineralogy 

R G I - 1 1  As- Sep io l i te  - Abundant 
Received Muscovite - Common 

Dolomite - Common 
Kao l in i te  - Minor 

15OoC Incubation 

RGI-12A 24 hours Sepi ol i t e  - Abundant 
Muscovite - Abundant 
Kao l in i te  - Minor 
Dolomite - Minor t o  Common 
Montmori 1 1 oni t e  - M i  nor 

RGI- 13A 48 hours Sepiol i t e  - Abundant 
Muscovite - Abundant 
Kao l in i te  - Minor 
Dolomite - Common 
Montmori l lonite - Trace 
Vermicul i t e  - Trace 

RGI-14A 96 hours Sep io l i te  - Abundant 
Muscovite - Common 
Dolomite - Common 
Montmori 11 oni t e  - M i  nor 
Ber th ier ine - Minor 
Kao l in i te  - Minor 
Calc i te  - Minor 

215OC Incubation 

RGI-18A 24 hours Sepio l i te  - Common t o  Abundant 
Muscovite - Common t o  Abundant 
Dolomite - Common 
Montmori l lonite - Trace t o  Minor 
Berthier ine - Minor 
Kao l in i te  - Minor 
Calc i te  - Trace 

R G I  -19A 48 hours Same as RGI-18A 

RGI-20A 72 hours Sep io l i te  - Common t o  Abundant 
Muscovite - Common t o  Abundant 
Dolomite - Common 
Montmori l lonite - Minor t o  Common 
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Terra Tek 
Sample Sample 
Number Description Mineralogy 

Berthierine - Minor 
Kaolinite - Minor 
Calcite - Trace to Minor 

25OOC Incubation 

RGI-15A 24 hours Sepiolite - Abundant 
Muscovite - Common 
Dolomite - Common 
Montmori 1 1 oni te - Mi nor 
Berthierine - Minor 
Kaolinite - Minor 
Calcite - Trace 

RGI-16A 48 hours Same as RGI-15A 

RGI-17A 72 hours Sepiolite - Common 
Montmori 11 oni te - Common 
Muscovite - Common 
Dolomite - Common 
Berthierine - Minor 
Kaolinite - Minor 
Calcite - Minor 
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APPENDIX I11 

SUPPLEMENTARY STUDIES OF SEPIOLITE DRILLING MUDS 

The actual amount, i f  any, o f  montmori 1 1 oni t e  i n as-received sepi ol i t e  

d r i l l i n g  mud was re-evaluated t o  determine i f: 

1. As-received sepiol  i t e  mud contained s i g n i f i c a n t  amounts o f  montmor- 
i 1 lon i te .  

2. Kaol in i te  i n  as-received mud reacts w i th  sep io l i t e  t o  form montmor- 
i 1 l o n i  te. 

3. Sepio l i te  undergoes s ign i f i can t  conversion t o  montmori l lonite as a 
r e s u l t  o f  hydrothermal a l t e ra t i on  a t  elevated temperature. 

4. A s i l v e r  membrane c lay  sample mount y ie lds  ana ly t i ca l  resu l t s  sub- 
s t a n t i a l l y  d i f f e r e n t  from those obtained w i th  a glass p la te  sample 
mount. 

Procedure 

Mud was bo i led  i n  a sodium chlor ide so lut ion and subsequent x-ray analy- 

s i s  was car r ied  out using s i l v e r  membrane and glass p l a t e  mounts. Kao l in i te  

abundances were carefu l  l y  documented i n  as-received and incubated mud samples. 

High temperature mud samples were re-analyzed using s i  l v e r  membrane mounts. 

Results o f  t h i s  study were compared t o  previous resul ts.  

Sample R G I - 1 1  was bo i l ed  f o r  12 hours i n  a saturated (25OC) NaCl so lu t ion  

which contained a small amount o f  detergent. 

