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ted staff at each analytical laboratory. The work at UNC Geotech at Grand Junction, 

Colorado, was under the direction of Ron Chessmore. David Dunlop was our major inter- 

face at the International Technology Analytical Services lab in Export, Pennsylvania. Jeffry 

Means, Battelle Memorial Institute in Columbus, Ohio, did some special lab work with the 

organic components in the brines. 

Bany King wrote Section 3.2, describing the bacteriological work. The bacteriological lab 

work was done by Larry Jones at the University of Texas at El Paso (UTEP), and both he 

and Dennis Powers contributed significantly. 

Joe Tyburski wrote Section 4.1 on the moisture content of the rocks exposed in the 

excavations and supported several other parts of this work as well. Craig Givens reduced 

the borehole induction logging data and wrote Section 4.2, with review and suggestions 
A 

from Bill Roggenthen. Rick Deshler operated the drillhole video camera and authored 

Section 4.3. 



The modeling effort, Section 5 and Appendix J, was complex and involved many individuals 
n 

under,the guidance of Dwight Deal and John Case. Stephen Niou is credited for taking a 

global approach to the problem of brine flow through deforming salt (Appendix J). Many 

had a hand in the final product that you find here, notably John Case, John Pietz, and 

Mike Wallace, with tedious quality control (QC) support by Saeid Saeb, Clayton Carney, 

Craig Givens, and Bernie Lauctus. Sections 5.4 through 5.10, coupling two finite-element 

codes to produce useable results, was a major effort for John Pietz and Mike Wallace, 

again with the suggestions and support of John Case, Bernie Lauctus, Craig Givens, and 

Bill Roggenthen. Particularly important support was provided by Roy Cook of 

Westinghouse Electric Corporation at the WIPP, who helped with the VlSCOT code and 

provided a critical reading that greatly improved this section. A final editorial and QC effort 

was made by John case and Saeid Saeb to get this section into the form that is included 

here. 

Shifting demands at the WIPP resulted in a complex editorial history. Bill Roggenthen 

initiated the effort of organizing the various contributions and styles into a single report and 

outlining summary comments. After he returned to academia, Mark Crawley took over the 

.editorial task, which was finished by Rich Abitz, Joe Tyburski, and Dwight Deal. 
P? 

The most important single individual has been Dave Belski, a senior Westinghouse Electric 

Corporation technician at WIPP. He lead the underground and surface support of the Brine 

Sampling and Evaluation Program (BSEP) at the WIPP site, and was assisted by Mel 

Balderrama, Steve Azzinaro, and Steve Ozmansky. Dave Beliski collected most of the 

samples, wrote the field notes, packaged samples for shipping, performed any on-site 

laboratory analyses, did the routine QC, and maintained the records and files. 

Finally, we want to thank our colleagues at Sandia National Laboratories for providing 

useful comments and sharing their perspectives on the brine phenomenon: Jim Now*, 

Jim Krumhansl, Sharon Findley, Rick Beauheim, and David Barnes. A very special thanks 

to Larry Brush and his crew: Anne Rutledge, Glenn Barker, and Grace Bujewski, who 

often provided thoughtful as well as physical assistance in collecting the underground brine 

samples for chemical analysis. 



EXECUTIVE SUMMARY 
/" 

The data presented in this report are the resutt of Brine Sampling and Evaluation Program 

(BSEP) activities at the Waste Isolation Pilot Prant (WIPP) during 1988. These activities, 

which are a continuation and update of studies that began in 1982 as part of the Site 

Validation Program, were formalized as the BSEP in 1985 to document and investigate the 

origins, hydraulic characteristics, extent, and composition of brine occurrences in the 

Permian Salado Formation, and seepage of that brine into the excavations at the WIPP. 

Previous BSEP reports (Deal and Case, 1987; Deal and others, 1987) described the results 

of ongoing activities that monitor brine inflow into boreholes in the facility, moisture content 

of the Salado Formation, brine geochemistry, and brine weeps and crusts. The information 

provided in this report updates past work and describes progress made during the calendar 

year 1988. 

During 1988, BSEP activities focused on four major areas to describe and quantify brine 

activity: (1) monitoring of brine inflow parameters, e.g., measuring brines recovered from 

holes drilled upward from the underground drifts (upholes), downward from the under- 

ground drifts (downholes), and near-horizontal holes; (2) characterizing the brine, e.g., the 
A geochemistry of the brine and the presence of bacteria and their possible interactions with 

experiments and operations; (3) characterizing formation properties associated with the 

occurrence of brine, e.g., determining the water content of various geologic units, examining 

these units in boreholes using a video camera system, and measuring their resistivity 

(conductivity); and (4) modeling to examine the interaction of salt deformation near the 

workings and brine seepage through the deforming salt. 

Monitorinq Brine Inflow Parameters. Relative amounts of brine seepage between upholes 

drilled into the back of the excavations, downholes drilled into the floors, and horizontal 

holes drilled laterally into the ribs are similar to earlier reports. Typically, upholes produce 

much smaller amounts of brine than the downholes and tend to cease production after 2 to 

3 years. Similarly, the few horizontal holes available for long-term monitoring show an 

initial brine production that rapidly decreases with time. No horizontal holes older than 

2.5 years are producing brine. 

Brine recovery from downholes substantially differs from holes drilled in other orientations. 

Downholes tend to produce brine over extended periods of time and sometimes show 

,- increased seepage rates with time. Holes that are very closely spaced may have seepage 

rates, volumes, and brine levels varying by two orders of magnitude or more. Some holes, 



such as the one in Waste Storage Panel 1 at S1950-E1320, receive water introduced to 

the underground from sources other than the Salado Formation. Much of the brine in this 

and other similar holes throughout the facility appears to be a mixture of Salado Formation 

brine and construction water spread upon the floors for the purpose of dust control or 

roadway consolidation. Brine samples contaminated with construction water can be 

identified by their geochemical signature. 

A series of horizontal holes were drilled westward from the western termination of the 

S2180, S1950, and S1600 drifts in support of the BSEP activities. These holes were 

drilled into the location of future storage panel access drifts. None of the holes drilled in 

this phase of the program left the outlines of these access drift locations. Three holes 

were drilled at each drift location: two 15-meter holes and one 46-meter hole. At each 

location, one 15-meter hole was located in Map Unit 4, approximately 0.6 meter above the 

orange band (Map Unit 1) and one 15-meter hole was located in Map Unit 0, approxi- 

mately 0.3 meter foot below the orange band. The 46-meter boreholes were begun at the 

top of the orange band. All of the holes were started with a downward slope of 1 or 2 

degrees. Consequently, brine entering the hole flowed to the back of the hole, away from 

the face and any disturbed zone near the face. Pressure-suction moisture-collecting 

devices have been installed in all nine of the holes. To date, brine has been recovered 

from five of the nine holes. 

Brine weeps, consisting of small salt encrustations on the ribs of many of the underground 

excavations, develop when brine seeps very slowly out of the ribs and evaporates at the 

surface due to the ventilation. These surficial salt encrustations have been sampled 

systematically at three locations: (1) the west end of Room G; (2) along W170, just south 

of S1650; and (3) along S1950 between W30 and W140. Salt encrustations have been 

collected and the material weighed, dried at 250°C, and weighed again. X-ray diffraction 

studies of the salt encrustations have shown that they are composed almost entirely of 

halite and sylvite. Apparently, not all of the brine evaporates into the facility air at ambient 

temperatures; the highly soluble components (mostly magnesium and potassium salts) 

remain in solution and escape with the remaining fluid, probably into fractures and other 

openings in the ribs and floor. Using the data on salt encrustations and brine chemistry for 

the mass of sodium, potassium, magnesium, chlorine, and sulfate, the maximum amount of 

brine responsible for the development of salt encrustations on an 7.4-square-meter sample 

site is approximately 5.9 liters. The sites have been revisited one year after the initial 

sampling, and only very small amounts of salt encrustations had reestablished themselves. PI" 



This is consistent with the observation that the encrustations cease to grow a few years 
.--=.. after initial excavation. 

Characterization of Brine- Geochemistw. Analysis of the geochemistry of the brine has 

proven to be an extremely useful tool in understanding the modes of brine occurrence in 

the rock and the means by which brine enters the excavations. Anomalous compositions 

of brines recovered from upholes can be accounted for by evaporation due to the slow 

accumulation of the brine. Analyses of brines coming from many of the downholes indicate 

that most are not indigenous to the Salado Formation, but rather have been introduced 

during the course of mining operations for purposes of dust control and roadbed consolida- 

tion. Mixing models for these brines have indicated that, in the Panel 1 area, after water 

was spread to consolidate the floors, as much as 40 percent of the brine recovered from a 

downhole penetrating Marker Bed 139 may have originated from construction water. 

Brines recovered from upholes have been modified by evaporation during the sample 

collection process. Variation in the composition of brines recovered from downholes 

suggests spatial heterogeneity exists, which implies mixing and fluid homogenization is 

limited within the Salado Formation at the Wl PP repository horizon. Additionally, the - chemistry of downhole brines cannot be linked to larger-scale vertical migration of waters 

from the overlying Rustler Formation or underlying Castile Formation, because each of 

these formational waters are chemically distinct from WlPP brines. 

Major-element compositions of indigenous WlPP brine suggest an origin from evaporating 

seawater, modified by diagenetic reactions involving gypsum, magnesite, and polyhalite and 

ion-exchange reactions with clay minerals. The major-element compositions of brines 

recovered from downholes are distinct from fluid inclusions in WlPP halite. This 0bse~a-  

tion indicates that the brine recovered in drillholes is largely intergranular fluid, but not 

intragranular fluid which has been released by migration of fluid inclusions to grain 

boundaries during stress relief. 

Based upon statistical analyses, a composite chemistry for the Salado Formation brines in 

the vicinity of the repository horizon was constructed. Calculation of a composition brine 

may not be totally appropriate because separate, stratigraphy-dependent brine compositions 

may exist. If distinct, then they probably have stratigraphy-dependent sources and the 

derivation of the brine from a general hydrologic system would be difficult. 



Rock-brine equilibria were evaluated using brine analyses and the speciation-solubility code 

EQ3NR. The modeling results indicated all WlPP brines were saturated with anhydrite, 

barite, fluorite, glauberite, gypsum, and halite and several brines were calculated to be 

saturated with celestite, dolomite, magnesite, and polyhalite. Model results agreed with the 

observed mineralogy at the WlPP repository, and supported the contention that WlPP 

brines are intergranular fluids which have equilibrated with evaporite salts. 

Finally, the analytical results and solubility calculations argue for derivation of WlPP brines 

from near-field, intergranular fluids. Although the data do not unequivocally rule out large- 

scale brine migration, the time scale required for migration of the fluid through the halite of 

the Salado Formation would have to be greater than that required for diagenetic reactions 

to produce magnesite, polyhalite, and quartz. Excluding human intrusion scenarios, time 

constraints on fluid migration through halite after the repository is sealed and repressurized 

suggest that soluble radionuclides will be constrained to the near-field environment of the 

waste for time periods sufficient to meet regulatory guidelines. 

Bacteriolo~lical Studies. Bacteriological studies were conducted with cultures prepared from 

brines present in the facility, from muck present on the floor of the facility, and from Salado 

Formation cores. No bacterial growth were observed in cultures from the Salado Formation n 

cores, but a total of 48 different bacterial forms were found and presumed to be introduced 

during the mining activities. Many of the forms cultured were similar to existing forms in 

the surrounding surficial salt ponds near the WIPP. No bacterial forms were found that 

constitute a health hazard to the workers in the facility. 

Characterization of the Moisture Contents of the Salado Formation. Determination of the 

moisture content of the map units exposed in the workings continued. Samples from a 

total of 11 different stratigraphic horizons were measured. Moisture content, defined as the 

weight percent of water that can be removed from a sample by heating to 95C, was 

determined for samples taken throughout the facility at various times since excavation. 

This should be a reasonable measure of the amount of moisture present in the salt that is 

available to move into the excavations under local pressure gradients, but only part of that 

moisture will do so. No clearly discernible temporal or lateral trends in moisture content 

were found, although moisture content varied with stratigraphy and was correlated with clay 

content. Moisture content varied from 0.01 bercent by weight for clear halite to 6.67 

percent by weight for one isolated sample selected for high clay content. After analyzing 

545 samples, the conclusion was that an average near-field moisture of 0.5 to 0.75 percent /9 

by weight was a reasonable representative value for the amount of moisture present in the 



repository host rock. The average moisture content for map units exposed at the 
n repository level (Units 0 through 4), taking into account the stratigraphic thickness of each 

unit, was approximately 0.60 percent by weight. 

Direct Examination of Drillholes Usinq a Video Camera. Completion of the examination of 

boreholes using a video camera was delayed at the time of the BSEP Phase II report 

because of equipment failures. This examination was completed during 1988. Although 

the examination attempted to delineate wet zones and zones of potential inflow in 

boreholes, it was generally unsuccessful in locating these features. Because of the high 

reflectance of the salt crystals, zones of wetness could not be identified with the available 

equipment. However, areas of squeezing of the thin clay seams were evident and 

appeared to be prevalent in the upholes. 

Geophvsical Investi~ations. A program of geophysical logging of upholes and downholes in 

the northern, experimental end of the facility has been undertaken to characterize the 

moisture content of the stratigraphic units in areas far from the working face, floor, or back. 

The induction logging tool that is used has a maximum response approximately 0.5 meters 

away from the borehole. The tool reacts much more strongly to brine that is intergranular 
P and occupying interconnected spaces than to intracrystalline fluid inclusions that are 

isolated within the salt crystals. For clear halite units, moisture content calculated from the 

logging agrees well with measured moisture content of samples taken at the face. 

Borehole induction logging has proven to be a reasonably efficient and accurate method of 

measuring conductivity of the rock units and, thereby, their moisture content. The moisture 

content measured by laboratory analysis and that calculated from the geophysical logging 

show an absolute difference of 0.05 percent when the averages of all units are considered, 

which is a good correlation given the spatial differences in the sampling sets. When 

measured by the induction logging tool, anhydrites and anhydritic units appear to be 

substantially wetter, and argillaceous halite units appear to be drier than the samples of the 

same units taken at the face. 

Modelina Rationale and Performance of Modelinq. Much of the inflow behavior of brine in 

the form of weeps, and the small production of brine from upholes and downholes, 

suggests that sources near the openings may produce most of the brine. Many experi- 

ments and modeling efforts are underway to determine the importance of far field or normal 

,- hydrologic processes in delivering brine to the underground and to investigate the nearby 

rock as a source of brine. Studies of the moisture content of the Salado Formation as a 



function of stratigraphy show that the map units accessible from the drifts contain ap- 

proximately 0.60 weight percent moisture. This moisture does not include fluid inclusions, 

but is present as intergranular fluid in interstitial pores between the salt crystals, in the 

underconsolidated clays in clay seams, and in the argillaceous halite units such as Map 

Units 0, 2, and 4. 

Excavation-induced deviatoric stress results in salt, brine, and gas flow into the mined 

openings. Salt deformation alters the porosity and permeability of the stratigraphic horizons 

with respect to both the brine and dissolved gases present in the interstitial pore spaces. 

The presence of brine and gases in the salt, in turn, affects salt deformation. Consequent- 

ly, an extensive examination of these processes and the mathematical model describing 

them has been undirtaken to develop a basis for evaluating their importance to brine 

seepage into the underground. 

The first step was to formulate the complex problem of brine and nitrogen flow through 

deforming salt as completely as possible. The derived equations involved rock mechanics 

and fluid flow, and were coupled, where appropriate, in order to closely describe the natural 

phenomena. 
n 

In an effort to produce a practical solution to the preceding formulation, a rock deformation 

computer code, VISCOT, was combined with a flow-modeling code, SUTRA, to examine the 

coupled effects of rock deformation with the modified flow properties of the salt. A number 

of important simplifying assumptions were made in the application of the model, including: 

(1) the effects of exsolution of gases were not considered, (2) all flow was considered to 

be saturated, (3) the permeability versus porosity relationship could be estimated based 

upon available experimental information, and (4) the salt was taken to be homogeneous. 

The hybrid computer code was applied to a 1.8-meter shaft analogous to the Salt Handling 

Shaft in the facility horizon. This hybrid model took a standard hydrologic flow model and 

assumed that the rock in the far field behaved as an elastic, porous solid with a 

1 .O-nanodarcy effective permeability and added a near-field enhancement to flow resulting 

from salt creep into the excavation. The subsequent modeling runs showed that, even with 

a contribution to flow from the far field, the rock in the near field increased in porosity 

faster than brine would fill those spaces and thus the rock became unsaturated close to 

the excavation. At this point, the assumption of saturated flow conditions became invalid 

and the modeling runs were terminated. n 



,, It is desirable to be able to distinguish between the consequences of assuming that the 

ultimate source of the brine seepage is in the far field, in which flow occurs at very slow 

rates, from the consequences of assuming that the effective far-field permeability is too low 

to permit flow through the undisturbed salt, requiring that any seepage come from dewater- 

ing of the enhanced permeability Disturbed Rock Zone (DRZ) developing around the 

excavation. The rock mechanics portion of the hybrid code show that, in the case of a 

1 .a-meter-radius shaft at a depth of 655 meters, the rate of increase in the size of the DRZ 

is very, very slow after 1,000 days, when it reaches a distance of approximately 12 meters 

from the surface of the opening. 

To compare the amount of brine seepage predicted from the near-field model with that 

predicted by the far-field model, the porosity and permeability distribution that has occurred 

within 12 meters of the excavation after 1,000 days is used. It is assumed that this 

distribution does not change with time, the pores remain saturated, and the physical 

properties of both the salt and the brine remain constant. In the near-field model, the 

permeability for radial distances greater than 12 meters is set to zero. In the far-field 

model, the permeability for radial distances greater than 12 meters is set at 1.0 nanodarcy. 

The results predicted that a near-excavation source of brine inflow differs little in cumulative 
P 

inflow or rates from a far-field model for the first 30 years following excavation. After 

30 years, the curves diverge markedly. In the near-field model, the inflow decreases as the 

zone of disturbance, which is dewatering, ceases to develop further, whereas the far field 

continues to supply brine to the excavation. The volume of disturbed rock surrounding the 

excavation is a function of the square of the shaft radius. Therefore, repeating the 

exercise for a much smaller radius shaft (or drillhole) should minimize the contribution of 

brine from the DRZ in the case of the near-field model. It is expected that the predicted 

brine inflow for the two models should diverge sooner for holes or excavations smaller than 

the 1 .a-meter-radius shaft considered during the present studies. 



1.0 INTRODUCTION 
h 

The Waste Isolation Pilot Plant (WIPP) is a Department of Energy (DOE) research and 

development facility established to demonstrate the safe disposal of radioactive wastes 

derived from the defense activities of the United States. The WIPP Project's mission 

consists of two parts. The first part is demonstrating the safe handling and disposal of 

transuranic (TRU) waste in bedded salt. The second part is creating a research facility for 

in situ examination of the technical issues related to the emplacement of defense-related 

radioactive waste in bedded salt. 

The WIPP facility is located approximately 42 kilometers east of Carlsbad, New Mexico, in 

an area known as Los MedaAos (Figure 1-1). The underground portion of the facility 

(Figure 1-2) is located at a depth of approximately 655 meters in an evaporite sequence 

over 1,000 meters thick (Figure 1-3). An extensive program of site characterization and 

validation has been conducted over the past twelve years (1976 to 1988). The results of 

these studies are summarized in the WIPP "Geological Site Characterization Report" 

(Powers and others, 1978) and the WIPP "Preliminary Design Validation Reportn (Bechtel 

National, Inc., 1983). Additional site investigations are being conducted as part of an - ongoing program to further refine the understanding of the site-specific geology. The 

hydrogeological activities of the Brine Sampling and Evaluation Program (BSEP), as 

outlined in the Brine Testing Program Plan (BTP) (Morse and Hassinger, 1985), are part of 

these investigations. Phase 1 BSEP activities were reported by Deal and Case (1987) and 

Phase II activities were reported in Deal and others (1987). 

The purpose of the BSEP is investigating the origin, hydraulic characteristics, extent, and 

composition of brine occurrences in Salado Formation excavations at the WIPP repository 

horizon. Although the workings are considered dty, brine is observed to weep from 

exposed surfaces in the repository horizon and seep into drillholes in the underground 

excavations. 

The data presented in this report are a continuation and update of studies that began in 

1982 as part of the Site Validation Program (Black and others, 1983; TSC-D'Appolonia, 

Part 11, 1983; Alcorn, 1983), were formalized by Morse and Hassinger (1 985), and have 

been previously reported in the Brine Sampling and Evaluation Phase I Report (Deal and 

Case, 1987) and the Brine Sampling Evaluation Phase II Report (Deal and others, 1987). 

,- Users should consult those two reports for background information, detailed descriptions of 
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the data gathering and analytical procedures, and the cautions that should be exercised 
Pq when using the data presented herein. 

This report is limited to activities performed or initiated during the 1988 calendar year. 

These activities, which dealt primarily with the immediate environment of the underground 

excavations, were designed to provide information on the amount of brine that flows into 

the underground, the properties of the brine, the properties of the formation in which the 

brine resides, and modeling of the potential for brine inflow from the formation immediately 

surrounding the excavations. 

Information on brine inflow comes from several sources. Most information was derived 

from measurements either of brine removed from holes drilled downward from the facility 

horizon or of brine seeping from holes drilled upward from the facility horizon. Some data 

were also collected from the brine weeps that form on exposed surfaces shortly after 

excavation. These inflow data are listed in Section 2.0 of this report. 

Section 3.0 presents data regarding the properties of the brine. The geochemistry of the 

brine recovered from underground provides insight into its origin and subsequent 
CI modification. Newly improved analytical procedures increased the confidence in the 

geochemical analyses and allowed substantial progress to be made in modeling the data 

and understanding key elements of the chemical system of which the brine is a major part. 

As part of the characterization of the brine, a study was conducted to investigate brine and 

surface area microbiology in the underground excavations. Salt-tolerant bacteria were 

found in all brines, muck, and boreholes sampled within the workings. No human 

pathogens were found during this study. 

Studies describing the properties of the formation containing the brines are presented in 

Section 4.0. The investigations included a characterization of the moisture content of the 

formation, measured by heating the samples taken from the surfaces of the drifts after they 

had been categorized by age of excavation, stratigraphic position, and geographic location. 

The electrical properties of the repository stratigraphy were determined in more than 20 

boreholes from the repository horizon and correlated with the free brine content of the 

rocks using a borehole induction logging tool. 'The borehole video camera survey was also 

completed, and the final results are summarized in this chapter. 

~4 Modeling studies, which relate the deformation experienced by the rock immediately 

surrounding the underground workings to the potential for brine inflow, are presented in 



Section 5.0. The general relationships between the effects of rock deformation, brine 
/Dq 

degassing, and depressurization of the rocks due to mining are developed in a rigorous 

fashion in Appendix J. Sections 5.4 through 5.10 present an actual application of this 

relationship to defoimation around, and'brine inflow to, a circular opening in the repository. 

This exercise is accomplished by using simplifying assumptions to allow the coupling of salt 

deformation and fluid flow computer codes to predict fluid behavior of a hydrologic system. 

strongly affected by near-field deforrnational effects. 

Quantification of the rate of brine inflow and evaluation of the total volume of brine that can 

inflow to the repository are important tasks from the standpoint of long-term repository 

performance. While the repository is open, much of the brine that enters the repository is 

removed by evaporation. After closure, however, this mechanism of removal will not be 

available. Evaluation of the effects of resaturation and repressurization of the facility 

following closure will require as much information as possible regarding these inflow rates 

and their cumulative results. Many long-term predictions are based upon the type of 

mechanism by which the brine is generated and moved. These preliminary modeling 

exercises compare the effects of differing brine inflow mechanisms. 



2.0 MONITORING OF BRINE INFLOW PARAMETERS 
F--. 

2.1 INFLOW DATA 

2.1.1 Introduction 

Brine seepage into some underground locations at WlPP has been measured since 

January 1985. The data presented in this report cover the time period between August 

1987 and December 1988 and are primarily an extension of the data presented in the 

BSEP Phase I Report (Deal and Case, 1987) and Phase II Report (Deal and others, 1987). 

Brine accumulation data are presented in Appendix A. Smoothed curves (1 1-point moving 

averages) of these data are presented in Appendix B. 

The brine accumulations in holes drilled from the WlPP underground workings and the 

stratigraphy of the Salado Formation have been extensively discussed in previous reports 

(Deal and Case, 1987; Deal and others, 1987; Deal, 1988; Deal and Roggenthen, 1989). 

The locations of the BSEP observation holes referred to in this report are shown in 

Figure 2-1, which also shows the extent of the excavations that existed at the end of 

December 1988. A list of the underground locations where brine observations have been 

made as part of the BSEP is presented in Appendix A. The holes can be grouped as - near-vertical downholes, near-vertical upholes, and nearly horizontal holes. The stratigraphy 

of the rocks close to the excavations is shown in Figure 2-2. The detailed stratigraphy 

from drilling logs for many of the drillholes is presented in Appendix H of this report, as 

part of the discussion on the results of observations made with a borehole camera. 

2.1.2 Downholes 

Table 2-1 summarizes the most important data obtained to date from the downholes. 

Additional information is contained in Appendix A. Figure 2-3 shows the relationship 

between the downholes and the stratigraphy. 

Deal and Case (1987 - Table 3-1) discussed brine inflow into 13 downholes with 

observations beginning in late 1984 or early 1985 and extending through August 1986. 

After 1.5 years of observation, ten of those holes showed fairly steady inflow trends, two 

were decreasing, and one was increasing. As of July 1987 (Deal and others, 1987) after 

approximately 2.5 years of observation, five remained steady, five that had been steady 

were decreasing, the two that had been decreasing were still decreasing, and the one that 

had been increasing was decreasing. As of the end of December 1988 (Table 2-I), after - approximately 4 years of observation, three 15-meter holes (two in the heated experimental 
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TABLE 2-1 

BRINE ACCUMULATION SUMMARY FOR DOWNHOLES 

HOLE 
ROOM OR DATE ROOM 
LOCATION EXCAVATED 

APPROX. 
MAXIMUM 

DATE HOLE DATE FIRST INFLOW 
DRILLED OBSERVED (IIDAY) 

APPROX. 
INFLOW 

1 2/88 
(LIDAY) 

L1 S34 
L1 S35 
L1 S36 
L1 xoo 
NG252 

INFLOW 
TREND 
1 2/88 

(I,S,D)' 

S 
D 
S 
D 
D 
S 
S 
S 
I 
D 
D 
S 
S 
S 
I 
D 
I 
S 
I 

DRY 
DRY 
DRY 

S 
D 

APPROX. 
TOTAL VOL. 

REMOVED BY 
1 2/88(1) 

38 
37 
3 2 
66 
272 
73 
7 

38 
1 42 
332 
13 
2 
4 
2 

151 
83 
28 
101 
50 
0 

0.1 
5 
53 

377 

Data summarized and rounded from Appendices A and B. 
' I = Increasing 

S = Steady 
D = Decreasing 



room area, A1 XO1 and A3X01, and one in Room G, DH42), remained steady, each m 

producing approximately 0.02 to 0.03 liter of brine per day. Two of the 15-meter holes that 

had remained steady through August 1987 (A2X01 in the heated experimental area and 

DH36 in Room G) were declining in the fall of 1988. Of the five 15-meter holes that had 

gone from steady to decreasing by August 1987, one was still decreasing (BXO1 in the 

heated experimental area), two were leveled out and fairly steady (DH38 and DH40 in 

Room G), one (DH42A at the far western end of Room G) had turned around in August 

1988 and was increasing, and one (IG202 in SPDV Room 2) had been closed by salt 

creep and could no longer be sampled. Of the two holes that had been decreasing 

steadily since before August 1986, both located in SPDV Room 2, one (NG252) continued 

to decrease and the other (IG201) was closed by salt creep and could no longer be 

sampled. The remaining hole, (L1X00 in Room L1) which had shown increasing inflow in 

August 1986 and decreased in July 1987, was fairly steady by December 1988. 

2.1.2.1 Downholes in the Heated Experimental Area 

The four downholes in the heated experimental area (A1 XO1, A2X01, A3X01, and BXO1; 

Figure 2-1) penetrate a slightly different stratigraphy than do other 15-meter downholes 

(Figure' 2-3), intersecting Marker Bed 1 39 approximately 7 meters beneath the floor. As 
Ph 

described above, they are remarkably similar and steady, producing brine at approximately 

0.02 to 0.03 liter per day. 

2.1.2.2 Downholes in Room G 

The four evenly-spaced 15-meter downholes in Room G (from east to west, DH36, DH38, 

DH40, and DH42; Figure 2-1) intersect Marker Bed 139 approximately 2 meters beneath 

the floor of the drift (Figure 2-3). The graphs of the seepage into them (Appendix 6) show 

very similar patterns, but there is a difference of two orders of magnitude in the rate at 

which brine seeps into them (0.1, 0.04, 0.002, and 0.02 liter per day, respectively). The 

westemmost drillhole in the workings, DH42A, is only 2 meters west of DH42 (Deal and 

Case, 1987), only 12 meters deep, and continues a seepage inflow pattern (Appendix 6) 

that is quite different from that of others discussed above. It showed a clear, increasing. 

inflow trend in August 1988 and continues to produce brine four times faster than its 

deeper neighbor, DH42. 

2.1.2.3 BTP Downholes at S1650M1170 

The BTP downholes, drilled as part of the BSEP, just south of the intersection of the 
n 

S1650 and W170 drifts, have been discussed in Deal and others (1987 - pp. 14-17), and 

inflow data are included in Appendix A of this report. Water has been spread in this area 



for dust control and chemical analysis of the brine removed from these holes shows that 

/9 they contain components not characteristic of the Salado Formation (Section 3.1.1.3). 

Additionally, calculated seepage rates show sudden increases after water has been spread 

in the area. 'The data provided by these drillholes reflect construction activity more than a 

natural brine seepage phenomena. Therefore, these holes are no longer being surveyed 

as part of the BSEP; the data from them are not included in Table 2.1. 

