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ABSTRACT 

The ionic compositions of 18 brines used in nuclear 
waste-related laboratory tests or obtained from field tests are 
described and compared. Also described are the origin of each 
brine, its predominant use for laboratory testing, and its rele- 
vancy for future testing. The brines include Brines A and B 
(Waste Isolation Pilot Plant down ho generic), Office of Nuclear 
Waste Isolation (ONWI) Composite Permian Brine P and Equili- 
brated Permian P No. 2, Battelle Pacific Northwest Laboratory 
(PNL)-Sandia High-Level Waste (HLW) package interactions test 
brines (pretest, intermediate, and posttest samples), WIPP-12 
brines (flow and downhole), ERDA-6 brines (flow and downhole), 
WIPP Inclusions No. 1 and No. 2, Materials Characterization 
Center (MCC) brine, German quinare Brine Q, U.S. Geological 
Survey bittern NBT-6a, saturated NaCl (20" and 100°C), and 
standard seawater. 

*This work was performed at Sandia National Laboratories and 
supported by the U. S. Department of Energy under Contract No. 
DE-AC04-76DP00789. 
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A COMPARISON OF BRINES 
RELEVANT T O  NUCLEAR WASTE EXPERIMENTATION 

Mar t in  A .  Molecke 

I N T R O D U C T I O N  

Many d i f f e r e n t  b r i n e  c o m p o s i t i o n s  have been proposed o r  used 

f o r  t h e  l a b o r a t o r y  measurements  of was te form l e a c h a b i l i t y  o r  

f o r  c o r r o s i o n  t e s t i n g  of  was te  package b a r r i e r s .  The pu rposes  

of  t h i s  r e p o r t  a r e  t o  document t h e  d e t a i l e d  i o n i c  compos i t ions  

o f  18 d i f f e r e n t  b r i n e s ,  t o  d i s c u s s  t h e i r  o r i g i n s ,  t o  compare 

t h e i r  s i m i l a r i t i e s  o r  d i f f e r e n c e s  and t h e  s i g n i f i c a n c e  of such  

d i f f e r e n c e s ,  and t o  d e s c r i b e  t h e i r  p redominant  t e s t i n g  uses .  

T h i s  i n f o r m a t i o n  i s  b e i n g  compiled s p e c i f i c a l l y  f o r  u se  i n  t h e  

a r e a  of n u c l e a r  was te  e x p e r i m e n t a t i o n ,  e , g .  w a s t e  form l each -  

a b i l i t y ,  was t e  package  m a t e r i a l s  c o r r o s i o n  o r  d u r a b i l i t y  

t e s t i n g ,  i n t e r a c t i o n s  t e s t i n g ,  e t c .  An i n d i r e c t  pu rpose  of 

t h i s  r e p o r t  i s  t o  stem t h e  p r o l i f e r a t i o n  of even more d i f f e r e n t  

b r i n e s  f o r  t e s t i n g  p u r p o s e s .  A l so  p r e s e n t e d  a r e  t h e  r e l e v a n c y  

of d e f i n e d  b r i n e s  t o  a c t u a l  o r  expec ted  r o c k s a l t  ( w a s t e  

r e p o s i t o r y )  i n  s i t u  c o n d i t i o n s ,  and recommendations f o r  f u t u r e  

t e s t  p u r p o s e s .  

The b r i n e s  l i s t e d  i n  t h i s  r e p o r t  have p a r t i c u l a r  r e l e v a n c e  t o  

h i g h - l e v e l  was t e  (HLW)  package  m a t e r i a l s  t e s t i n g  programs of  

t h e  O f f i c e  of Nuclear  LJaste I s o l a t i o n  ( O N L J I ) ,  t h e  Waste 



Isolation Pilot Plant (WIPP), and the Subseabed Disposal 

Program. Most of the laboratory testing involving these brines 

has been conducted at Sandia National Laboratories (SNL) and v 

Battelle Pacific Northwest Laboratory (PNL) . However, these 
Y 

brine compositions gre of interest and use to many other groups. 

COMPOSITIONS 

The brines included in this comparison are listed below: 

Brines A and B (also called WIPP Brines A and B) 

ONWI Composite Permian Basin Brine P 

OHWI Equilibrated Permian P No. 2 

PNL-Sandia SJaste Package Interactions Test brines 

(pretest, intermediate, and posttest brines) 

WIPP-12 brine (flow and downhole samples) 

ERDA-G brine (flow and downhole samples) 

WIPP fluid inclusion Brines No. 1 and No. 2 

MCC (Materials Characterization Center) brine 

German quinare Brine Q 

USGS bittern brine NBT-6a 

Saturated NaCl (at 20' and 100°C) 

Standard seawater 



Most of these various brines can be classified into two 

distinct groups, based primarily on high-NaC1 or 
I(- 

high-Na-Mg-K-C1 content: 

1. Brine "B-Like": Brine B, Brine P and P no. 2, PNL-SNL 

brines (pretest, intermediate, posttest), WIPP-12 (flow and 

downhole), and ERDA-6 (flow and downhole). 

2. Brine "A-Liken: Brine A, MCC brine, WIPP fluid 

inclusion brines No. 1 and No. 2, quinare Brine Q, and USGS 

NBT-6a. 

The ionic compositions for the major cations and anions of each 

brine are listed in Table 1 (for "B-Liken brines) and in Table 

2 (for "A-Like" and other brines). Also listed are the solu- 

tion pH values, if available. (The pH electrode junction 

potentials may result in measured pH values in concentrated 

brines being as much as 1 pH-unit lower than the logarithm of 

the actual hydrogen ion concentration.) Compositions are 

~pecified in concentration units of mg/L (as measured or 

defined); these values can be easily converted into units of 

moles/L, Table 3. Stated brine compositions are defined with 

C only two or three significant figures. Higher numbers of 

significant figures are shown for some analyzed brines. For 
P 

preparation of synthetic brines for laboratory testing, any- 

thing beyond two or occasionally three significant figures 

should be taken with "a grain of salt." To convert from m g / ~  
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TABLE 2 

(WIPP/ 
Generic) 

Ion Brine A 

(33 3% ) 

pH: 6 . 5  

Brine "A-Like" and Other Brine Composition Comparisons 

WIPP WIPP MCC Quinare U S G S  
Inc lus ion  No.1 Inclusion No.2 Brine Brine Q NBT-6a 

(Preliminary) (Preliminary) (210%) (210%) 
(5S°C) 

OTHER 

Saturated Saturated 
NaCl NaCl Seawater 

(20°C) (10O0C) 

*See note  u . ,  Table 4 .  
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t o  u n i t s  of ppm, t h e  es t imated  o r  approximate s o l u t i o n  dens i ty  

( s p e c i f i c  g r a v i t y )  of 1 . 2  k g / ~  ( f o r  the  near-saturated b r ines ,  a t  
*-  

room temperature)  should be u t i l i z e d .  
*. 

Two b r ines ,  German quinare  Brine Q and USGS b i t t e r n  NBT-Ga, were 

i n i t i a l l y  spec i f i ed  i n  terms of s a l t  weight percentages ,  a s  l i s t e d  

i n  Table 4 .  These two b r i n e s  were converted i n t o  u n i t s  of m g / ~  

f o r  Table 2 .  

O R I G I N S  AND COMPARISONS 

Br ines  A and B were o r i g i n a l l y  def ined by Sandia (1) - i n  1976 f o r  

t h e  intended purpose of s tandard iz ing  f u t u r e  t e s t i n g .  Examples a r e  

wasteforn leaching and b a r r i e r  m a t e r i a l s  co r ros ion  t e s t i n g ,  which 

would be app l i cab le  f o r  r ad ioac t ive  wastes emplaced i n  a  s a l t  

f a c i l i t y - - i n  p a r t i c u l a r ,  t h e  Waste I s o l a t i o n  P i l o t  P lan t  (WIPP) .  

A t  t h a t  t ime, most l e a c h a b i l i t y  t e s t s  were conducted i n  deionized 

o r  d i s t i l l e d  water ,  not  p a r t i c u l a r l y  a p p l i c a b l e  t o  any proposed 

r epos i to ry  type,  but  u s e f u l  a s  a  reference.  The o r i g i n a l  memoran- 

dum de f in ing  Brine A and Brine B ( I ) ,  - from M .  A .  Molecke t o  

d i s t r i b u t i o n ,  October 8,  1976, i s  a t tached  a s  Appendix 1. The 

a n a l y t i c a l  work i n  development of t h e  s y n t h e t i c  compositions f o r  

Brine A and Brine B ,  e .g .  b r i n e  analyses ,  techniques ,  and labora- 

t o r y  formulat ions ,  is  a t t ached  a s  Appendix 2 ,  a  memorandum ( 2 )  - 

from R .  G .  Dosch t o  M. A .  Molecke, Sandia Labora tor ies ,  dated 

October 1 2 ,  1 9 7 6 .  



TABLE 4 

Brine Composition Formulations 

Compound 
Quinare 
Brine Q 

(wt%)q 

USGS 
NBT-6a 

'I Solution density of 1 .18  g/mL at 5S°C assumed to calculate 

concentrations in m g / ~  for Brine Q as shown in Table 2. 

(1.2 g/mL at room temperature, assumed) x ( 0 . 9 8 6  g/mL for H 2 0  

at 55OC) = 1.18. 

Concentrations shown in Table 2 based on stated molarity: 

however, the density (specific gravity) of this solution would 

be 1 . 3 2  g/m~, an unusually high value for a brine. If a room 

temperature density of 1.2 g/mL is assumed as realistic for 

NBT-Ga, the ionic concentrations shown in Table 2 for this brine 
F 

would be ten percent lower than specified. As such, a 10% 

uncertainty is assumed for the concentration shown for NBT-6a in 3 

Table 2. 