The c lay f rac t i on  was extracted from a l l  samples as follows: 

Mud was d i l u t e d  i n  -100 m l  o f  deionized water containing -1 m l  

o f  saturat ion polyphosphate. The mud was recovered by centr i fug ing 
and the l i q u i d  decant was discarded. The mud was then re-suspended 
by ag i ta t i on  f o r  1 t o  2 minutes i n  a blender w i t h  a f resh a l iquote 
o f  polyphosphate-containing deionized water. A f te r  the t h i r d  wash- 
ing, only the +2pm p a r t i c l e s  were removed by centr i fuging. The 
remaining clays i n  suspension were mounted on s i l v e r  membranes (0.45 
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pm pore size) by vacuum f i l t r a t i o n .  Processed c lay  from sample 
R G I - 1 1  was also d r ied  onto glass sl ides. 

Each o f  the samples were analyzed a f t e r  a i r  drying, g lyco la t ion  
(6OOC f o r  12 hours) and heating (300OC and 55OOC f o r  one hour). 
Analysis was performed on a Ph i l ips  XRG-2600 instrument. Copper Kcr 
rad ia t ion  was used a t  40 KV and 20 MA. 

Results 

Three sepiol  i t e  mud samples , stored i n p l a s t i c  bo t t l es  , were re-analyzed: 

Terra Tek 
Sample No. Descript ion 

R G I - 1 1  As-received sep io l i t e  mud 
RGI-18 
RGI-15 

Sep io l i te  mud a f t e r  IncubatSon a t  25OOC f o r  24 hours 
Sep io l i te  mud a f t e r  incubation a t  215OC f o r  24 hours 

Comparison o f  the x-ray d i f f r a c t i o n  patterns o f  the t reated and untreated 

c lay shows t h a t  b o i l i n g  i n  NaCl dissolved dolomite which occurs i n  the un- 

t reated sample. The t reated sample has a much more intense s e p i o l i t e  peak 

r e l a t i v e  t o  the 10A muscovite peak: 

Measurements on 
Rat io Treatment Mount Glycol ated Sampl es - 

Boiled i n  S i l ve r  Membrane Area 12A Peak/Area 10A Peak 166/8 = 21 
NaCl Peak Height 12A/Peak Height 10A 33/8 = 4 

Glass Sl ide Area 12A Peak/Area 10A Peak 54/6 = 9 
Peak Height lPA/Peak height 10A 12/6 = 2 

Not Boi led S i l ve r  Membrane Area 12A Peak/Area 10A Peak 19/3 = 6 
Peak Height 12A/Peak Height 10A 5/3 = 2 

Glass Sl ide Area 12A Peak/Area 10A Peak 35/9 = 4 
Peak Height l2A/Peak Height 10A 10/9 = 1 

Montmori 1 1 oni t e  

Boi 1 i ng a1 so enhanced the montmori 11 oni  t e  peak: 
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Measurements on 
Ratio I f lf eitment - lilount Glycol ated Samples - 

Boiled .in Si l ve r  Membrane 12A Peak/YA Peak Height 33/4 = 8 
NaCl Glass Sl ide 12A Peak HeightAfA Peak Height 6/1 = 6 

Not Boi led S i l ve r  Membrane 12A Peak Height/YA Peak Height 6/1 = 6 
Glass Sl ide 17A Peak not Discernible 0, 

Condl usion 

Some aontm'ori l lonite i s  present i n  the "as-received" mud, bu t  no t  much. 

Kaol i n i  t e  

K a o l i n i t d b e r t h i e r i n e  (7A peak) does not  appear t o  be a l t e r i n g  t o  any 

I n  the fo i lowing table, r a t i o s  o f  muscovite peak heights (10A) other phase. 

t o  7A peak heights show no s ign i f i can t  var iat ions:  