2.1.2.4 Downhole DHP402A at the East End of S1950 Drift 

This downhole in the southeast comer of Waste Storage Panel 1, drilled in December 

1986, had drilling brine spilled into it in July 1987, had been buried beneath a pile of muck 

from October 1987 through July 1988, and had collected a considerable amount of brine 

that was spread in August 1988 as part of a construction effort to reconstitute loose muck 

on the floor. The inflow rates calculated for this hole during the time period covered by 

this report strongly reflect these activities (Appendix A). Valuable chemical data have been 

obtained from the brine in this hole, demonstrating that the chemical "fingerprints" of the 

various waters encountered and utilized in the WlPP excavations can be identified. This 

knowledge can be used to approximate the amount of dilution that occurs to the naturally- 

occumng brines (Section 3.1.1.3 and Table 3-2). DHP402A continues to be included in the 

,P. routine observations made as part of the BSEP. 

2.1.2.5 lnclinometer Downholes in the SPDV Rooms 

lnclinometer holes IG201 and IG202 were discussed at length in Deal and Case (1987 - 
Appendix D, Sections 3.1 and 3.2). Salt creep caused shear closure of the holes and they 

are no longer accessible. They were deleted from the BSEP. 

2.1.2.6 Downholes in Room L1 

Downholes LIX00 and L1 S25 through L1 S36 were discussed at length in Deal and others 

(1 987 - Section 2.3.1.3). The L1 S holes are a line of 12 downholes, spaced about 

0.6 meters apart in two groups of six (Figure 24). L1X00, observed since November 

1984 as part of the BSEP, is located in the northeast corner of Room L1, approximately 

4.4 meters north of the line of L1S holes. The data demonstrate the striking variation in 

seepage rates that can occur in closely spaced drillholes. 

Similar variations in seepage measurements in closely spaced drillholes have been noted in 

other places in the WlPP excavations, most notably in the Materials Interface Interaction 

Test (MIIT) drillholes in Room J (Morse and Hassinger, 1985; and Deal and Case, 1987 - 
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Appendix D, Section 3.5), and holes DH42 and DH42A in Room G (Section 2.1.2.2). 

,P These observations lead Deal and Case (1987) to remark that "the great variation in inflow 

characteristics between locations only a short distance (a few meters, or in some instances, 

less than a meter) apart,make the discussion of 'averages' or 'typical occurrences' difficutt 

or misleading." 

Room L1 was excavated in April 1984. Downhole L1X00 was drilled in the northeast 

comer of the mom (Figure 2-4a) in May 1984 and was one of the first holes observed as 

part of the BSEP (Deal and Case, 1987 - Appendix D, Section 3.6). The L1S array of 36 

drillholes, each 10 centimeters in diameter and 3.6 meters deep, was dhlled through 

Marker Bed 139 as part of the sealing and plugging experimental program at the WIPP. 

These downholes were drilled in three lines of 12 holes each, south of L1X00. The 

northern two lines were filled with grout as part of the experimental program, but the 

southern line, holes L1S25 through L1S36, was left open (figure 2-4a). These 12 holes, 

drilled in June 1985, have been observed as part of the BSEP since that time. 

Initial seepage rates observed in 1985, as illustrated by the data for December 1985 

(Figure 2 4 )  showed striking variations in seepage rates fmm hole to hole. Higher 

,-. seepage rates tended to occur in the holes on the outside of the array, as might be 

expected for pressure-driven brine flow moving from regions of high confining stress under 

the adjacent ribs (creating pressures perhaps as high as 2000 psi) toward atmospheric 

pressures found in the drillholes, and the lower confining stress beneath the center of the 

excavated rooms. 

By May 1986, seepage into the holes was more evenly distributed, but in the late summer 

and fall of 1986, a dramatic increase in seepage into holes near the center of the room 

began (Appendix A and 8). This trend is evident in the data for November 1986 

(Figure 2-4c), although it was initially interpreted simply as a decrease of seepage into the 

holes near the edges of the room (L1S25 and L1S36) in response to a lowering pressure 

gradient in the surrounding deforming salt. It is interesting to note that through that time 

period the two holes closest to the center of the room (L1S30 and L1S31) had exceedingly 

low seepage rates, perhaps because most of the brine moving toward the center of the 

room was intercepted by other drillholes. L1S31 was never observed to contain any brine 

until after March 1987. 



The data for the LIS holes not only show variations from hole to hole, but also show a 
rn 

change in pattern with time. We feel the variations from hole to hole at any given point in 

time to be controlled by slight local variations in stratigraphy and fracturing and that the 

change of pattem with time is caused by the development of excavation-induced fracturing 

beneath the drifts. The development of this fracturing and the effect it may have on 

brine seepage into any given drillhole have been discussed by Deal and Case (1987 - 
Appendix D, Section 3.2.2; and Section 2.1.2.7 of this report). 

2.1.2.7 Downhole NG252 in SPDV Room 2 

Downhole NG252, a small-diameter (38-millimeter) drillhole in the floor of SPDV Room 2, 

was discussed at length by Deal and Case (1987 - Appendix D, Section 3.2.2). This hole 

behaved anomalously and produced relatively large amounts of brine from an excavation- 

induced fracture associated with Marker Bed 139. When initially measured in the spring of 

1985, the seepage rate into this small hole was approximately 0.5 liter per day. Calculated 

seepage rates (Appendices A and 0)  showed a decline over 4 years, to a rate of about 

0.1 liter per day at the end of 1988. 

2.1.3 Upholes 

Brine seepage into upholes has been discussed in Deal and Case (1987) and Deal and - 
others (1987 - Section 2.3.2). The upholes characteristically produce less brine than the 

downholes and do so for shorter periods of time. Part of this can be attributed to the fact 

that it has been difficult to seal the upholes to prevent evaporation (Deal and Case, 1987) 

and loss of moisture by dispersion from the hole collar. Not only is loss of moisture by 

evaporation evident from the salt crust buildup in and around most of the upholes, but the 

chemical data (Section 3.1.3) also show compositional differences between the brines from 

upholes and downholes that can be explained by evaporation of some of the uphole brine. 

The stratigraphy exposed in the upholes (Figure 2-5) is slightly different from that exposed 

in the downholes. Summary data for selected upholes are presented in Table 2-2. Only 

two of the 17 upholes listed continue to produce any brine at all. Additional data are 

presented in Appendix A. 

2.1.3.1 Upholes in the Heated Experimental Area 

Four upholes, located in the heated test rooms (Rooms Al,  A2, A3, and B), are, from east 

to west, A3X02, A2X02, A1X02, and BX02 (Figure 2-1). 'These holes cut a slightly 

different stratigraphy than do the upholes drilled from the facility level (Figures 2-5, H-3, 

H-5, H-7, and H-9), which includes anhydrite Marker Bed 138, six clay partings, and the n 



FIGURE 2-5 CORRELATION OF THE STRATIGRAPHY WITH UPHOLES 
IN THE NORTHERN PART OF THE FACILITY 



TABLE 2-2 

BRINE ACCUMULATION SUMMARY FOR UPHOLES 

HOLE 
ROOM OR 
LOCATION 

DATE ROOM DATE HOLE 
EXCAVATED DRILLED 

DATE FIRST 
OBSERVED 

Data summarlzed and rounded from Appendices A and B. 
' I = Increasing 

S = Steady 
D = Decreasing 

APPROX. 
MAXIMUM 
INFLOW 
(Z /DAY) 

0.09 
0.04 
0.02 
0 
0 
0 
0 .  
0.03 
0 
0.02 
0.009 
0.02 
0.01 
Trace 
Trace 
0.09 
0.008 

APPROX. 
INFLOW 
1 2/88 

(LIDAY) 

0.03 
0 
0 
0 
0 
0 
0 
0.003 
0 
0 
0 
0 
0 
0 
0 
0 ,  
0 

INFLOW 
TREND 
1 2/88 

(I,S,D)* 

D 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 

D 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 

APPROX. 
TOTAL VOL. 

REMOVED BY 
12/88(1) 

40 
5 
4 
0 
0 
0 
0 
5 
0 
2 
4 
4 
1 
0 
0 
18 
2 



p. 
anhydrite just above clay I. Three of the holes are 15-meters deep, but the one uphole 

with anomalous seepage behavior (A1X02) is 18-meters long and intersects an additional 

anhydrite interbed that is not intersected by any of the other observed upholes. All four of 

these upholes have been -observed as part of the BSEP since they were drilled in early 

1985. The heated experiments were energized in Room B on April 23, 1985 and in the A 

rooms on October 2, 1985. All four holes (Appendices A and B) showed a typical seepage 

rate peak a few weeks after drilling then began to decline. Seepage into BX02 and A3X02 

decreased to zero fairly quickly, with the holes becoming essentially dry by October 1985, 

and February 1986, respectively. 

Upholes A1X02 and A2X02 both exhibited an increased seepage rate in the summer of 

1986, beginning in June, peaking in August, and declining back to May rates by October. 

The fact that the peak occurred in the summer is likely to be a coincidence. It is probable 

that the increased inflow is related to the time since excavation (- 2 years) or the time 

since heating of the rooms began (- 1 year). We suggest the phenomenon is most likely 

associated with excavation-induced parting along anhydrite Marker Bed 138 and underlying 

clay K, that may additionally be driven by thermal effects resulting from heating of the 

rooms. Seepage into A2X02 continued to drop off and the hole became dry by September 
F=- 

1987. 

Seepage into A1 X02 became difficult to measure in the fall of 1986 due to a blockage 

developing in the collecting device, which was completely plugged by December 1986. 

Repeated attempts to open the tubing were unsuccessful and the entire collecting system 

was replaced at the end of June 1987. The new system functioned properly and seepage 

rates increased during the winter of 1987 through 1988, reaching a maximum in March 

1988. Seepage rates began to decline and were still doing so at the end of December 

1988. 

2.1.3.2 Upholes in Room G 

Four 15-meter long upholes in Room G have been observed since they were drilled in 

January 1985. Very little moisture seeped into any of these holes, although moist areas 

and salt crusts occurred around each of them. A small amount of moisture accumulated in 

the collecting device attached to DH39 in March 1985, but otherwise the collecting 

container did not contain measurable amounts of brine. Detectable amounts of moisture 

stopped accumulating in DH41 in February 1986, in DH37 in July 1986, and in DH35 in 
PI 

September 1986. 



2.1 -3.3 BTP Upholes at S1620NV170 n 
Six upholes were drilled in this location in July 1986 to evaluate relative variations in brine 

seepage from different horizons above the repository-level excavations. The shallow holes 

(BTPA4 and BTPA~) are open for the first 1.4 to 1.6 meters above the back and penetrate 

the halite units below anhydrite 0, but not anhydrite "b" and clay G. Two holes of 

intermediate lengths (BTPB4 and BTPB5) are cased and grouted to approximately 2 meters 

and are open from there to approximately 3 meters, through the zone that contains 

anhydrite "b" and clay G. The deepest holes (BTPC4 and B'TPC5) are cased and grouted 

through the anhydrite and clay zone and are open from approximately 4.2 to 5.5 meters in 

the clear halite between anhydrites A and B. All the holes were sealed at the collar; thus 

it is unlikely that evaporation into the repository atmosphere was significant in reducing 

apparent brine volumes accumulated by the collecting system. 

All of the holes, except for one of the longest (BTPC4), were dry. BTPC4 started to 

produce some brine in August 1986, on the order of 0.02 liter per day, and declined to 

approximately 0.003 liter per day by October 1988 (Appendices A and B). In December 

1986, the W170 drift was extended southward causing stress redistributions to occur 

around the intersection. A slight increase in brine seepage occurred, similar to the more 
n 

obvious response that occurred in DH215 (Section 2.1 -3.4). The BTP holes are no longer 

being observed as part of the BSEP. 

2.1.3.4 Uphole DH215 at S1950lE153 

This part of the El40 drift was rr~ined in January 1983. Uphole DH215 was drilled at 

S1950 shortly after excavation. In the spring of 1984, brine was noticed dripping from the 

hole and the hole was fitted with a brine collection device in April 1984. In November 

1985, the floor of the E l  40 drift was lowered and the S1950 cross drift was cut. Shortly 

thereafter, brine seepage into this uphole increased threefold. Deal and Case (1987) 

described the excavation and seepage history at this location and stated that the change in 

seepage rates "almost certainly reflect changes in the stress distribution in the disturbed 

zone in the immediate vicinity of the repository excavations." 

Seepage into this hole has continued to be monitored (Appendices A and 6). Inflow 

reached a maximum in January 1986 and then began to decline. By October and 

November of 1986, the seepage into the hole had almost completely ceased, but then 

began to pick up again in February and March 1987. Seepage rates then decreased over 

the summer of 1987. The last brine was collected at this location in September 1987. It i-Y 

remained dry throughout 1988. 
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2.1.3.5 Uphole DHP at the Southeast Comer of Panel 1 

Uphole DHP401 is a 15-meter-long observation hole drilled in the southeast corner of 

Waste Storage Panel 1 at S1950lE1330. It was completed in January 1987. A small 

amount of brine seeped into the hole during 1987 (Appendix A), accumulating a total of 

2.36 liters by March 1988. Due to construction activities, the collecting device was 

removed from the hole and not reinstalled until October 1988. No brine had accumulated 

by the end of 1988. 

2.1.4 Horizontal Holes 

An array of horizontal holes was drilled into the north rib of the S1950 drift at about E100. 

The holes were drilled as part of the BSEP to investigate any easily observed variability in 

seepage from different stratigraphic horizons exposed in the facility-level excavations. 

Figure 2-6 is a sketch showing the locations of the holes and their stratigraphic positions. 

The detailed stratigraphy of the facility level is shown in Figure 2-2. The holes, numbered 

BTR1 through BTR12, are inclined slightly downward so that the end of the hole is lower 

than the collar. 

/'. 
This segment of the drift was excavated on January 31, 1986. The holes were drilled on 

February 27, 1986, approximately 1 month after the dn'ft surface was cut. Suction soil 

moisture collecting devices were placed in the holes the following day and the openings 

were sealed to prevent evaporation and the loss of brine. 

The brine seepage data for these holes are included in Appendix A and summarized in 

Table 2-3. The shallow (- 0.3 meters deep) holes have never produced brine. The 

deeper holes (- 0.9 meters deep) show distinct differences related to the stratigraphy and 

time since excavation. 

The holes (BTR11 and BTR12) in the lower unit of clear halite near the floor were the 

driest and did not produce measurable quantities of brine. The holes (BTR8 and BTR9) 

penetrating the orange band and the clay seam above it were the most moist, followed by 

holes (BTR2 and BTR3) drilled in a unit containing some clay and intersecting a small clay 

seam. The holes (BTR5 and BTR6) in slightly clayey halite produced only small amounts 

of brine. These observations corroborate those in other sections of this report that note a 

correlation of moisture content and brine inflow with the amount of clay present in the salt. 
A 
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TABLE 2-3 

BRINE ACCUMULATION SUMMARY FOR 
HORIZONTAL HOLES AT S19501E100 

DRIFT EXCAVATED: 1/86 
HOLES DRILLED: 2/86 

HOLES FIRST OBSERVED: 3/86 

APPROX. TOTAL 
DEPTH OF APPROX. APPROX. INFLOW INFLOW TREND VOL. REMOVED 

HOLE MAXIMUM INFLOW 1 2/88 1 2/88 BY 12/88 
HOLE (m) ( 1  IDAY) (IIDAY) (I,s,D)* DRY SINCE ( 1  ) 

DRY 02/86 
DRY 1 0188 
DRY 1 0188 

DRY 02/86 
DRY 1 0187 
DRY 11/86 

DRY 02/86 
DRY 02/88 
DRY 07/88 

DRY 02.86 
DRY 09/86 
DRY 03186 

Data summarized and rounded from Appendices A and B. 
Hole locations shown in Figure 2-6. 

I = Increasing 
S = Steady 
D = Decreasing 



Maximum seepage in the rocks near the excavation surface seems to take place I 

approximately 11 to 19 months after excavation (Appendix A). This can be seen best in 

the data for BTR8 and BTR9, during the time period from November 1986 through July 

1987. The same seems to occur in BTR6. Maximum seepage into BTR2 appears to 

occur between December 1986 and March 1987 and into BTR3 between March 1987 and 

October 1987. 

All of these holes have now stopped producing measurable quantities of brine. They are 

no longer monitored as part of the BSEP. 

2.1 -5 Damp or Wet Areas on Floors 

Moist areas have been observed on the floor of the WlPP workings and have previously 

been discussed by Deal and Case (1987) and Deal and others (1987). Presently, there is 

only one sizeable, persistently, moist area. 

Room G was excavated in November 1984. In August 1985, a small area of damp muck 

along N1100 was noticed on the floor at approximately E l  140, adjacent to the south rib. 

In November 1985, the damp area had expanded in size to approximately 5 meters east- n 
west and approximately 4 meters north-south on the floor of the drift. The bedrock salt 
floor at this location is covered with several inches of partially consolidated salt muck 

saturated with brine, which was evaporating into the repository air, forming a salt crust and 

cementing the surface of the muck. In November 1985 a small pit was excavated by hand 

through the salt muck down to the level of the bedrock. Brine inflow measurements were 

made by evacuating this small sump, but only partial dewatering of the saturated muck on 

the floor of the drift was achieved. As noted in Deal and others (1987), the resulting 

values calculated for seepage rates in terms of liters per day are quite irregular as a result 

of incomplete and inconsistent dewatering of the muck (Appendices A and B). 

Additionally, it was realized that a reduction in the frequency of brine collection from every 

week or two to once a month in November 1986 resulted in seemingly reduced seepage 

rates. Approximately the same amount of brine was being collected each time, probably 

because that was the maximum amount of brine that could be collected with the existing 

techniques, regardless of whether collections took place every 2 weeks or every month. In 

July 1987, we returned to sampling every week or two, and the calculated seepage rates 

returned to the same values we had obtained earlier. It seems clear that the apparent 
/ld9 

reduction of inflow rates between November 1986 and July 1987 reflects changes in 

sampling technique rather than a change in the actual seepage rate. 
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To improve our ability to sample at this location, a small sump, approximately 45 

centimeters deep and 45 centimeters in diameter, was drilled in the floor at this location. 

The idea was to  provide^ a drain and collecting sump for the brine that saturated the muck 

on the floor, and not to drill a "well" to a brine-producing zone. The sump has worked 

quite well; brine can be seen slowly seeping into the sump at the muck-bedrock interface 2 

or 3 centimeters below the floor. A generalization of the data is that the seep in Room G 

has been producing approximately 0.5 liter of brine per day from December 1985 through 

December 1988. Over 440 liters of brine have been collected and measured in that time 

and more brine is known to have evaporated into the repository air. 

The chemical data for the brine collected from G Seep (Section 3.1.3) indicate differences 

from the brine obtained from uncontaminated downholes. Evaporation is obviously taking 

place at G Seep, but that alone is not sufficient to account for all the differences in the 

brine chemistry. In order to obtain better seepage numbers and brine chemistry that may 

be less altered by evaporation, the collecting sump was fitted with a cover made from 

brattice cloth in August 1988. 

2.2 MEASUREMENT OF RIB WEEPS: QUANTITATIVE ESTIMATES OF SALT 
ENCRUSTATION WEIGHTS AND INFERRED BRINE VOLUMES 

2.2.1 l ntroduction 

Small encrustations of precipitated salt tend to develop on newly excavated portions of the 

underground workings at the WlPP facility. The encrustations, sometimes called salt 

efflorescences, result from the evaporation of brine draining from the adjacent salt and 

often take the form of "buttons" or larger masses, depending upon the amount of brine 

available. 

The salt efflorescences on the ribs are quite noticeable, thus are often the subject of 

comment when the topic of brine inflow arises, but quantification of the brine required to 

form them had not been attempted prior to this program. In order to quantify the amount 

and distribution of the brine, the amounts of salt that developed as encrustations were 

measured on selected portions of the ribs. Based upon the measurements, the amounts of 

brine required to form those encrustations were estimated. 

2.2.2 Methods 

-- Three areas with well-developed encrustations were selected. These are: (1) Area R1 S, 

located on the south rib of S1950AN120; (2) Area R2S, located on the south rib at the 



extreme west end of Room G (N1100); and (3) Area R3S located on the east rib of - 
W1701S1750. 

At each location a randomly chosen section of rib was gridded on 0.3 meter intervals using 

a Ramset gun, nails, and nylon string. A total of 3.1 meters horizontally and 2.4 meters 

vertically were gridded, yielding a measured area of 7.4 square meters in all three cases. 

The grid was centered vertically between the back and the floor of the drifts and the 

position of the orange band and other stratigraphic markers were noted on the field data 

sheets. The encrustations within each square-meter area were carefully collected by 

scraping the wall and allowing the loosened material to fall into a tray held beneath the 

square. In general, .the encrustations were surprisingly easy to remove, particularly if they 

were relatively wet. 

The material from each square-foot area was placed into individual plastic bags, labeled, 

and sealed to prevent moisture loss. Upon return to the surface, the material from each 

square was weighed and heated to 250°C until the weight stabilized as water was lost from 

the sample. The dry weight of each sample was determined and the water loss from each 

sample was calculated as a percentage of loss compared to the original weight of the 
F 4  

sample. 

2.2.3 Data 

The two quantities, dry weight and percentage water loss, were ascribed to the center of 

the gridded square for the purposes of further interpretation. It is recognized that for any 

given square-meter area, it is possible that some encrustation could have resulted from 

brine that flowed down the vertical surface from above. Similarly, some brine that seeped 

to the surface within the area may have flowed downward to lower areas before 

crystallizing. 

Some additional uncertainties exist in the gridded values obtained for each square foot due 

to the collection techniques. Although care was taken to completely scrape the ribs of all 

encrusting material, some halite was left behind due to the inability to completely remove it 

in areas where the encrustation was merely a thin film on the rock surface. This type of 

error yields an underestimation of the encrustation weight. Conversely, sometimes small 

amounts of clay and salt not associated with the encrustation were incorporated in the 

samples. Although these amounts were small, their effect would be to provide 

overestimates of the dry weights of the samples. Given the listed uncertainties, the 



estimated accuracy of the dry weights due to sampling error is +5 percent. The summary 
P. 

of the rib encrustation data for each 7.4-square-meter area is given in Table 2-4. 

2.2.4 Discussion 

The calculation based on the dry salt-encrustation weight results in the amount of brine 

required to produce the salt encrustations measured in each area. If the assumption is 

made that the brine totally evaporates, then the true volume of brine required to produce 

the weep accumulations would be underestimated. Krumhansl and others (1987) noted 

that chemical analyses of weep encrustations are deficient in magnesium in relation to 

typical brine geochemistries. They ascribed this difference to the difficulty in precipitating 

the highly soluble magnesium salts by evaporation into facility air at ambient temperatures, 

and they proposed that there is a loss of magnesium-rich liquids from the weep vicinity, 

perhaps through small cracks and fissures within the ribs. These cracks and fissures 

developed due to the creep closure of the rooms. 

Estimation of the amount of brine required to form the weeps, therefore, must be corrected 

to reflect the greater proportion of halite in the weeps in relation to the halite content of the 

brines, based on sodium and chlorine concentrations. The following minerals appear to be 
F the most important in the system Na-K-CI-SO4-H20: 

Camallite 
Sylvite 
Halite 
Bischofite 
Kainite 
Keiserite 
Bloedite 
Leonite 
Glaserite 
Lowewite 

Krumhansl and others (1987) performed x-ray diffraction studies of the weep encrustations 

from Rooms J and B in the experimental area. They determined that only halite and 

sylvite were volumetrically important, with kainite and carnallite being present occasionally. 

Although other mineralogic phases may occur in the encrustations as well, they probably 

do not affect the overall, gross composition of the encrustations. Of the phases recognized 

in the encrustations, only halite contains sodium. 



TABLE 2-4 
RIB ENCRUSTATION DATA 

Sample Original Avg. Water Dry Date Time Since 
Area Weight (gm) Loss ( O h )  Weight (gm) Excavated Excavation 

R1 S 1 538.34 11.3 1 364.65 (1 2/04/86) 502 days 
R2S 798.98 3.7 771 -1 2 (01 102185) 121 1 days 
R3S 361 -02 12.8 31 4.80 (1 211 5/86) 520 days 



To estimate the amount of brine required to form the salt encrustations, the following 
P4. 

assumptions were made: 

The salt encrustations are comprised of halite and minor sylvite, with trace 
occurrences of carnallite and kainite. 

The average composition of the J Room salt encrustations (derived from analyses 
by Krumhansl and others, 1987) is representative of the salt encrustations 
sampled for the present study. 

The composite brine reported in Table 3-5 (UNC Geotech data) is typical of the 
brine which evaporated to form the salt encrustations. 

The minerals halite and sylvite control the molar Na/K ratio in the brine, and this 
ratio can be estimated from the cotectic point in the system Na-K-CI-H,O. 

Using these assumptions and the supporting analytical data on the salt encrustations and 

brine, two independent mass balance equations were set up to account for the molar ratio 

of sodium to potassium in the brine (at the cotectic point) and in the salt encrustations. 

These equations were solved simultaneously to calculate the moles of sodium and 

potassium removed from a liter of brine (e.g., the moles of sodium precipitated as halite). 

Using the moles of sodium removed from the brine and mole fraction data for sodium in 

the salt encrustations, the total molar mass removed fmm the brine was calculated. The 

moles removed from the brine for other principal constituents in the salt encrustations (i.e., 

potassium, magnesium, chlorine, and sulfate) were then calculated from the mole-fraction 

and the total-molar-mass values. All molar values were converted to grams to yield a 

calculated evaporative precipitate of 233 grams per liter (g/L) of brine. 

Given these values, an estimate on the upper bound for the volume of brine required to 

form the salt encrustations can be set using the expression 

where 

v, = The volume of brine required to form the salt encrustations, 

s = Total dry weight of salt encrustations taken from the rib, and 

233 g/L = The grams of solid precipitated from a liter of brine. 



Based upon this relationship, the inflow rates can be calculated (Table 2-5), assuming that - 
only 'the ribs on the long sides of the room contribute to flow (rib area for a storage room 

is equal to 91.4m x 4.0m x 2 ribs, or 731 square meters) -and that the flow is constant 

over the entire rib area through time. 

The assumption that the flow is constant with time over the entire rib area is probably not 

warranted. After 2 to 3 years, the encrustations cease to grow and become dry. Several 

explanations for the cessation in activity may be envisioned: (1) a decrease in driving 

pressure for the brine; (2) dewatering of the near field through the opening of cracks within 

the ribs; (3) macrofracturing, which cuts off the source of the brine; or (4) a combination of 

two or more of these factors. Comparing the 0.3-meter grid squares that have higher dry 

weight and greater water loss with the mapped geology at each location strongly suggests 

that encrustation development is a function of stratigraphy. Encrustations are best 

developed in the vicinity of this orange marker band (Map Unit 1, Figure 2-2) and clay F 

(just below Map Unit 5, Figure 2-2), and are least developed in the clear halite units. 

There is a lateral variation along any given stratigraphic horizon that suggests the main 

development of encrustations appears to come from point sources that sometimes coalesce n 
if the flow is sufficiently great. Field examination of the sources of encrustations confirms 

that the source seems to have a point origin in many cases. 

These three sampling locations were revisited 1 year after the initial sampling and only very 

small amounts of encrustations had reestablished themselves. This is consistent with the 

observation (Deal and Case, 1987; Deal and others, 1987) that the encrustations cease to 

grow a few years after initial excavation. 



TABLE 2-5 

ESTlMATED BRINE FLUX TO 7.4 m2 AND 731 m2 RIB AREAS 

Estimated Annual 
Estimated Rib Estimated Rib Flow Rib Flow Rate Over 

Sample Area Flow in 7.4 m2 in 731 rn2 The Total Time the 
Salt Encrustations 
Were Accumulating 

R I  S 5.9 liter 571 liter 41 5 literlyear 
R2S 3.3 liter 323 liter 97 literlyear 
R3S 1.4 liter 132 liter 93 literlyear 



3.0 GEOCHEMICAL AND BACTERIOLOGICAL PROPERTlES OF THE BRINE 
r-. 

3.1 BRINE GEOCHEMISTRY 

3.1 .1 Introduction 

A major objective of the BSEP has been to characterize the composition of brine collected 

from drillholes in the Salado Formation at the facility horizon. Characterized brines will be 

used to estimate the chemistry of a composite brine that may develop after closure of the 

repository (Deal and Case, 1987). 

The BSEP has been hindered by difficulties (addressed below) encountered in the sampling 

and analysis of brines. Recently, quantitative data utilizing state-of-the-art analytical 

techniques for brine chemistry have become available and over 160 brine samples, from 25 

drillholes in the Salado Formation at the WIPP, have been analyzed by two independent 

laboratories, UNC Geotech in Grand Junction, Colorado and IT-Export in Pittsburgh, 

Pennsylvania for up to 25 chemical parameters. Two laboratories are used to provide an 

independent check on data precision and accuracy. The results obtained from the two 

laboratories may be slightly different for a given constituent, primarily due to the use of 

different analytical techniques (see Section 3.1.2). UNC Geotech has been used as the 
P\ principal laboratory for analyses, and several samples with a limited quantity of brine were 

exclusively analyzed by UNC Geotech. A complete listing of the dnllhole number, 

analytical lab, date, and analytical parameters for each analysis is presented in 

Appendix C. 

3.1.1 .1 Samplinq Problems 

Brine sampling procedures and problems have been documented in the BSEP Phase I 

report (Deal and Case, 1987). The most notable observations and problems are: 

The inflow rates appear to depend on the number of thin clay and anhydrite 
beds or open fractures intersected by drillholes, 

The chemistry of some samples has been altered by exposure to mine 
ventilation air during the collection and sampling process, 

The difficutty in collecting all downhole brine due to salt crystals and waste 
rock from mining activities interfering with check-valve seating and bailing 
techniques, 

The difficulty of placing airtight seals around uphole collars to prevent brine 
evaporation, 



The difficulty in recovering a sufficient sample volume from soil moisture n sampling devices placed in horizontal holes, and 

The presence of organic solvents and fluids associated with mining activities 
that have contaminated some sampling holes. 

These observations and problems affect the collection and analytical results of BSEP 

brines. Variable and low-inflow rates of brine to the drillholes preclude following the 

sampling and protocol procedures established by the U.S. Environmental Protection Agency 

(National Water Well Association/U.S. Environmental Protection Agency, 1986). 

Additionally, a sufficient volume of brine for analysis (e.g., - 1 liter) may take a week to 

several months to accumulate; thus, brine samples recovered for analysis are exposed to 

mine ventilation air for some period of time. 