Brine A is a high Na-Mg-K chloride brine representative of 

.. brines that have interacted with potassium and magnesium min- 

erals and could potentially intrude into a waste facility in 
A- 

bedded salt, e.g., a brine which might intrude into the WIPP 

waste horizon by percolation through an overlaying zone con- 

taining potash. Brine A is similar in composition to brines 

found in small fluid inclusions in rocksalt (as will be shown 

by comparison to WIPP inclusions No. 1 and No. 2). Brine A is 

based on the analyses of several brine seeps from the Salado 

region in southeastern New Mexico overlaying the WIPP 

(vicinity) ,as supported by the analytical work described in 

Appendix 2. 

Brine B is a near-saturated, predominantly NaCl brine 

representative of brines potentially intruding into either a 

domed salt repository or into relatively pure bedded halite. 

It is based on an analysis of the brine obtained by the follow- 

ing steps: (1) dissolving a portion of rocksalt core in deion- 

ized water heated at about 100°C for several hours, (2) 

equilibrating at room temperature for 72 hours, (3) filtering 

out insolubles (predominantly clays and a mixture of calcium 

and iron compounds), and then (4) analyzing (see Appendix 2). 

The rocksalt core was from hole AEC 8 at the 2725.0 to 2725.5-ft 

(about 831-m) horizon (depth), less than about 4 mi from the 

center of the WIPP site. The WIPP horizon for radioactive 

waste testing and demonstration is at about 2160 ft (659 m). 

(In 1976, there was a planned second, lower horizon at 



about 800 m. The rocksalt at the lower horizon is somewhat 

purer, with several percent less clay and other impurities than 
. * 

the present mined horizon.) 

While Brines A and B were originally defined as WIPP 

site-specific brines, their widespread laboratory usage (to be 

described) over the past six or more years has broadened their 

applicability to essentially generic test brines. This generic 

nature is reflected in their current definition. As such, they 

are now termed  gene generic Brine A and Brine B. 

The ONWI Composite Synthetic Permian Basin "Brine P" is based 

on a series of brines made by dissolving a blend of ten Permian 

Basin rocksalt cores (crushed) (specified as G. Friemel Hole 

No. 1 Core Composite; cores sampled were from the lower San 

Andreas Unit 4, between the 2440 to 2580-ft, 744 to 786-m, 

horizon) in distilled water, then analyzing (in a manner 

similar to the original analysis and definition of Brine B). 

The analyti- cal work supporting the formulation of synthetic 

Brine P is documented in Reference 3a,b,c. Brine P is 

representative of brine from the potential ONWI salt site (and 

"most probable" salt horizon) in the Permian Basin area of 

Texas; it is intended to be a site-specific brine. 

O W 1  Brine P is quite similar in composition to Brine B; the 

+ 
significant differences are slightly higher levels of Na , 

++ M~++, and Ca , and slightly lower levels of ~ r -  than Brine B. 



These differences are attributed to slightly different concen- 

f,  

trations of impurities in the halite cores selected. The 

nonsoluble (filtered) impurity content of the Permian Basin 
*. 

rocksalt was reported (3) - to be 3.35 - + 0.17 wt.%, consisting 

primarily of anhydrite, quartz minerals (montmorillonite plus 

several other unidentified clays), and unknown iron compounds. 

The similar impurity components for the AEC #8 core used to 

originally prepare  generic Brine B (2), - was 0.96 wt.%. 

Upon high-temperature autoclave testing using Permian Basin 

Brine P (at Battelle PNL), it was found that retrograde solubi- 

lities of certain compounds, presumably anhydrite, in the brine 

caused frequent plugging of the autoclave inlet line (in a 

flowing test system). This problem has been avoided by formu- 

lating a slightly modified brine (4) - based on the composition 

of the supernatant fluid resulting from equilibrating the sat- 

urated Brine P at 150°C. The resultant brine, termed Equili- 

brated Permian Basin Brine P no. 2, has the analyzed ionic 

composition as shown in Table 1 (4). - Brine P no. 2 has slightly 

++ 
lower Ca and SO;- concentrations than Brine P (or "P 

no. 1"). 

The brines listed in Table 1 as PNL-SNL are the analyzed 

pretest, intermediate, and posttest brines used in the PNL-SNL 

HLW Package Interactions Test conducted in 1980-81 (5). - 
Although these brines were specific to only one test, they are 

included for the primary purpose of indicating changes in brine 



compositions forced by high-temperature (250'~) interactions 

with all potential components of an HLW package system--the 

glass wasteform, metallic canister (stainless steel 304L) and 

overpack (TiCode-12), tailored backfill (bentonite clay and 

silica sand) and the host rocksalt. The "pretest1' brine was 

produced by dissolving bedded rocksalt from the Mississippi 

Chemical Company potash mine in southeastern New Mexico (from a 

depth of approximately 1150 ft, in the Salado) in water. This 

rocksalt was selected because it was available in large blocks 

(necessary for the PNL-SNL test), was located in the same for- 

mation, although 1000 ft higher up and about 15 mi (24 km) away 

from the WIPP, and was relatively pure halite. The rocksalt 

used was (6) - approximately 88 wt.% halite (NaCl), 4% 

sylvite   KC^), and 8% polyhalite (Ca2K2Mg(S04)2'2H20), 

with smaller, variable ( 0  to 10%) amounts of interbedded impu- 

rities, e.g., clays and anhydrite (CaS04). The "brine- 

backfill" or intermediate brine is the composition after mixing 

in the bentonite clay and sand backfill material at room 

temperature; it is an intermediate-phase brine, sampled and 

analyzed before the hydrothermal portion of the test. It indi- 

cates the chemical influence of backfill materials on the 

initial, pretest brine. The "posttest" brine was analyzed from 

samples obtained after 95 days of testing (at 250°C), after the 
I 

autoclave was opened. The llposttest'l pH value was measured in 

a room-temperature, unfiltered liquid sample. Inductively 

coupled plasma spectroscopy (ICP) and ion chromatography (IC) 

were used in the brine analyses(5). - 



The posttest PNL-SNL brine is characterized (5) - by increases in 

+ ++ -- 
ions. ~ a + +  and Mg ++ 

K+, B I  Cs , Zn , and SO4 
*' 

++ 
were moderately depressed. The increased BI Zn , and Cs + 

P 
(as well as MO) are due undoubtedly from leaching of the glass 

+ -- 
(PNL 76-68) present. Increases in K and SO4 are the 

result of increased dissolution of rocksalt and impurities at 

++ ++ 
elevated temperatures. The decreases in Ca and Mg are 

the result of calcium sulfate (anhydrite or gypsum) precipi- 

tation and Mg reaction with silica and aluminosilicate compo- 

nents of the waste glass and backfill yielding hydrated Mg 

silicates and Mg aluminosilicates, e.g.: 

a.) 3 MgC12 + 4Si02 + 4H20 = Mg Si 0 (OH)2 + 6 ~ + +  6 ~ 1 -  3 4 10 

b.) 0.66 MgC12 + 2A14(Si4010)(OH)8 + 0.33caC+ = 

Ca.33(Mg,66A13,34)Si8020(OB)4 'nH20 (smectite) 

+ 4.66 A1 +++ + 1.22 cl- + 40~- 

Reactions of MqC12 with silica in solution can also lead to a 

deqrease in solution pH, e.g. equation a., due to the formation 

of HC1; this is probably the major reason for the experimentally 

observed pH decrease (5) in the posttest PNL-SNL brine. - 

A comparison can be made between the PNL-SNL brines, the 

Permian Basin Brines P and P no. 2, and Brine B. They are all 

very similar in their major ionic compositions. Their differ- 

++ ++ ences in Ca , K+, Mg and SO;- ions can be simply explained 



as minor differences in halite impurities (e.g., anhydrite, 

polyhalite, or sylvite), and in differences in calcium sulfate 

precipitation as a function of temperature and various 

magnesium-silica-aluminosilicate hydrothermal reactions. 

The need for having two distinct  gener generic and ONWI) but 

similar (test reactant) brines can be justified only by defining 

each composition as site-specific. It is expected that any 

significant compositional differences between these similar 

brines would be further obscured during tests on waste package 

materials or interaction tests, as it was in the PNL-Sandia 

interactions test. 

The WIPP-12 borehole is located 1 mi north of the existing 

central shaft of the WIPP facility. In November 1981, WIPP-12 

(originally cored in 1978) was reentered and extended from 2776 

to 3925 ft (846 to 1196 m), in order to determine the nature 

and extent of possible deformation in the Castile Formation 

underlying the Salado. (The WIPP facility horizon is in the 

Salado Formation, at approximately 659 m) At a depth of about 

3012 ft (918 m), pressurized brine flow was encountered, indi- 

cating a brine reservoir or pocket in (the fractures in) the 

Anhydrite I11 unit of the Castile Formation. The main fluid 

producing fractures of this zone are probably between 3016 and 

3021 ft (919 and 921 m) (7). - About 2,478,200 gal, 655,000 L, 

of brine were allowed to flow from WIPP-12. Flow and downhole 

samples of this brine were analyzed by D'Appolonia (7) - and are 



1 

l i s t e d  i n  Table 1. A summary t a b l e  of t h e  WIPP-12 b r ine  

ana lyses  ( a r i t h m e t i c  means) repor ted  by D'Appolonia is  a t tached  
". 

(from Reference 7 )  a s  Appendix 3. The chemical compositions of 

* - both flow and downhole WIPP-12 b r i n e s  a r e ,  not  s u r p r i s i n g l y ,  

r e l a t i v e l y  s i m i l a r  t o  t hose  of both Brine B and Permian Basin 

Br ine  P .  (Note: t h e  GJIPP i s  i n  the  Delaware Basin, which i s  a  

p o r t i o n  of t h e  l a r g e r  Permian Basin . )  

IJIPP-12 b r i n e  con ta ins  a  l a r g e r  concen t r a t i on  of K' and 
- - 

MCJ++ than does Brine B ( b u t  much l e s s  than Brine A )  and a  SC14 

concen t r a t i on  t h a t  is  f i v e  t imes g r e a t e r  than t h a t  i n  e i t h e r  

Br ine  h or 3 .  WIPP-12 b r i n e  is not used f o r  any labora tory  

t e s t i n g ;  i t  i s  l i s t e d  f o r  comparative re fe rence .  