Terra Tek 
Sample No. 
RGI-11 
Boi 1 ed 
Glass Sl ide 

R G I - 1 1  
B o i  1 ed 
S i  l v e r  Membrane 

R G I - 1 1  
Untreated 
Glass Sl ide 

R G I - 1 1  
Untreated on 
S i  1 ver Membrane 

. GLYCOLATED , 

7 A  Peak 10A Peak 
Height Height 10A/7A 
1.25 6 4.8 

2 8 4 

1.5 9 6 

0.5 3 6 

- 
Aver age 5.2 

A I R  DRIED 
'/A P eak 10A P eak . 
Height -Height 10A/7A 
1.5 7 4.7 

2.25 8 3.6 

1.5 8.5 5.7 

0.5 3 6 

- 
5.0 
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Terra Tek 
Sample No. 
RGI-1SA 
Glass Slide 

RGI-15 
Si 1 ver Membrane 

RGI-18 
Glass Slide 

RGI-18 
Silver Membrane 

72 hrs. at 
25OoC 

GLY CO LATED 
?A Peak 10A’Peak 

Height Height IOA/7A 
4.75 ’ 18.5 3.9 

1.75 7 4 

3.5 23 6.6 

1.5 5.5 3.7 

4 26 6.5 
- 

Average 4.9 

AIR DRIED 
’16 Peak 10A Peak 
Height Height 10A/7A 

5 ‘18.5 3.7 

1.5 4 2.7 

3.5 22 6.3 

1.5 5.5 2.7 

4 24 6 
_. 
4.3 

Conclusions 

As-recei ved sepiol i te dri 1 1 i ng mud contains a trace amount of monwori 1 - 
lonite. Montmorillonite estimated abundance was not significantly enhanGed by 

preparing a silver membrane sample mount relative to the glass plate mount. 

Kaolinite does not appear to be undergoing significnt hydrothermal alteration. 

Enhancement of montmorf 1 1 on1 te abundance as a f uneti on of i ncreas 1 ng tempera- 

ture appears to be a hydro teration reaction involving seF?iol iter 

However, the absol Ute quantity 

tures to 25OOC does n f i cant. 
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APPENDIX IV 

Preparation of Acid Solutions 

All percentages are expressed as weight percents unless otherwise indi- 

cated. The basis for all calculations is 100 grams acid mixture. Reagent 

grade concentrated hydrochloric acid was used in all cases. Hydrofluoric acid 

was prepared from reagent grade ammonium hydrogen fluoride NH4F*HF. 

5% Hydrofluoric Acid - 10% Hydrochloric Acid Mixture 
5% HF = sg HF 20.01 HF g HF = 0.250 mol HF 

This amount of HF can be generated by the dissolution of ammonium hydrogen 

fluoride, NH4F*HF in the reaction 

(as) + '-(as) + HF (aq> NH4F*HF(s3 + H2O + "4' 

The aqueous dissociation of HF 

HF + H2O = H30+ + F- ; Ka = 7. Z X ~ O - ~  

is extremely low. However, the association with the fluoride ion is moderate 
- 

HF + F- = HFp ; K = 5.1 

and about 65% of the HF will exist as the complex ion HFp , and the remainder 
will be the neutral HF molecule. In any case, the molar concentration of HF 

- 

is determined by the sum o f  these two species. The NH4+ and F- will not 

constitute a source of HF since NH4+ will not donate a proton in acid solu- 

ti ons . 
Therefore, the mole ratio of HF to NH4F*HF is 1 to 1, so: 

is' requi red. 
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The addi t ion o f  HF i n  the ammonium s a l t  form w i l l  introduce the s a l t  NHiF 

i n t o  the so lu t ion  a t  a concentration o f  

The balance o f  the so lu t ion  w i l l  be 10% HC1 and 75.74% H20. The solution 4s 

made by d isso lv ing the s a l t  i n  a so lut ion o f  10 g HC1 and 75.74 g H2O. ThtS 

HC1 so lu t ion  concentration i s  

= 0.1166 10 9 HC1 
(10 + 75.74) g solut ion 

By using the densi ty o f  11.66% HC1 solution, the volume required i s  found to 

be 

85.74 g Sol x 1.0559 m1 = 81.2 m l  o f  11.66% HC1 

The HCL so lu t ion  i s  prepared from concentrated HC1 (37% HC1, density O? 