Collection of limited volumes of sample from upholes (drillholes placed into the back of the 

drift) and horizontal holes (drillholes placed into the ribs of the drift) has resulted in very 

few analyses for these holes, relative to downholes (drillholes placed into the floor of the 

drift). The chemistry of uphole samples has usually been modified by evaporation .of water 

and precipitation of halite. 
n 

Analytical data obtained from collected brines must be interpreted cautiously. For instance, 

Eh and total inorganic carbon (TIC) measurements obtained from collected brine may 

reflect equilibration with atmospheric gases. Furthermore, long sample-accumulation 

periods increase the probability of evaporation and possible contamination by fluids from 

mining activities andlor spreading of brine on the drift floors for dust control. 

3.1.1.2 Analvtical Problems 

Most routine analytical techniques used on aqueous solutions with low total dissolved solids 

(TDS), such as atomic-absorption spectroscopy (AAS) and inductively coupled-argon- 

plasma (ICAP) spectrometry, are difficult to apply to brine without some modification or 

substitution of an alternative technique. Some of the most frequent problems associated 

with the analysis of brines are: 

High TDS will plug the nebulizer (AAS and ICAP) and severely disturb the 
flame (AAS) or plasma (ICAP), resulting in high backgrounds. 'Therefore, the 
sample is diluted prior to analysis, which results in poor precision for trace 
elements. 



Solutions with high TDS commonly encounter matrix enhancements, resulting - in higher apparent concentrations for some major and trace elements. High 
' concentrations of sodium and potassium in solution commonly cause this type 

of enhancement. 

High concentrations of alkaline earth metals (e.g., calcium and magnesium) 
can cause elemental interferences with many trace elements of interest using 
AAS and CAP. Unless properly corrected, erroneous results will be reported. 

Unusually high ratios of elements within a group, such as the halogens, can 
cause large errors in specific ion-electrode determinations (e.g., chlorine 
masking fluorine when measured by an LaF electrode). Procedures utilizing 
specific ion electrodes have to be modified to include standard addition 
techniques to eliminate possible interferences. 

The UNC Geotech and IT-Export laboratories have interacted closely to identify areas of 

concern for the analysis of brines. For some types of analyses, existing methods were 

modified or alternate methods were used (e.g., iodine by ion chromatography [UNC 

Geotech] and silica by flow-injection analysis [IT-Export]). Table 3-1 summarizes the 

analytical techniques used by the laboratories. 

3.1 .I .3 Contamination of BTP and DHP402A Holes 

All BTP samples and DHP402A samples collected on August 22, 1988, display aberrant 

results compared to the majority of brine samples analyzed. BTP samples have high pH, 

calcium and strontium values, and low bromine and boron concentrations when compared 

to a typical BSEP brine (DH36, Table 3-2). DHP402A samples (collected August 22, 1988) 

have element concentrations which lie between representative BSEP brines and water 

present in the air intake shaft (AIS) sump (Table 3-2). Samples appearing in Appendix C 

with the BTP prefix and DHP402A (downholes) are considered contaminated for the 

following reasons: 

Some of the BTP holes have been grouted during completion activities and 
leaching of the gmut material could be occurring if the brines are in contact 
with the grout (e.g., high pH and calcium values and multiple inflection points 
on alkalinity titration curves [Figure 3-11, probably from organic acids in the 
grout). 

Water present in the AIS sump, mostly Culebra water modified by dissolution 
of salts in the AIS and variable amounts of construction brine (B & E brine in 
Table 3-2), is collected and spread underground to minimize dust in the mine. 
An effort has been made to restrict spreading in areas where BSEP holes 
occur, but spreading has occurred in the area of BTP and DHP402.A holes. 



TABLE 3-1 

ANALYTICAL METHODS USED IN THE 
ANALYSIS OF BSEP BRINES 

ANALYTICAL METHOD 

PARAMETER 
MEASURED UNC GEOTECH IT-EXPORT 

SG & TDS Gravimetric 

PH Electrometric 
Alkalinity Titrimetric 

B r Ion chromatography 

C1 Mohr's titration 

F Ion chromatography 

I 

NH,' 

NO,- 

 PO,^ 
s0i2 
TIC 

TOC 

Al 

Ion chromatography 

Spectrophotometric 

Ion chromatography 

Ion chromatography 

Ion chromatography 

Coulometric titration 

Coulometric titration 

AAS, furnace 

AAS, flameless 

ICAP 

ICAP 

ICAP 

ICAP 

AAS, flame 

ICAP 

ICAP 

AAS, flame 

ICAP 

ICAP 

AAS = Atomic-absorption spectroscopy. 
ICAP = Inductively-coupled-argon-plasma spectroscopy. 

G ravi metric 

Electrometric 

Tittimetric 

Spectrophotometric 

Titrimetric 

Potentiometric 

Titrimetric 

Titimetric 

Ion flow injection 

Was not determined 

Spectrophotometric n 
Coulometric titration 

Was not determined 

ICAP 

AAS, furnace 

ICAP 

ICAP 

ICAP 

ICAP 

ICAP 

ICAP 

ICAP 

ICAP 

Ion flow injection 

AAS. flame 



TABLE 3-2 

ANALYSES OF AiR INTAKE SHAFT (AIS) SUMP, 
B & E, BTP-C1, CULEBRA, DH36, AND DHP402A WATERS"' 

pH EAlk Br CI SO;' B Ca Mg K Na Sr 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

. 
3 7.1 1 22 42 188000 . 61 70 13 953 1040 1720 118000 31 

& E 195 189000 4063 1840 72 122000 

P-C1 8.0 348 358 192000 1 1600 11 6 554 6630 9690 106000 51 

lebra' 7.9 99 22 20500 5650 30 1000 515 410 12500 12 

i 36 6.0 831 1450 195000 16300 1490 340 18300 18200 87200 1 

iP402A 6.2 45 1 95 192000 14800 640 469 12900 10700 93200 20 

ITP-C1 mean values calculated from data in Appendix C. B & E drilling brine from Deal (written communication). 
S, DH36 and DHP402A (August analyses) are averages taken from Appendix D (UNC Geotech values). Extended 
calinity (EAIk) as HCO,. 

nalysis taken from Culebra water entering air intake shaft (Lyon, 1989). 
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Organic solvent vapors are frequently noted during sampling of BTP holes - (see total organic carbon [TOC] values in Table 3-3), indicating contamination 
of these holes. 

BTP and DHP402A (~ugust analyses) brines may contain a component from AIS water 

because most of their parameter values lie between those representing AIS and typical 

BSEP brine (DH-36, Table 3-2). However, simple mixing of AIS and DH-36 brines cannot 

account for BTP and DHP402A brine compositions, reflecting the uncertainty in knowing the 

true composition of the AIS water on the date it was spread and the amount of dissolution 

and sorption that may have occ~rrred as the spread water passed through salt on the drift 

floors. 

Based on the evidence outlined above, BTP and DHP402A analyses do not represent true 

BSEP brine compositions and have not been considered in statistical calculations and 

further discussions. DHP402A results from the September 27, 1988, sampling round show 

less contamination than results for August 22, 1988 (Appendix C), suggesting typical BSEP 

brine may be recovered from this hole in future sampling rounds. There is no chemical 

evidence to suggest that the remaining BSEP brines contain components derived from 

carbonate waters in the overlying Rustler Formation or brines from the undertying Castile 
rn 

Formation. 

3.1.2 Analvtical Results 

BSEP brines were analyzed for 25 parameters (Table 3-1) that were chosen for the 

following reasons: 

Seventeen are important seawater components (sodium, magnesium, calcium, 
potassium, chlorine, bicarbonate, sulfate, boron, silicon, strontium, manganese, 
fluorine, iodine, barium, phosphate, ammonium, nitrate) and, because BSEP 
brines are thought to represent seawater that has been evaporated to halite 
facies deposition, their concentrations must be measured to evaluate brine 
evolution models. 

Silicon, aluminum, and iron concentrations are useful parameters for 
evaluating clay diagenesis. 

TIC and TOC were measured to determine their contributions to the alkalinity 
values. 

Specific gravity and TDS are physical parameters that characterize the 
gravimetric properties of the brines, and are required in aqueous-speciation 
models to calculate rnolal concentrations (moles/kg H,O) from data reported 
as milligrams per liter (mg1L). 

n 



TABLE 3-3 

RESULTS ( m g / ~ )  FOR TOTAL INORGANIC CARBON (TIC), TOTAL ORGANIC CARBON (TOC), 
ALCOHOL, PHENOL, AND MONOCARBOXYLIC ACIDS 

ACETIC PROPIONIC ISOBUTYRIC BUTYRIC ISOVALERIC VALERIC 
SAMPLE #HOLE TIC' TOG' METHANOL ETHANOL 2-PROPANOL 1-PROPANOL PHENOL ACID ACID ACID ACID ACID ACID 

245-C BTPB1 102 <5 <5 <5 <5 <I  <5 <5 <5 <5 <5 <5 
245-D BTP B1 472 < 1 
2474  BTP C1 91 <5 <5 e5 <5 <5 <5 <5 <5 < 5 <5 
247-D BTP C1 406 < 1 
254-C DH-42A 3.6 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 
254-D DH-42A 15.7 <1 
260-C DH-38 4.6 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 
260-D DH-38 12.7 <1 
265-C DH-36 3.6 <5 <5 <5 45 <5 <5 <5 <5 c5 <5 
266-D DH-36 4.1 <1 
275-C G-SEEP 2.0 <5 <5 <5 <5 <5 <5 <5 <5 <5 c5 
276-0 G-SEEP 7.1 <1 
281 -C G-SEEP 2.0 <5 <5 <5 <5 <5 <5 c5 <5 <5 <5 
282-D G-SEEP 12.2 <1 
293-C BX-01 6.1 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 
293-0 BX-01 22.4 < 1 
294-C BX-01 5.6 < 5 <5 c5 <5 <5 <5 <5 <5 c5 <5 
294-D BX-01 25.4 <1 
301 -C A1 X02 1.5 < 5 s5 <5 <5 <5 <5 <5 <5 <5 <5 
3 02- D A1 X02 6.6 < 1 
309-C NG252 6.6 <5 <5 <5 <5 <5 <5 <5 <5 c5 < 5 
310-D NG252 2.5 <5 <5 <5 <5 < 1 c5 <5 <5 <5 c 5 <5 

Analyses by Battelle. C and D represent, respectively, unacidified and acidified samples. Less than sign (<) indicates below detection limit. 
'Reported as equivalent HCO, 



Arsenic was determined to investigate its usefulness as a redox couple, 
P-. whereas barium concentrations are needed to investigate solid-solution 

behavior with celestite and possible substitution into anhydrite. 

Brine analyses are listed in Appendix C and statistical calculations of the mean and 

standard deviation appear in Appendix D. The data in Appendix C represent sampling and 

analyses camed out over the periods April 1987 through September 1988 for UNC 

Geotech, and November 1987 through July 1988 for IT-Export. Four of the 17 

uncontamiated holes (see Figure 2-1 for their locations) have yielded a single analysis 

(AW02, BTR8, BTR9, DHI 5, and DH40), and 13 have two or more analyses each (A1 XOI, 

AIX02, A2X01, A3X01, BXOI , DHP401, DH36, DH38, DH42, DH42A, GSEEP, L1 X00, and 

NG252). Holes with a single analysis were not used in statistical calculations and are not 

discussed below. Ranges in values for the mean and standard deviation were calculated 

for the 13 holes listed above. Minimum and maximum standard deviation and mean values 

reported in the text are followed by identification of the analytical laboratory that provided 

the results. 

Each of the analytical groups (IT-Export and LlNC Geotech) has been treated separately in 

the data reduction to evaluate variations in brine chemistry resulting from different 
P 

procedures and techniques within laboratories. A relative measure of these differences is 

the range of minimum and maximum values for the mean and standard deviation 

(Table 3-4). Differences in the number of significant figures reported for a given analyte 

(Table 3-4) result from variation in the analytical techniques of the laboratories (Table 3-1) 

and dilution factors. Tables 3-1 and 3-4 should be referred to when the presentation of 

results cites analytical methods andlor range values. 

To simplify presentation and discussion of the statistical results in Appendix Dl the 

parameters in the data base have been divided into four sets, distinguished by the physical 

and chemical properties of mass, element complexes, halogens, and metals. The members 

of each set are as follows: 

Set One: Specific gravity and TDS, 

Set Two: Alkalinity (titrated to endpoint pH = 4.5), extended alkalinity (titrated 
to endpoint pH = 2.5), TIC, TOC, nitrogen (ammonium and nitrate), phos- 
phate, and sulfate, 

Set Three: Bromine, chlorine, fluorine, and iodine, and 
,A 



TABLE 3-4 

RANGE OF MEAN (X) AND STANDARD DEVIATION (S) 
VALUES FOR BSEP BRINES FROM THE WlPP REPOSITORY HORIZON 

IT Export (7 holes] 

SG TDS PH EAlk Alk( Br CI F I@] N H,+ NO,-(') TIC(@ 

glcc mg1L mglL mglL mglL mg/L m@L mg/L mg/L mg/L m91L mg1L mg1L 

X min 1.21 330000 5.7 693 
X max 1.23 350000 6.1 925 

S min <0.01 2000 0.0 9 
S max 0.02 I1000 0.2 88 

AP) As B ~ a ( * )  Ca Fe , K  ME^ Mn Na Si Sr 
mg/L mg1L mg1L mglL m@'- mglL mglL mgfl mglL mg/L mglL 

X rnin 0.006 1480 260 2 16100 16400 0.8 67500 0.4 1 .O 
X max 0.020 1860 330 4 20800 32500 5.1 98700 0.8 6.9 

S min 
S max 

UNC Geotech (13 holes) 

SG TDS P H EAlk Alk'" Br CI F I NH; NO,'(') ~ 0 , ' ~  TIC 
glcc mg/L mg/L mg/L mg/L mq'L mg/L mg/L mglL mg/L mg1L mglL 

- - - - - - - - 

X min 1.22 368000 5.6 818 783 1340 187000 4.9 12.2 145 3 16000 2.8 
X max 1.25 402000 6.4 1253 91 1 2410 202000 10.9 17.9 205 10 31800 95.1 

S min <0.01 3000 0.1 13 11 20 1000 0.8 0.7 5 1 700 1.2 
S rnax 0.01 39000 0.6 265 66 510 9000 2.3 8.3 40 11 3700 94.5 

As B Ba Ca F ~ ( Q )  K Mg Mn Na Si Sr 
mg/L rnglL mg/L rnglL mglL mglL mg1L rnglL mglL rnglL mglL 

X min 0.109 0.001 1420 0.015 270 0.25 151 00 16200 0.67 50800 1.22 0.87 
X max 0.989 0.012 1880 0.074 381 15.60 22700 44300 7.99 94700 5.14 5.89 

S min 0.080 0.000 80 0.002 11 0.02 300 900 0.03 400 0.14 0.06 
S max 0.833 0.006 240 0.057 65 15.50 2700 3000 0.66 4800 2.60 0.77 

Reported ranges taken from the results of simple statistic calculations appearing in Appendix D. Abbreviations as follows: TDS = Total dissolved solids; EAlk = extended alkalinity (titrated 
to endpoint pH of 2.5); Alk = alkalinity (titrated to endpolnt pH of 4.5); TIC = total organic carbon. EAlk, Alk, and TIC reported as equivalent HCO,. 

Key: ('Analyses not available. 
(d)~nalyses available for 5 holes. 
(@)Analyses available for 12 holes. 

(b'~nalyses available for 3 holes. 
 elow ow detection limit. 

("~nalyses available for 6 holes. 
(9~nalyses available for 10 holes. 



Set Four: Aluminum, arsenic, barium, boron, calcium, iron, magnesium, man- 
n ganese, potassium, silicon, sodium, and strontium. 

3.1.2.1 Set One Parameters 

3.1.2.1.1 Specific Gravitv (SG1 

Mean values for SG range from 1.21 to 1.23 (If-Export) and 1.22 to 1.25 (UNC Geotech) 

grams per cubic centimeter (g/cc), with standard deviations less than 0.02 g/cc (Table 3-4). 

There is excellent agreement between laboratories on all samples. 

3.1.2.1.2 Total Dissolved Solids nDS) 

TDS mean values show a range of 330,000 to 350,000 (IT-Export) and 368,000 to 402,000 

(UNC Geotech) mg/L and standard deviations of 2,000 (IT-Export) to 39,000 (LINC 

Geotech) mg/L (Table 3-4). For identical splits of a sample, the IT-Export mean values are 

30,000 to 40,000 mglL lower than the UNC Geotech values. This difference probably 

results from IT-Export drying the precipitates at 180°C, which could result in dehydration of 

complex salts (e.g., MgC4:6H2O and MgS04:7H,0), versus 105°C for UNC Geotech. To 

substantiate this hypothesis, UNC Geotech redetermined TDS on two NG252 samples (102 

and 103, Appendix C; TDS = 377,000 mg/L at 105°C) at a temperature of 230°C and was - able to obtain values within the range reported by IT-Export for NG252 (TDS = 328,000 to 

347,000 mg/L, Appendix C). 

3.1.2.2 Set Two Parameters 

To facilitate comparison of results for alkalinity, extended alkalinity, TIC and TOC, these 

parameters are reported as equivalent bicarbonate (HC0,3. 

3.1.2.2.1 AlkaliniW and Extended Alkalinity 

Results for alkalinity and extended alkalinity are reported as equivalent bicarbonate. 

Alkalinity (titrated to endpoint pH = 4.5) measurements were replaced by extended alkalinity 

(titrated to endpoint pH = 2.5) determinations in November 1988. The purpose of this 

extended titration is to identify any organic or weak inorganic acids that may be present 

and contributing to the alkalinity. As a result of this change, no alkalinity measurements 

are available for IT-Export results (i.e., no reported results prior to November 1988), and a 

limited number of holes (DH36, DH38, DH42A, GSEEP, NG252) analyzed by UNC Geotech 

prior to November 1988 have alkalinity and extended alkalinity measurements. UNC 

Geotech samples analyzed for alkalinity and extended alkalinity have extended alkalinity 

P 
values 26 to 41 mg/L greater than alkalinity values. These differences may arise from 



low concentrations of TOC in BSEP brines (see Table 3-3) or protonation of weak acid 

species (e-g., HB40,-+ H+ + H,B40,) during titration to a lower pH. 

Extended alkalinity mean values range from 693 to 925 (IT-Export) and 818 to 1,253 (UNC 

Geotech) mg/L (Table 3-4). UNC Geotech results are 16 to 250 mg/L greater than results 

reported by IT-Export on similar holes. Differences greater than 60 mg/L are statistically 

significant and may arise from variations in the handling, storage, and hold times of the 

samples prior to analysis. 

3.1.2.2.2 Total lnorqanic Carbon (TIC) 

TIC (reported as bicahonate) was not determined on samples collected prior to February 

1988. Samples analyzed by IT-Export were at or below the analytical detection limit of 

5 mg/L. UNC mean values range from 2.8 to 95.1 mg/L and have standard deviations of 

1.2 to 94.5 mg/L Large standard deviations exist for BXOI, DH36, and DH42 because of 

large increases in TIC concentrations reported for samples collected in November 1987, 

July 1988, and August 1988 (see Appendix C); thus mean values for these holes are 

anomalously high. Temporal and spatial variations within individual holes and among holes 

may be due to absorption of atmospheric carbon dioxide (CO,) by the samples during 

collection, handling, and holding time prior to analysis. Variation is probably not related to 

analytical techniques, as determination of TIC is not known to have any interferences due 

to high TDS in solution. 

The maximum TIC concentration (95.1 mglL HCO,? cannot account for the lowest extended 

alkalinity value (693 mg/L HCO;), implying additional aqueous species must contribute to 

the alkalinity. Possible contributors to the alkalinity values observed in BSEP brines are 

organic acids (Section 3.1.2.2.3) and weak inorganic acids of ammonia (Section 3.1.2.2.4.), 

boron, silicon (both in Section 3.1.2.4.4), and aluminum (Section 3.1.2.4.2). However, only 

boron concentrations are sufficiently high to significantly contribute to the alkalinity values 

observed in BSEP brines (Section 3.1.3.2). 

3.1.2.2.3 Total Orqanic Carbon nOC) 

To investigate whether organic carbon was contributing to the alkalinity, BSEP brine 

samples were sent to Battelle Memorial Institute-Columbus Division to be analyzed for TIC, 

TOC, short-chain alcohols and phenol, and short-chain aliphatic acid anions. 'The results 

are given in Table 3-3. TIC and TOC values (reported as equivalent bicarbonate) are 



generally very low, with the exception of two BTP holes contaminated by grout. Alcohol, 
fl 

phenol, and monocarboxylic acid contents were below the detection limit of the analytical 

method (<5 mg/L). The data in Table 3-3 confirm that neither organic acids nor TIC is 

responsible for the high alkalinity values. Weak inorganic acid ions of boron, ammonia, 

silica, and alumina could be contributing to the alkalinity. Of these, boron is the only 

parameter of sufficient concentration to account for the alkalinity (see Section 3.1.3.2). 

3.1.2.2.4 Nitrate (NOS-) and Ammonium (NH4+1 

The concentration of nitrate in the brines is low, generally beiow the detection limit of the 

IT-Export (0.02 to 0.04 mg/L) and UNC Geotech (3 to 10 mgR) techniques. Six holes 

have multiple data reported above the detection limit. For these holes, the nitrate mean 

ranges from 0.03 to 0.70 (IT-Export) and 3 to 10 (UNC Geotech) mg/L (Table 3-4). Holes 

BXO1, DH36, GSEEP and NG252 have data available from both analytical groups; the UNC 

Geotech mean is 3 to 10 mg/L greater than the IT-Export mean, probably due to different 

analytical techniques (see Table 3-1). It is difficult to place a high level of confidence in 

any of the nitrate concentrations because all values are near analytical detection limits. 

Ammonium mean values range from 108 to 150 mg/L for IT-Export and 145 to 205 mg/L 
A for UNC Geotech (Table 3-4). For identical holes, IT-Export values are 37 to 55 mg/L 

lower than those of UNC Geotech because their ammonium values represent nitrogen 

reported as ammonia (NH,). A mass conversion was not performed on the IT-Export data 

due to a delay in receiving confirmation on their analytical method. 

Concentrations of ammonium are one to three orders of magnitude larger than nitrate 

values, suggesting a redox state below +400 mv at pH = 6. This value should be consid- 

ered an upper bound, due to the probable introduction of atmospheric oxygen, the low 

rates of equilibration of the redox couple, and the semivolatile nature of ammonia (Section 

3.1.3.1). Ammonia is not stable in solutions with pH below 11 (Poubaix, 1974) and, 

therefore, is deficient in BSEP brines (pH = 6). 

3.1.2.2.5 Phosphate (POs3) 

IT-Export has not analyzed for phosphate in BSEP brines. UNC Geotech phosphate 

concentrations are below the detection limit (el mg/L) of the ionchromatographic method, 

because BSEP brine samples must be diluted by a factor of 40 to keep the sulfate peak 

sharp on the elution pattern. However, quantitative phosphate values are necessary to 
.- 



assess the role of microorganisms in the performance of the repository. Therefore, 

alternative analytical techniques to obtain quantitative phosphate values are currently being 

investigated in cooperation with LlNC Geotech. 

3.1.2.2.6 Sulfate (S04-2) 

The sulfate mean values range from 15,200 to 33,100 (IT-Export) and 16,000 to 31,800 

(UNC Geotech) mg/L, with standard deviations of 600 (IT-Export) to 3,700 (UNC Geotech) 

mg/L  a able 3-4). Results from both laboratories on individual holes agree well. Mean 

sulfate concentrations for A1X02, LIX00, and GSEEP are 5,000 to 18,000 mg/L higher 

than for all other holes. This discrepancy can be satisfactorily accounted for in A1X02 and 

LlXOO by evaporation, because bromine, boron, and magnesium have higher concentra- 

tions and sodium a lower concentration (probably due to halite precipitation) relative to 

other holes. However, evaporation alone cannot explain the chemistry of the GSEEP 

samples because of the relative depletion of chlorine and magnesium and the high sodium 

concentrations. The anomalous composition of GSEEP is further addressed in Section 

3.1.3.3.3. 

3.1.2.3 Set Three Parameters 

3.1.2.3.1 Bromine (Br) and Chlorine (CI) 

The ranges for bromine and chlorine mean values are, respectively, 1,280 to 2,000 (IT- 

Export) and 1,340 to 2,410 (UNC Geotech) mg/L, and 173,000 to 199,000 (IT-Export) and 

187,000 to 202,000 (UNC Geotech) mg/L (Table 3-4). IT-Export values for CI are 6,000 to 

20,000 mg/L lower than UNC Geotech values and for bromine 50 to 500 mg/L lower, 

resulting in large positive charge balances in some IT-Export samples (see samples 423, 

425, and 427, in Appendix C). This discrepancy between the laboratories may result from 

the slightly different titration method used for chlorine and the different analytical techniques 

used for bromine (Table 3-1). 

3.1.2.3.2 Fluorine (F) and Iodine (1) 

Mean values for fluorine range from 4.9 to 10.9 mg/L for UNC Geotech results and 

5 to 8 mg/L for IT-Export determinations. IT-Export values were determined by an ion- 

specific LaF electrode and are generally 1 to 2 mg/L lower than values measured by ion 

chromatography at UNC Geotech. However, large standard deviations in the data of both 

analybcal groups result in considerable overlap. 



Not all samples were analyzed for iodine, and most IT-Export analyses are below their 
F 

detection limit of 20 mg/L. The mean values for LlNC Geotech determinations have a 

range of 12.2 to 17.9 mg/L. This range is typical of brines derived from seawater 

evaporation and probably represents a concentration factor from precipitation of salts and 

the breakdown of organic material (Hem, 1970). 

3.1 -2.4 Set Four Parameters 

3.1.2.4.1 pH 

The range in mean values for pH is 5.7 to 6.1 (IT-Export) and 5.6 to 6.4 (UNC Geotech) 

and, for identical holes analyzed by both analytical laboratories, they are commensurate 

within the standard deviation of either analytical group's mean. IT-Export values are 

typically 0.1 to 0.3 pH units below the UNC Geotech values. It is difficult to evaluate this 

discrepancy rigorously because of possible differences in travel time to the laboratories, 

temperature variation during transport, and holding time of the samples at the laboratories. 

Field measurement of pH was conducted on BSEP brines sampled in September 1987. 

Laboratory pH measurements obtained on the same samples were 0.1 to 0.4 pH units 

lower than field measurements. However, these differences are not significant because 
P' they fall within the pH standard deviation of most holes. Additionally, low inflow rates of 

brine necessitated the recovery of samples that have resided in drillholes for 2 to 3 

months. Thus, any change in pH will probably have occurred prior to sample collection 

and field measurements. For these reasons, field measurement of pH is no longer 

required. Further evaluation of the pH of BSEP brine is addressed in Section 3.1.3.1. 

3.1.2.4.2 Aluminum (Al). Arsenic (As), Barium (Ba), and Iron (Fe) 

Results for aluminum, arsenic, barium and iron are inconclusive for the following reasons: 

Low concentrations in brines, 

Analytical problems associated with higher detection limits as a result of 
dilution factors, 

Possible iron contamination from instruments placed in sampled drillholes, and 

Large standard deviations (generally greater than 50 percent of the mean 
value) among all samples. 



3.1 2 4 . 3  Calcium (Ca), Potassium (K), Maqnesium (Mq), and Sodium (Na) 

Ranges for the mean values of major cations in BSEP brines are: sodium, 67,500 to 

98,700 (IT-Export) and 50,800 to 94,700 (UNC Geotech) mg/L; magnesium, 16,400 to 

32,500 (IT-Export) and 16,200 to 44,300 (UNC Geotech) mg/L; potassium, 16,100 to 20,800 

(IT-Export) and 15,100 to 22,700 (UNC Geotech) mg/L; and calcium, 260 to 330 (IT- 

Export) and 270 to 381 (UNC Geotech) mg/L (Table 3-4). Standard deviations are 

generally less than 5 percent of the mean for sodium, magnesium, potassium, and calcium, 

but approach 10 percent on measurements from upholes. 

Drillholes with multiple rounds of sample analyses (e.g., BXO1, DH36, and NG252) display 

a complex temporal trend for magnesium and, to a lesser extent, for sodium. Over the 

16-month sampling period, magnesium concentrations have a tendency to decrease as 

sodium concentrations increase. Upon closer inspection, these trends show discontinuities 

(increase in magnesium and decrease in sodium) during the September 1987 to November 

1987 period. These temporal trends are addressed in more detail in Section 3.1.3.3.1. 

3.1.2.4.4 Boron (B) and Silicon (Sil 

Ranges for the mean boron and silicon values in BSEP brines are, respectively, 1,480 to 

1,860 (IT-Export) and 1,420 to 1,880 (UNC Geotech) mgR, and 0.4 to 0.8 (IT-Export) and 

1.22 to 5.14 (LINC Geotech) mg/L (Table 3-4). Standard deviations for boron are less than 

10 percent of the mean for downholes and approach 20 percent for upholes, while silicon 

standard deviations are 10 to 40 percent of the mean value. Silicon values reported by IT- 

Export are three to seven times lower than those reported by UNC Geotech. This 

difference is statistically significant and probably results from differences in the analytical 

methods used by each laboratory (Table 3-1). 

The high boron concentrations and near neutral pH of the brines suggest boron is present 

as the aqueous species HB40,-and H,BO, (Pourbaix, 1974). HB40, probably contributes to 

the large alkalinity values in excess of TIC (see Section 3.1.3.2). Silicon most likely forms 

the aqueous species SiO, and H4Si04 or H,Si04- (Pourbaix, 1974). The latter silicon specie 

does not play a significant role in the high alkalinity values because of low silicon con- 

centrations. 



3.1.2.4.5 Manqanese (Mn) and Strontium (Srl 
.- 

Ranges for.the mean concentration levels of the trace elements manganese and strontium 

are, respectively, 0.8 to 5.1 (IT-Export) and 0.67 to 7.99 (UNC Geotech) mg/L and 1.0 to 

6.9 (IT-Export) and 0.87 to 5.89 (UNC Geotech) and mg/L (Table 3-4). Standard 

deviations are 5 to 40 percent of the mean, with higher values for manganese relative to 

strontium. In general, UNC Geotech samples have lower standard deviations than identical 

IT-Export samples. The manganese concentrations are two to three orders of magnitude 

higher than seawater and strontium concentrations are equal to or an order of magnitude 

lower than seawater (Hem, 1970). These trends toward manganese enrichment and 

strontium depletion, relative to seawater, are addressed in Section 3.1.3.4. 