Another b r i n e ( s )  t h a t  i s  l i s t e d  i n  Table 1 f o r  comparative 

r e f e rence  is  t h a t  from d r i l l  hole  ERDA-6,  approximately 5.3 m i ,  

(8 .6  k m )  nor th-nor theas t  of t h e  presen t  WIPP s i t e .  I n  the  sum- 

mer of 1975, ERDA-6 was d r i l l e d  a t  t h e  southwest corner  of t h e  

then-proposed GJIPP s i t e .  A b r i n e  pocket was encountered a t  a  

depth  of about 2 7 1 1  f t  (826 m ) ,  i n  t h e  Anhydrite I1 u n i t  of the  

C a s t i l e  Formation. The FJIPP s i t e  was subsequent ly  moved 

approximately 6 m i  ( 1 0  k m )  t o  t he  southwest t o  i t s  presen t  

l o c a t i o n ,  f o r  l o c a t i o n  i n  more l e v e l ,  p r e d i c t a b l e  geologic  

s t r a t a .  The b r i n e  composit ions f o r  f low and downhole samples 

of EKDA-6 b r i n e  l i s t e d  i n  Table 1 were obta ined from a  d r i l l  



stem t e s t  and b r i n e  a n a l y s e s  conduc ted  by DIAppo lon ia  ( 7 )  - i n  

Oc tobe r  1981. A summary d a t a  t a b l e  of t h e  ERDA-6 b r i n e  a n a l y s e s  
- * 

( a r i t h m e t i c  means) r e p o r t e d  by DIAppolonia  ( f r o m  R e f e r e n c e  7 )  

i s  a l s o  a t t a c h e d  i n  Appendix 3 .  The ERDA-6 b r i n e  c o m p o s i t i o n s  

a r e  ve ry  s i m i l a r  t o  t h o s e  f o r  WIPP-12 b r i n e s ;  however,  t h e  

PIg++ c o n c e n t r a t i o n s  i n  ERDA-6 b r i n e s  a r e  a b o u t  a  f a c t o r  of 

f o u r  lower t h a n  i n  WIPP-12. 

  bout t e n  s m a l l  s amples  of t h e  f l u i d  i n  b r i n e  i n c l u s i o n s  

( i n  n e g a t i v e  c r y s t a l s ,  s m a l l  c u b i c  v o i d s  i n  t h e  r o c k s a l t  f i l l e d  

w i t h  b r i n e  and ,  f r e q u e n t l y ,  g a s  b u b b l e s )  i n  WSPP r o c k s a l t  have 

been  r e c e n t l y  o b t a i n e d  and c h e m i c a l l y  a n a l y z e d  ( 1 0 ) .  - The 

p r e l i m i n a r y  c o m p o s i t i o n s  a r e  l i s t e d  i n  T a b l e  2 a s  WIPP 

I n c l u s i o n  No. 1 and I n c l u s i o n  No, 2 .  The c o m p o s i t i o n s  of  t h e s e  

f l u i d s  c o u l d  be c l a s s i f i e d  i n t o  two d i s t i n c t  p o p u l a t i o n s  ( 1 0 ) ;  - 

\JIPP I n c l u s i o n  No. 1 i s  t h e  a v e r a g e  c o m p o s i t i o n  f rom f o u r  

s e p a r a t e  i n c l u s i o n s .  WIPP I n c l u s i o n  No. 2 is t h e  a v e r a g e  from 

f o u r  a n a l y s e s  from two i n c l u s i o n s .  The b r i n e  s a m p l e s  were 

a b o u t  10 t o  100 mg e a c h ;  t h e y  were o b t a i n e d  by d r i l l i n g  i n t o  

f l u i d  i n c l u s i o n s  2 mm o r  less  i n  d i a m e t e r ,  t h e n  removing t h e  

l i q u i d  w i t h  a  s y r i n g e .  The i n c l u s i o n s  a l s o  c o n t a i n e d  ( 1 0 )  - up 

t o  a p p r o x i m a t e l y  70 v o l . %  of g a s ( e s ) ,  n o t  a n a l y z e d .  The 

r o c k s a l t  samples  c o n t a i n i n g  t h e s e  i n c l u s i o n s  were o b t a i n e d  from 

t h e  s o u t h  d r i f t  ( t u n n e l )  of t h e  WIPP, a t  a  d e p t h  of  

a p p r o x i m a t e l y  2160 f t  (659  m ) .  C a t i o n s  were a n a l y z e d  (by  J .  L .  

Krumhansl,  S a n d i a )  by d c  p lasma e m i s s i o n  s p e c t r o s c o p y ;  s u l f a t e  

was a n a l y z e d  (by  C .  L .  S t e i n ,  S a n d i a )  by l a s e r  Raman 



spectroscopy. The sulfate analysis was made on a separate 

inclusion than those used for the other analyses; it was, 

however, from the same approximate location in the WIPP. Other 

anions may be analyzed by ion chromatography (IC). More fluid 

inclusion samples are being obtained at the WIPP facility and 

will be analyzed to expand the data base. Due to the 

uniqueness of these brine inclusion analyses, all results will 

be f orinally documented (10 - ) . 

The preliminary analyses of the compositions of WIPP Inclusions 

No. 1 and No. 2 yield a very close similarity to the composi- 

tion of Brine A, with the inclusion compositions for ~a' and 

klgt' bracketing that for Brine A, while the inclusion values 

for K', cat', and ~ 1 -  are somewhat less than in Brine A. 

This similarity supports the earlier (unquantified) statement 

of assumption that Brine 4 is representative to the brine(s) in 

inclusions. 

The Materials Characterization Center has defined a "new 

standardn brine, MCC brine, to be used for standardized labora- 

tory wasteforrn leachability tests (8). - The MCC brine is based 

on the composition of Brine A (9); - it is approximately 84% as 

concentrated as Brine A, and is intended to be stable at 

higher temperatures (e.g., 90°C) without retrograde solubi- 

lities causing precipitation of some compounds. The nonmajor 



++ -- --- - 
components of Brine A ,  e .g .  Ca , So4  , B 0 3  , HC03 I 

and ~ r - ,  were e l imina ted  e n t i r e l y ,  f o r  s i m p l i c i t y .  MCC b r i n e  
-*  

was def ined s o l e l y  t o  e s t a b l i s h  r e p r o d u c i b i l i t y  i n  s t anda rd ized  

t e s t  procedures.  The MCC b r i n e  m u s t  be regarded a s  somewhat - *  

" a r t i f i c i a l "  when compared t o  t h e  o the r  b r i n e s  desc r ibed ,  due 

t o  t h e  d i l u t i o n  and i o n i c  s i m p l i f i c a t i o n s  inhe ren t  i n  i t s  

formula t ion .  

The Asse and Gorleben r o c k s a l t  s i tes  t h a t  have been eva lua ted  

i n  Germany f o r  a  radwaste exper imental  f a c i l i t y  o r  p o t e n t i a l  

waste r epos i to ry  c o n s i s t  of h a l i t e  i n  c l o s e  proximity  t o  

s i g n i f i c a n t  q u a n t i t i e s  of t h e  mineral  c a r n a l l i t e ,  

KMgCl3*6H20. A s  such, i n  t h e  event of eventua l  b r i n e  

+ i n t r u s i o n ,  t h e  Germans expect  a  b r i n e  much h igher  i n  K and 

fig++ concen t r a t ions  than e i t h e r  American Br ines  A ,  B ,  or  P .  

For l abo ra to ry  t e s t i n g  purposes ,  t he  Germans have def ined  (11) - 

a  qu ina re  b r i n e  solu- t i o n ,  Brine Q ,  a s  l i s t e d  i n  Tables  2 ,  3, 

and 4 .  T h i s  Br ine Q composit ion is s p e c i f i e d  a t  55OC; 

co r ros ion  t e s t i n g  w i t h  it was conducted a t  90°C (11). - The 

weight percent  formula t ion  f o r  Brine Q i n  Table  4 was conver ted 

i n t o  u n i t s  of mg/L f o r  Table 2 ,  f o r  comparabi1it.y w i t h  t h e  

o t h e r  b r i n e s  l i s t e d .  A s o l u t i o n  d e n s i t y  had t o  be es t imated  

f o r  t h i s  conversion and is descr ibed  i n  Table 4 .  Because of 

such assumption, an u n c e r t a i n t y  of - + l o %  was ass igned t o  Brine 
5 

Q. Brine Q has a K' composition s i m i l a r  t o  t h a t  of Brine A,  

but  i t s  M ~ + +  concen t r a t ion  is a  f a c t o r  of about 2-1 /2  t imes  



h i g h e r ;  B r i n e  Q c a n  t h e r e f o r e  b e  e x p e c t e d  t o  b e  more c o r r o s i v e  
I ++ 

t h a n  B r i n e  A ,  d u e  t o  Mg -S i02  r e a c t i o n s  y i e l d i n g  H C 1 ,  
C - 

i . e . ,  E q u a t i o n  a .  d e s c r i b e d  e a r l i e r .  

The USGS b i t t e r n  b r i n e  s p e c i f i e d  a s  NBT-6a and l i s t e d  i n  T a b l e s  

2  and  4 was o r i g i n a l l y  d e f i n e d  f o r  l a b o r a t o r y  t e s t i n g  

( a p p r o x i m a t e l y  5 y e a r s  a g o ) ,  b a s i c a l l y  a s  a n  a l t e r n a t e  t o  wIPP 

B r i n e  A .  I t  i s  i n c l u d e d  f o r  h i s t o r i c a l  p u r p o s e s  o n l y .  The 

i o n i c  c o m p o s i t i o n  l i s t e d  i n  T a b l e  2  may b e  1 0 %  h i g h ;  see t h e  

n o t e  i n  T a b l e  4 .  