1.1492). A 100 m l  volumetric f l ask  i s  a conveni 

1.0559 100 m l  x G ~ g  = 105.59 g acid so lu t ion  

The amount o f  concentrated HC1 t o  be d i lu ted  - i s  calculated t o  be 

0.1166 HC1 x'gml con HC1 = 33.28 g conc HCl  105.59 g Sol x soy 
This volume i s  

= 28.96 m l  con HC1 m l  33.28 g con HC1 x 

I n  summary, a 5% HF-10% HC1 mixture was prepared as follows: 

1. 

2. 

3. 

D i l u t e  29.0 m l  conc HC1 t o  100 m l  i n  a volumetric f lask. 

Weigh 14.26 g NH4F*HF i n t o  a p l a s t i c  beaker. 

Pour 81.2 m l  of the HC1 so lu t ion  i n t o  the beaker. 

Preparation o f  a 3% Hydrofluoric Acid - 12% Hydrochloric Acid Mixture 

The process and log i c  are the same as above, and so t o  avoid redundancy, 

only the mathematical equations are presented below: 
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i 

3% HF = 3g HF x 20::1 :FHF = 0.150 mol HF 

mol NH F HF 57 04 NH F HF 0.150 mol HF x -* x = 8.556 g NH4F*HF 

8.556 g NH~F*HF x 37*04 57.04'NH4F.HF NH4F = 5.556 g NH4F = 5.56% 

= 0.1312 o r  13.12% HC1 12 g HC1 
(12 + 79.44) g solution 

91.44 g sol x I-' = 86.01 ml of 13.12% HC1 ffll 
.0632 g 

1.0632 100 ml x = 106.32 g of 13.12% HC1 

= 37.70 g conc HC1 0.1312 HC1 
106.32 g sol x soy g.37 g HC1 

37.70 g con HC1 x 1.1492 m1 = 32.81 ml conc HC1 

I n  summary, a 3% HF-l2% HC1 mixture was prepared as follows: 

1. Dilute 32.8 ml conc HC1 t o  100 ml i n  a volumetric flask. 

2. Weight 8.556 g NH4F*HF into a plast ic  beaker. 

3. Pour 86.0 ml o f  the HC1 solution into the beaker. 
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APPENDIX V 

Composition of Attapulgite and Sepiolite Mud Systems 

Attapul gi te Mud System 

58 1 b/bbl attapul gi te (SALT GEL) 
2 1 b/bbl 1 ignite (TANNATHIN) 
2 1 b/bbl guebracho 
.75 lb/bbl caustic soda 
10 1 b/gal bar1 te 
3000 ppm sodium chloride 

Mud Properties: 

Weight - 10.0 ppg 
F. Vis. - 45.5 sec/qt 
P. vis. - 13 cp at 115 F 
Yield Point - 21 lb/100 sq ft at 115 F 
Gel Strength - 22 at 10 sec, 88 at 10 min 
PH - 11.5 
Fi 1 trate - 57.5 cc API, 100 psi, 30 min 
Salt - 3000 ppm 

Sepioli te Mud System 

18 lb/bbl sepiol i te 
2 1 b/bbl polymer (THERMPLEX) 
.75 lb/bbl caustic soda (10.5 pH) 
1 lb/bbl sodium polyacrylate (WL-100) 
1 1 b/bbl oi 1 substitute (THERMLUBE) 
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APPENDIX V I  

Composition o f  Acid-Effl uent-Precipi tate: 
Results o f  Elemental Analysis 

Element 
Na 
K 
Ca 
Mg 
Fe 
A1 
s i  
T i  
P 
Sr 
Ba 
Cr 
N i  
cu 
Mo 
Zn 

% Oxide 
% Oxide 
% Oxide 
% Oxide 
% Oxide 
% Oxide 
% Oxide 
% Oxide 
% Oxide 
PPM 
% Oxide 
PPM 
PPM 
PPM 
PPM 
PPM 

Concentration 
0.183 
0.105 
(0.072 
0.213 
Q. 792 
1.07 
(33.1 
0.046 
0.144 
47 
1.15 
5000 
537 
118 
5636 
160 
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