3.1.2.5 Composite Brine Chemistry 

The Statistical Analysis Software package (SAS Institute, Inc., 1985) and simple statistics 

were used to characterize an average composition for brine that might develop at the 

repository horizon. Multivariate-analysis-of-variance calculations (Walpole and Myers, 1985) 

were carried out on analytical results obtained during the period November 1987 through 

August 1988. Input parameters to the statistical programs were pH, bromine, chlorine, 

sulfate, ammonium, boron, calcium, potassium, magnesium, sodium, silicon, and strontium. - Alkalinity, extended alkalinity, fluorine, iodine, nitrate, TIC, aluminum, arsenic, barium and 

iron were omitted from the calculations due to an insufficient number of analyses, results 

that were at or below the detection limit of the analytical technique, and/or contamination of 

brines by in-hole instrumentation. 

A model was developed to test (at the 95-percent confidence level) for significant diff- 

erences in the parameter mean values among individual holes. Application of a multiple- 

range test (which determines if mean values can be grnuped into one or more populations) 

grouped those holes which did not have significantly different means. Each analytical 

group was modeled separately, because IT-Export analyses consistently showed excess 

positive charge balance (i.e., greater than 2 percent) relative to UNC Geotech. Results of 

the modeling and simple statistical calculations are given in Appendix D; the IT-Export and 

UNC Geotech composite brines are listed in Table 3-5. For parameters entered into the 

statistical program, composite brine values represent averages derived from the mean 

values of holes grouped by the multiple-range test (Appendix D). The composite brine 

values for parameters that were not entered into the statistical program were calculated by 

averaging the mean values on holes that were consistently grouped as similar by the 

.- 



TABLE 3-5 

COMPOSITE BRINE CHEMISTRY FOR IT-EXPORT AND UNC GEOTECH ANALYTICAL GROUPS 

SG TDS ph EAIk Alk Br CI F I NH4' NOT S04' TIC Al As B Ba Ca Fe K Mg Mn Na Si Sr 
g/cc mglL mg/L mglL mg/L mg/L mglL mg/L mgn mglL mg/L mg/L mglL mg/L mg/L mg/L mg/L mglL mg/L mglL mg/L mg/L mg/L mg/L 

IT - 
N 515 515 617 515 6/7 5I7 5/5 215 517 5/5 517 415 515 515 617 515 317 515 3/7 317 417 5/7 417 417 

X 1.21 340000 6.1 818 ' 1370 183000 6 22 116 0.23 16200 5 BDL 0.016 1540 BDL 327 3 20100 18400 1.2 84800 0.6 1.4 

UNC - 
N 616 616 13/13 W6 616 9/13 8/13 616 616 9/13 616 9/13 616 616 616 10113 616 9/13 616 5/13 5/13 5/13 6/13 11113 8/13 

X 1.22 375000 6.1 881 817 1380 194000 6.1 15.0 158 6 17000 37 0.397 0.005 1480 0.031 328 2.44 18100 18200 1.07 85400 2.25 1.29 

All available holes (IT =7, UNC = 13) were utilized in multivariate-analysis-of-variance (MANOVA) calculations. Alkalinity (Alk), F, I, NO,, total inorganic carbon 
(TIC), Al, As, Ba and Fe were not used in MANOVA calculations because data were limited for these parameters. Extended alkalinity (EAIk), specific gravity 
(SG) and total dissolved solids (TDS) were not input to MANOVA calculations because data lines were limited to 60 columns. Averages calculated for the 
excluded parameters (using simple-statistic mean values in Appendix D) were obtained from holes which were consistently grouped as similar by Duncan's 
multiple-range test (carried out with MANOVA calculations). For IT-Export, these holes were BXO1, DH36, DH38, DH42A and NG252. Simple averages for UNC 
Geotech were calculated from the same five holes utilized for IT-Export averages and additionally DH42. EAIk, Alk and TIC reported as equivalent HCO,. 

'Analyses not available for IT-Export. 
BDL = Below Detection UmR 
N = Number of samples usedttotal number of samples. 
X = Sample mean (based on number of samples used) 



multiple-range test (i.e., BXOI , DH36, DH38, DH42A, and NG252). Holes A1 X02, 

rh DHP402A, GSEEP and UXOO were consistently rejected by the multiple-range test and 

have not been used in calculating the composite brine chemistry, 

The upholes (AIX02 and DHP401) were rejected because their brine chemistry was 

modified by evaporation, as evidenced by the formation of halite stalactites around uphole 

collars (Deal and Case, 1987). GSEEP (described in Section 2.1.5) is located some 

distance downdip from an active experimental area (Room J) where grouting, artificial 

brines, and fresh water have been introduced. Excavation-induced fracturing (subparallel to 

drift floor) may have opened flow paths in Marker Bed 139 extending from Room J to 

GSEEP (Figures 2-1 and 2-2). Therefore, contamination of GSEEP cannot be ruled out 

(Section 3.1.3.3.3). There are a large number of grouted test holes close to hole L1X00; 

brine analyses from this hole may also reflect contamination from grout. 

Results presented in Table 3-5 show good agreement between the analytical laboratories 

except for the parameters T DS, extended alkalinity, chlorine, iodine, ammonium, nitrate, 

TIC, potassium, and silicon. These differences probably result from variations in holding 

times of samples, laboratory techniques, and analytical methods (see Table 3-1). Based - on UNC Geotech's better charge-balance totals (usually -2 percent to 2 percent), we 

suggest their averages should be adopted as the best estimate for a composite-brine 

chemistry at this time. However, further studies dealing with the spatial frequency' and 

volume percent of anomalous brines (i.e., brines rejected as part of the population based 

on the statistical evaluation) are needed to evaluate whether they contribute significantly to 

the composite chemistry. 

3.1 -3 Discussion 

3.1 -3.1 Evaluation of pH and Eh in Brines 

Solution pH and Eh values are critical parameters to constrain in all solution-equilibrium 

models. Unfortunately, the high ionic strengths of BSEP brines (> 7) suggest an 

uncertainty may be introduced in the measurement of pH by standard glass-electrode 

techniques. This uncertainty was evaluated by investigating independent controls on the 

brine pH, such as minerallbrine equilibria as it pertains to magnesite (MgCO,). Magnesite 

was chosen over other carbonate minerals because it is present as a minor phase in the 

repository horizon (Stein and Krumhansl, 1988). 



Eh values for surface and ground waters frequently show disequilibrium between redox 
/? 

couples and platinum-electrode measurements (tindberg and Runnells, 1984). However, 

isolated brines in the Permian Castile Formation (underlying -the Salado Formation) show 

good agreement between measured Eh values and those obtained from sulfate/sulfide and 

ammoniurn/nitrate redox couples (Popielak and others, 1983 - Table C-2). Unfortunately, 

BSEP drillholes in the Salado Formation have very low brine-inflow rates (Deal and Case, 

1987 - Table E-20) and atmospheric oxygen (0,) probably diffuses into the brine prior to 

collection. Exposure of brine samples to air during the collection process introduces 

uncertainties to the field measurement of Eh and calculated redox-couple values. An Eh 

value for BSEP brine was calculated with the ammoniumJnitrate couple, but this value 

represents an upper bound due to low rates of equilibration for this couple and/or at- 

mospheric oxygen diffusing into the brine prior to and during sample collection. 

An average BSEP brine composition (Table 3-5, LlNC Geotech data) was entered into the 

EQ3NR code (Wolery, 1983; Jackson, 1988; Pitzer option with data 0, ver. 3245R54) and 

equilibrated with magnesite to calculate the solution pH at T = 2PC, P = 1 bar, and Eh 

= 4 0 9  mV (Eh constrained by ammoniumlnitrate equilibria). A specific redox value is not 

critical to the pH calculation because of the assumption that pH is controlled by carbonate 

equilibria. This was demonstrated by running the model at Eh = -400 mV and obtaining 
r? 

results identical to those calculated at Eh = 4 0 9  mV. Model results for an Eh range of 

-400 to +409 mV indicate a calculated pH of 6.0, overlapping with the mean range 

observed for glass-electrode measurements of 5.9 to 6.4 (Appendix D). 

Wolery (1983) estimated the uncertainty in calculating the saturation indices (SI) of a 

particular phase as 0.4 S1 units based on overall quality of the thermodynamic data 

base. Therefore, magnesite would be considered saturated if its calculated SI value was in 

the range of -0.4 to 0.4, which corresponds to a pH range of about 5.4 to 6.3. The 

modeling results suggest the magnesiteibrine equilibrium is consistent with the measured 

pH variation in BSEP brines. However, no inference is made that the modeled Eh and pH 

values, or measured pH values, necessarily represent the 'truen Eh and pH values of .  

BSEP brines. 

3.1.3.2 Solution Alkalinity 

A question raised by the extended alkalinity (Section 3.1.2.2.1) is whether alkalinity 

measurements are much greater than the sum of TOC and TIC (all reported as mg/L 
m 



HCO;). This suggests a noncarbonate source for most of the measured alkalinity. 
ss 

Organic acid species (Table 3-3) and weak acids of aluminum and silicon (e.g., H3Si04-) 

cannot account for the alkalinity because of their very low concentrations. Concentrations 

reported in Appendix C suggest the most reasonable contributor to the alkalinity is boron. 

To determine the effect of boron on alkalinity, sodium tetraborate (N$B407) was added to a 

LIXOO brine (sample number 200; Appendix C) diluted 1:1 with distilled water. Sodium 

tetraborate was added to the brine because tetraborate species were the expected boron 

species in the brines (see Section 3.1.2.4.4). Dilution was required to avoid oversaturating 

the brine with halite (NaCI) upon addition of sodium tetraborate. Prior to the extended- 

alkalinity titrations, initial pH values were 5.8 for undiluted brine, 6.7 for diluted brine, and 

7.3 and 7.4, respectively, for diluted brine spiked with 500 and 1,000 mg/L boron. The pH 

increases are probably due to dilution of the original brine, which lowers the activity of the 

hydrogen ion, and addition of sodium tetraborate to the diluted brine, which dissociates and 

consumes hydrogen ions according to the reaction 

P.  All samples were titrated to an endpoint pH between 2.5 and 2 with 1.6N H,S04. 

Results for the experiment are illustrated in Figure 3-2. The undiluted brine contains 

2,070 mg/L boron and has an extended-alkalinity value of 1,100 mg/L bicarbonate, values 

twice.those of the 1 :1 diluted brine. Two successive titrations were carried out on the 

diluted brine, each after the addition of 500 mg/t boron to the solution. An alkalintty 

increase of 1,530 mgL  bicarbonate was measured after each successive titration. Based 

on similar boron concentrations (i-e., approximately 1,050 mgL) and dissimilar extended- 

alkalinity values for undiluted brine and diluted brine spiked with 1,000 mg/L boron (Figure 

3-2), the dominant boron specie in each of these respective brines is probably H3B03 and 

HB,O,. 

Figure 3-3 plots boron concentration against pH for the system boron and water at 25°C 

(Pourbaix, 1974) and supports the contention that H3B03 and HB40; are the dominant 

aqueous species in solutions with high boron concentrations and pH between 4 and 9. 

Results of the boron-extended-alkalinity experiment and a composite brine (Table 3-5, UNC 

Geotech values) are also shown in Figure 3-3. The unspiked brines (undiluted and diluted 
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L1X00 and composite from Table 3-5) lie near the H,BOJHB407- line and the boron-spiked 

LIX00 brines lie within the HB,O,- field. It is important to reiterate that the pH shift in 

boron-spiked L1X00 brines, relative to undiluted L1X00 brines, places them in the HB,O; 

field, which increases their capacity to buffer the titration and results in higher extended- 

alkalinity values for a given boron concentration (Figure 3-2). Undiluted brines lie above 

the empirical saturation boundary for boric acid; thus boric acid may be present in 

precipitated material found in some brine samples upon arrival at the analytical laboratories. 

Unfortunately, there is a lack of thermodynamic data on aqueous boron species at high 

boron concentrations and evaluation of the H,BOJHB407- ratio in the brines by speciation 

models (e-g., EQ3NR) is not possible. However, a quantitative assessment of the boron 

speciation in the brines can be made by assuming that boron species do not form metal 

complexes and all alkalinity in excess of that due to TIC can be accounted for by HB,O; 

and B40;*. Under these assumptions, calculations indicate the dominant species in 

unspiked and B-spiked brines are, respectively, H3B03 and HB,O; (Table 3-6). Unspiked 

brines have &BOJHB407' molar ratios of 5.8 to 6.7, whereas this ratio in boron-spiked 

brines is less than or equal to 0.2. The diluted L1X00 brine spiked with 1,000 mg/L boron 

must contain HB407- and ~ ~ 0 ; ~  to account for its large alkalinity value (HB,O;/B,O;~ = 2.9; 

Table 3-6). This suggests the line separating the HB407-/B40;2 fields (Figure 3-3) may lie 

at a lower pH value if boron activities were plotted instead of concentrations. 

Alternatively, if hydrogen ions are consumed by association with chloride (CI- = 97,000 

mg/L in diluted LAX00 brine) during the latter stages of titration (endpoint pH = 2.5 to 2), 

protonation of Cr, rather than B,0i2, may have occurred. This alternative hypothesis was 

tested by calculating (using the EQ3NR code) the activity product of HCI in the diluted 

brine and comparing this product to the equilibrium association constant at 25°C. This 

exercise led to the rejection of the alternative hypothesis because the activity product was 

an order of magnitude lower than the association constant. Therefore, a low concentration 

of B40;2.probably contributes to the large alkalinity value in diluted brine spiked with 

1,000 mg/L boron. I 

Figure 3-4 plots boron against extended alkalinity for all BSEP brines and the experimental 

results. Undiluted BSEP brines lie well above the trend defined by the diluted and spiked 

LIX00 brine because the former have lower pH values and, therefore, larger H,BOJHB,O; 

ratios. Very high alkalinity values in diluted and spiked L1X00 brine, relative to undiluted 



TABLE 3-6 

BORON SPECIE DISTRIBUTION COMPATIBLE WlTH ALKALINITY VALUES 
IN COMPOSITE L1X00 BRINE AND DILUTED L1X00 BRINE SPIKED 

WlTH Na,B,O, 

BRINE EA-TIC B H3BO3 HB40,' B40,'2 H3B03/HB40,' HB,O,'/B,O,‘~ 
mmoVL mmoVL mmoVL mmoVL mmoVL 

Composite 14 1 37 8 1 

L1 XOO 18 191 119 

Diluted 
L1 XOO 9 96 60 

Diluted 
LIXOO + 
11.6 mmoVl 
Na2B407 34 1 42 6 

Diluted 
L1XOO + 
23.2 mmoVl 
N%B4O7 59 188 -- 

EA = Extended Alkalinity, TIC = Total Inorganic Carbon 
EA - TIC Is alkalinity (as HCO;) in excess of that due to TIC 
Proton equivalents required to neutralize excess alkalinity = EA - TIC = HB40,' + (2 ' B40i2) 

3-25 
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BSEP brines which contain similar boron concentrations, are attributed to dissolution of - N%B407 and subsequent protonation of B40i2 to the HB40; specie. 

3.1.3.3 Maior Element Ratios 

Insight into the origin of BSEP brines is provided by variation diagrams which utilize major- 

element ratios (by weight). Some of the most useful diagrams are Na/CI versus WMg, 

Mg/CI versus BrICI, and Na/CI versus Ca/S0i2. The first diagram allows a qualitative 

assessment of halite precipitation and diagenetic processes (Stein and Krumhansl, 1988), 

while the second plot evaluates the role of potash facies in decreasing magnesium and 

bromine concentrations (McCaffrey and others, 1987). Na/CI versus Ca/S0i2 was chosen 

for the third diagram to evaluate anhydrite and halite facies deposition. 

3.1.3.3.1 Na/CI versus WMg 

Figure 3-5 displays variation between Na/CI and WMg mass ratios by utilizing the mean 

values of all holes. Upholes (excluding A2X02 and DHP401) have WMg values (0.3 to 

0.5) similar to seawater in equilibrium with modem evaporites (Brantley and others, 1984), 

but are relatively depleted in NaICI (0.25 to 0.35). Lower NaICI mass ratios in upholes can 

be attributed to halite (NaCI) precipitation during evaporation, because fewer moles of 

sodium are initially present and halite precipitation will remove an equal number of moles of 

sodium and chlorine. NdCI mass ratios for downholes (0.35 to 0.57) are similar to brines 

in equilibrium with modem evaporites. However, the WMg mass ratios for downholes 

range from 0.5 to 1.2, well above the 0.4 value expected for surface brines found today. 

Higher WMg mass ratios suggest depletion of magnesium either by diagenetic reactions to 

form magnesite (Stein and Kmmhansl, 1988) or exchange with clay minerals. Upholes with 

Na/CI less than 0.4 do not reflect this magnesium enrichment, suggesting either substitution 

of potassium for sodium during halite precipitation (i.e., a sylvite component in halite) or 

subsequent depletion of potassium relative to magnesium during polyhalite formation. Two 

upholes (A2X02 and DHP401) plot within the downhole field. For AW02 (UNC Geotech), 

this indicates a more successful endeavor in sealing off the hole and preventing 

evaporation. However, DHP401 (IT-Export) lies in the downhole field due to the low 

chlorine determinations (compare with UNC Geotech mean for DHP401). For identical 

holes, NaICI and WMg values are always greater for IT-Export determinations than for 

those of UNC Geotech. This trend results from IT-Export values on chlorine and potassium 

being, respectively, lower than and higher than those of UNC Geotech. 



FIGURE 3-5 RATIOS (BY WEIGHT) OF NaJCI VERSUS KlMg FOR BSEP BRINES 
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Temporal variation of the WMg ratio and, to a lesser extent, the NaICI ratio are illustrated 

..I in Figures 3-6 and 3-7. Increases in the WMg ratio took place over the intervals of June 

1987 through September 1987 and November 1987 through February 1988, while the 

September 1987 through. November 1987 period was characterized by a decrease in the 

WMg value (Figure 3-6). The remaining sampling intervals are inconclusive because over 

any individual interval, WMg ratios decreased, increased, or remained the same. NaICI 

values remained constant or showed weak antithetic variation with WMg ratios (Figure 3-7). 

The sharp decrease in Na/CI for IT-Export analyses over the November 1987 to February 

1988 period is followed by a sharp increase for July 1988 analyses, probably reflecting 

analytical difficulty in the determination of chlorine concentrations (note large + and - 

charge balances for DH36 samples analyzed by IT-Export; Appendix C, Samples 262 and 

425). 

Although each hole has not been plotted in Figures 3-6 and 3-7, temporal variations exist 

in all holes (up and down), independent of the analytical laboratory and the duration of the 

period over which the sampling was conducted. It is difficult to ascribe the temporal trends 

to a single mechanism, because they most likely represent the complex interplay of 

evaporation, crystallization, diagenesis, dilution and analytical error. Additionally, the 

. sampling holes may receive brines from a progressively greater rock volume as time 
proceeds. For instance, excavation-induced stress redistribution could cause a time- 

dependent increase in the permeability of clay and anhydrite seams in the Salado 

Formation (Deal and Case, 1987). Similar trends for other element ratios are being 

investigated to isolate specific mechanisms or analytical problems that may account for the 

temporal variation. 

3.1 -3.3.2 MdCI versus Br/CI 

In the Mg/CI versus Br/CI plot (Figure 3-8), the trend for seawater during halite facies 

deposition (Holser, 1963) is broadly paralleled by upholes due to evaporation and 

crystallization of halite. Most downholes cluster between Mg/CI mass values of 0.14 to 

0.09 and Br/CI mass values of 0.007 to 0.009 and exhibit a weak antithetic relationship 

between Mg/CI and Br/CI. All holes have lower Mg/CI mass ratios relative to the halite 

facies trend (Figure 3-8), which is attributed to depletion of magnesium by diagenetic 

reactions (see Section 3.1.3.3.1). All of the sampled BSEP brines have Br/CI mass ratios 

similar to those predicted by empirical (Holser, 1963) and experimental (McCaffrey and 

others, 1987) studies for halite facies deposition (Figure 3-8). Thus, the Br/CI mass ratio 
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for these brines implies that extreme evaporation characteristic of potash facies deposition 
-, was probably not reached. In contrast to the brine data, Stein and Krumhansl (1988) 

reported Br/CI values consistent with potash facies deposition from a number of fluid 

inclusions recovered from .recrystallized halite at the WlPP repository horizon. However, it 

is unlikely that primary brines are preserved in large quantities; the degree to which BSEP 

brines represent compositions modified by evaporation, crystallization, and diagenetic 

processes is still being investigated. 

3.1.3.3.3 NdCI versus Ca/S04-' 

The variation of Na/CI with C~ISO;~ is illustrated in Figure 3-9. Excluding GSEEP, the 

samples exhibit a sympathetic trend which is probably controlled by precipitation of 

anhydrite (or gypsum) and halite (i.e., decreasing Na/CI and Ca/S0;2 mass ratios in 

upholes). GSEEP samples have NaICI and Ca/S0i2 values very close to those for 

evaporated seawater prior to halite deposition (Na/CI = 0.56 and CaIS0;' = 0.007; calcu- 

lated from the data of Usiglio as reported by Krauskopf, 1967, p. 324). These mass ratios 

could imply that halite was not precipitated from GSEEP brines. However, contamination 

cannot be ruled out because GSEEP lies downdip from an active experimental area 

(Room J) where addition of artificial brine to an excavated pit has occurred. 

/-- 

The bottom of the GSEEP hole and the excavated pit in Room J are proximal to a 

fractured, thick (50-cm to 90-cm) anhydrite bed. Shortly after excavation of Room J, the 

anhydrite (MB 139) was observed yielding brine to the pit excavated in the floor (Deal and 

Case, 1987). Therefore, fractures beneath the floor of the excavations might serve as a 

common plumbing system for GSEEP and the excavated pit in Room J (Deal and others, 

1987). The high NdCI values for GSEEP could indicate contamination from artificial brine 

(made with mined salt muck and fresh water) that migrated out of Room J along fractures. 

About 7,400 liters of artificial brine were introduced to the excavated pit in Room J in 1985 

and an additional 7,000 to 8,000 liters of fresh water were added, a small amount at a 

time, over several years. Presumably, most of the artificial brine evaporated into the 

repository atmosphere, but some may have migrated out of the pit. It should be noted that 

the GSEEP chemistry is not observed in DH holes, one of which (DH36) is located 

6 meters to the west of GSEEP. Contamination may not have occurred in DH holes 

because, relative to MB 139, they lie updip of GSEEP (Deal and others, 1987). 
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The contamination hypothesis could be tested by sampling Room J artificial brine for the 

purpose of obtaining chemical analyses. Using the analytical results for artificial brine and 

typical BSEP brine, mixing models can be evaluated to determine if GSEEP chemistry is a 

mixture of the two end members. 

3.1.3.4 Trace Elements 

Interpretation of the concentrations of trace elements in BSEP brines must be approached 

cautiously because large dilution factors are required prior to analysis, introducing a greater 

degree of uncertainty in analflcal results relative to undiluted waters with low TDS. For 

instance, fluorine and iodine show no significant difference in their concentrations between 

upholes and downholes, yet most upholes have experienced evaporation and should have 

higher fluorine and iodine concentrations relative to downholes (see also bromine 

concentrations of upholes and downholes). The dilution factors may also result in elevated 

detection limits for many elements (e.g., aluminum, boron, and iodine [IT-Export]; nitrate 

and phosphate [UNC Geotech]). Additionally, different analytical techniques may be utilized 

by the analytical laboratories on a specific element, which can result in order-of-magnitude 

differences in the reported element's concentration (e.g., Si). At this time, the most reliable 

trace elements for interpretation and discussion are manganese and strontium. 

J+-- 

BSEP brines are depleted in strontium (0.9 to 6.7 rng/L) and enriched in manganese (0.7 

to 8.0 mg/L), relative to seawater concentrations of strontium and manganese (7.9 and 

0.002 mg/L, respectively; Hem; 1970, p. 11). The observed strontium concentrations are 

compatible with the partitioning of strontium into anhydrite (or gypsum) and/or precipitation 

of celestite (SrSOJ. The pH (5.6 to 6.4, Table 3-4) and Eh (less than 400 mV; Section 

3.1 -2.2.4) values of BSEP brine limit the oxidation state of manganese l o  +2. Therefore, 

manganese concentrations are not controlled by the solubility of MnO, and can be 

concentrated by evaporation. 

. . These processes can be illustrated by plotting strontium and manganese against sulfate 

(Figure 3-10). Available barium data (UNC Geotech) has also been plotted in Figure 3-10 

because barite (BaSO,) forms a complete solid solution with celestite (Deer and others, 

1966), and small amounts of barium can substitute for calcium in anhydrite. Anhydrite is 

not isostructural with barite and celestite because of the small size of the calcium ion 

relative to strontium and barium (Deer and others, 1966). Downholes, excluding L1X00 

and GSEEP and upholes A1X02 and DHP401 define a sympathetic trend with respect to 



FIGURE 3-10 Mn, Sr, AND Ba VERSUS SO i2 FOR BSEP BRINES 

. n  

8 

7 

n 

i 6  r 
-5 
L 
vl 

434- 

- A2X0 1 o mom== IT 
- 

a o m o m m  UNC 
- 0 upholes open - 

DHP401 downholes filled 

- DH42 SYMBOL SIZE , 

a 0 Ba = large 
Sr = intermediate 

A1 X02 Mn = small 
a 0 

- 0 
0 

0 

8 

7 

- 6 F  

- 5  s 
0 

- 4 ' 5 -  
0~36. 

= 3 -  

L1 XOO GSEEP - 
a a 

- 

DH42 
0 I I I I I I I I 

Y 
- 3 5  

2 

1 

0 
15 19 23 27 31 35 

SO;~/I ooo (rngn) 



manganese and sulfate, indicating manganese and sulfate were concentrated in upholes by - evaporation. However, these same holes show a more complex trend for strontium and 

barium versus sulfate, suggesting mineral solubilities may control these relationships. 

Relative to most downholes, LlXOO and GSEEP have similar trace-element concentrations, 

but greater sulfate values, while AWO1 and DH42 have anomalously high barium 

concentrations. 

The solubility products of barite and celestite, and ion substitution in anhydrite, probably 

control the trace-element distribution of barium and strontium in BSEP brines. To test this 

hypothesis, the average compositions of six brines (A1 X02, A2X01, DH36, DHP401, 

GSEEP, and L1X00; Appendix D, UNC Geotech values) were entered into the EQ3NR 

code (Pitzer option with data0 ver. 3245R54) to calculate the saturation indices (SI) of 

anhydrite, barite and celestite. The St for these minerals are presented in Table 3-7. All 

brines tested are saturated with anhydrite and supersaturated with barite (except GSEEP, 

which is saturated with barite). A1X02, DHP401, and GSEEP are saturated and the 

remaining brines are unsaturated with celestite. 

Strontium concentrations in downhole brines (excluding GSEEP) that are unsaturated with 

,, celestite may be controlled by the weak partitioning of strontium into anhydrite (D, about 

0.4 at 25°C; Kushnir, 1982) and/or diagenetic replacement of calcium by strontium in 

anhydrite, whereas the remaining brines (upholes and GSEEP) may have their strontium 

concentrations controlled by the celestite solubility product (Table 3-7). 

The EQ3NR calculations of the ion-activity products for sodium and chloride (NaCI) and 

strontium and sulfate (SrSO,) in brines saturated with celestite (Table 3-7) are in good 

agreement with the experimental results of Reardon and Armstrong (1987). Reardon and 

Armstrong (1 987) conducted celestite solubility measurements in solutions to concen- 

trations of 5.0 molal (molekg H,O) NaCl at 25OC. Their results show a rapid rise in the 

celestite solubility product with increasing NaCl molality to a maximum of 5 millimolal 

(millimolelkg H,O) SrSO, in a 3 molal NaCl solution. Further addition of NaCl to the 

solution caused a decrease in the celestite solubility product, to about 4 millimolal at 

5 molal NaCI. Table 3-8 summarizes the modeled results for BSEP brines and shows a 

decrease in the ion-activity product of SrSO, from 4.8 to 3.8 millimolal as NaCl increases 

from 4.1 to 5.5 molal. 



TABLE 3-7 

SATURATION INDICES (SI) FOR ANHYDRITE (CaSO,), 
BARITE (BaSO,), AND CELEmTrE (SrSO,) 

IN SELECT BSEP BRINES 

CaSO, BaSO, SrSO, 

BRINE S 1 STATE SI STATE SI STATE 

A1 X02 0.1 52 sat 0.728 ssat 0.01 2 sat 

AW01 0.1 33 sat 0.929 ssat -0.793 usat 

DH36 0.055 sat 0.438 ssat -0.730 usat 

DHP401 0.21 8 sat 0.927 ssat -0.037 sat 

GSEEP 0.1 86 sat 0.337 sat -0.304 sat 

LlXOO 0.1 75 sat 0.437 ssat -0.568 usat 

Saturation indices (SI = log[ion-activity product/solubility product]) calculated with EQ3NR code 
by the ion-interaction method of Pitzer (1973), using the Pitzer thermodynamic data base. 
Input parameters taken from Appendix D (UNC values) with T = 27°C and Eh - 409mV. 
Sb0.4, supersaturated (ssat); 0.4>SI>-0.4, saturated (sat); SIC-0.4, undersaturated (usat). n, 



TABLE 3-8 

NaCl AND SrSO, ION-ACTIVITY PRODUCTS 
FOR A1X02, DHP401, AND GSEEP BRINES 

SATURATED WITH CELESTITE 

NaCl SrSO, 
BRINE rnollkgH,O moVkgH,O 

DHP401 

GSEEP 

Activity products calculated with EQ3NR code by the ion-interaction method of Pitzer (1973), 
using the Pitzer thermodynamic data base. Input parameters as in Table 3-2. 



Brine ion-activity products for barium and sulfate (BaSO,) indicate these solutions are 

saturated to supersaturated with barite. However, barite is not observed as a precipitate in 

supersaturated solutions. Presently, there is insufficient kinetic data on barite to evaluate 

the role of supersaturation in nucleation of barite crystals. Therefore, the calculated 

supersaturation of these brines may reflect an insufficient number of Pitzer interaction 

parameters for barium. The relatively high barium concentrations in brines A2X01 and 

DH42 are responsible for their large BaSO, ion-activity products. These brines have very 

large standard deviations for barium and high TIC values relative to other downholes 

(Appendix D), which may indicate some minor contamination has occurred to these 

drillholes. 