The s e q w a t e r  c o m p o s i t i o n  l i s t e d  i n  T a b l e s  2  and 3  was i n i t i a l l y  

l i s t e d  i n  R e f e r e n c e  1 2 ,  a s  u sed  f o r  c o r r o s i o n  t e s t i n g  f o r  t h e  

s u b s e a b e d  d i s p o s a l  p rog ram ( a t  S a n d i a ) .  I t  c a n  be  s i m p l y  

d e s c r i b e d  a s  " s t a n d a r d  3 5  p a r t s - p e r - t h o u s a n d "  open ocean  w a t e r .  

I n f o r m a t i o n  on s a t u r a t e d  NaCl b r i n e s  ( r e a g e n t  g r a d e )  a t  20' and 

100°C,  a s  l i s t e d  i n  T a b l e s  2  and 3 ,  was o b t a i n e d  f rom "The 

Handbook of  C h e m i s t r y  and  P h y s i c s . "  They a r e  s p e c i f i e d  f o r  

r e f e r e n c e  p u r p o s e s  o n l y .  They a r e ,  however ,  s i m i l a r  t o  t h e  

" B - l i k e "  b r i n e s .  



TESTING USAGES 

Corrosion Tes t ing  

A s  a  r e s u l t  of t h e  e a r l y  d e f i n i t i o n  (1) - of WIPP/generic Brine A 

and Brine B ,  t h e  l a r g e s t  amount of exper imental  work and pub- 

l i s h e d  r e s u l t s  e x i s t s  t h a t  uses  t h e s e  two de f a c t o  s tandard  

b r i n e s .  References  -- 12-14 a r e  r e p r e s e n t a t i v e  of t h e  c o r r o s i o n  

s t u d i e s  on waste package c a n i s t e r  and overpack m a t e r i a l s  con- 

ducted w i t h  t h e s e  two co r rodan t s .  Most of t h e  br ine-cor ros ion  

s t u d i e s  have been conducted a t  e i t h e r  Sandia o r  PNL. More 

r e c e n t l y ,  r e s e a r c h e r s  a t  Brookhaven Nat iona l  Laboratory,  a s  

p a r t  of t h e  Nuclear Regulatory Commission waste package mate- 

r i a l s  r e sea rch  program, have begun a  s i g n i f i c a n t  l a b o r a t o r y  

program u t i l i z i n g  Br ines  A and B a s  co r rodan t s  ( 1 6 ) .  - 

Laboratory s t u d i e s  ( 1 2 )  - have shown t h a t  Brine A is  more 

c o r r o s i v e  than Brine B f o r  e s s e n t i a l l y  a l l  cand ida te  a l l o y s  

t e s t e d .  The d i l u t e  b r i n e  s o l u t i o n  of seawater  i s  in t e rmed ia t e  

i n  co r ros iveness  between t h e s e  two b r ines .  These d i f f e r e n c e s  

i n  co r ros iveness  a r e  presumably caused by d i f f e r e n c e s  i n  so lu-  

t i o n  pH, i n d i c a t i v e  of i r r e v e r s i b l e  acid-producing r e a c t i o n s  

t h a t  occur i n  Brine A and seawater a t  h igher  tempera tures .  

( e . g . ,  Equation a . ,  e a r l i e r ) .  Other p o s s i b l e  r e a c t i o n s  i n  t h e  

presence of s i l i c a t e s  y i e l d  the  p r e c i p i t a t i o n  of Mg ( O H ) 2  and 

a  Mg-oxysulf a t e  phase, producing H C 1 .  A s  such,  t h e  German 



qu ina re  Brine Q I  which has t h e  h ighes t  M ~ ' '  concent ra t ion  of 

q .  
any def ined b r ine ,  can be expected t o  be t h e  most cor ros ive  or  

lowest  pH s o l u t i o n .  Not enough comparable German (11) - and 
*I 

American d a t a  e x i s t  t o  be d e f i n i t i v e  on t h i s  po in t .  

Wasteform Leachab i l i t y  

The v a r i e t y  of b r ine  l eachan t s  used f o r  g l a s s ,  spent f u e l ,  and 

a l t e r n a t e  wasteform l each  t e s t i n g  i s  somewhat more ex tens ive  

than  t h a t  f o r  cor ros ion  t e s t i n g .  WI~P/gener ic  Brine B is prob- 

ab ly  t h e  most widely used b r i n e  leachant  (17-23) .  -- Brine A and 

seawater l e a c h a b i l i t y  s t u d i e s  a r e  extremely l imi t ed  ( 2 0 ) ,  - a s  

a r e  s t u d i e s  w i t h  t h e  USGS b i t t e r n  NBT-6a ( 2 4 ) .  - Few s t u d i e s  

using t h e  MCC b r ine  have been published so  f a r  ( 2 5 ) ,  - but more 

a r e  expected i n  t he  near f u t u r e  using t h e  s tandard ized  t e s t  

procedures  def ined by t h e  Mater ia l s  Cha rac t e r i za t ion  Center 

( 8 ) .  Now t h a t  ONWI has def ined a  s i t e - s p e c i f i c  b r ine ,  Permian 

Brine P and Equ i l ib ra t ed  Permian P No. 2 ,  more s t u d i e s  u s i n g  

t h e s e  b r i n e s  a r e  expected;  t hese  w i l l  be conducted predominantly 

a t  B a t t e l l e  PNL and Savannah River Laboratory. 

B a c k f i l l  and Other T e s t s  

A l i m i t e d  number of r e p o r t s  on labora tory  t e s t i n g  (o the r  than 

co r ros ion  and l e a c h a b i l i t y )  u s i n g  b r i n e s  have a l s o  been pub- 

l i s h e d  (5,24,26-33).  Most of t hese  r e p o r t s  a r e  fo r  t a i l o r e d  



backfill material, radionuclide sorptiveness measurements 

(26-28), -- and hydraulic conductivity (liquid permeability 

measurements) (29) - ysing Brines A and B. Radionuclide migra- 

tion or sorption measurements on geologic materials with Brine 

A or B as the liquid medium have also been reported (31-33). -- 

Brine desiccant capabilities of backfill materials (30) and - 
hydrothermal waste-rock interactions studies (24) - using the 

USGS NBT-6a bittern have been reported. Both of these studies 

have been concluded; no new groups have, to my knowledge, 

recommended the use of NBT-6a for future studies. 

BRINE RELEVANCY AND RECOMMENDATIONS 

Concerns have been raised about which brine or brines may be 

most appropriate for a particular laboratory test, whether for 

corrosion, leaching, interaction, or other testing. In several 

cases, this has led to the definition of a new brine formula- 

tion, either to be more site-specific, totally generic, or 

expedient in the laboratory. To help resolve concerns about 

the appropriateness or relevancy of any brine, it appears use- 

ful to first describe the potential sources or mechanisms for 

brine intrusion into a rocksalt repository. Three possible 

sources of liquid come to mind: brine migration from fluid 

inclusions, intrusion from an aquifer or large brine pocket 



near  t h e  f a c i l i t y  o r  r e p o s i t o r y ,  o r  water r e l e a s e  from t h e  

.I  wasteform i t s e l f ,  i . e . ,  TRU wastes. 

. - 
The most l i k e l y  source  of b r i n e  i n t r u s i o n  toward 

hea t ing-genera t ing  HLW i s  t h e  migrat ion of smal l  f l u i d  inclu-  

s i o n s  ( n e g a t i v e  c r y s t a l s )  up t h e  thermal g r a d i e n t .  The 

mechanisms, f l u i d  i n c l u s i o n  c h a r a c t e r i s t i c s ,  experiments,  quan- 

t i t i e s ,  and consequences of such b r i n e  migra t ion  a r e  summarized 

i n  d e t a i l  elsewhere ( 3 4 ) .  - B a s i c a l l y ,  a  maximum of 2 0  L or  l e s s  

of b r i n e  could  migra te  ( 3 4 )  - t o  t h e  v i c i n i t y  of an i nd iv idua l  

H L W  package i n  r o c k s a l t  wi th in  about 1 0 0 0  years .  The pre l imi-  

nary ana lyse s  of t h e  b r i n e  composit ions i n  s e v e r a l  represen ta -  

t i v e  f l u i d  i n c l u s i o n s  was repor ted  e a r l i e r  i n  t h i s  r epo r t  

( e . g , ,  WIPP I n c l u s i o n s  No. 1 and No. 2 ) .  No d a t a  c u r r e n t l y  

e x i s t  ( 34 )  - a s  t o  t h e  composit ion of t h e  migra t ing  b r ine ,  or  

changes t h e r e i n ,  a f t e r  i t  reaches  t h e  v i c i n i t y  of t h e  waste 

package. I n  a l l  exper iments  t o  d a t e  ( 3 4 ) ,  - t h e  b r i n e  was 

vapor ized and only  t h e  water  condensate  has  been c o l l e c t e d .  

Based on t h e  known i n i t i a l  composit ions of t h e s e  i nc lu s ions ,  

and t h e  f a c t  t h a t  they m u s t  migrate  through s o l i d  h a l i t e ,  i t  i s  

a  f a i r l y  s a f e  assumption t h a t  a l l  f l u i d s  a r e  s a t u r a t e d  

( b r i n e s ) .  The chemical composit ion of t h e  b r i n e ,  assuming i t  

could  reach t h e  waste c a n i s t e r  and a l s o  remain i n  t h e  l i q u i d  

s t a t e ,  i s  expected t h e r e f o r e  t o  be i n t e rmed ia t e  between ( w i t h i n  

t h e  range o f )  t h e  composi t ions  of WIPP I n c l u s i o n s  No. 1 o r  2 

and WIPP/generic Br ine  A .  



B r i n e  i n t r u s i o n  i n t o  t h e  r e p o s i t o r y  from a n  a q u i f e r  f l o w  o r  

movement of a  l a r g e  b r i n e  p o c k e t ,  w h i l e  much less p r o b a b l e  t h a n  

t h e r m a l l y  induced  m i g r a t i ~ n  o f  f l u i d  i n c l u s i o n s ,  c o u l d  p r o v i d e  

a  s i g n i f i c a n t l y  l a r g e r  volume of f l u i d  f o r  w a s t e  package  i n t e r -  

a c t i o n s  o r  d e g r a d a t i o n .  Mechanisms f o r  t h i s  f l u i d  movement 

would b e  (1) a l o n g  ( u p  o r  down) a  d e f e c t i v e  b o r e h o l e  s e a l  p l u g ,  

( 2 )  d i f f u s i o n  o r  s l o w  f l o w  a l o n g  a c l a y  seam, f r a c t u r e  p a t h s  o r  

i m p u r i t y  bed ( e . g .  a n h y d r i t e  o r  c l a y ) ,  o r  ( 3 )  i n a d v e r t e n t  a c t i o n  

by man ( e . g .  d r i l l i n g ) .  A l l  t h e s e  pa thways  a r e  o f  v e r y  low 

p r o b a b i l i t y .  T h e  i n i t i a l  b r i n e  c o m p o s i t i o n  i s  e x p e c t e d  t o  b e  

s i m i l a r  t o  t h a t  i n  ( f i e l d - s a m p l e d )  WIPP-12 b r i n e s  o r  ERDA-6 

b r i n e s  ( T a b l e  1) o r ,  e s s e n t i a l l y ,  B r i n e  B o r  P .  By t h e  time 

t h e s e  b r i n e s  p e r c o l a t e  t h r o u g h  t h e  s a l t  toward  t h e  waste 

p a c k a g e ( s ) ,  t h e y  would most a s s u r e d l y  be s a t u r a t e d .  Even i f  a  

r e p o s i t o r y  i n  domed s a l t  were p e n e t r a t e d  and  s a t u r a t e d  w i t h  

f r e s h  w a t e r ,  t h e  r e s u l t a n t  b r i n e  would e v e n t u a l l y  become 

s a t u r a t e d .  I t  i s  e x p e c t e d ,  t h e r e f o r e ,  t h a t  t h e  f i n a l  b r i n e  

c o m p o s i t i o n  ( a v a i l a b l e  f o r  waqte  package  i n t e r a c t i o n s )  would b e  

( d e p e n d e n t  on t h e  i n t r u s i o n  s c e n a r i o )  q u i t e  s i m i l a r  t o  o r  

bounded by e i t h e r  t h e  i n i t i a l  c o m p o s i t i o n s  of  B r i n e  A o r  

B r i n e  B,  w i t h  minor d i f f e r e n c e s  dependen t  on h a l i t e  i m p u r i t i e s .  

I f  any r e s i d u a l  wa te r  i s  r e l e a s e d  from t h e  was teform i t s e l f ,  

e .g .  TRU w a s t e s ,  by means of  v o l a t i l i z a t i o n ,  t h e  c o n d e n s a t e  

would c o l l e c t  on t h e  nea rby  s a l t .  R e c a l l  t h a t  s a l t  i s  s l i g h t l y  

h y g r o s c o p i c  and would make a  f a i r  d e s i c c a n t .  The r e s u l t a n t  



saturated composition would be quite similar to that of the 
" = 

host rocksalt dissolved in water, e.g. Brine B or Brine P. 

.*. 
Considering the brine ionic composition range(s) encompassed by 

the described intrusion mechanisms, it does not appear to be 

appropriate or prudent to define any more brines. For the 

thermally induced brine-migration mechanism, Brine A (saturated 

with excess rocksalt at elevated temperatures) should be 

regarded as the upper limit or boundary-value composition for 

testing purposes--based on its relevancy, known high corrosivity 

(12), - and previous widespread usage. For all other scenarios 

of brine intrusion, a generic NaC1-based brine such as Brine B 

(saturated with excess rocksalt at elevated temperatures) or 

Permian Brine P (site-specific) is recommended for laboratory 

testing purposes. Minor differences in the lesser components 

+ ++ ++ - of these brines, e.g., K , Mg , Ca , B, HC03 , 
~ r - ,  etc., will probably result in very minor differences in 

test results, particularly when compared to the significant 

differences in composition and corrosivity of Brine A .  It can 

be postulated that trace components in the brine(s), i.e., 

those of less than 1000 ppm, may cause second-order changes in 

waste package interactions (particularly waste from 

leachability) due to differences in solution radiolysis effects 

or catalytic effects. No data currently exist to support this 

assumption, however. The most appropriate manner to 

demonstrate differences in reactions caused by differences in 



br ine  t r a c e  components would be t o  conduct i n  s i t u ,  s i t e -  

s p e c i f i c  t e s t s .  The use of syn the t i c  Brine B or Brine P for  

labora tory  t e s t i n g  w i l l ,  however, undoubtedly be based on 

de s i r e s  t o  be s i t e - s p e c i f i c ,  i n  an t i c ipa t i on  of assumed, f u tu r e  - Y 

regula tory/ l icens ing procedures. 

S ign i f i can t  d i f fe rences  between the  geologic c h a r a c t e r i s t i c s  of 

c e r t a i n  s i t e s  could, of course,  a l t e r  the  above d iscuss ion of 

b r ine  relevancy. For ins tance ,  the  d i f fe rences  between American 

bedded rocksal t  s i t e s  and German s a l t  s i t e s  ( w i t h  s i g n i f i c a n t  

concentrat ions of c a r n a l l i t e )  make the  d e f i n i t i o n  of another 

br ine  fo r  t e s t i n g  appropr ia te ,  i . e . ,  quinare Brine Q. Similar 

reasoning a l s o  app l ies  t o  t e s t i n g  w i t h  seawater fo r  t he  

Subseabed Disposal Program. 

Except f o r  seawater, a l l  standard, syn the t i c  b r ines  recommended 

fo r  t e s t i n g  purposes a r e  e s s e n t i a l l y  s a tu r a t ed  except f o r  t he  

MCC brine.  T h i s  r a i s e s  some concerns about t he  ( r epos i t o ry )  

relevancy of t h i s  b r ine .  I n  no br ine  i n t ru s ion  scenar io  yet  

described ( w i t h  t he  poss ib le  exception of a  s a l t  dome f looding,  

temporari ly)  can an unsaturated br ine  contac t  t he  waste package. 

The MCC br ine ,  based on d i l u t ed  and s impl i f ied  Brine A ,  was 

spec i f i ed  f o r  ease i n  t e s t i n g ,  e .g. ,  no p r e c i p i t a t i o n  during 

t e s t i n g  a t  higher temperatures. However, the  concerns of br ine  

relevancy due t o  labora tory  expediency should be reassessed.  

The most appropriate  b r ines  fo r  t e s t i n g  ( e . g . ,  b r ines  t h a t  could 



occur  o r  i n t r u d e  i n t o  a  s a l t  r e p o s i t o r y )  a r e  s a t u r a t e d  b r i n e s  

. . t h a t  a r e  kept  t h a t  way a t  e l e v a t e d  t e s t  t empera tu res  by con t ac t  

w i t h  exces s  r o c k s a l t .  T h i s  i s  t h e  t echn ique  used a t  Sandia and 
Y. 

a t  B a t t e l l e  PNL (du r ing  s t a t i c ,  but  not  f lowing,  au toc lave  

t e s t s ) .  The procedure  used f o r  fo rmula t ing  Equ i l i b r a t ed  Permian 

Br ine  P No. 2 ,  i . e . ,  f i l t e r i n g  ou t  p r e c i p i t a t e d  s o l i d s  formed 

a t  e l e v a t e d  t empera tu res ,  i s  no doubt exped ien t  f o r  a  f lowing 

au toc l ave  systeln, bu t  a l s o  somewhat a r t i f i c i a l .  I n  an a c t u a l  

r e p o s i t o r y ,  p r e c i p i t a t e s  from t h e  b r i n e  s o l u t i o n  would form a t  

h ighe r  t empera tu res  and remain i n  con t ac t  w i t h  t h e  r e s i d u a l  

b r i n e .  

I n  summary, t h e  fo l lowing  recomrnendations f o r  l abo ra to ry  

t e s t i n g  using s t anda rd i zed  b r i n e s  a r e  made: 

Corros ion Tes t i ng :   generic Brine A ( i n  c o n t a c t  w i t h  

exces s  r o c k s a l t  a t  e l e v a t e d  t e s t  t empe ra tu r e s )  is  recommended 

f o r  r e a l i s t i c  o v e r t e s t s  ( o r  upper boundary c o n d i t i o n s )  of t h e  

c o r r o s i o n  r e s i s t a n c e  of c and ida t e  waste package b a r r i e r  mate- 

r i a l s .  Any d i f f e r e n c e s  i n  i o n i c  composit ion of p o t e n t i a l  

s i t e - s p e c i f i c  "Brine  A-l iken s o l u t i o n s  would undoubtedly be 

overshadowed by o t h e r  v a r i a b l e s  of t e s t i n g - - s p e c i f i c a l l y ,  

changes i n  b r i n e  c o r r o s i v i t y  caused by e f f e c t s  of gamma i r r a -  

d i a t i o n  and oxygen c o n c e n t r a t i o n  ( p a r t i c u l a r i l y  a p p l i c a b l e  t o  

Fe-base b a r r i e r  m a t e r i a l s )  . 