3.1.3.5 Rock/Brine Equilibria 

An objective of the BSEP is the characterization of rocklbrine equilibria. To this end, 

preliminary modeling of the composite-brine chemistry (Table 3-5) with the 

solubility/speciation code EQ3NR (Wolery, 1983; Jackson, 1988; Pitzer option with data0 

ver. 3245R54) has provided some insight. Runs of EQ3NR utilized both the Pitzer (1973) 

and Harvie-Moller-Weare (HMW) (Harvie and others, 1984) data bases, because all 

parameters cannot be input into a single data base. The Pitzer data base has 

thermodynamic parameters based on osmotic coefficients derived from isopiestic 

measurements, while the HMW data base is based on solubility measurements. Input for 

the Pitzer run consisted of values for pH, sodium, magnesium, potassium, calcium, chlorine, 

sulfate, strontium, manganese, ammonium, nitrate, bromine, fluorine, and iodine. Eh was 

determined by the ammoniudnitrate couple, which should be considered a bounding upper 

limit. For the HMW option, input consisted of values for pH, sodium, magnesium, 

potassium, calcium, chlorine, sulfate, and bicarbonate (as converted TIC). The Eh value 

was constrained by the ammoniurnlnitrate couple in the Pitzer run and the calculated value 

of +409 mV was entered into the HMW run. 

Results of the EQ3NR modeling are given in Table 3-9. Minerals are listed with their SI 

values, which is the log of ion-activity product divided by the solubility product (log 

[IAPIKJ) for the mineral of interest. In general, undersaturation, saturation, and 

supersaturation of a solid phase are indicated by, respectively, negative, zero, and positive 

SI values. The precision of thermodynamic data is probably within f0.4 SI units (Wolery, 

1983); thus minerals are assumed to be saturated within the range of -0.4 to 0.4. 



TABLE 3-9 

RESULTS OF EQ3NR MODELING OF COMPOSITE BRINE 

Pitzer data base 

Input parameters: Bi ,  CI', F, I-, SO;: NOj, NH,', Ca4 K* Mg': MnU Na* SrU 

MINERAL FORMULA S I STATE 

Anhydrite 

Bassanite 

Celestite 

Fluorite 

Glauberite 

Gypsum 

Halite 

Polyhalite 

Syhite 

. Syngenite 

Thenardite 

CaS04 

CaS04-%H,O 

SrS04 

Ca F2 

N%Ca(S04)2 
CaSO;2H20 

NaCl 

MgF2 

K2C%!M~(S04)4'2H20 
KC1 

%?Ca(S04)2-H20 

N%SO4 

sat 

usat 

usat 

ssat 

sat 

sat 

sat 

ssat 

sat 

usat 

usat 

usat 

usat = undersaturated; sat = saturated; ssat = supersaturated 



TABLE 3-9 

RESULTS OF EQ3NR MODELING OF COMPOSITE BRINE 
(CONTINUED) 

Hawie-Moller-Weare database 

Input Parameters: CI-, HCO',,  SO,'^, ~ a + * .  K', Na', ~ g + ~  

MINERAL FORMULA S I STATE 

Anhydrite 

Bassanite 

Dolomite-ord 

Dolomite 

Glauberite 

Gypsum 

Halite 

Magnesite 

Polyhalite 

Sylvite 

Syngenite 

Thenardite 

sat 

usat 

ssat 

ssat 

sat 

sat 

sat 

sat 

usat 

usat 

usat 

usat 

Saturation indices (SI=log[ion-activity producWsolubility product]) were calculated by the ion- 
interaction method of Pitzer (1973) using the Pitzer and ~awie-~oller-weare thermodynamic 
data bases. Minerals with SI values less than -0.4 are undersaturated, -0.4 to 0.4 saturated, 
and values greater than 0.4 supersaturated with respect to the solution. . Only minerals with 
S1 greater than -1.0 are listed. Solution speciation was evaluated at T = 2PC, density = 1.23 
glcc, total dissolved solids = 375 g/L, pH = 6.1 and Eh = 409 mv. Eh was constrained by the 
NH',/NO, couple using the Pitzer data base. Element parameters of each run are indicated. 

usat = undersaturated; sat = saturated; ssat = supersaturated. 



Results for the Pitzer run indicate that the composite brine is saturated with halite, - anhydrite, gypsum, polyhalite, and glauberite, and supersaturated with fluorite and MgF, 

(Table 3-9). Utilizing the HMW data base, results of the EQ3NR run listed halite, 

anhydrite, gypsum, magnesite, and glauberite as the saturated phases and dolomite and 

ordered dolomite as supersaturated (Table 3-9). The EQ3NR runs produced different 

phase assemblages because each input file has a distinct set of elements (listed above). 

Thus celestite, fluorite, and MgF, are unique to the Pitzer run, whereas dolomite, ordered 

dolomite and magnesite appear in the HMW run. Phases that appear in both runs do not 

have identical SI values (e.g., polyhalite) because, the interaction parameters are based on 

isopiestic and solubility measurements in, respectively, the Pitzer and HMW data bases 

(Harvie and others, 1984). Additionally, the supersaturation of fluorite and MgF, may reflect 

an incomplete set of Pitzer interaction parameters for fluorine. 

The joint modeling results are in good agreement with the observed mineralogy present at 

the WlPP repository horizon. At this level, Salado Formation mineralogy consists primarily 

of halite, with thin horizons of anhydrite, and trace amounts of quartz, polyhalite, gypsum, 

magnesite and clays (Stein and Krumhansl, 1988). The observed mineralogy and modeling 

results indicate BSEP brines have compositions consistent with rocklbrine equilibria. 

A Concentrations of barium, calcium, chlorine, sodium, strontium, and sulfate are probably 

controlled by halite, anhydrite (or gypsum), celestite, and barite (see Section 3.1.3.4 for 

barium and strontium results). Magnesite and polyhalite may constrain bicarbonate, 

potassium, and magnesium concentrations in BSEP brines, but modeling results are 

equivocal for these components. 

Failure to achieve a perfect match between the observed phases and those calculated to 

be saturated in the brine reflect many complex factors, the most critical being: 

A lack of a complete set of interaction parameters for the variety of seawater 
species, 

A need to incorporate redox kinetics (inorganic and biologic) and crystal 
growth/dissolution kinetics into low-temperature solution equilibria models, and 

A need to refine the pH, trace-element, and TIC data of the brines. 

There appears to be no immediate solution to the first two factors cited above, because 

extensive research will be required before a comprehensive treatment can be achieved. 

However, brines evaluated in this report have further constrained and refined a composite- 
A 



brine chemistry (Table 3-5) that yields modeled saturated phases consistent with the 

hypothesis of rocklbrine equilibria. As better quantitative, thermodynamic, and kinetic data 

become available for brines, the knowledge and understanding of rocklbrine equilibria and 

solution models wilt evolve. 

3.1.3.6 Future Work 

To obtain further insight and knowledge on BSEP brines and rocwbrine equilibria within the 

Salado Formation, future studies should be directed toward the following activities: 

Investigate the areal distribution and composition of brine along a north-south 
traverse between experimental rooms and waste panels. 

Obtain- analyses of additional trace elements to evaluate contamination 
scenarios. 

Develop a composite-brine chemistry by statistical reduction of weighted 
means based on brine-inflow rates and areal distribution. 

Evaluate and model evaporation, precipitation, and diagenetic processes with 
additional major-element ratios and trace elements. 

Compare statistically derived, composite-brine chemistry with reaction-path 
modeling of seawater solutions evaporated to halite facies deposition. 

The first two activities are required to assess the distribution of anomalous brine within the 

repository and develop a more rigorous statistical model for composite brine. Additional 

trace elements (e.g., lithium, rubidium, and cesium) can be utilized in contamination models 

to resolve the role of artificial brine in producing anomalous chemical signatures in some 

BSEP brines. Further speciation and reaction-path modeling will quantify evaporation, 

precipitation, and diagenetic processes and will lead to a more comprehensive 

understanding of the origin of BSEP brines. 

3.1.4 Conclusions 

Over 160 brine samples from 25 drillholes in the Salado Formation at the WlPP repository 

horizon have been analyzed by two independent groups for up to 25 chemical parameters. 

Holes with BTP prefixes and DHP402A were omitted in statistical reduction of the data and 

determination of the composite-brine chemistry, because their chemistries have been modi- 

fied by grout placed in drillholes andlor air-intake-shaft water or construction water spread 

on drift floors for dust control. Multivariate statistical tests were utilized to derive a 

composite-brine chemistry that was incorporated into EQ3NR solubility/speciation models. 



P Excluding the BTP and DHP402A holes, there is no chemical evidence to suggest that 

WlPP brines contain a component derived from the carbonate-dominated Rustler Formation 

aquifer. No brine component from the underlying Castile Formation has been detected in 

WlPP brines. Furthermore, WlPP brines do not appear to chemically record extreme 

evaporation conditions characteristic of potash facies deposition present in the McNutt 

potash zone above the WlPP repository horizon. 

Modeling of the composite chemistry with the EQ3NR code, utilizing the Pitzer and HMW 

data bases, revealed the brine to be saturated with respect to halite, anhydrite, gypsum, 

polyhalite, and magnesite; this finding is in agreement with the observed mineralogy in the 

Salado Formation at the repository horizon. WlPP brines have major-element composi- 

tions that suggest an origin from seawater that was evaporated to halite facies deposition 

and subsequently modified by both diagenetic reactions that formed gypsum, magnesite, 

and polyhalite and ion-exchange reactions with detrital clay minerals. 

Analyttcal problems with trace elements preclude their rigorous application to the problems 

of brine equilibria. However, results for manganese and strontium concentrations in WlPP 

,-. brines suggest that, relative to seawater, manganese was concentrated by evaporation and 

strontium was depleted by substitution for calcium in anhydrite andlor celestite formation. 

As more quantitative trace-element data become available, further insight will be gained into 

the composition and origin of BSEP brines. 

3.2 BACTERIOLOGICAL STUDIES 

3.2.1 Introduction 

Between July 13 and August 1, 1988, during the construction of the Air Intake Shaft (AIS) 

at the WIPP, approximately 129,000 gallons of artificial brine (provided by an oil-field 

trucking company, B&E Inc.) were pumped into the shaft by the contractor in an effort to 

flush the upream bit cutterheads. This brine, along with inflows from the Rustler Formation, 

was collected in a sump constructed in the S-90 Drift. Some of this brine was later 

distributed in the underground workings during construction-related activities. On August 16 

and 20, 1988, approximately 4,600 gallons of brine from the sump were spread on the floor 

of Panel 1 to assist in the reconstitution of the loose muck (salt cuttings) on the floor. 

Some of the brine in the AIS sump came from the Rustler Formation and some was an 

artificial brine used for construction purposes made by dissolving Salado Formation halite in 



fresh water. The portion of the underground impacted by this introduced AIS brine 

included the western end of the S-90 Drift and adjacent areas. Also, some of the brine * 
from the AIS sump was distributed in parts of the underground workings for dust control 

(see discussion of chemistry of brine in hole DHP402A in Section 3.1.1.3). The 

introduction of this AIS brine raised concerns over the possible introduction and spread of 

bacteria into the WlPP underground. Therefore, an underground sampling was conducted 

for microbial analysis to investigate this possibility. 

Although limited in scope, the objectives of this microbiological survey were to establish: 

Any potential immediate health threats to workers from human pathogens 
among the microbes introduced with AIS brine, 

The nature of the introduced organisms and the extent of their distribution in 
the underground, and 

The identifiable effects of these introduced microbes on the experiments to be 
conducted during the test phase. 

Another objective of microbial characterization, not within the scope of this work but 

germane to the overall WlPP mission is to determine the potential effects of any native or 

introduced halophilic (or other) organisms on shaft sealing, long-term isolation of the waste, r9 

and performance assessment. 

This study, in addition to addressing the concerns in the first three objectives, is a first step 

in identification of microbes already present in the underground workings. The data on 

microbiological functions within the WlPP during operation and after closure will need to be 

developed for, and examined as part of, performance assessment. 'The organisms isolated 

as a result of this study are relevant to concerns of the Performance Assessment Source- 

Term Group (Brush and Anderson, 1988). 

3.2.2 Samplins Proqram 

The basic plan was to examine introduced AIS brine, muck samples, rib surface samples, 

rib wall cores, and the brine being collected as part of the ongoing BSEP in the under- 

ground. Because there are other possible sources for microbial contamination (e.g., air 

circulated for ventilation, other human activities, and organisms native to the Salado 

Formation), samples were also taken in areas where inoculation by AIS brine was thought 

to be unlikely or impossible. All samples were collected in sterile 125-milliliter (ml) 
n 



Whirlpaks or 100-ml plastic containers, taking care not to cross-contaminate samples and - using prescribed aseptic technique (APHA, 1985). Sample types and locations are given in 

Table 3-1 0 and shown in Figure 3-1 1. 

3.2.2.1 Samplinq Procedure 

Brine was obtained from a number of underground locations (Figure 3-1 1 and Table 3-10). 

Samples of the introduced AIS brine were collected in Whirlpaks from the S-90 Drift on 

July 25, August 15, and September 8, 1988. Free-standing AIS brine was dipped from the. 

floor sump directly into sterile Whirlpaks. 

Brine was also obtained on Septernber 8, 1988 from several boreholes in the floor and 

ceiling routinely sampled for the BSEP for an estimate of the extent of microbial contami- 

nation in the underground workings of the WIPP. Ceiling brine was obtained directly from 

the catch containers and placed into sterile Whirlpaks or plastic containers. Floor brines 

were sampled by lowering a sterile plastic container down the open borehole and carefully 

capping the container immediately upon retrieval. Some sarr~ple points had air pressure 

applied, forcing accumulated brine to exit through a sample line. These brine samples 

necessarily exhibit whatever contamination was carried to them by such means as prior 

;h 
samplings, airborne sources, human handling prior to our sampling, and water (AIS brine) 

applied for dust control in the drifts. 

Samples of floor muck were taken by hand, scooping muck directly into open sterile 

Whirlpaks without the use of a tool. Sampling locations are shown in Figure 3-1 1. 

Samples of the rock salt on the rib wall surface were scraped into sterile Whirlpaks using a 

stainless steel blade which had been flamed with a propane torch. These samples were 

taken at points on the rib located approximately 5 feet above the floor. Sample locations 

are shown in Figure 3-1 1. 

Core samples (Figure 3-1 1) were taken adjacent to the rib surface samples and were 

obtained as follows. First, the undisturbed surface and the 2-inch coring tool were flamed 

with a propane torch. A rotary drill coring tool was used to obtain a 2-inch-deep core 

which was broken off and discarded. The tool and the borehole were then flamed again 

and another 2 inches of core were removed. This sterile core sample was dropped directly 

into a sterile Whirlpak. 



TABLE 3-10 

LOCATIONS OF SAMPLES TAKEN ON 9/8/88 

LOCATION BRINE MUCK RIB SURFACE RIB CORE 

Anhydrite. 

Halite 

Roof 

Clay Seam Halite 

Wall Seep 

Brine Saturated Muck 

  lo or('' Roof 

Halite 

S1950/E1 320 Floor 

S2190AN30 

S2200M130 

Muck Pile at Surface 

Air Intake Shaft Floor 

Halite Clay Seam Clay Seam 

Clay Seam 

Halite Halite 

Halite 
,rCs, 

'''Two floor brine samples were taken at this location. 



Air Intake Shaft  

A 
M 

Area of AIS . . R 
.. .. _.. Brine Contact C 

KEY 
B = brine sample 
M = muck sample 
R = rib-surface sample 
C = rib-core sample , 

FIGURE 3-1  1 MAP OF THE WlPP UNDERGROUND WORKINGS 
SHOWING THE AREAS WHERE AIS BRINE WAS SPREAD 
AND SAMPLE LOCATIONS FOR THE BACTERIOLOGICAL STUDY. 



3.2.2.2 Sample Preservation and Transportation 
.-% The samples were placed in sealed Ziplock bags on ice and transported to the Laboratory 

of Dr. Lany Jones at the University of Texas, El Paso (UTEP). Samples were transferred 

to a UTEP lab refrigerator and maintained until analysis could be initiated. 

3.2.3 Culture Media and Procedures 

The microbiological examination of these samples was selective for: 

Pathogens and coliforrns (specific to human disease), 
Cellulolytic microbes (able to break down cellulose), 
Methylotrophic microbes (able to break down C, compounds), 
Halobacteria (requiring high salt concentrations for growth), and 
Yeasts. and fungi. 

Organisms cultured from these samples were broadly identified for: 

Morphological characteristics, 
Nutrient requirements, 
Staining responses, 
Motility, 
Salt tolerance, and 
Pathogenic potential to humans. 

3.2.3.1 Special Culture Media 

Because the task required identification of possible human pathogens as well as 

halotolerant and halophilic organisms, suitable culture media were employed for isolation of 

potential pathogens according to their reaction to the Gram's stain. Culture media for 

pathogens include: 

Blood agar for Gram positive (+) bacteria (Blair and others, 1970), 

MacConkey's agar for Gram negative (-) bacteria (Smith and others, 1985), 
and 

For specific pathogens: 
- Salmonella/Shigella Medium (Smith and others, 1985) 
- Staphylococcus 110 Medium (Difco Manual, 1984). 

For coliforms, methylotrophs, cellulolytics, and yeasts and fungi, the culture media used 

were, respectively, eosine methylene blue agar (Difco Manual, 1984), 1090 marine 



methanol medium (Cote, 1984), trypticase soy agar supplemented with cellulose, 2 percent 
P* (Cote, 1984), and Sabouraud's dextrose agar (Smith and others, 1985). 

3.2.3.2 Hiqh Salt Media 

Four different hypersaline media described in Table 3-1 1 were employed for isolation of 

halotolerant/halophilic microbes: 

Medium 1176 (17 percent salt), 
Medium MORS (8 percent salt), 
Medium 974 (12 percent salt), and 
Medium 213 (25 percent salt). 

3.2.3.3 Culture Procedures 

Culture procedures followed for isolation and identification of human pathogens and 

halotolerant microbes are depicted in flow charts (Tables 3-12 through 3-14). Procedures 

approved by the American Public Health Association (1 985) were followed (Cote, 1984). 

Isolates from liquid samples were prepared by centrifuging 100 ml of sample and 

- resuspending the pellet in 0.85-percent sterile saline solution. Solid rock salt samples were 

dissolved in sterile saline solution prior to centrifugation. The sequence of these separa- - tions and plating regimes was designed to confirm halotolerant and/or pathogenic microbes 

utilizing appropriate nutrient media, culture methods, staining techniques, and microscopic 

examinations. 

All samples were cultured on the halotolerant and the pathogenic media. Microbes growing 

on the pathogenic media regime (Table 3-12) were subjected to Gram's staining and further 

analyzed for pathogenicity. Microbes growing on the high salt media (Table 3-13) were 

subjected to Dussault's stain (Appendix E) for halophilic microbes and examined by 

microscope for gross morphology. 

3.2.4 Results and Discussion 

In all, 19 samples from all parts of the underground workings were submitted for 

microbiological evaluation (Table 3-10). A total of 48 organisms were isolated from these 

samples (Jones, 1988). All isolates came from either brine or muck samples. No 

organisms from rib surface or rib wall core samples grew on the media used in this study. 

Characteristics of all 48 colonies isolated from samples in this study are summarized in 

A 
Appendix F, which gives their description by microscopic appearance and gross morphology 



TABLE 3-11 

HYPERSALINE MEDIA 

MEDIUM MEDIUM MEDIUM MEDIUM 
CONSTITUENT 11 76 MORS 974 21 3 

NaCl 

MgCI, 
CaCL, 

KC1 

%SO4 
NaHCO, 

Yeast Extract 

Tryptone 

Dextrose 

Agar 

Water 

P '-' 
% Salt 



TABLE 3-12 

FLOW CHART OF PROCEDURES FOR THE ISOLATION OF 
POSSIBLE PATHOGENS AND SPECIAL ORGANISMS 

100 ml of sample 

Centrifuge at 10,000 rpm for 10 min 

Decant supernatant and resuspend pellet in 2 ml 
of 0.85O/0 saline solution 

Spread 0.1 ml of the resuspension on each of the 
following plates with an "Ln rod 

Blood agar 
Tryptocase soy agar + cellulose 

Staphylococcus 1 10 agar 
Eosine Methylene Blue agar 

MacConkey's agar 
Marine Methanol Medium agar 

Salmonella/Shigella agar 
Sabouraud Dextrose agar 

Incubate at 37OC for 24-48 hrs 

Identify and count similar colonies 

Isolate pure colonies and transfer to fresh medium (Appendix F) 

Perform gram reaction to determine the morphology 
(Appendix F) 

Place on slants for further identification studies 



TABLE 3-13 

FLOW CHART OF PROCEDURES FOR THE ISOLATION OF 
HALOTOLERANTIHALOPHILIC ORGANISMS 

100 ml of sample 

Centrifuge at 10,000 rpm for 10 min 

Decant supernatant and resuspend pellet in 2 ml of 
15% saline solution 

Spread 0.1 ml of the suspension on each of the 
following plates with an "L" rod 

Medium 1176 x 2 MORS Medium x 2 Medium 974 x 2 Medium 213 x 2 

Incubate at 43OC until growth is observed 

Identify and count colonies (Appendix F) 

Isolate pure colonies and transfer to fresh media (Appendix F) 

Gross morphology + DussaR's stain + microscopic observations 

(Appendix E) 



TABLE 3-14 

FLOW CHART OF PROCEDURES FOR THE PREPARATION 
OF SOLID SALT SAMPLES 

Add 15 ml of 
0.85°/0 saline 

15 g solid sample 

Add 15 rr~l of 
15% saline 

Spread 0.1 ml of the suspension on each of 
the following plates with an "L" rod 

Continue as shown in flow Continue as shown in flow 
chart of procedures for chart of procedures for 
the isolation of possible the isolation of halo- 
pathogens (Table 3-1 2). tolerantlhalophilic 

/"s 
organisms (Table 3-1 3). 



on agar plates. These colonies were further identified by plating on the high salt media 

(Table 3-1 1 and Appendix F), which provided viable counts on the various media for confir- /C*, 

mation of pathogens. All 48 of the isolates are at least halotolerant. Some may even be 

true halophiles (requiring high salt concentrations for growth). All were isolated and 

maintained in aerobic conditions. Several anaerobic microbes, which initially grew in 

anaerobic jars, died after isolation due to the inability to maintain strict anoxic conditions 

without an anaerobic culture apparatus. These were strictly anaerobic halotolerant 

microbes. Some of the 48 aerobic halotolerant microbes may also be facultatively 

anaerobic (able to grow in the presence or absence of oxygen). 

Gram's staining is important for indication of pathogenicity. Common human pathogens are 

usually Gram negative and sometimes form spores. Many of the isolates were Gram 

Intermediate (staining both Gram positive and Gram negative). Many did not stain well at 

all, turning black in response to the stain (not unusual for organisms isolated from the 

natural environment). Microbial characteristics, isolation media, stain reactions, and colony 

morphology of the potential pathogens and other specialized organisms are given in 

Appendix F. Potential pathogens were further evaluated by culture on agar slants for 

confirmation. Although some of these suspect organisms grew on media designed to 

select for human pathogens, no pathogens were found. Based on colony morphology, 

biochemical media screening, and Gram's staining, none of the 48 isolates were indicated 

as pathogenic to humans. The fact that some grew well on media designed to mimic 

human physiological fluids (blood agar, protein-enriched agar, etc.) may have been due to 

the complex nature of the media. 

With regard to the distribution of the WlPP organisms, it is significant that most of the 48 

isolates were found in samples of brine or floor muck that had come into contact with brine 

spread for dust control. Also, the samples taken from the surface muck (salt) pile were 

found to have viable organisms. No organisms from samples of rib surface or the rib wall 

cores grew on the media used in this study. This suggests that there are no organisms in 

the host rock that can be easily cultivated in the laboratory. This could be due to any of 

the following three reasons: 

The organisms in the native halite formation are either dormant or metabolize 
too slowly to be observed when incubated for only a few weeks on these 
media. Halophilic microbes are extremely small and grow at abnormally slow 
rates, (sometimes taking many weeks to show signs of visible growth), or 



The procedures and/or media were incorrect, or 
m 

There are no native organisms in the formation. 

Incubation was terminated after several weeks as there are no known halophilic human 

pathogens. 

The absence.of viable organisms in drift face and rib wall cores is significant for another 

important reason. Consistency of sampling procedures and quality control during sample 

acquisition is evident from the consistent absence of contaminants in these samples. 

Populations of microbes indigenous to hypersaline environments are rather specialized 

organisms adapted to live in the strong brine and prefer, and sometimes require, the high 

salinity of their environment for growth and reproduction (Larson, 1980). Sodium and 

magnesium chlorides are the dominating salts of hypersaline environments throughout the 

world. Calcium chloride and calcium sulfate brines have also been found. 'These environ- 

ments are mostly aerobic, but anoxic situations are also encountered. Acidities may differ 

considerably from one environment to another. 

P' During a previous study, brine ponds near the WlPP site in Nash Draw were surveyed in a 

preliminary study of the bacterial ecology of surface environments (Turner, 1986). Pond 

conditions included measurements of seasonal changes. Temperatures ranged from 8°C to 

30°C. Brine densities varied from 1.1 06 to 1.247 gm/cc. Potassium/sodium ratios vaned 

from 2 to 0.5, with magnesiurn~calcium generally greater than 10 (Powers, 1989). The 

study provided information on the halotolerant and halophilic bacteria found in these ponds. 

Valuable experience was gained in the care and culture of these fragile and unaccommo- 

dating, yet highly adaptable, organisms. 

Of the 48 isolates obtained during the present study, many were found to closely resemble 

the salt pond microbes found in Nash Draw (Jones, 1990). A final determination of these 

apparent similarities requires that all the organisms are identified (keyed to genus and 

species). Taxonomic keys have been developed for the halophiles (Vreeland and others, 

1980). This can be done, but is beyond the scope of this initial study. 

The muck pile at the WlPP probably maintains a saturated to partly saturated aqueous 

environment internally that is generally similar to the brine ponds in Nash Draw. Salado 
h 



Formation salt from shaft and facility horizon excavation yields potassium and magnesium, n 
as do the tailings piles from the potash mines in the area. Although the chemistry of the 

-tailings pile has not been studied, the solute chemistry is likely to be similar to that of the 

brine ponds which are fed partly from the runoff and seepage from tailings piles. The 

WlPP tailings pile has most likely been inoculated with airborne andlor avian-transported 

bacteria from these ponds (Powers, 1989). 

Medium 213 was the halotolerant selective substrate of highest salt concentration tested 

(25 percent). A total of six organisms grew on this medium; two organisms (W-18 and 

W-47)' grew extremely well and may actually be true halophiles. Three additional 

organisms reacted positively to the Dussault's stain for halophiles (W-28, W-30, and W-43). 

Samples obtained shortly after AIS brine introduction into the WlPP (July 25, 1988) showed 

a total of five organisms growing well on high salt media. When this brine was sampled 

again 21 days later (August 15, 1988), this number had increased to 17 organisms. When 

sampled again after another 24 days (September 8, 1988), there were 19 halotolerants and 

three of these had an affinity for the Medium 213 (either adaptive halophiles, which were 

introduced, or dormant native species, which revived in the saturated brine). Additionally, 

the 19 organisms bear little resemblance to the original populations in the earlier AIS brine m 

samples collected in July and August. What seems to have occurred is that the original 

contaminating microbes either adapted to the new environment, exhibiting new nutrient 

requirements, or were replaced by a more successful community. 

One sample of floor muck produced two halotolerants which were limited to that specific 

location (S1620Ml170) and did not occur in any other samples. Another floor muck sample 

taken in a newly excavated drift (S2200Ml30) produced only a single type of organism 

(W-29). A similar organism appeared at one other location (S90/W200) in an area that had 

been saturated with the AIS brine. As this organism did not occur in the original AIS brine 

samples, it may be native to the Salado Formation or could have been introduced via mine 

air. Also, its numbers were three times higher in the wet muck sample containing the AIS 

brine (S901W200) than at the undisturbed area (S2200M130). No dust control water had 

.been applied in this new drift. 

'Organisms are numbered W-1 through W-48 in Appendix F. 



/.-. A large range of organisms was isolated from the surface muck pile, including fungi. Of 

these, the single microbe which showed halotolerance was not found in the underground 

and may have come from the salt pond communities via avian transport. 

Two floor brine samples known to be contaminated with AIS brine (DHP-402A and BTP-C1) 

showed very similar microbes, even though they are quite distant from each other. This 

seems to confirm the more or less common distribution of certain organisms via dust 

control operations (such as W-13, which occurs also in the AIS brine samples and in floor 

brine sample BTP-A2, also known to be contaminated with AIS brine). 

The sole methanol-oxidizing organism isolated came from a roof brine (BTP-C4). This 

organism was not found in any of the AIS brine samples or in the surface muck pile. It is 

quite difficult to explain its existence here as a contaminant. 

A most peculiar organism (W-16) was found in only two samples (BTP-C4 and A1X02). 

Both sample sites were roof brines located at opposite ends of the facility. It could be 

argued that some of the brine sources are connected and have unique microbial 

communities. Organisms W-15 and W-17, found in both floor and roof brine samples, may 

not be contaminants, as they were found nowhere else. Another explanation for the spatial 

distribution of microbes found in boreholes is that they were introduced with the numerous 

tools that were inserted for measurements (Roggenthen, 1988). 

Colors of the colonies can be an important key to identification. Colonies isolated in this 

study were colored clear, white to gray, blue, yellow, brown, pink, and orange to bright red. 

(Red color is characteristic of some true halophiles which color local Salt ponds during 

bacterial "blooms" and are responsible for the proverbial "red herring".) Several isolate 

pairs could not be separated from each other and are true symbionts (only able to live in 
' . the presence of one other). One isolate, found in floor brines DHP-402A and BTP-C1, 

liquefied agar. Eight possible cellulose degraders found in AIS brine, the surface muck 

pile, and one roof brine sample, were also isolated. This roof brine sample (BTP-C4) also 

contained the only microbe isolated in the study that grew on 1090 marine methanol agar. 

This organism is a true methylotroph (can break down C, compounds as a food source) 

and is able to utilize a total of six of the media tested in the study, indicating that it is 



most probably a facultative methylotroph. It is a highly adaptable microbe for this extreme 
-, 

environment and is very much out of place in relation to the other isolates. 