Wasteform L e a c h a b i l i t y :  A NaC1-based b r i n e ,  e . g . ,   gene generic 

B r i n e  B o r  s i t e - s p e c i f i c  Permian  B r i n e  P  i s  recommended f o r  

l a b o r a t o r y  t e s t i n g  t o  d e t e r m i n e  t h e  r e l a t i v e  l e a c h  r e s i s t a n c e  

and l e a c h i n g  mechanisms of v a r i o u s  was te fo rms .  T e c h n i q u e s  t o  

keep  t h e  b r i n e ( s )  s a t u r a t e d  a t  h i g h e r  t e m p e r a t u r e s  a r e  a t  t h e  

o p t i o n  o f  t h e  e x p e r i m e n t e r .  For  t e s t i n g  t o  d e t e r m i n e  t h e  du ra -  

b i l i t y  of  t h e  was teform under  r e p o s i t o r y - r e l e v a n t  c o n d i t i o n s  

( i n c l u d i n g  t h e  p r e s e n c e  of gamma r a d i a t i o n  and o t h e r  w a s t e  

package  b a r r i e r s  and t h e i r  d e g r a d a t i o n  p r o d u c t s ) ,  t h e r e  c a n  b e  

no o n e  s p e c i f i c  recommendation. The l e a c h a n t  s h o u l d  b e  i n  

c o n t a c t  w i t h  w a s t e  p a c k a g e  d e g r a d a t i o n  p r o d u c t s ,  e . g . ,  c o r r o -  

s i o n  p r o d u c t s  ( e s p e c i a l l y  i r o n )  and v a r i o u s  s i l i c a t e s  ( f r o m  

g l a s s  d i s s o l u t i o n ,  b a c k f i l l  m a t e r i a l s  i f  p r e s e n t ,  and any  c l a y  

i m p u r i t i e s  n a t u r a l l y  o c c u r r i n g  i n  t h e  h a l i t e ) .  T h e  s p e c i f i c  

i o n i c  c o m p o s i t i o n  of  t h e  b r i n e  r e a l l y  depends  on t h e  p o s t u l a t e d  

i n t r u s i o n  s c e n a r i o .  A s a t u r a t e d  B r i n e  " B - l i k e "  b r i n e  would 

seem a p p r o p r i a t e  f o r  most t e s t i n g .  Bowever, B r i n e  A would be  

more c o r r o s i v e  and y i e l d  a  more c o n s e r v a t i v e  e s t i m a t e  of  was te -  

form d u r a b i l i t y .  The MCC b r i n e  is assumed t o  b e  s l i g h t l y  l e s s  

c o r r o s i v e  t h a n  B r i n e  A ;  d a t a  do  n o t  c u r r e n t l y  e x i s t  t o  s u p p o r t  

t h i s  a s s u m p t i o n .  T h e  c h o i c e  o f  b r i n e  i n  t h i s  c a s e  s h a l l  b e  up 

t o  t h e  e x p e r i m e n t e r .  

B a r r i e r  M a t e r i a l  I n t e r a c t i o n  T e s t i n g :  B r i n e  A ,  a s  i n  t h e  c a s e  

of c o r r o s i o n  t e s t i n g ,  i s  recommended a l t h o u g h  a  " B - l i k e w  b r i n e  

may a l s o  be  a d e q u a t e .  A s  i n  t h e  c a s e  of l e a c h  t e s t i n g ,  t h e  



s o l u t i o n  should be i n  con tac t  w i t h  a p p r o p r i a t e  degradat ion (and 

b. 
b r i n e  r a d i o l y s i s )  p roduc ts .  The formulat ion of another s i t e -  

s p e c i f i c  b r i n e  f o r  use i n  such a  complex system a s  i n t e r a c t i o n  
**  

t e s t i n g  seems q u i t e  i napprop r i a t e ,  i n  view of t h e  changes i n  

t h e  composition of t h e  PNL-SNL b r i n e s  (Table  1) during t h e  

cou r se  of t h e  t e s t .  
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APPENDIX 1 

~ a t c :  O c t o b e r  8, 1 9 7 6  

!o: D i s t r i b u t i o n  

Sandia Laboratories 

subject: R e v i s e d  R e p r e s e n t a t i v e  ~ r i n e s / ~ o l u t i o n s  f o r  WIPP 
~ x p e i - i m e n t a t i o n  

T h i s  memo i s  i n t e n d e d  t o  p r o v i d e  s p e c i f i c a ~ i o n s  f o r  t h e  i o n i c  
c o n t e i l t  a n d  c h e m i c a l  f o r l n u l a t i o n s  f o r  t h r e e  s o l u t i o n s / b r l l l e s  
f o r  e x ~ e r i m e n l a l  p u r p o s e s .  T h e s e  s o l u t i o n s  a r e  r e p r e s e n t a t i v e  
of '  x t ~ t k r s  w h i c h  c a n  p o t e n t i a l l y  i n t r u d e  i n t o  t h e  W a s t e  I s o l e t i o n  
P i l c t  P l a n t .  B r i n e  t r a n s p o r t  o f  r a d i o n u c l i d e s  f r o m  t h e  rcd:o- 
a c t i v e  w a s t e  s t o r e d  i n  a  s a l t  mine  i n t o  t h e  g e o s p h e r e  a n d  b i o -  
s p h e r e  a r e  o f  m a j o r  c o n c e r n .  E x p e r i m e n t s  i n  p r o g r e s s  o r  p l e n n e d  
( a t  S & l l d i a  p l u s  o t h e r  l a b o r a t o r i e s  ) t o  q u a n t i f y  a n d  cv tz lua . t e  
s u c h  t r b n s p o r t  p l u s  r e l a t e d  a s p e c t s  o f  b r i n e  i n t r u s i o n  i n c l u d e :  
r a d i o n u c l i d e  d i s t r i b u t i o n  c o e f f i c i e n t  m e a s u r e n e n t s ,  : rns te  n z t r i s  
l e a c h i x g ,  r a d i o n u c l i d e  m o b i l i t y  a n d  i n t e r a c t i o n s ,  a n 5  c o r r o s i o n  
e s p e c t s .  The v a r i o u s  l a b o r a t o r y  g r o u p s  s u p p o r t i n g  t h e  WIPP p r o -  
j e c t  s h o u l d  u t i l i z e  t h e  s p e c i f i e d  b r i n e s / s o l u t i o n s  f o r  b o t h  u n i -  
T o r m i t y  a n d  i n t e r c o m p a r i s o n  p u r p o s e s .  

The i o n i c  c o m 2 o s i t i o n s  o f  t h e  r e p r e s e n t a t i v e  b r i n e s / s o l u t i o n s  
"A",  "B" ,  a n d  "c" a r e  g i v e n  i n  T a b l e  I ,  a t t a c h e d ,  i n  u n i t s  o f  
m g / l i t e r  o f  s o l u t i o n .  To f a c i l i t a t e  p r e p a r a t i o n  o f  t h e s e  so--  
l u t i o n s ,  the r e q u i r e d  c h e m i c a l  compounds ,  a l s o  i n  u n i t s  o f  ng 
a d d e d  p e r  l i t e r  o f  s o l u t i o n , , a r e  p r e s e n t e c j  i n  T a b l e  11. A 1 1  
i o n s  a d d e d  h a v e  b e e n  b a l a n c e d  i n  t e r m s  o f  m i l l i e q u i v a l e n t s / l i t c r  
f o r  b o t h  c a t i o n s  a n d  a n i o n s .  I f  s u b s t i t u t i o n s  a r e  made f o r  
v a r i o u s  compounds i n  p r e p a r a t i o n ,  r e b a l a n c i n g  c a l c u l a t i o n s  w i l l .  
b e  n e c e s s a r y .  F o l l o w i n g  p r e p a r a t i o n ,  t h e  pH o f  t h e  s o l u t i o n s  
s h o u l d  b e  a d j u s t e d ,  a s  s p e c i f i e d ,  w i t h  s m a l l  a d d i t i o n s  o f  e i t h e r  
d i l u t e  H C 1  o r  NaOH, 8s r e q u i r e d .  The s p e c i f i e d  pH v a l u e s  o f  
s o l u t i o n s  " A " ,  "B",  a n d  "c" a r e  r e p r e s e n t a t i v e  o f  t h e  , " a s  m e a s u r e d "  
p H ' s  o f  t h e  n a t u r a l l y  o c c u r r i n g  s o l u t i o n s  o n  w h i c h  t h e y  a r e  b a s e d .  

S o l u t i o n s  "A" a n d  "B" a re  n e a r - s a t u r a t e d  b r i n e s .  S o l u t i o n  "A" 
i s  b a s e d  on  t h e  a n a l y s e s  o f  s e v e r a l  b r i n e s  f r o m  t h e  S a l a d o  r e g i o n  
o v e r l y i n g  t h e  p l a n n e d  WIPP f n c i l i t y / h o r i z o n .  T h i s  i s  a p o t a s h  
b e a r i n g  r e g i o n '  'nd c o n s e q u e n t l y  i s  e n r i c h c d  I n  b o t h  p o t a s s i u m  
a n d  magnes ium i o n s ,  r e l a t i v e  t o  s o d i u m  c h l o r i d e .  S o l u t i o n  "A" 
i s  i n t e n d e d  t o  b e  r e p r e s e n t a t i v e  o f  b r i n e  w h i c h  c o u l d  i n t r u d e  
i n t o  t h e  w a s t e  h o r i z o n  v i a  f i o w  o r  p e r c o l a t i o n  f r o m  a b o v e .  
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S o l u t ' i o n  "B" i s  b a s e d  o n  t h e  a n a l y s i s  o f  t h e  b r i n e  o b t a i n e d  by 
d i s s o l v i n g  a  p o r t i o n  o f  r o c k  s a l t  c o r e  i n  d c - i o n i z e d  w e t c r .  
The s a l t  c o r e  was f r o m  AEC #8 a t  a p p r o x i n a t c l y  t h e  same h o r i z o n  
(2725  f t . )  a s  t h e  i n t e r m e d i a t e - l e v e l  w a s t e  a n d  h i g h - l e v e l  w a s t e  
e x p e r i m e n t  h o r i z o n  o f  t h e  WIPP f a c i l i t y .  S i n c e  t h e  AEC # 8  h o l e  
i s  l e s s  t h a n  f o u r  m i l e s  f r o m  t h e  c e n t e r  o f  t h e  WIPP f a c i l i t y ,  
n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  s a l t  c o n t e n t  a r e . e x p e c t c d .  
T h i s  a n a l y z e d  b r i n e  h a s  a n  a p p r o x i m a t e l y  98% NaCl c o n t e n t  and 
a t o t a l  u n d i s s o l v e d  c o n t e n t  ( n o t  i n c l u d e d  i n  a n a l y s i s )  o f  l e s s  
t h a n  1%. S o l u t i o n  "B" i s  r e p r e s e n t a t i v e  o f  t h e  b r i n e  r e s u l t i n g  
f r o m  a  c o n c e i v a b l e  c a t a s t r o p h i c  s c e n a r i o  a t  t h e  WIPP mine  ( f l o o d -  
i n g ,  s e r v i c e  w a t e r  l i n e  r u p t u r e ,  e t c . )  whereby  w a t e r  p o u r s  i n ,  
d i s s o l v e s  t h e  s a l t ,  becomes s a t u r a t e d ,  t h e n  b e g i n s  l;o a t t a ' c k  t h e  
w a s t e .  