Two samples (muck pile and AIS brine) were found to contain fungi. These organisms are 

aerobic and some degrade cellulose. 

The methanogens are a specific group of strict anaerobes that are capable of utilizing CO,, 

H,, methanol, acetate, and a few other simple compounds in the production of methane. 

Some acetogenic bacteria are also obligate anaerobes that utilize CO, as a terminal 

electron acceptor in the production of acetate and formate, which are the substrates for the 

methanogens (Brock and Madigan, 1988). Although halophilic anaerobes were discovered 

in some of the samples, special equipment required for their culture and isolation was not 

available and the organisms were lost. Their existence in the WlPP could have 

significance to long-term waste degradation (US. Department of Energy, 1989, a and b). 

The methanogens and acetogens are a potential source for gas generation. Due to the 

lack of an available anaerobic culture apparatus, these groups could not be addressed at 

the time of the study. However, isolates of the aerobic organisms are being maintained at 

UTEP by sequential transfe~ to fresh media for future reference. Even though all measures 
m 

are taken to maintain such cultures, steady natural mortality in these cultures will reduce 

the number of viable strains available for additional study as time goes by. 

Because of the existence of the organisms discovered to be actively metabolizing in the 

WlPP environment, future investigations can be made more meaningful by incorporation of 

the actual resident organisms into the experimental designs. The cultures being maintained 

at UTEP can provide the inocula for the tests and measurements described as key to 

objectives outlined for future testing (U.S. Department of Energy, 1989, a and b). The 

chemistry of the gas and waste budgets, waste degradation, radionuclide migration 

pathways, seal degradation, backfill interactions, changes in formation permeability due to 

biofilm formation, and overall repository performance depend on the ability to experimentally 

simulate the "realistic conditionsn called for. 

3.2.5 Conclusions 

'The results of this study show that there were no human pathogens found in 
the WlPP underground. 

e 



,A 
Both aerobic and anaerobic microbes inhabit the WIPP. 

A total of 48 aerobic microbes were isolated in this study from 21 samples 
(see Appendix F). All were at least halotolerant. Some show characteristics 
of the true ' halophiles. 

Several anaerobic organisms (some having potential as gas generators) were 
isolated but could not be studied due to lack of an anaerobic system at 
UTEP. 

Most of the isolated organism grew slowly on artificial media and total counts 
ranged up to 4,500 organisms per milliliter of brine or gram of salt. A few 
samples were too voluminous to count. 

A large portion of these organisms seem to have been distributed by appli- 
cations of brine or water for dust control. 

Viable native organisms were not found in areas where the halite is dry (rib 
surface and rib cores), although some of the brine samples did contain 
unique organisms. These microbes exhibited qualities which suggest they 
may be native to the Salado Formation, although this could not be 
conclusively addressed in this study. 

Viable populations of microbes were found to exist in the surface muck pile. 
These may be remote members of the communities known to exist in the salt 
ponds in Nash Draw. 

A 

The successive samplings of AIS brine gave increasing numbers of 
organisms, suggesting that this brine could be associated with the rapid 
increase in overall population numbers of halotolerant microbes. These have 
exhibited a dramatic proliferation and the development of diverse community 
structure over time. 

Microbes were isolated that are able to metabolize media containing cellulose, 
protein, and methanol. Some fungi were also found. These microbes are 
also potentially important gas generators. 

3.2.6 Summary 

During July 1988, brine was introduced into the AIS at the WlPP during construction 

operations. Some of this brine was spread in the underground workings for dust control 

and the question arose whether this created any impacts to worker health or WlPP 

scientific programs. As a result, a preliminary survey of the microbiology of the WlPP 

underground was performed in order to determine if any impacts had been introduced. 

A sampling program was undertaken to provide an overview of the microbial populations 

actively metabolizing in the WlPP environment. The objectives were to determine the 



nature and extent of distribution of the microbes existing in the WIPP. Special attention 

was directed toward identifying any pathogenic organisms in the populations isolated that n! 

could impact worker health. This baseline survey would also establish the kinds of 

microbial metabolic'effects that could be expected during operation and after closure of the 

repository. This information will be important to the Performance Assessment Source-Term 

Group. Samples of brine, muck, rib surfaces, and rib wall cores were taken for analysis. 

These samples were transported to the laboratories of Dr. Larry Jones at the UTEP, 

Biology Department. Culture methods were followed for isolation of microorganisms found 

in the samples. Special emphasis was placed on human pathogens, halotolerant and 

halophilic microbes, and special trophic types using standard methods. 

Results showed that there are at least 48 halotolerant aerobic microbes living in the WIPP. 

No human pathogens were found. Also isolated were several anaerobic microbes, although 

specific nutritional requirements could not be determined. All isolates were found in brine. 

All were at least halotolerant and some may be true halophiles. It could not be conclu- 

sively determined whether there are any indigenous organisms in the Salado Formation, 

although some organisms exhibited that potential and some closely resemble the halophilic 

microbes indigenous to the nearby Nash Draw salt ponds. Several microbes have potential 

to produce significant quantities of gas. m 

Eleven conclusions were drawn that characterize the microbial populations by type and 

distribution in the underground. It is not recommended that further examination for 

pathogens be undertaken. 

This study of microbial organisms is an important baseline, and it is recommended that the 

WIPP and environs should be further sampled to obtain information on distribution and 

populations of microbes. The specific cuttures being maintained at UTEP and any new 

organisms isolated should be extensively characterized as part of the experiments to be 

performed to support performance assessment. 

3.2.7 Recommendations 

As no pathogenic microbes were found in either brine or rock salt samples, there appears 

to be no likelihood that pathogens will be of concern during operations. 'Therefore, a 

follow-up study focusing on pathogens is not recommended. However, additional sampling 

of the WIPP should be pursued as part of .a continuing general study of microbial activity in 



the repository. Specifically, microbes that inhabit the WlPP are important to the 

A experiments to be conducted for gas generation. The denitrifying (converting nitrates to 

nitrogen gas), sulfate-reducing (converting sulfates to hydrogen sulfide), and methanogenic 

microbes are especially important to gas and water budgets and gas-generation potential. 

The cultures isolated during this study should be maintained for further experimentation. 



4.0 CHARACTERIZATION OF FORMATION PROPERTlES RELATED TO BRINE 
/PI 

4.1 MOISTURE CONTENT OF THE SALAD0 FORMATION AT THE WlPP 

4.1 .I Introduction 

The existence of moisture in the Salado Formation at the WlPP facility horizon has 

previously been discussed by Deal and Case (1987) and Deal and others (1987). They 

have shown that moisture occurs in the facility rocks principally in: 

Hydrous minerals (mostly gypsum and clay), 
Fluid inclusions in bedded salt, 
Intergranular porosity, and 
Open fractures. 

The present study was designed to determine the measurable variations of the moisture 

content of rocks very near the excavations. Specifically, the tasks were to evaluate what 

areal or stratigraphic variation exists in the host rock and determine if there are distinct 

locations of brine sources. 

Because areal and stratigraphic variations were anticipated to be the dominant parameters 

affecting moisture content, the sampling and testing program was designed to identify 
m possible correlations. Representative samples from specific stratigraphic horizons were 

collected at each sampling location. The program characterized four distinct areas in the 

underground: (1) Area 1, the Panel 1 waste area; (2) Area 2, a newly excavated drift (Air 

Intake Shaft access drifts); (3) Area 3, an older northern drift excavation with some 

additional recent excavations for a booster fan installation (near N1100 and E140); and (4) 

Area 4, the northern experimental area excavated in the upper stratigraphic sequence. The 

areas were arbitrarily defined and are shown in Figure 4-1. Each area was sampled 

extensively on a stratigraphically controlled pattern. The specific sample locations for each 

area are shown in Figures 4-2 through 4-7. 

4.1.2 Previous Studies 

The BSEP Phase II Report (Deal and others, 1987) presented the background information 

on the previous studies and programs that evaluated the moisture content of the WlPP 

facility host,rock. These studies investigated the brine content of the facility interval strata 

to address the WlPP site qualification criteria (Black and others, 1983). The conclusions of 

the previous studies will be summarized here. 
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'The Geological Characterization Studies (Powers and others, 1978) included differential - thermal analyses (DTA) and thermogravimetric analyses of samples ground to a small grain 

size. A number of different responses to heating were exhibited by the samples analyzed. 

Heating to 70°C was designed to measure absorbed water. Depending on sample 

constituents, moisture loss at 70°C ranged from 0 to 1.9 percent by weight, with values 

typically in the 0.20 to 0.30 percent range. The range of weight loss at 102°C S ° C  was 

from 0 to 3.5 percent by weight, with the majority of samples showing less than 0.5 

percent weight loss. Most samples showed very little weight loss between 200°C and 

300°C (Powers and others, 1978). 

The Site Validation Program (SVP) was initiated, in part, to address the moisture content of 

the disposal stratum at the facility (Black and others, 1983). The thermogravimetric 

analysis of 24 samples in the SVP studies indicated that most of the free water was 

liberated from the rock salt in the range of 25°C to 250°C. Water released from the 

dehydration of polyhalite and illite occurred in the range of 250°C to 400°C. The authors 

(Black and others, 1983) concluded that the average weight loss for each of the 

temperature ranges was as follows: 

25°C to 250°C: 0.10 percent, 
250°C to 400°C: 0.12 percent, and 
400°C to 500°C: 0.34 percent. 

A study conducted by Hohlfelder (1981) on samples from the McNutt Potash Zone in the 

Upper Salado Formation indicated an average moisture loss of 0.51 percent by weight for 

samples weighing approximately 400 grams and heated to 424°C. These results were 

similar to another Hohlfelder study (1979) using much smaller samples (20 grams). Both 

studies indicated a mass loss of less than 0.08 percent for temperatures below 230°C. 

The U.S. Geological Survey (1974) also analyzed samples from the McNutt Potash Zone 

obtained from well AEC No. 8. The average moisture content for 30 core samples heated 

to 60°C was 2.2 percent. 

These previous studies were used to direct the current activities and design a sampling 

and analysis scheme. The previous studies demonstrated that rock containing free and 

bound water will lose water at discrete temperatures, depending on how tightly bound the 

water is in the specimen. Free interstitial water will be lost at lower temperatures, whereas 

water of hydration will be lost at higher temperatures. The moisture content of the host 

-. rock in this current study was defined as the easily moved liquid at low-temperature 



ranges. A temperature range of 95°C to 150°C was selected to be representative of the 
F-. 

free water in a sample that is easily driven off by heating. 

4.1.3 Samplinq ~ethodoloqv 

The sample collection phase of the program was conducted intermittently from January 

1987 through January 1988. A total of 545 samples were collected, the majority of which 

were shallow core samples taken from the rib surface of the excavations. A small number 

of the samples were taken from vertical coreholes drilled from the facility horizon, and 

others were obtained as bulk samples immediately after mining. 

Figures 4-2 through 4-7 are maps showing specific sampling locations. These figures 

indicate that the most extensive sample coverage was accomplished in Area 1, both 

because the underground excavation sequence allowed ready access and because Panel 1 

was of particular interest as the first area proposed to receive waste at the facility. 

In general, six core specimens were obtained at each of the sample locations at the facility 

horizon. The specimens were selected to represent the dominant lithologic types (Units 0 

through 4 in Figure 2-2). In areas where excavation dimensions or stratigraphy differed, 

the number of core specimens was modified accordingly and additional units were sampled. '? 

Samples from the shallow horizontal coreholes were obtained by dry drilling, without air 

circulation, using a single thin-walled diamond core barrel. The core barrel was advanced 

with a hand-held electric power drill. The final core dimension was 4.1 cm in diameter and 

approximately 15 cm long. Specimens were placed in moisture-tight containers until the 

laboratory analyses were conducted, as per WlPP sample procedures. 

4.1.4 Laboratorv Analvsis 

The moisture content determinations are based on the easily moved liquid in the low- 

temperature range (25°C to 250°C) defined in thermogravimetric studies (Powers and 

others, 1978; Black and others, 1983). The easily moved fluid, for purposes of this study, 

was defined as that fluid contained in the rock that can flow through interconnected pore 

spaces and existing fractures, is not bound chemically or as intragranular inclusions, and is 

easily driven off by heat. It is this easily moved fluid that is most likely to flow toward the 

excavation under mining-induced pressure gradients. 

Samples analyzed for moisture content were obtained from the previously described coring m 

process. The specimens were heated to temperatures of 95°C and 150°C, as per WlPP . , 



procedures. The temperature range evaluated was selected based on previous studies - 
conducted and discussed in Section 4.1.2. This temperature range was considered to be 

within the range from which most intergranular free water is liberated, but well below the 

temperature causing dectepitation of the sample and rupture of intragranular fluid 

inclusions. 

The fluid content of the specimen was calculated with the following formula: 

F, = (W, 1 W,,) x 100 percent 

where 

F, = fluid content by percent weight, 

W, = weight loss during drying, and 

W,, = weight of sample before drying. 

This relationship provides the moisture content of the specimen as a percent of the total 

original weight of the specimen. Results for all specimens collected in this study are 

provided in Appendix G. 

4.1.5 Results Evaluation 

Analysis of the moisture content data developed to evaluate the areal and stratigraphic 

variations in the rock moisture content was accomplished with several appropriate statistical 

techniques and other qualitative graphical and numerical comparisons. The following 

sections discuss these approaches and provide an interpretation of the results. A 

frequency curve for all samples heated to 95OC is provided as Figure 4-8 for reference in 

this section. 

4.1.5.1 Sample Size 

The adequacy of the sample sizes was evaluated by applying the standard error of the 

mean method to the data. This method approximates the number of sample points 

required to satisfy a given bound on the error of estimation and confidence interval. The 

method, as discussed by Mendenhall (1975), requires knowledge of the standard deviation 

from previous sampling, an approximation of the value, or, as applied here, an exact value. 

An acceptable error of estimation for this application was arbitrarily chosen as 0.2 percent 

moisture. The empirical rule states that a 95 percent probability is expected at two 

standard deviations. A 95 percent probability (two standard deviations) was arbitrarily 

p, applied to the evaluation performed in this report. 
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The sample size evaluation indicates that adequate sampling was obtained for Units 0 

through 4 as a group and Units 0 through 4 individually. Some of the upper stratigraphic 

units were not adequately represented as determined by this approximation, due to the 

limited 'sampling effort in the upper sequence. 

4.1.5.2 Spatial Com~arisons 

One of the. primary intents of this study was to evaluate whether an areal variation in the 

host rock moisture content exists. To accomplish this, several statistical techniques were 

used to evaluate whether the sample sets for individual areas came from the same 

population. If all sample groups could be interpreted to have come from the same 

population, the probability bf spatial differences would be low at a selected confidence 

level. 

'The Kolomogorov-Smirnov (KS) statistic is a technique that can be used to test the null 

hypothesis that two sample frequency distributions were drawn from populations having the 

same distribution (Miller and Kahn, 1962). This statistic is nonparametric; no assumptions 

need be made regarding the form of the distribution, nor is the test subject to very small - sample size limitations. The technique is graphic and requires that the maximum 

separation between two cumulative frequency distributions be measured from the plotted 

curves of those distributions. The hypothesis that two distributions come from the same 

population is accepted if the measured maximum deviation of the sample pairs is less than 

what would be allowed for a selected confidence interval and known sample size, as 

determined from published graphs or formulas. 

The KS statistic was applied to combinations of data representing similar stratigraphic 

intervals from Areas 1, 2, and 3 (Figure 4-1) to evaluate whether sample sets coming from 

distinctly different underground locations could be interpreted as being derived from the 

same population. This would imply that no areal variations exist in the sample sets. The 

spatial difference comparison for the first three sample sets was accomplished by 

comparing Area 1 versus Area 2, Area 1 versus Area 3, and Area 2 versus Area 3. Area 

4 was not included in this analysis because it is comprised predominantly of samples from 

the upper stratigraphic sequence with different lithologic characteristics. The analysis was 

limited to the three sample sets representing similar stratigraphic intervals. Figure 4-9 

presents the cumulative frequency curves for the three areas analyzed. In all cases, the 

F9 
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distributions for the areas were determined to come from the same population at the 95 
*" 

percent confidence level. Although the groups are areally separated, no systematic 

statistical difference exists and the null hypothesis is satisfied. 
, . 

The T-Test was also applied to the data to provide a further test of the degree of spatial 

variation in moisture contents. This test is an analytical approach used to test the null 

hypothesis (that two sample sets may be accepted as coming from the same population), 

much like the KS statistic. However, unlike the KS statistic, the T-Test assumes that the 

variables are normally and independently distributed. The T-Test was applied to the same 

sample set pairs as the KS statistic. The variables were assumed to be normally 

distributed as discussed in the following section (Section 4.1 5 3 ) .  The T-Test analysis was 

performed using a commercially available statistical software package for personal 

computers called SAS (SAS Institute, 1 985). 

'The spatial difference comparisons for Area 1 versus Area 2 and Area 2 versus Area 3 

were accepted as having come from the same population. Comparison of Area 1 to 

Area 3 resulted in rejection of the null hypothesis. This is based on a confidence interval 

of 90 percent, which is a reasonable assumption for the two T-Tests. The slight 
m 

discrepancy between the T-Test and the KS statistic test results (where the T-Test rejected 

the Area 1 versus Area 3 comparison) may be explained by the fact that the Area 2 

distribution is similar enough to the Area 1 and Area 3 distributions to be considered from 

the same population, but Area 1 and Area 3 are far enough to either extreme that they are 

not interpreted to be of the same population. Also, the graphic approach in the KS statistic 

may not provide the same resolution as a pure analytical technique (T-Test) and a greater 

error may be introduced in using the KS test. Regardless, results from either technique 

are close enough to conclude that no difference exists between areas with similarly 

sampled stratigraphy and that any spatial differences between areas are negligible. 

4.1.5.3 Testinq Distributional Assum~tions 

The W-Test and F-Test were used to evaluate the assumption of a normal or log-normal 

distribution. Normal distributions were assumed in applying the T-Test in the above 

evaluation. A SAS procedure using a method developed by Shapiro and Wilk for the 

W-Test was applied to the sample sets (SAS Institute, 1985). The F-Test compares a ratio 

of the two group's variances against tabulated values for acceptance or rejection of a 

hypothesis. The details of these approaches will not be discussed here. 
A 



The majority of tests rejected the populations as being normally distributed because of the - 
limited data and low probability. Therefore, it was concluded that the distributions tested 

are not normal. However, the central-limit theorem states that, under general conditions, 

samples of random measurements drawn from a population tend to possess an 

approximately normal distribution in repeated sampling (Mendenhall, 1975). Further, earth 

processes will be normally distributed if large samples are included in the population 

sample set (Mendenhall, 1975). Therefore, the frequency distributions were treated as 

normal distributions and application of the T-Test was then considered appropriate. (If 

normality was not assumed, few, if any, other techniques would be suitable in this 

evaluation.) 

4.1.5.4 Stratisraphic Comparison 

The majority of sampling was conducted in Units 0 through 4 (Figure 2-2). A summary of 

the maximum and minimum moisture contents for the units sampled is provided in 

Table 4-1. Also included are the number of samples from each unit and the average 

moisture for the units. The averages for Units 0 through 4 range from 0.2 percent to 0.88 

percent. The "solution pits" located in the repository horizon fell within the range defined 

by the averages of Units 1 through 4, but clay seam F and Unit 5 are greater than 1 
/C5t 

percent outside that range. These three horizons have been sampled to a lesser extent 

(total of 15 specimens). The maximum and minimum values for repository-level sampling 

range from 6.67 percent (for one isolated clayey sample in Unit 0) to 0.01 percent (for a 

clear halite specimen in Unit 3). 

The specimens collected from older drift excavation surfaces are generally represented by 

Units 6 through 14 (Figure 2-2). The moisture values for these units range from a 

maximum of 1.64 percent to a minimum of 0.02 percent with unit averages ranging 

between 0.58 percent to 0.08 percent. The average moisture content of the upper 

stratigraphic units is less than 0.5 weight percent. 

Deal and others (1987) concluded that greater variability in the clay content in a unit 

resulted in greater variability in the moisture content. As the clay content increases, the 

moisture content also increases. Comparison of unit descriptions from Figure 2-2 and 

average moisture contents listed in Table 4-1 support this conclusion. These data show 

that units generally having argillaceous zones will tend to have higher average moisture 

contents and also will have greater deviations from the mean. 
14, 



TABLE 4-1 
/=- 

SUMMARY OF UNIT MOISTURE CONTENT 
(WEIGHT PERCENT; SAMPLES HEATED TO 95°C) 

UNIT 
STANDARD 

MAXIMUM MINIMUM N MEAN DEVIATION 

14 

13 

12 

11 (Anhydrite "a") 

9 

8 (Anhydrite "b") 

Clay G 

7 

6 

5 

Clay F - 4 

3 

2 

1 

0 

'Solution Pits 

All Units 

*Penecontemperaneous feature having distinct lithology characteristics. 



This conclusion is geologically reasonable, as the clays in the Salado Formation are 
m 

probably relatively uncompacted. They were included within the massive salt, which is 

relatively impermeable and plastic, and appear to have remained there, probably since 

Pem~ian time. ~he'clay, in the deforming environment of the disturbed rock zone, may 

actually be undergoing compaction and may finally be able to release what was originally 

connate water to the underground excavations. This was observed to occur, at least 

locally, in the days immediately following the excavation of Room H in February 1985, 

where clay and moisture were quickly squeezed out of the central pillar, as verified through 

field observations by Deal (1 985). Additionally, clay is commonly extruded from vertical 

surfaces in the WlPP underground in areas where active weeps occur (Figures 4-1 0 and 

4-1 1). 

4.1.5.5 Ane Comparison 

The effects of excavation age on the moisture content of the host rock were evaluated by 

three methods: (1) using an area (Area 3) that was reexcavated four years after the initial 

excavation to evaluate old and new surfaces in the same location; (2) performing qualitative 

analyses on limited vertical borehole data; and (3) statistically analyzing data throughout the 

repository for time effects on moisture content. For samples where age of excavation 

might be significant, the results would be expected to show that the distributions came from m 

different populations. In other words, the frequency distribution curves for the older 

excavation samples were similar to the general population and, therefore, suggest that the 

age of excavation is insignificant. 

Samples from Area 3 were used to evaluate moisture content as a function of relative time 

since excavation. They were divided into those samples taken from the old excavation 

surface, a newly excavated surface, and a transitional area between the two. The KS 

statistic was applied to these three areas, as was done for the spatial comparison of Areas 

1, 2, and 3, described above. The results indicated that no systematic statistical difference 

existed between the sample sets. 

Although a qualitative inspection of the averages for all samples collected in Area 3 

(Table 4-2) indicates that the newer surfaces have slightly higher moisture contents, 

averages for similar stratigraphic units (Units I and 3) are nearly the same. Based on this 

qualitative comparison of similar stratigraphic units, age of excavation does not appear to 

be significant. 
n 



FIGURE 4-10 

FIGURE 4-10 CLAY PELLETS IN EXCAVATION WALLS. 
HUNDREDS OF THOUSANDS OF SMALL CLAY PELLETS 
HAVE BEEN SQUEEZED OUT OF THE WALLS IN 
THE WlPP EXCAVATIONS. THE ACCLIMULATION IS SEEN 
AS THE DARK BAND ABOUT ONE HALF METER WIDE 
ON THE FLOOR, AT THE BASE OF THE WALL. 
THIS EXAMPLE IS IN PANEL 1, ROOM 6. 

#-=. 



FIGURE 4-1 1 - 

FIGURE 4-11 CLOSE-UP OF CLAY IN EXCAVATION WALL. 
CLAY BLEB IN MAP UNIT 0, JUST BELOW THE 
ORANGE MARKER BAND, PANEL 1, ROOM 6. 



TABLE 4-2 

SUMMARY OF AVERAGE UNIT 
MOISTURE CONTENT FOR AREA 3 SAMPLES 

MEANS 

NEW OLD TRANSITION 

All Samples 0.70 0.54 0.41 

Select Units' 0.21 0.24 0.24 

*NOTE: These samples represent Units 1 and 3. 



Moisture content data collected in early sampling efforts from one corehole drilled vertically n 
upward were presented in the BSEP Phase II report. Additional rib sampling of this upper 

sequence in Area 2 (Air Intake Shaft access drifts) and Area 4 (northern experimental area) 

has been accomplished and results of the analyses were compared to the vertical corehole 

data obtained earlier. Figure 4-12 presents the moisture content data summary for the 

corehole and rib excavation sampling. The correlation is very good, particularly considering 

that the sampling and time since excavation for the two sample sets differ by 18 months. 

The argillaceous halite unit at six feet of depth in the back appears to be the only unit to 

have experienced some drying between collection of the corehole and rib samples. The 

moisture contents for the remaining corresponding units in the corehole and ribs correlate 

very well. There does not appear to be any influence due to time of sampling. 

The effects of age on sample moisture contents were also examined by arbitrarily grouping 

the data into sets representing six-month time periods between excavation and sampling. 

The data were combined; means, medians, and standard deviations were calculated and 

the averages plotted for the time groups. No discernible trends were recognized. Another 

qualitative exercise was performed by plotting the difference between the 95OC and 150°C 

moisture contents versus the time since excavation. This approach did not suggest a 
n 

relationship between moisture content and time since excavation. Neither of these 

preliminary approaches was pursued further, nor have the results been presented in this 

report. 

4.1 3.6 Other Studies 

Several other studies evaluating the moisture content of the repository host rock were 

discussed previously. They were performed in the Site Validation Program, by Hohlfelder 

(1979), the U.S. Geological Survey (1974), and in early portions of the BSEP (Deal and 

Case, 1987; Deal and others, 1987). The results of these studies are summarized in 

Tables 4-3 through 4-6. 

Figure 4-13 shows the cumulative frequency curves for the data presented in Appendix G 

and Tables 4-3 through 4-6. The figure is provided as a qualitative comparison. It should 

be recognized that the samples analyzed in these studies come from different zones (i.e., 

McNutt Potash Zone) and different stratigraphic sequences and were analyzed at different 

temperatures using different techniques. The variations in parameters between the studies 

do not allow them to be directly related to the current program. However, it is evident that 

the trends for the BSEP rib and corehole data are similar (Figure 4-12). The corehole data 
n 

was derived from limited sampling of horizons above and below the actual repository level. 



RIB SAMPLES 

0 COREHOLE SAMPLES 

- 

0.4 0.8 0.8 1 1.2 

WEIGHT % MOISTURE AT 150°C 

FIGURE 4-12 COREHOLE VERSUS RIB SURFACE DATA 



TABLE 4-3 

SAMPLE 
NUMBER 

BTP 01 

BTP 02 

BTP 03 

BTP 04 

BTP 05 

BTP 06 

BTP 07 

BTP 08 

BTP 09 

BTP 10 

BTP 11 

BTP 12 

BTP 13 

BTP 18 

BTP 19 

BTP 20 

BTP 21 

BTP 22 

BTP 23 

BTP 24 

BTP 25 

BTP 26 

BTP 27 

BTP 28 

BTP 29 

BTP 30 

BTP 31 

BTP 32 

BTP 33 

MOISTURE COKTENT DATA FROM BSEP 
VERTICAL COREHOLE SAMPLING 

DATE GEOLOGIC 
SAMPLED UNIT 

06/30/86 UNIT 6 

06/30/86 UNIT 6 

06/30/86 UNIT 6 

07/01 I86 UNIT 7 

0710 1 I86 UNIT 7 

0710 1 I86 UNIT 7 

07/01 186 ANHYD 6 

SAMPLED 
(DAYS AFTER 
EXCAVATION) 

299 

299 

299 

300 

300 

300 

300 

UNIT 9 300 

UNIT 7 300 

UNIT 9 300 

UNIT 9 300 

UNIT 9 300 

UNIT 9 300 

31 4 

31 4 

31 4 

31 4 

31 4 

31 4 

31 5 

31 5 

31 5 

31 5 

31 5 

31 5 

31 6 

31 7 

31 7 

31 7 

CUMULATIVE 



TABLE 4-3 

MOISTURE CONTENT DATA FROM BSEP 
VERTICAL COREHOLE SAMPLING 

(CONTINUED) 

SAMPLED CUMULATIVE 
SAMPLE DATE GEOLOGIC (DAYS AFTER PERCENT WEIGHT LOSS AT 
NUMBER SAMPLED UNIT EXCAVATION) 95°C 150°C 

BTP 34 0711 8/86 

BTP 35 0711 8/86 

BTP 36 0711 8/86 

BTP 37 0711 8/86 

BTP 38 0711 8/86 

BTP 39 

BTP 40 

BTP 41 

BTP 42 

BTP 43 

Krp 44 

BTP 45 

F=- BTP 46 



TABLE 4-4 

SAMPLE 
NUMBER 

MOISTURE CONTENT DATA FROM THE 
SITE AND PRELIMINARY DESIGN VALIDATION PROGRAM 

DATE G €0 LOGIC 
SAMPLED UNIT 

SAMPLED 
DAYS AFTER 
EXCAVATION 

CUMULATIVE 
PERCENT WEIGHT LOSS AT 
250°C 400°C 400°C 

WIPP-FH-01 

WIPP-FH-04 

WIPP-FH-O6A 

WIPP-FH-O6B . 