S o l u t i o n  "c" i s  r e p r e s e n t a t i v e  o f  g r o u n d w a t e r  pumped f r o m  o n e  
o f  t h e  a q u i f e r s  i n  t h e  R u s t l e r  f o r m a , t i o n .  T h i s  p o t a b l e  w a t e r  
was s a m p l e d  n e a r  t h e  WIPP l o c a t i o n .  The s o l u t i o n  " C "  c o m p o s i t i o c  
i s  b a s e d  o n  two s e p a r a t e  a n a l y s e s ;  i t  c o n s i s t s  p r i m a r i l y  o f  & 

d i l u t e  s o l u t i o n  o f  c a l c i u m  a n d  magnesium s u l f a t e s .  B e i n g  r e p -  
r e s e n t a t i v e  o f  t h e  NIPP h y d r o l o g i c a l  a n d  g e o g r a p h i c a l  l o c a l e ,  
s o l u t i o n  "c" was deemed more  s u i t a b l e  f o r  e x p e r i m e n t a l  t e s t s  
a n d  i n t e r c o n p a r i s o n s  t h a n  was d e - i o n i z e d  w a t e r .  Once t r a c e r s  
a n d  g e o l o g i c a l  s p e c i m e n s  a r e  a d d e d  t o  d e - i o n i z e d  w a t e r ,  i t  no 
l o n g e r  s i m u l a t e s  d e - i o n i z e d  w a t e r .  The h i g h e r  i o n i c  s t r e n g t h  
o f  s o l u t i o n  " C "  s o l v e s  t h i s  p r o b l e m .  

T h i s  memo s u p e r c e d e s  my memo e n t i t l e d  " ~ e p r e s e n t a t i v e  S i m u l a t e d  
B r i n e s  f o r  WIPP E x p e r i m e n t a t i o n , "  d a t e d  Augus t  11, 1 9 7 6 .  The 
b r i n e s  s p e c i f i e d  t h e r e  w e r e  b a s e d  on c o m m e r c i a l  b r i n e  a n a l y s e s  
w h i c h  w e r e  e r r o n e o u s l y  h i g h  f o r  s e v e r a l  i o n s .  T h i s  r e s u l t e d  
i n  g r e a t e r  t h a n  s a t u r a t e d  s o l u t i o n s .  B r i n e s / s o l u t i o n s  "A",  
1 1 ~ "  , a n d  "c" h a v e  b e e n  t e s t e d  i n - h o u s e  f o r  s o l u b i l i t y .  
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I '7. TABLE I 

REVISED .REPRESENTATIVE BRINES/SOLUTIONS 

FOR 

I 
I WIPP EXPERIMENTATION 

Ion - 

C1' 
sob"' 
B (~0~"') 
HCO 3- 
NO 3- 

Br- 
I- 

p H  (adjusted) 6 . 5  
specific gravity 1.2 

Solution "B1' Solution "C" 



October 8, 1976 

FABLE I1 

RECOMMENDED CHEMICAL COMFOUNDS FOR 

PREPARING REPRESENTATJVE BRINES/SOLUTIONS 

FOR 

WIPP EXPERIMENTATION 

Compound Solution "A" Solution "B" Solution "c" 
(mg/liter ) (mg/liter) (mg/liter) 

NaCl 
Na2S04 
Na2B407.10H20 
NaHCO 3 
NaBr 
NaNO 3 
KC1 
KI 
MgC12 
MgS04 
CaC12'2H20 
CaS04- 2H20 
FeCls 
SrC12'2H20 
LiCl 
Rb 2 SO 4 
CsCl 

pH (adjusted) 6.5 6.5 7.5 
Total Dissolved 

Solids 306.3g/liter 297.2g/liter 3.72g/liter 



APPENDIX 2 

Sandia Laboratories 
date: October 12, 1976 

! .. 
to: M. A. Molecke - l l 4 1  

Albuquerque. New Mex~co 
L~vermore. Ca l~ forn~a 

fram: R. G. Dosch - 5824 

su b ~ e c t  Analytical Work i n  Development of Synthetic Brine Compositions 

Ref L Memo from M. A. Molecke, dated August 11, 1976, subject: "Repre- 
sentative Simulated Brines f o r  WIPP Experimentation" 

I The need f o r  standard synthetic brines fo r  use i n  inter-laboratory 
studies supporting the WIPP project i n  the general area of interactions 
of brine and brine-radionuclide solutions with various waste forms, 
containers, and surroun rock s t r a t a  i s  obvious. The i n i t i a l  attempt 

Y Y b  a t  defining compositions ased on commercial laboratory analyses of 
various brines from the Carlsbad area was unsatisfactory as neither of 

I 

the  compositions could be sa t i s f ac to r i ly  duplicated i n  the laboratory. 

As a resul t ,  a considerable amount of time was spent i n  analyzing 
various brine samples i n  an attempt t o  provide another baseline for  
establishment of synt e i c  brine compositions, Brines analyzed td included the or iginal  standard brine compositions "A" and "B" 
( a f t e r  insolubles were removed), samples of natural  brines labeled as 
"ERDA 6-9/14/75 - 1500 hours" and "Duval Nash Draw Mine, D r i l l  hole 
Urip, 1090' l eve l  - SE Main - 1st Right Breakthrough 25, Eddy, N. Mex. - 
12/10/75 a t  1320' , and a solution prepared by dissolving a par t  of an 
AEC 8 core sample from the 2725.0 - 2725.5 horizon. 

The primary purpose i n  analyzing br ines( l )  "A" and "B" was t o  determine 
what remained i n  solution f o r  use i n  modifying t h e i r  compositions. The 
resu l t s  are given i n  Tables 1 and 2, respectively, along with the nominal 
composition and the general analytical  technique employed. Where two 

I methods of analyses were used i n  determining a single species, both resu l t s  
I are included for  comparison. A s  i n  a l l  analyses reported herein, the 
I 
I 

atomic absorption (AA) work was done by G. Noles, 5824, the EM'A and 
volumetric analyses by S. I,. Erickson, 5821, and the remainder by R. G. 
Dosch, 5824. 

d Both brines "A" and "B" were heated a t  100°C fo r  several hours and 
allowed t o  equi l ibrate  a t  room temperature fo r  72 hours pr ior  t o  f i l t r a -  
t ion.  It appears t ha t  the large amount of insoluble i n  brine "A" con- 
s i s t ed  in-part of a l l  major constituents. The small amount of insoluble 
observed i n  brine "B" was apparently a mixture of calcium and i ron  

11 / I (  compounds. Two brine solutions, A  and"^ "', were prepared using the 
compositions dictated by the analyses of brines "A" and "B". The only 
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Species 

Ra 

K 

Mg 

so; 

Table 1. Analy~es of Standard Brine "A" 

Nominal Comp 
(mg/l) 

56,980 

52,000 

38,000 

Method 

Ah 

AA and 
EDTA 

AA and 
EDTA 

Spec Ion Elec 

Grav 

Vol 

Vol 

Result (rng/l) 

47,000 

(1) L i  was observed as an impurity i n  one or more of the 
chemicals used i n  preparing brine. 
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Table 2. Analyses of Standard Brine "B" 

Species 

ma 

K 

Mi3 

C 1  

so; 
B 

HCO; 

br 

Nominal Comp 
( m g / l )  

115,000 

5,000 

1,000 

Met hod 

AA 

AA and 
EDTA 

AA and 
EDT A 

Spec Ion Elec 

Grav 

Vol 

Vol 

Result (mg/l) 

117,700 

4,700 

980 
1,030 

(1) Ld was observed as an impurity in one or  more of the  
chemicals used i n  preparing brine. 
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sol ids observed pr ior  t o  f i l t r a t i o n  appearedto be t race  amounts of an 
Fe precipi tate ,  and no sol ids crystal l ized out i n  a two-week period 
a f i e r  f i l t r a t i o n ,  when the solutions were discarded. 

Table 3 l i s t s  the resul t s  of analyses of the  natural  brine samples 
described ea r l i e r ,  abbreviated as  "ERDA 6" and "Duval Nash". Comparison 
of these resu l t s  with resul t s  from commercial laboratories f o r  the same 
brines o r  brines from the same source show reasonably good agreement 
except f o r  the sodium content, where values calculated by the commercial 
labs  were considerably higher ( a  factor  of 2 i n  the Duval Nash brine) 
than our experimental results.  

Table 3. Analyses of Natural Brine Samples 

Analytical 
Species Method 

Na AA 

&3 AA and 
EDTA 

AA and 
EDTA 

Spec Ion Elec 

Grav 

Vol 

Vol 

Results (mg/l) 
Duval Nash ERDA 6 

1) ND - Not Detected 
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4 .  

The f i n a l  brine analyzed was prepared from a portion of an AEC #8 core 
sample fram the 2725.0 - 2725.5 horizon. A 634.9 g sample (sawed off *. of the core sample with a band saw) was dissolved i n  water t o  give a 
f i n a l  volume of 2193 mi l l i l i te rs .  The water insoluble material which 
was f i l t e red  off and air-dried, weighed 6.1 gram or  0.9% of the 
original sample. The brine was analyzed using the same analytical 
methods shown i n  Tables 1-3 and the resul ts  are given i n  Table 4. 

Table 4. Analysis of B ne Prepared from ERDA #8 
Core Sample ( lr 2785.0-2725.5 Horizon 

Species 

Na 

so; 

1) 634.9 g sample dissolved i n  t o t a l  volume of 2193 ml .  

2) Average of three determinations. 

3) Average of two determinations. 

The f i n a l  synthetic brine compositions "A" and "B", based i n  part on the 
analyses herein, which you supplied on 9/30/76, have been prepared. The 
f i n a l  solutions prior  t o  f i l t r a t i o n  exhibited a s l ight  turbidity, which 
qualitatively appeared t o  be the  resul t  of hydrolysis of some of the 
iron. No solids have crystallized from the solutions i n  the 72 hour 
period since they were prepared. 
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The preparatian used fo r  l a t e s t  composition brines "A" and "B" are  
given i n  Tables 5 and 6. The compositions and chemicals used are based 
completely on your l a t e s t  calculations, however, several material 
substitutions were necessary due t o  current in-house avai labi l i ty .  The 
only one which changes the composition i s  the  use of RbCl i n  place of 
W SO4. However, both the resulting decrease i n  sulfate  concentration 
an$ the  increase i n  chloride are negligible i n  terms of the concentrations 
of those species already present from other sources. 

Synthetic brine solutions of t composi ions given i n  Tables 5 and 6 
w i l l  be used i n  repeating the @7C8 and '5Sr dis tr ibut ion coefficient 
measurements and i n  subsequent measurements with other f i s s ion  products 
and actinides. 

RGD: 5824: CgC 

Distribution 

l l 4 1  L. R. H i l l  
l l 4 1  S. J. Lambert 
5821 S. L. Erickson 
5824 G. T. Noles 
5824 R. W. L;ynch 
5820 R. L. Schwoebel 
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Table 5. Solution "A" Preparation - Final Composition 

Two Liter Batch Preparation - 
1. Addition of Components - 

Compounds Weight (g) 

NaCl 200.2 

Na2S04 12.40 

Na$407.10H20 3 90 

N ~ H C O ~  1.92 

NaBr 1.04 

Steps 

Dissolve i n  H 0. 
Total Volume 2w 1900 ml .  

Cs C l  

RbCl 

L i  C 1  

SrC12 a 6H20 

K I  

Added 5 ml aliquot of one l i t e r  of solution 
containing : 

0.52 g C s C l  
10.87 g ~ b c l  
50.0 g L i C l  

Fe C l  
3 

Added 5 ml aliquot of 250 ml of solution I containing 1.25 g F ~ c ~ ~ * ~ H ~ o  . dilute t o  
2000 ml. 

2. pH Adjustment - 
The pH of the complete solution was 6.57. No adjustment 
was made. 

3. F i l t ra t ion  - Solution was f i l t e red  through a medium glass 
f r i t  f i l t e r .  
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Table 6. Solution "B" Preparation - Final Composition 

Two Li ter  Batch meriaration - 
1. Addition of Components F 

Compounds Weight (g) 

NaCl 576 I 
Steps 

Dissolve i n  H20 t o  give 
a t o t a l  volume of - 1900 ml. 

RbCl 

src1,- 6H20 

KI 

I @ c ~ ~ * ~ H ~ o  

K C 1  

Added 5 ml aliquot of one l i t e r  of 
solution containing: 

0.52 g C s C l  
0.58 g Rbcl 

18.1. g s ~ c ~ ~ . ~ H ~ o  
5.2 g K I  

3 .  g M ~ c ~ ~ * ~ H ~ o  
11.6 g  KC^ 

NaHCO, I Added 5 m l  aliquot of 250 ml of solution 
3 

Na2B4O7 10H20 I containing: 

1.40 g NaHC02 

Fe c13 6 ~ ~ 0  Added 5 m l  aliquot of 250 ml of solution I containing 1.25 g of F e ~ 1 ~ 6 ~ ~ 0 ,  d i lu te  
t o  2000 ml. 

2. pH Adjustment - 
The pH of the complete solution was 7.20. Adjusted t o  
pH = 6.53 with HCI .  

3. Fi l t r a t ion  - Solution was f i l t e r e d  through a medium glass 
f r i t  f i l t e r .  
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TABLE 4 

S W Y  OF ANALYSES OF BRINE PROM WIPP-12 WELL 

USING ARITHMETIC MEANS(~) 

PAUHETERS WITS - 
SAMPLE TYPE: FLOW SAMPLES(~) WWNHOLE SAMPLES 

D'APPOLONIA CORE LABORATORY D'APPOLONU 

WIPP-12 WIPP-12 WIPP-12 

LABORATORY: 

LOCATION: 

FIELD DETERMINATIONS : 

Temperature ( ~ o v n h o l e ) ( ~ )  'Ce l s ius  
PH S tandard  Uni t s  
Eh U i l l i v o l t s  
S p e c i f i c  Gravi  t y  - 
S p e c i f i c  Conductance umhos/cm @ 25.C 
Bicarbona te  , mg/l  
Chlor ide  4 1  
S u l f a t e  mg/l 
T o t a l  Hardness n g l l  a s  CaCOj 
T o t a l  I r o n  mg/l 
Hydrogen S u l f i d e  4 1  

LABORATORY DETERMINATIOXS : 

PH Standard U n i t s  
S p e c i f i c  Grav i ty  - 
S p e c i f i c  Conductance umhos/cm a t  25'C 
T o t a l  Dieeolved S o l i d s  mg/l 
T o t a l  Suspended S o l i d e  4 1  
T o t a l  Hardnese mg/l a s  CaC03 

CATIONS: 

Barium 
Calcium 
Lithium 
Xagnes ium 
Potassium 
Sodium 
St ron t ium 

ANIONS: 

Bica rbona te  
3romide 
Chlor ide  
F l u o r i d e  
S u l f a t e  

Ammonia ( a s  N) 
N i t r a t e  (as N) 
Phosphate ( a s  P) 

OTHER ELELYEME : 

Aluminum 
3 0 ~ 0 n  ( a s  B) 
Copper 
I r o n  
G n g a n e s e  
Zinc 

NOTES : 

( l )Samples c o n t a i n i n g  con tamina t ion  by d r i l l i n g  f l u i d s  excluded i n  c a l c u l a t i o n  of t h e  meam. 

(')!,lean va lue  based on d a t a  c o i l e c t e d  duririg Flow Tes t  1, A c t i v i t y  WIPP-12.7 only.  

( 3 ) ~ o v n h o l e  t empera tu re  was measured a t  approximacely 3005 f e e t  below t h e  sur face .  

"--" = Fiot Determined 



S W Y  0 1  MUYSES EIP 8RIUE FRO WA-6 WELL 
USING ARZTWTTC I(EMS71e 

PARASTERS UNITS 
7 

SAnPLE PYPE: PLOW SMPLES DOWWOLE SAMPLES 

LABORATORY: D~APPOLONU CORE IABORATOPY D*APWLONIA(~)  

LOCATION: ERDA-6 ERDA-6 EBDA-6 

FIELD DETERnINATIONS: 

Tempera tu re  ( ~ o v n h o l e ) ( ~ )  *C 
pH S t a n d a r d  U n i t s  
E h a i l l i p o l t s  
S p e c i f i c  G r a v i t y  - 
S p e c i f i c  Conductance uqhor/cm @ 25.C 
Bicarbonate mg/1 
C h l o r i d e  W/ 1 
S u l f a t e  mg/l  
T o t a l  Herdneqs mg/l  a s  CaC03 
T o t a l  I r o n  mg/l 
Hydrogen S u l f i d e  ma/ 1 

LABORATORY 3ETEWINATIONS; 

PH S t a n d a r d  U n i t s  
S p e c i f i c  G r a v i t y  - 
S p e c i f i c  Conduccancq umhos/cm F Z5.C 
T o t a l  S o l i d s  

Disso lved  d l  
Suspended mg/ 1 

Caciona 

Barium 481 1 
Calcium ms/ l  
L i th ium d l  
!lagnes ium m6/1 
Po tass ium mg/ 1 
Sodium mg/ 1 
Scrqncium mg/ 1 

Anions 

B i c a r b o n a t e  
Brsmide 
C h l o r i d e  
F l u o r i d e  
S u l f a t e  

A m o n i s  ( a s  ?I) m8/ 1 
X i c r a t e  (as N) mg/l  
Phospha te  ( a s  P) mg/ 1 

Other  Tlements 

Aluminum mg/ 1 
Boron ( a s  B) mg/l  
Copper ;48/ 1 
I r o n  mg/ l  
'Yanganrse ng/  1 
Zinc mg/l 

NOTES : 

( l ' ~ a m p l e s  c u n t a l n l n g  c o ~ l t a m i n a t i o n  by d r i l l i n g  f l u i d r  eqc luded  In  c a l c u l a t i o n  of  t h e  means. 

(* )changes  i n  pH and  Eh i n d i c q t e  o ~ i d a t t o n  d u r i n g  c r a n e p o r t a t i o n  o r  s t o r a g e  by Core L a b o r a t o r y .  
Samples ; r l so  c o n t a i n e d  l a r g e  q u r n t i c i e a  of  s o l i d s .  

( ' ) ~ o w n h o l e  t e m p e r a t u r e  of  26.7.C u s e  measured d t  2462 f e e c  below t h e  s u r f a c e .  A t e m p e r a t u r e  
of  21.9.C was .earnured a t  $05 f e e c  helow t h e  s u r f a c e .  

.'-" = :in a n a l y s e s  performed.  
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