W IPP-FH-0662 

WIPP-FH-10 

WIPP-FH-11 

WIPP-FH-14 

WIPP-FH-16 

WIPP-FHPO 

WIPP-FH-24 

WIPP-FH-26 

W IPP-FH-27 

WIPP-FH-28 

W IPP-FH-31 

WIPP-FH-32 

WIPP-FH-33 

WIPP-FH-34 

WIPP-FH-35 

WIPP-FH-36 

W IPP-FH-37 

WIPP-FH-40 

WIPP-FH-43 

WIPP-FH-45 

W IPP-FH-48 

WIPP-FH-49 

1 1 I04182 

1 1 108182 

1111 1/82 UNIT 3 

1111 1/82 UNIT 013 

1111 1/82 UNIT 013 

1 1 104182 

1 1 104182 

1 1 I04182 

1 1 11 0182 

1 1 11 7182 

1 1 126182 

1 2/07/82 

1 211 4182 

1 211 7182 

12/22/82 

12/22/82 

01 /06/83 

01 I06183 

01 11 7/83 

01 11 5183 

01 I21183 

0 1 120183 

01 I1 9183 

0 1 123183 

01 I31 183 

01 129183 



TABLE 4-5 
/Cs 

MOISTURE CONTENT DATA FROM HOHLFELDER 

SAMPLED CUMULATIVE 
SAMPLE DATE GEOLOGIC DAYS A F E R  PERCENT WEIGHT LOSS AT 
NUMBER SAMPLED UNIT EXCAVATION 200°C 250% 400°C 

POTASH ZONE 

POTASH ZONE 

POTASH ZONE 

POTASH ZONE 

POTASH ZONE 

POTASH ZONE 

POTASH ZONE 

POTASH ZONE 

POTASH ZONE 



TABLE 4-6 
n 

MOISTURE CONTENT DATA FROM USGSWELL NO. AEC-8 (McNUTT POTASH ZONE) 

SAMPLE 
NUMBER 

8-01 

8-02 

8-03 

8-04 

8-05 

8-06 

8-07 

8-08 

8-09 

8-1 0 

8-1 1 

8-1 2 

8-1 3 

8-1 4 

8-15 

8-1 6 

8-1 7 

8-18 

8-1 9 

8-20 

8-21 

8-22 

8-23 

8-24 

8-25 

8-26 

8-27 

8-28 

8-29 

8-30 

DATE 
SAMPLED 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05MOff4 

05/30/74 

05/30/74 

05/30/14 

05/30/74 

05BOf74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30/74 

05/30174 

05/30/74 

05/30/7 4 

GEOLOGIC 
UNIT 

SAMPLED PERCENT 
DAYS Af-TER WEIGHT LOSS 
EXCAVATION AT 60°C 

ZONE #4 

ZONE #4 

ZONE #4 

ZONE #4 

ZONE #4 

ZONE #4 

ZONE #4 

STRAY ZONE 

STRAY ZONE 

STRAY ZONE 

ZONE #10 

ZONE # 10 

ZONE #10 

ZONE #10 

ZONE #10 

ZONE #10 

ZONE #9 

ZONE #9 

ZONE #9 

ZONE #9 

ZONE #9 

ZONE #8 

ZONE #8 

ZONE #8 

ZONE #8 

ZONE #8 

ZONE #8 

ZONE #8 

ZONE #8 

ZONE #8 
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FIGURE 4-13 CUMULATIVE FREQUENCY PLOTS FOR PREVIOUS AND 
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The rib sampling emphasized the repository horizon, but also included the upper f i  

stratigraphy. The frequency curves for the two groups suggest that moisture distributions 

are similar on the average when enough samples are collected, although this observation is 

based upon limited samples from boreholes. 

4.1 -6 Summarv and Conclusions 

This task was initiated to determine whether areal or stratigraphic variations exist within the 

Salado Formation. The analyses show that moisture content in samples from different 

underground locations, but from the same stratigraphic intervals, can be considered to have 

come from the same population. No areal differences were recognized in the sample sets 

and the three areas that were extensively sampled at the repository level appear to be 

from the same population. Stratigraphic variations in moisture content were shown by Deal 

and others (1987) and, in this report, to be related to the clay content of the units. In 

general, the units having higher percentages of clay content are those which have higher 

average moisture contents and which also have a greater range of maximum and minimum 

moisture content. Table 4-1 is a summary of moisture values for the units sampled. Units 

0, 2, and 4 are considered most variable at the repository level. The basic statistics for 

Units 0 through 4 at the repository level, Units 5 through 14, and the entire sample set are n 
given in Table 4-7. 

Based upon the thicknesses of the stratigraphic units, a weighted average was calculated 

for Units 0 through 4, which are typically exposed in the underground excavation. The 

weighted average is approximately 0.60 weight percent moisture content. It appears from 

the data collected to date that an average near-field moisture content of 0.5 to 0.75 

percent by weight is a reasonable representative moisture for the repository host rock. 

This range is also reasonable for the overlying strata given the results from limited vertical 

sampling of vertical boreholes and its relation to the rib sample results. 

In addition, to further confirm the values reported here, it may be suitable to continue 

analyzing samples obtained at depth from the excavation surface. As probe holes or 

vertical instrumentation boreholes are drilled, samples collected for moisture content 

determinations may further improve the data base. ,Special procedures may be applied to 

preserve the in situ moisture of the cores during sampling. These samples could then be 

used to indicate the suitability of applying the near-surface rib sample results to a volume 

of rock at a given depth from the excavation and to determine at what point that relation 
P 

may break down. Consideration should be given to collecting additional, deeper samples 

when construction activities are conducive to such a procedure. 



TABLE 4-7 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(WEIGHT PERCENT) 

STANDARD 
N MAX MIN MEAN DEVlATlON VARIANCE 

Units 0 thru 4 
(Areas 1, 2, & 3) 

Units 5 thru 14 
(Area 4) 

All Samples 

NOTE: Samples heated to 95°C. 



4.2 MOISTURE CONTENT DETERMINATION USING BOREHOLE INDUCTION LOGGING 

4.2.1 . Introduction 

Electromagnetic (EM) induction logging of 28 boreholes was performed at the WlPP facility 

from May 24 through ~ u n e  2, 1988. Fifteen boreholes were selectively modeled to 

determine the conductivities for individual beds within the boreholes. The logging' was 

performed to: 

Determine the material conductivity, 

Further delineate the geological stratigraphy throughout the repository, and 

Use that material conductivity by applying Archie's Law (Archie, 1942) to 
determine a gross material moisture content. 

Table 4-8 lists the logged and modeled boreholes and their locations within the WlPP 

facility. A Geonics EM-39 Borehole Induction Logger (EM-39) with an intercoil spacing of 

50 cm was utilized in the exercise. 

4.2.2 General Theorv 

Conductivity is a measure of the ease with which electric current can flow through a n 

material. conductivity is the inverse of resistivity, as shown by the formula (Gieck, 1986): 

where 

C = conductivity in mhos (siemens) and 

R = resistivity in ohms. 

EM induction logging of ground conductivity has been widely used in ground water 

exploration and ground water contaminant plume mapping. The surface geophysical 

method has recently been used to develop a borehole conductivity measuring probe 

(Snelgrove and McNeill, 1985). 

The EM method of measuring conductivity by induction uses a probe containing a 

transmitting coil and a receiving coil. The coils are located at either end of the borehole 

probe, which thereby defines the intercoil spacing (50 cm in the instrument used). The 

transmitting coil generates an electromagnetic field due to an alternating current passing P+ 
through the coil. This magnetic field induces an electric (eddy) current in conductive media 



TABLE 4-8 
LOGGED AND MODELED BOREHOLES 

DATE OF 
DATE GEOLOGIC 

DRILLED LOG 

DATE OF 
NxETm 

LOG 
COLLAR' LENGTH 

BOREHOLE LOCATION DIRECTION ELEVATION . OF HOLE 

A1 XOl 

A1 X02 

A2X0 1 

A2X02 

A3X01 

A3X02 

6x01 

0x02 

DH-35 

DH-36 

Room A-1 
South End 

Vertical, 
Down 

Room A-1 
South End 

Vertlcal, 
UP 

Room A-2 
North End 

Vertical, 
Down 

Room A-2 
North End 

Vertical, 
UP 

Room A-3 
South End 

Vertical, 
Down 

Vertical, 
UP 

Room A-3 
South End 

Room B, 
North End 

Vertical, 
Down 

Room 0,  
North End 

Vertical, 
UP 

Room G, 
N1102, W1882 

Vertical, 
UP 

Room Q, 
N1102, W1882 

Vertical, 
Down 



TABLE 4-8 
LOGGED AND MODELED BOREHOLES 

(CONTINUED) 

DATE OF DATE OF 
COLLAR' LENGTH DATE GEOLOGIC INDUCTION 

BOREHOLE LOCATION DIRECTION ELEVATION OF HOLE DRILLED LOG LOG 

DH-37 Room G, 
N1101, W2182 

DH-38 Room G, 
N1101, W2182 

DH-41 Room G, 
N1101, W2782 

OH-42 Room G, 
N1101, W2782 

DH-42A Room G, 
N1101, W2789 

Vertical, 
UP 

Vertical, 
Down 

Vertical, 
UP 

Vertical, 
Down 

Vertical, 
Down 

'Collar elevations of boreholes located in rooms A-1, A-2, A-3, and B were estimated from known elevations in the area and room geometry. 



in the subsurface and the resulting magnetic field is measured by the receiving coil. 
a 

Figure 4-14 shows this relation in a vertical borehole. Tx and Rx represent the transmitting 

and receiving coils, respectively. 

Physical contact with the borehole surface by the probe is not necessary and the coils are 

configured to be reasonably insensitive to any borehole fluid. These characteristics are 

achieved by selecting the proper intercoil spacing during construction of the probe. Large 

spacings minimize nearby borehole effects, including the borehole fluid, and achieve a large 

lateral range of exploration away from the borehole, whereas smaller spacings allow high 

resolution of thin layers (McNeill, 1986). A compromise spacing will optimize the two. 

Additional coils can be used to focus the probe, further reducing its sensitivity to the 

borehole fluid and improving vertical resolution. 

As discussed above, the intercoil spacing of the transmitter and receiver determines the 

depth of optimum response in the probe. This optimum response is approximately half the 

spacing. Figure 4-15 shows the relative response of the EM-39 used in this exercise as a 

function of distance from the borehole axis. Maximum response is achieved at 

approximately 25 cm from the borehole axis, with a relatively small fraction of the response 
A coming from within the borehole itself. 

The induction log curves were modeled using the DAT39Q "Forward Layer Model" software 

provided by Geonics with the EM-39 (McNeill, 1986). The objective of the modeling was to 

calculate successive approximations so that the modeled layering produced the same 

conductivity response as the actual measured data. Input to the model consisted of up to 

20 units, for which thickness and conductivity were specified, although some of the 

boreholes were modeled in two parts because greater than 20 units were required for 

accurate modeling. A first approximation for stratigraphic thickness and unit conductivity in 

the model was based on details provided in the geologic log for a particular borehole. The 

modeled curve was then plotted over the actual induction log data curve and compared. 

The preliminary modeling was based on depth-stratigraphic unit relationships of the cores 

obtained from the boreholes. In some cases the induction log data curve was shifted in 

relation to the modeled log to adjust for cable slippage during measurement or inaccuracies 

associated with the relation between the probe and the borehole collar. Clay seams and 

anhydrite near clay seams were used to position the peaks of the induction log and 

.- determine the amount of shift necessary when this adjustment was required. 



FIGURE 4-14 RELATION OF MAGNETIC FIELD AND INDUCED ELEC?RlC 
EDDY CURRENTS IN VERTlCAL BOREHOLE (AFTER McNEILL, 
1986) 

WINCH 
AND CONSOLE 

PRIMARY MAGNETIC FIELD 

EDDY CURRENT FLOW 

I 
I 

I 
I 

I 
/ 

a'* 
\ 
\ 

R x 
\ 
\ 
\ 

/ \ 
/ 

/ '\ Tx TRANSMITTINO 
COIL 

Rx RECElVlNO 
COlL 



FIGURE 4- 15 DISTANCE FROM BOREHOLE VERSUS RELATIVE RESPONSE-GEONICS 
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Subsequent model runs were performed by modifying unit conductivities and/or thicknesses 
n 

until the modeled curve adequately matched the induction log data curve by visual 

inspection. The final modeled curves, the corresponding stratigraphic unit thicknesses and 

conductivities, and the geologic core logs are provided in Appendix H, along with the 

measured induction log data curves for each borehole modeled. 

Conduction generally takes place through the electrolyte (brine) contained within the 

moisture-filled pores of the matrix of interest (Dobrin, 1976). Because the resistivity of 

individual salt crystals is extremely high, they do not contribute appreciably to the 

conductivity of the salt rock. Conductivity in the rock mass is considered to be controlled 

by (McNeill, 1980): 

Effective porosity and the size, number, and shape of these interconnected 
passages, 

Moisture content, 

Concentration of the electrolyte, 

Temperature and phase of the fluid, and 

Amount and composition of colloids that might be present in the fluids. 

Archie's Law (Archie, 1942) provides a good approximation of the moisture content of the 

material based on the measured electrical response. Archie's Law, an empirical 

relationship, assumes that the formation material acts as an insulator and that the 

conductivity is due solely to the intercrystalline formation fluid. Crystalline halite has a low 

conductivity (or high resistivity, on the order of hundreds of thousands of ohm-meters 

[ohm-m]), whereas salt saturated with brine has a much higher conductivity, on the order of 

1 mholm or 1 ohm-m (Matula, 1981). The formation salt acts as an insulator and the 

conductivity is controlled by the brine fluid contained in the interconnected formation pore 

spaces. It is also assumed that, like crystalline halite, dry polyhalite, anhydrite, and clay 

have a very low conductivity relative to the formation fluid and, therefore, Archie's Law can 

be applied equally well to stratigraphic units consisting of these materials. Archie's Law is 

expressed as: 



where 
,- 

P,. = conductivity of brine solution (assumed constant = 2.17 mholm [Kessels and 
others, 1985]), 

Po = measured.conductivity of the medium (from modeled values), 

m = cementation factor (assumed 1.8), and 

n = formation porosity. 

The cementation factor of 1.8 was assumed to closely represent the average conditions in 

the WlPP stratigraphy after comparison (similar to Kessels and others, 1985) with moisture 

contents determined by physical sample analyses of several stratigraphic map units 

(Figure 4-16). 

4.2.3 Methodoloqy 

The EM-39 hardware consists of transmitter and receiver coils contained within a borehole 

probe 4.2 cm in diameter and 133 cm in length. The probe is electrically connected to a 

data acquisition unit that maintains a digital record of the material conductivities which are 

later downloaded to a microcomputer. Prior to the logging of each borehole, the tool is 

calibrated by moving the probe to a reasonable distance from any metal in the workings 

and adjusting it to zero conductivity for air. 

During operation, the probe was lowered or raised to the back of the borehole, depending 

upon whether downholes or upholes were being logged. It was then slowly returned to the 

borehole collar, recording formation response. The instrument cable connecting the probe 

to the instrument recorder was run over a counter wheel and meterage was automatically 

recorded. Data points were taken every 10 cm as measured by the counter wheel with a 

logging speed of approximately 0.1 meterlsecond. Normally, at least two runs in each hole 

were made to ensure repeatability. At this rate, a 50-foot borehole can be logged, on 

average, in approximately one hour or less, including setup and transportation time. 

4.2.4 Borehole Locations 

A total of 28 boreholes were logged. Only boreholes in the northern repository area were 

logged because of the availability of open vertical holes. Additionally, the boreholes in the 

northern repository area penetrated the stratigraphic sequence of interest (Units 0 

through 4). In Appendix H, Figure H-1 shows the stratigraphy in the area of the WlPP 

horizon and the position of test room and waste room horizons to the stratigraphy and 

a 
Table H-1 contains descriptions of the stratigraphic units and the approximate distance of 
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each from the reference seam clay G. Eight of the logged and modeled boreholes were 
F- 

oriented vertically downward into the floor of the excavation, and seven of the logged and 

modeled holes were oriented vertically upward into the roof. Six additional horizontal 

boreholes were logged, but not modeled. These horizontal holes did not penetrate more 

than a single stratigraphic unit and consequently were not included in this report. 

4.2.5 Induction Loq Data 

The conductive response of several of the boreholes logged and modeled is presented in 

Appendix H. The response is a function of both the conductivity and thickness of the unit 

represented. Sharp peak responses typically represent thinner, more highly conductive 

units; lower, rounded peaks typically represent thicker, slightly conductive units. The actual 

conductivity of each stratigraphic unit is a function of both the magnitude and shape of the 

measured response, although in general, the higher the measured peak response, the 

higher the conductivity of that unit. The height of the response is roughly equal to the 

conductivity of the unit times its thickness, e.g., a unit with a conductivity of 0.075 mholm 

and a 0.5-meter thickness would have a measured response of 0.0375 mho/m, as would a 

unit with a conductivity of 0.150 mholm and a 0.25-meter thickness. 

A Because the coils are asymmetrical in the instrument probe, the response for a highly 

conductive, narrow seam shows a shoulder or shadow on the far side of the peak (toward 

the back of the hole). This is evident in a number of the logs presented in Appendix H, 

due to the existence of thin, moist clay seams in the stratigraphic sequence. 

4.2.6 Moisture Content by Ap~lvinn Archie's Law 

The modeled induction log response was used to determine the resistivity of the 

stratigraphic intervals in the underground boreholes. The modeled conductivities shown in 

Appendix H were used as input to Archie's Law to determine the moisture content values 

of the stratigraphic intervals (Archie, 1942). 

At partially saturated conditions, the conductivities were decreased due to the insulating 

effects of the gas or air particles in impeding the current flow. However, Archie's Law was 

still applied by assuming a cementation factor of approximately 2 for this condition (McNeill, 

1980). The cementation factor of 1.8 appeared to represent the average conditions in the 

WlPP stratigraphy after comparison (similar to Kessels and others, 1985) with moisture 

contents determined by physical sample analyses of several stratigraphic map units - (Figure 4-1 6). 



Archie's Law was applied in this analysis. assuming saturated conditions within the 
n 

measured medium, as was assumed by other investigators (Kessels and others, 1985). 

Porosities for the various stratigraphic units were calculated from Equation (4.3) above. 

Knowing the formation porosity and assuming a specific gravity for the solid particles in the 

various materials being considered, a percent moisture by weight was then determined. 

These calculated moisture contents and the formation conductivities are shown in 

Appendix H. 

4.2.7 Qualitative Comparison with Physical Samples 

The estimated moisture contents developed using Archie's Law may be compared to 

previous physical sample analyses performed and summarized in Section 4.1. This 

previous work focused on the repository horizon stratigraphy, as do the surveys presented 

here. Comparisons of the two approaches are made where data for similar horizons are 

available. Tables 4-9 and 4-10 present the calculated moisture content for each 

stratigraphic unit by borehole and the average moisture content for each unit. The average 

moisture contents from the previous work (Section 4.1) are also reported in Tables 4-9 and 

4-1 0 for comparison. 

The correlation between the two sources is variable, depending upon the stratigraphic unit. ,- 

Figure 4-17 presents the relative correlation for each map unit. Some of the scatter in this 

figure may be explained by differences in materials type and/or degree and location of 

physical sampling. Map Units 0, 2, and 4 contain argillaceous zones and Map Units 8 and 

11 represent anhydrites "b" and "a", respectively. The cementation factor selected was 

based on clean halite beds and then applied to other material types. The cementation 

factor for these other materials may need to be refined with the aid of additional data. The 

anhydrite layers are usually associated with clay seams, and it is difficult to distinguish the 

clay seams in the induction log modeling. Therefore, calculated moisture contents for the 

anhydrite layers may have been influenced by higher moisture contents of the clay seams. 

Map Units 5 and 14 are layers that had limited physical moisture sampling performed (two 

and three samples, respectively). These two units are also adjacent to clay seams, which 

may have influenced both the calculated moisture content and the physical sampling. 

The absolute difference between the calculated moisture contents (from Archie's Law) and 

the physical sample analyses ranges from 0.02 percent for Map Unit 3 to 1.55 percent for 

Map Unit 5. The absolute difference for Units 0 through 4 (units with the highest number 

of physically tested specimens) is less than 0.57 percent or better. This is considered to n 



TABLE 4-9 

MOISTURE CONTENTS (WEIGHT PERCENT) 
UP BOREHOLES 

 MEAN'^ 
LABORATORY  ABSOLUTE'^' 

STRATIGRAPHIC AVERAGE"' STANDARD MOISTURE DIFFERENCE 
UNIT AlX02 A2X02 A3X03 BX02 DH-35 DH-37 DH-41 ("/.I DEVIATION CONTENT (%) 

AH- 1 0.404 0.322 0.259 0.592 0.165 0.089 0.1 12 0.278 0.1 79 ---- ---- 

Map Unit 15 0.404 1.983 0.274 0.596 0.330 0.270 0.1 93 0.579 0.633 ---- ---- 

Map Unit 14 0.404 0.219 0.538 3.098 1.065 1.362 0.230 0.835 

Map Unit 13 

Map Unit 12 

Map Unit 11 
(Anhydrite "a") 



TABLE 4-9 

MOISTURE CONTENTS (WEIGHT PERCENT) 
UP BOREHOLES 

(CONTINUED) 

 MEAN'^) 
LABORATORY  ABSOLUTE'^' 

STRATIGRAPHIC AVERAGE"' STANDARD MOISTURE, DIFFERENCE 
UNIT AlX02 A2X02 A3X03 BX02 DH-35 DH-37 DH-41 ("10) DEVIATION CONTENT (%I 

Map Unit 10 0.344 0.1 49 0.21 9 0.237 0.099 ..-- ---- 

Map Unit 9 0.307 0.21 2 0.247 0.255 0.048 0.080 0.1 75 

Map Unit 8 
(Anhydrite "b") 

Map Unit 7 0.365 0.322 0.322 0.336 0.025 0.420 0.084 

Map Unit 6 0.284 0.475 0.373 0.377 0.096 0.1 60 0.21 7 

Map Unit 5 0.475 0.475 ---- 1.81 0 1.335 

' This unit was divided into two sub units for the laboratory moisture content measurement. The reported value here Is the average of 0.47% for Map Unit 8 (anhydrite "b") and 
1.75% for clay G. 

( ' ) ~ v e r a ~ e  moisture content calculated from induction log data. 
( " ~ v e r a ~ e  moisture content reported from laboratory testing of soil samples (Section 4.1). 
(3)~bsolute difference between the calculated moisture content and the laboratory data in Section 4.1. 





TABLE 4-10 

MOISTURE CONTENTS, (WEIGHT PERCENT) 
DOWN BOREHOLES 

(CONTINUED) 

LABORATORY ABSOLUTE"' 
STRATIGRAPHIC AVERAGE'" STANDARD MOISTURE DIFFERENCE 

UNIT AlXO1 A2X01 A3X01 BXO1 DH-36 DH-38 DH-42 DH-42A C/O) DEVIATION CONTENT w)  

PH-1 

Anhydrite "c" 

H-1 

All Units 

"'Average moisture content calculated from induction log data. 

'"Average moisture content reported from laboratory testing of soil samples (Section 4.1). 

"'Absolute difference between the calculated moisture content and the laboratory data In Section 4.1. 



CALCULATED MOISTURE CONTENT (WEIGHT %) 

FIGURE 4- 17 CORRELATION OF CALCULATED MOISTURE CONTENT 
TO MEASURED MOISTURE CONTENT 



be a fairly good relationship, given the coarseness of the induction log survey. The t-v 
average calculated moisture content for all the units is 0.50 percent, only 0.05 percent 

difference from the average moisture content (0.55 percent) for all units reported in 

Section 4.1. 

4.2.8 Conclusions 

Borehole induction logging performed in this exercise has proven to be a reasonably 

efficient and accurate method for measuring material conductivity and, thereby, its moisture 

content. The moisture contents determined from the geophysical logging compare 

reasonably well with the moisture contents determined from the laboratory analyses. The 

previous discussions have shown that the two approaches exhibit an absolute difference in 

moisture content of 0.05 percent if the averages for all units are considered, which is a 

good correlation given the spatial differences in the sampling sets. 

The geophysical approach allows the repetition of surveying the same borehole intervals 

(i.e., the same rock volumes) to monitor changes in the material response over time. 

Drying or, possibly, wetting fronts that develop in the vicinity of the excavated borehole are 

expected to be readily observed in subsequent induction log surveys. Further investigation 
m 

into the relation of moisture content to excavation depth may also be evaluated with 

induction logging by observing overall moisture trends from borehole surface to some 

depth. Unlike physical samples, which are difficult to obtain undistuhed at depth (i.e., 

representative of in-situ moisture) the induction logging approach allows in situ 

measurement. 

Future recommended activities include: 

Performing additional select borehole surveys to evaluate the time effects of 
moisture variation (especially on boreholes in areas of new excavation), 

Performing induction log surveys in conjunction with laboratory and field 
analyses of physical'samples from fresh boreholes to further correlate moisture 
content measurements obtained from physical sampling with those obtained 
from conductivity logging, 

Performing additional borehole logging where deep open boreholes become 
available (particularly in the area of declined boreholes drilled in the first panel 
area for brine inflow monitoring), and 

Performing additional laboratory analyses of the WlPP geologic materials to 
define resistivity, specific gravity, and average effective porosity to be used in /4, 
calculating moisture contents from the unit conductivity and Archie's Law. 



- 
4.3 RESULTS OF THE DRILLHOLE VIDEO-CAMERA SURVEY 

One .of the questions raised during Phase I of the BSEP concerned the exact stratigraphic 

source of the brine inflows into the WIPP underground drillholes. A drillhole video-camera 

survey was undertaken in an attempt to help answer that question. The primary objective 

was to determine if it was possible to observe the location of wet areas or salt encrustation 

on the walls of drillholes that might indicate points of brine inflow. A secondary objective 

was to determine the usefulness of the existing drillhole camera in discerning lithologic and 

structural features. 

Twenty-one drillholes were selected for observation from those used in the BSEP - 

Appendix B (Deal and Case, 1987). Eleven of these were downholes and ten were 

upholes. Six of these drillholes were logged between February 12, 1987 and April 28, 

1987 (Table 4-1 I), at which time the drillhole camera malfunctioned. The results from that 

survey are reported in the BSEP Phase II report (Deal and others, 1987). After repair of 

the camera, the remaining 15 holes were logged between June 7, 1988 and September 1, 

1988 (Table 4-12). The results of the completed survey are presented in Appendix I and 

discussed below. 
A 

4.3.1 Equipment 

This survey was conducted using the same camera that was used in the first part of the 

video survey, a Circon color drillhole camera fitted with a wide-angle lens placed at right 

angles to the axis of the drillhole. Snap-together aluminum rods 1.8 meters long were 

attached to the back of the camera and were used to manipulate the camera in the 

drillholes. The camera was connected to a Circon color video control unit by a cable 

15.2 meters long. The camera cable could not be lengthened without redesigning the 

circuitry. This camera's limited usefulness with this configuration only allowed it to be 

inserted a maximum of 13.40 meters into the downholes and 14.63 meters into the 

upholes. As a result, the end part of most of the holes could not be observed with this 

equipment. The control unit was connected to a video recorder and TV monitor 

(Figure 4-18). Video tapes produced during the examinations are kept on file in the 

Geotechnical Engineering Section at WIPP. The unit is powered by 120V AC current or a 

12V DC battery pack. The battery pack was used during this survey. 

4.3.2 Method - Both upholes and downholes were examined in the survey. The downholes were sounded 

with the Solinst tape to determine the brine level prior to inserting the camera so that the 



TABLE 4-11 
m 

DRILLHOLES INVESTIGATED WITH THE VIDEO CAMERA 
DllRlNG M E  FIRST SURVEY 

LOCATION (MINE DATE DATE DEPTH 
HOLE ROOM COORDINATES) DIRECTION DRILLED INVESTIGATED (METEFS) 

Experimental Rooms 
AWOl A2 N1393.7 E1338.9 Down 02/09/85 04/28/87 15.4 

Facility Horizon 
L1 XOO L1 N1538.5 W225.0 Down 0511 3/84 02/12/87 3.8 
DH-38 G N1lO1.O W2182.0 Down 01 I26185 0211 2/87 14.5 
DH-40 G N1lO1.O W2482.0 Down 01 25/85 02/12/87 15.5 
DH-42 G N1lO1.O W2782.0 Down 01 23/85 0211 2/87 15.6 
DH-42A G N 1 101.0 W2789.0 Down 01 123185 0211 2/87 12.3 



TABLE 4-12 

DRILLHOLES INVESTIGATED WITH THE VIDEO CAMERA 
DURING THE SECOND SURVEY 

LOCATION (MINE DATE DATE DEPTH 
HOLE ROOM COORDINATES) DIRECTION DRILLED INVESTIGATED (METERS) 

Experimental Rooms 
6x01 B 
6x02 B 
A1 XO1 A 1 
A1 X02 A 1 
A2X02 A2 
A3X01 A3 
A3X02 A3 
DH-15 D 

Down 
UP 

Down 
u P 
UP 

Down 
UP 
u P 

Facility Horizon 
DH-35 G N1102.0 W1882.0 UP 01 27/85 06/08/88 15.8 
DH-36 G N1102.0 W1882.0 Down 01 R6/85 06/08/88 15.7 
DH-37 G N1lO1.O W2182.0 UP 01 I26185 06/07/88 15.7 
DH-39 G N1lO1.O W2482.0 UP 01 124185 06/07/88 15.5 
DH-41 G N 1 101 -0 W2782.0 u P 0 1/24/85 06/07/88 15.2 
DHP-401 Panel 1 S1950.0 El 320.0' UP 1 2/08/86 08/29/88 15.0 
D H P-402A Panel 1 S 1 950.0 E l  320.0' Down 1 2/04/86 08/29/88 15.2 

a~.ocations only approximate. 
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FIGURE 4-18 COMPONENTS AND ARRANGEMENT OF THE DRILLHOLE VIDEO-CAMERA SYSTEM 



camera would not be immersed in brine. Once the level of the brine was determined (for 
,-.~ 

downholes) the camera was slowly inserted into the hole by a technician using the alu- 

minum rods while the other member of the team watched the TV monitor, measured how 

far the camera had been inserted in the hole, and recorded any features noted on the TV 

monitor. The depth of the camera was determined by adding the length of the camera and 

the length of the aluminum rods attached to it. If an exact depth was needed to record a 

particular feature, the distance from the end of the rod protruding from the hole to the 

collar of the hole was measured and that distance was subtracted from the total length of 

the rods and the camera. Interesting zones noted on the monitor were examined on all 

sides of the hole by rotating the camera a full 360 degrees. For downholes, the camera 

was lowered to within 15 cm of the brine level or to the end of the cable, whichever was 

shorter. For upholes, the camera was inserted to the end of the cable. The camera was 

then retrieved from the hole. All observations and camera depths were recorded on 

drillhole video survey log sheets. 

During the survey, 21 drillholes were examined in Rooms Al, A2, A3, 6, D, G, and L1 and 

Panel 1 (Figure 2-1). Four of the drillholes examined in Room G and one in Room L1 

were examined on February 12, 1987, as a trial run to test the camera's effectiveness for 

determining locations of brine inflow. Following this trial run, the data was analyzed and a 

second trial run was conducted on April 28, 1987, on a drillhole with known wet and dry 

areas to see if a difference could be observed between a wet drillhole wall and one that 

was reflecting the camera light from dry crystal faces. After looking at a drillhole where the 

wet and dry areas were known, drillhole A2X01 was examined. From these examinations, 

it was determined that the difference between wet areas and areas where dry halite was 

reflecting the camera light was neither easily discernible using the drillhole video camera 

nor defined sufficiently to be used in logging wet areas in the drillholes. However, salt 

encrustations and some lithologic units were discernible; thus, the decision was made to 

continue the survey once the drillhole camera was repaired. Nine holes (four downholes 

and five upholes) were examined on June 7, 8, and 9, 1988, and six more (five upholes 

and one downhole) were observed between August 29 and September 1, 1988. This last 

effort completed the survey. 

4.3.3 Results 

Even though wet and dry areas could not be defined using the drillhole video camera, salt 

encrustations, contacts between anhydrite and salt, clay and anhydrite stringers, fractures, 
,- and offsets in the drillholes were identifiable (Appendix I). Salt crusts and knobs were 

observed in eight of the upholes and eight of the downholes. Anhydrite beds and seams 



were seen in all of the upholes and nine of the downholes. Four of the drillholes, three 
A 

downholes and an uphole also had identifiable fractures. In five of the downholes which 

had a salt buildup, the buildup started either at the top of or within the polyhalitic anhydrite 

of Marker Bed 139'and ended near the bottom of the unit. Even in Hole A2X01, where 

the top of Marker Bed 139 is 6.9 meters below the collar of the hole, there was a salt 

buildup at the top of the unit. In two of the holes that had salt crusts not associated with 

Marker Bed 139, the crust was associated with a fracture that had been identified in the 

core. In all eight of the upholes, salt buildups occurred within two meters of the collar of 

the hole. There were a few buildups deeper inside one of the holes, but there was no 

identifiable correlation between the buildups and observed features in either the drillhole or 

the lithologic drillhole log. 

In the downholes, Marker Bed 139 was identified in five of the holes and anhydrite "c* was 

identified in four of the holes. However, six of the holes were not deep enough to reach 

anhydrite "c". 

In the upholes, Marker Bed 138 was identified in all of the drillholes and anhydrites "a" and 

"b" were seen in five of the holes. The other five holes, those in the experimental area, 

were collared above those units. -Y 

4.3.4 Conclusions 

The buildup of salt crust around Marker Bed 139 (drillholes L1X00, DH40, and DH42A) 

indicates that it is a source for some of the brines in the drillholes. Anhydrite "c", located 

approximately 10.6 meters below Marker Bed 139, is another possible source for brine, as 

evidenced by the wet appearance of the unit (drillholes DH38 and DH42) and the buildup 

of salt crust around it (drillhole DH40). Another source of brine may be fractures, as 

evidenced by the salt buildups b e k n  2.0 and 2.2 meters in drillhole A2X01 and at 2.6 

meters in hole 6x01, both of which occur just below fractures identified in the core when 

the drillholes were logged (Gallerani, 1985). 

The drillhole camera is not useful for locating wet areas in the salt sections because it is 

extremely difficult to differentiate wet areas from areas where the light from the camera is 

reflected by the salt. In anhydrite and clay sections, it is easier to distinguish wet areas 

because these section do not reflect light from the dry surfaces. Although it is difficult to 

distinguish between clay and anhydrite in the smaller seams, the larger ones greater than 

2.5 cm are relatively easy to distinguish. The camera is most useful for identifying cc* 

changes in lithology, fractures, salt encrustations, and offsets in the drillholes. 



5.0 MODELING EXERCISES TO DETERMINE THE EFFECTS 
,F. OF ROCK DEFORMATION ON BRINE INFLOW 

5.1. INTRODUCTION ' 

Although the excavations in bedded salt at the WlPP are for all practical purposes dry, small 

amounts of brine have been observed to weep from exposed surfaces in the repository 

horizon and seep into drillholes in the underground excavations. As part of the BSEP at the 

WIPP, a modeling study has been undertaken to formulate and analyze the complex problem 

of brine and nitrogen flow through deforming salt. The modeled relations involve rock 

mechanics and fluid flow phenomena, and have been coupled, where appropriate, in order to 

closely describe the natural phenomena. The main objectives of this section and Appendix J 

are to (1) present the comprehensive formulation of rock deformation and brine flow and 

suggest methods by which the formulation might be solved in order to estimate the brine 

inflow rate into the excavated rooms at the WIPP repository level, (2) implement a preliminary 

solution by utilizing modifications to two existing codes (modeling rock mechanics and fluid 

flow) to obtain an initial estimate of the effects of salt deformation on the flow of brine to a 

1 .&meter-radius shaft at a depth of 655 meters, and (3) provide modeling support for 

interpreting the brine inflow measurements for identification of both sources of brine and flow 

mechanisms. 

Excavations at the WlPP create openings at atmospheric pressure, and the resulting pressure 

gradients induce fluids (contained in the salt) to flow toward the excavated rooms. In rock salt 

that cannot sustain deviatoric stress over long periods of time, the brine'pressure is 

approximately equal to the lithostatic state of stress (- 15 MPa). Excavation creates a stress 

differential between atmospheric pressure and the virgin rock stress in the intact salt. This 

stress differential causes salt to creep into the excavated rooms and shafts. Gases (mostly 

nitrogen) dissolved in the brine also exsolve and move toward the excavation, moving through 

both the salt and the brine. The result is that excavation-induced flow of three phases 

(represented by salt, brine, and nitrogen) occurs simultaneously. 

The relevant factors and mechanisms involved in brine inflow are as follows (Deal and Case, 

1987): (1) the nonuniform distribution of brine; (2) the surrounding salt is continuously 

deforming resulting in local changes in permeability; (3) a coupling of salt deformation and the 

flow of brine; (4) the presence of unsaturated flow conditions, especially in the proximity of the 



excavation; (5) the development of fractures around excavations; (6) the exsolution of nitrogen 
n 

from brine; and (7) the stratigraphic variations within the salt sequence. 

The processes of salt creep and fluid flow are coupled in a complex manner. As brine flows 

into the rooms of the WlPP repository, the rock salt around these rooms is also creeping into 

the excavation. The creep of intact salt will modlfy the permeability and porosity of the salt 

itself, which in turn results in changes in the fluid pressure. Fluid pressure in rock pores may 

then affect stresses in the rock and, consequently, the salt creep rate. Because detailed 

experimental data on these coupling effects are not available at the present time, the relative 

importance of each mechanism is unknown. 

The comprehensive formulation of brine inflow is presented in this section and Appendix J. 

The equations describing brine flow through deformable porous media are derived and 

expanded for the potential 'two-phase flow conditions. Consideration is given to the existence 

of material properties and modeling assumptions. A simplified mathematical model is 

developed and used to perform a preliminary numerical analysis. The results are evaluated 

relative to the modeling assumptions to provide guidance for future work. m, 

5.2 OCCURRENCE OF BRINE AND NITROGEN IN BEDDED SALT AT M E  WlPP 

The brine occurrences and flow mechanisms have been discussed elsewhere (Deal and 

Case, 1987). This section presents a brief discussion of the important modeling assumptions 

made in performing the analysis. The complex evaporite sequence exposed in and near the 

WlPP excavations was initially deposited in the Permian sea, where normal marine waters 

were concentrated by evaporation. Rainfall, muddy runoff from nearby land, and influxes of 

normal marine water caused the salinity of the water to fluctuate, so that periods of 

precipitation of halite alternated with periods of dissolution. Although the Salado Formation is 

composed predominantly of halite, the resultant rock contains some clay and other evaporite 

minerals such as polyhalite, anhydrite, and various potash minerals (HoR and Powers, in,  . 

preparation). Some residual sea water containing gases dissolved from the Permian 

atmosphere was trapped in the precipitating evaporites. 

After burial beneath the sea floor, a chemically and physically complex set of diagenetic 

processes acted on the deposits, causing extensive recrystallization to occur (Holt and q 



Powers, in preparation). The composition of the residual brine and gases in the salt was also 
P 

changed during diagenesis and it is likely that whatever residual oxygen was present 

combined with other elements at that time. The WlPP brines are notable for the fact that they 

contain essentially no dissolved oxygen or carbon dioxide and that the gas exsolving from the 

brine is mostly nitrogen with traces of methane. The nitrogen today may either exist within the 

rock matrix as free gas or be dissolved in the brine. The amount of nitrogen dissolved in the 

brine depends upon the pressure and temperature of the undisturbed salt. 

Observations in the WlPP excavations indicate that delicate features formed during deposition 

and diagenesis are very well preserved and that the bedding is nearly horizontal and appears 

to be essentially undisturbed since Permian time. Only burial, uplift, and gentle warping has 

occurred. There is evidence that local pressure gradients in the salt near the WlPP repository 

were probably insignificant and that little or no flow of salt or brine occurred for a long time 

prior to excavation. 

Prior to excavation, fluid pressure in the pore spaces prevents additional plastic dosure of 

,-. 
those pore spaces. Since salt is a plastic material and creeps under deviatoric stress, it is 

likely that brine pressure is near lithostatic and the salt exhibits low permeability. After 

excavation, the salt creeps into the opening and the porosity and permeability of the adjacent 

salt near that excavation increases.' If the salt has any effective permeability, it is likely that 

the brine and gas will move through openings in the salt under a high pressure gradient more 

rapidly than the salt can deform. It is therefore possible that at some distance from the 

excavation, in the far field (but not so far that undisturbed conditions persist) where a small 

pressure gradient toward the excavation exists, brine and gas flow through the pore spaces 

reducing the pressure within them, allowing salt-creep closure and consolidation of clays 

within the pillars due to loading with a reduction of the size of the intercrystalline pore space 

(microfractures, intergranular spaces, pores, or the apertures that connect them). This 

process might continue until the open pathways become so small that surface-tension forces 

dominate, Darcy's Law no longer applies and, for all practical purposes, the fluids become 

immobile and effective permeability is reduced to zero. Brine seepage phenomena may be 

P, 'The salt dilates in response to a decreased confining stress, resulting in an increase in both 
intracrystalline and intercrystalline porosity. 



self-limiting and, at least in a horizontal direction away from the excavations, a "barrier zone 
n 

of reduced or negligible permeability might naturally develop. 

5.3 FLUID FLOW THROUGH DEFORMABLE ROCKS 

The hydraulic regime around the excavations at the WlPP is more complex than that 

encountered in most common geohydrologic settings, in which it is reasonable to assume that 

the rock properties of porosity and permeability remain constant and that the rock matrix is an 

elastic solid. Further, salt deformation causes changes in fluid pressure which influence flow 

(a consolidation problem). At the WlPP the rock matrix is an elastoviscoplastic material and, 

once excavations at atmospheric pressure are created, the porosity and permeability of the 

rock matrix close to the excavations change dramatically with time as the salt creep occurs. 

Additionally, the atmospheric pressure in the excavated rooms acts like a pressure sink for 

fluids and gases stored in the salt. As brine and nitrogen flow toward the pressure sinks 

(rooms), the steepness of the pressure gradient decreases and the zone of pressure relief 

propagates outward with time. Distribution of pore pressures may eventually reach steady 

state after some time. 

A two-step approach has been taken to understanding this flow regime. This formulation 

assumes: 

Rocks can be modeled as continuous and porous flow media, 
Permeability and porosity of rock salt are affected by salt creep and brine flow, 
Darcy's Law applies, 
Linear relationships are applied wherever possible, and 
Compressibility of brine is consistent over the applicable range of pressure. 

The set of derived equations (Appendix J, Sections J.l -J.6) describe, in general, the flow of 

brine through creeping salt under the influence of stress and temperature change. The 

equations include: 

Mass consetvation equations for two-phase flow of fluids through a porous 
media, 

Stress equilibrium and displacement compatibility equations, 

Stress-strain constitutive relations. 



- Derivations are carried out based upon: 

Darcy's Law and a piece-wise application of linear relationships between 
pressure gradient and fluid flow rate, 

The concept of mass and energy balance, and 

A proposed constitutive model for salt deformation. 

These equations provide a theoretical basis for understanding the relationships between 

parameters in multiphase coupled flow. The constitutive relations proposed in Appendix J can 

be applied to conditions at the WlPP only after there is better information on the specific 

properties of the Salado Formation near the facility horizon. 

In order to define the properties necessary to perform the analyses using the proposed 

relationships, it may be necessary to consider the following variabilities near the WlPP 

excavations: 

* 
  he Salado Formation is a complex, bedded stratigraphic unit with considerable 
vertical variation and numerous horizontal discontinuities, 

Brine is not uniformly distributed within the Salado Formation, 

Unsaturated flow conditions are known to exist, at least locally, in close 
proximity to the excavations, and 

Fracturing is part of the salt deformation process close to the excavations. 

The fracturing is associated with several near-field deformation mechanisms. These include 

(Holt and Powers, in preparation): 

Vertical surficial spalling in pillars, 

Low-angled (relative to horizontal) fracturing that develops from the riblroof and 
riblfloor lines, 

Subhorizontal fractures that develop within the first 18 inches of the roof, 

A Bed separation that develops at the Anhydrite B interface in the roof, 



Vertical surficial spalling in the roof that probably develops as a result of 
restraint by remedial bolting, and 

Low-angled shear fractures that daylight across the roof. 

While the aperture, length, width, and orientation of individual fractures may be characterized, 

the hydraulic properties of the fractured zone are currently unknown. 

We did not attempt to develop a totally new modeling code based on the global derivation 

(such as Niou and Deal, 1989; and Appendix J, Sections J.1-J.6). Our approach used 

simplifying assumptions and coupled two existing codes to obtain a preliminary evaluation of 

the effects of deformation on fluid flow to the WlPP excavations. We then applied the coupled 

code to a test case. 

5.4 MODELING ASSUMPTIONS 

The technical approach adopted in performing the analysis is to model both salt deformation 

and fluid flow simultaneously, subject to the following major assumptions: 

The Salado formation, although known to contain horizontal stratigraphic 
discontinuities, is modeled here as a continuous media. 

The salt is modeled as an elastoviscoplastic material exhibiting time-dependent 
deformation. 

Effective stress equals total stress in the rock The porosity is so small (-001) 
(Peterson and others, 1985) in the deforming salt that the change in pore 
pressure is assumed not to affect total stress. Therefore, the presence of brine 
does not affect the creep rate or the elastic deformation of the rock. This allows 
simplification of the coupling of the modeling codes. 

The permeability and porosity of the rock are affected by salt creep in that 
stresses are redistributed around the opening. 

The brine is uniformly distributed through the salt and flows under Darcy's Law 
under saturated conditions as fluid pressure is reduced at the opening due to 
development of brine inflow. 

The nitrogen exsolves rapidly following excavation. The precise gas content is 
unknown, though estimates based on the solubility of nitrogen in sea water yield 
volumetric changes of 20 percent for a saturated brine that is depressurized 
(Roggenthen, 1988). 

n 



,=- The fundamental assumption is that porosity and permeability are affected by the response of 

the salt to excavation (Borns and Stormont, 1988; Case and Kelsall, 1987). For infinitesimal 

strains which relate to porosity 

where 

E,, = first strain invariant, 
V, = initial volume, and 
AV = change in volume. 

Note that the repeated index i indicates summation from 1 to 3. The porosity is given by 

where 

9, = initial porosity, 
V = volume of a rock element, 
V, = volume of pores in the same rock element when strains are very small, and 
V, = initial volume. 

For infinitesimal strains 

0 = 
90 + =I1 

1 + Ell 

To relate porosity with permeability for rock salts, the following equation was obtained through 

laboratory tests (Lai, 1971) 



where 

k = intrinsic permeability, 
a = constant, and 
b = constant. 

Lai's experimental tests were conducted in a high-pressure, tnaxial cell with external 

hydrostatic stress and pore pressure held constant. Salt samples were prepared in the 

laboratory and were free of joints and fractures. Because of the experimental set up, his 

results have the following shortcomings: 

The tests were conducted on a short-term basis as opposed to a long-term 
basis. 

The pore pressure was independent of rock stress. 

The migrating fluid used by Lai was kerosene, which is nonreactive to the salt. 
In the current study, the migrating fluid is brine that, if unsaturated, may react 
with the salt and affect permeability. 

The induced fracture system and stratigraphic variations in the vicinity of the 
WlPP excavations cannot be modeled in small rock samples. 

e 

While equation (5.4) does not completely describe the relationship between porosity and 

permeability found in the vicinity of the repository excavation, this equation is suggested for 

the time being until such time that better relationships between rock deformation and perme- 

ability become available. 

5.5 EQUATIONS FOR FLUID FLOW 

The general fluid-flow equations were developed from the continuity equations and then 

expanded based on several proposed constitutive relationships. To describe the flow system 

for a deforming media, the following relationship is used (Huyakom and Pinder, 1983 - 

Equation [6.2.1.22]): 



where 
P 

u, = displacement, 
k = intrinsic permeability, 
p = fluid 'density, 
8 = porosity, 

= fluid compressiblity, 
P = fluid pressure, 
t = time, 

x, = i th coordinate axes, 
g, = ith component of gravitational acceleration, and 
p = absolute viscosity. 

Assuming that the pressure potential is large relative to the elevation potential at the reposito- 

ry horizon, one can neglect the pg, term. Then, given constant density and viscosity for a two- 

dimensional analysis (x, y plane), Equation (5.5) simplifies to 

The second term (Qd) on the right-hand side of the equation is defined as 

It is assumed that this term represents the time rate of change of elastic strain and represents 

the compression or expansion of the void space due to changes in stress in the salt as 

determined from the elastoplastic stress analysis. 

5.6 EQUATIONS FOR STRESS ANALYSIS 

In the absence of external forces, the change in the stress tensor over space is equal to the 

body forces distributed over the volume. The general static equilibrium is given by 



where 

o,, = the stress tensor, and 
F, = the body forces. 

Note that the comma indicates partial differentiation on the a, term. 

The equilibrium relations are solved in conjunction with the constitutive relationships for rock 

satt and strain compatibility relationships. These relations were selected for performing the 

analysis discussed below. The relations assume: 

Elastic deformation occurs under hydrostatic compression, 

Viscoelastic deformation is neglected, 

Thermal elastic deformation is neglected because temperatures at the repository 
horizon are constant, 

rn 
The yield stress for viscoplastic deformation is equal to zero, and 

The influence of moisture and pore pressure on salt creep is neglected. 

The analysis uses the elastic-secondary-creep constitutive relations of Krieg (1 982) used in 

performing the Wl PP benchmark problem (Morgan and others, 1981) under isothermal 

conditions. 

5.7 COMPUTER CODE DESCRIPTIONS AND VERIFICATIONS 

To implement the model, a coupled finite-element analysis was performed using two modified 

computer codes. These include the VlSCOT code (Intera, 1983) for modeling rock mechanics 

and the SUTRA code (Voss, 1984) for saturated fluid flow. The resulting computer code is 

written in modular form such that if further refinements become necessary, they can be easily 

accommodated. A more complete description of solution algorithms is presented in Appendix 

J, Section J.7. 



In implementing the computer code, a number of verification calculations against closed form 

solutions were performed. These include: 

Elastic Kirsch solution under external hydrostatic loading, 

Elastic Kirsch solution under external hydrostatic loading with stress relief at the 
circular boundary, 

A cylindrical laboratory specimen of salt with viscoplastic constitutive relations 
(Sandia Creep Law) subject to triaxial compression, and 

The Theis solution for drawdown versus radius versus time. 

The details of these verification problems are presented in Appendix J, which shows compari- 

sons between closed form and numerical solutions. 

5.8 ANALYSIS OF A CIRCULAR OPENING IN HOMOGENEOUS SALT 

In performing the pilot analysis described in this report, several key issues are addressed to 

provide guidance in future modeling efforts. These issues include the development of the 

disturbed rock zone (DRZ) around the excavation, the relationship of rock strain to changes in 

..--. porosity and permeability, and the nature of flow into the excavation cavity as described 

below. 

In order to demonstrate the current computer code capabilities and to perform a sensitivity 

study, an analysis of a circular opening in homogeneous salt was performed. The resutts of 

the analysis can be compared against closed form solutions for elastoviscoplastic deformation. 

The results provide an indication of phenomenological behavior of the disturbed zone and its 

modification in space and time. The number of degrees of freedom is also comparable to 

solving a large-scale problem with the computer code. 

5.8.1 Problem Description 

The following discussion presents the excavation geometry and boundary conditions in 

Section 5.8.1 .l, the salt brine constitutive properties in Section 5.8.1.2, and other modeling 

parameters in Section 5.8.1.3. 



5.8.1.1 Geometry and Boundan, Conditions of Opening 
/".\ 

The circular excavation has a radius of 1.8 meters, which corresponds approximately with the 

radius of the construction and salt handling shaft (C and SH shaft) at the WIPP. The VlSCOT 

code reasonably models the observed closure rates in that shaft (U.S. Department of Energy, 

1989b - Section 5.4.4). The analysis ignores the effects of surrounding excavations. The 

finite element model, which is composed of 400 elements as illustrated in Figure 5-1, models 

one quadrant surrounding the excavation. The boundary conditions for the saltcreep analysis 

are shown in Figure 5-2. The model utilizes an initial lithostatic stress field corresponding to a 

depth of 670m. The stresses on the inner boundary were set to zero for the simulation. 

For the fluid-flow analysis, the far-field and inner boundaries were fixed pressure boundaries. 

An initial hydrostatic pressure equal to a lithostatic pressure of 15 MPa was assumed. The 

inner boundary was fixed at atmospheric pressure. 

5.8.1.2 Model Input Properties 

The material properties for performing the coupled analysis include the elastic and secondary 

creep properties of the salt, the compressibility of the brine, and the best estimate for 

permeability of the undisturbed rock salt. Wherever possible, reference properties for the n 
WIPP repository as summarized in Table 5-1 were used in the analysis. 

The permeability of the intact, undisturbed salt was taken as 106 millidarcy (md) (Peterson 

and others, 1985). Brine in salt may flow throl~gh either the intercrystalline or intracrystalline 

structure of salt. Owing to the relatively low permeability of individual salt crystals, fluid 

inclusions within individual crystals may move very slowly, whereas fluid movement occurs 

more rapidly in the intercrystalline structure of the salt. Case and Kelsall (1 987) compiled 

data on salt permeability from laboratory and field studies; they found that laboratory measure- 

ments and field measurements show the permeability of salt ranges from 1 md to md, 

while the measurement of a single salt crystal was 1 u9 md. 

'Theoretical studies (Kelsall and others, 1982; Case and Kelsall, 1987) as well as field 

measurements (Peterson and others, 1985; Boms and Storrnont, 1988) support the existence 

of a zone of increased permeability. This physically disturbed zone in the rock occurs in the 

immediate vicinity of the excavations, following excavation of a new opening and continues 

P 
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PARAMETER 

TABLE 5-1 

SALTIBRINE MATERIAL CONSTlTUTlVE PROPERTIES 

BASE 
CASE VALUE UNITS 

Salt 

Activation Energy, Q 

Stress Exponent, n 

Empirical Constant, A 

Universal Gas Constant, R 

Salt Temperature 

Young's Modulus 

Poisson's Ratio 

Salt Far Field Stress, Po 

Brine Compressibility 

Salt Porosity - Brine Viscosity 

Intact Salt Permeability 1 .O Nanodarcy 



until repressurization after closure. In a practical sense, this zone extends approximately a 

few tens of meters away from the excavation. 

Evidence regarding this change in permeability around an ently has been obtained using a 

guarded, straddle-packer system. The tests were performed to determine the permeability of 

salt, its variation with distance from the mined surface, and the influence of interspersed 

anhydrite and clay seams. The combined permeability measurements indicate that there is a 

relationship of permeability with test interval depth. The data indicate that permeability in salt 

is reduced by two orders of magnitude (lo4 to 10" md) over depths of 1 to 14 meters. This 

trend is similar to that predicted by Kelsall and others (1982). Because measurements are 

made for flow parallel to the drift surface and normal to the direction of stress relief, the 

results were expected. 

Predictions of the zone of increased permeability at the WlPP have been made using the 

porosity-permeability relations developed by Lai (1971). In order to make predictions of the 

development of a modified permeability zone, the porosity-permeability relationship of 

Equation (5.4) was written in logarithmic form and modified (Figure 5-3) as: 
P-+, 

€I3 l o g [ ]  = a log k - log b 
(1 -0)2 

If it is assumed that the empirical constant, a, the constant related to the relative changes in 

permeability with porosity, which represents the slope in the above relation, is the same as in 

Lai's experimental work, then the linear relationship presented above may, with the measured 

properties, be used for undisturbed salt. Intrinsic permeability is 10" millidarcies at a porosity 

of 0.1 percent (Peterson and others, 1985). 

In the evaluations of brine flow rates, two alternate hypotheses have been presented for brine 

flow to the underground repository. In the first hypothesis, the ultimate source of the brine is 

from the far field, in which flow occurs at very slow rates. In the second hypothesis, the far- 

field permeability is too low to permit significant flow through salt and, therefore, flow to the 

repository is a consequence of desaturation or the enhanced permeability of the DRZ around 

the excavation. 
/c**, 
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By constructing models of each, these hypotheses were investigated for effects on brine flux 
f"\ 

at the repository. 'The model of the first hypothesis incorporated a far-field permeability of 

.1 nanodarcy. The far-field permeability for the model of the second hypothesis was set to 

much lower than 1 nanodarcy, so that the far field was essentially impermeable. The near- 

field permeability for both models was taken from the stress analysis; the permeability 

distribution used was similar to the trend of measured permeabilities with distance reported by 

Peterson and others (1 985). 

5.8.2 Deformational Response of the Salt 

The following sections describe stress relaxation in an abutment zone and the development of 

a zone of enhanced permeability. 

5.8.2.1 Stress Relaxation in the Abutment Zone 

It was anticipated that the stress analysis of the excavation for the circular opening should 

initially follow the elastic solution of Kirsch (Goodman, 1980). At the excavation, the boundary 

or tangential stress should increase to approximately twice the value of the initial stress, while 

the radial stress is zero. In the absence of creep, this stress state would be maintained 
1- 

throughout time. However, in response to the high deviatoric stress, the salt will creep inward 

and the radial and tangential stresses (Figures 5-4 and 5-5) will relax with time. The tangen- 

tial stress will form a stress abutment zone in the salt. 'The stress abutment zone will 

propagate radially outward with time and this process is essentially complete after approxi- 

mately 1,000 days. Because stresses are also changing with time, elastic strains are 

changing in response to these changing stresses. 

An atternative view of the stress development at the excavation surface is shown in 

Figure 5-6, where the radial stress adjacent to the excavation is reduced slightly over time. 

The radial stresses 20 meters from the excavation do not change appreciably from the initial 

stress state as might be expected. 

Because the elastic strains which affect porosity and permeability are a direct consequence of 

the state of stress, it can be seen from the preceding discussion that the initial response to 

excavation produces a large change in tangential stress, as predicted by the Kirsch solution. 

rca, 
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Tangential stress thereafter relaxes, because of salt creep, and the elastic response to this 
P. 

changing stress produces changes in porosity and, in turn, changes in permeability. 

5.8.2.2 Development of the Disturbed Rock Zone 

Initially, a small increase in porosity occurs near the excavation (Figure 5-7). As boundary 

stresses relax and the stress abutment zone moves outward into the salt, a distinct zone of 

enhanced porosity develops. The maximum increase in porosity is approximately 40 percent 

over the undisturbed porosity of .001. 

The development of permeability with time is illustrated in Figure 5-8. The far-field 
21 2 permeability is approximately 1.0 nanodarcy (10- m ). At the earliest time shown, there is 

very little permeability enhancement. This result also follows from the Kirsch solution in that 

the sum of the normal strains (the first strain invariant is dependent on the first stress 

invariant), which enter into the porosity calculation described previously, should be equal to 

zero initially. As salt creep relaxes the built-up stresses, the sum of the strains is no longer 

constant, and porosity and permeability increase with time. Because only the tangential 

stresses relax significantly over time (compare tangential and radial stress relaxation in 
P 

Figures 5-4 and 5-5), the changes in permeability in the model may be chiefly attributed to 

changes in tangential stress. 

Following 1,000 days, at a distance of 12 meters from the excavation, the model predicts 

insignificant increases in porosity and permeability. Figure 5-9 shows the predicted permeabil- 

ity distribution versus radius at 1,000 days after excavation. This figure also shows the data 

from Peterson and others (1985). The trend of the predicted permeabilities appears to agree 

reasonably well with in situ measurements. The good agreement between predicted and 

measured results presented here suggests that the elastic response of the rock due to 

excavation, coupled with the modeled salt creep phenomena, may be responsible for the trend 

of reduced permeabilities with depth observed in situ. 

The model predicts a radius for the DRZ of approximately 12 meters for a circular excavation 

of radius 1.8 meters. Peterson and others (1 985) suggest a radius for the DRZ of 

approximately ten meters for a comparable size excavation, while Boms and Storrnont (1988) 
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describe the DRZ radius as approximately 1 to 5 meters. It is noted that a larger excavation 
+--.. 

would produce a larger disturbed rock zone. 

5.8.3 Brine Flow Respon'se in Salt 

The following sections describe the pressure and fluid flow response in the DRZ. 

5.8.3.1 Fluid Pressure Response in Sah 

Shortly after the simulation began, the predicted pressures near the excavation opening 

dropped to near atmospheric. These results indicate the potential development of an 

unsaturated zone near the excavation. The unsaturated zone is a consequence of both the 

increases in porosity due to stress relaxation and the relative impermeability of the salt. Fluid 

flow from the surrounding salt is not sufficient to keep the expanding void spaces saturated. 

This conclusion was borne out in subsequent parametric analyses. Each of these analyses 

involved the modification of only one parameter from the base case. When permeabilities 

were raised by three orders of magnitude (all other things being equal) the analysis did not - predict a zone of desaturation. When the fluid compressibility term was raised by several 

orders of magnitude, the analysis again did not predict a zone of desaturation. 

However, all values for each of these parameters required to prevent desaturation were 

unrealistic and confidence exists in the order of magnitude for the assigned values. Further- 

more, observations of moisture content suggest that unsaturated conditions do exist within at 

least the first 5 meters of the salt (Boms and Stormont, 1988). 

The extent of propagation of this unsaturated zone is not possible to predict with the current 

model, because it was not designed to simulate variably saturated (or multiphase) flow. 

However, the parametric analyses have shown that when strain rates are several orders of 

magnitude lower than the maximum predicted rates, the analysis did not predict a zone of 

desaturation. The maximum strain rates occur at early times in the immediate vicinity of the 

opening. After 10 days, the strain rates dampen out dramatically and the above conditions 

are nearly satisfied throughout the flow regime. At this time, the stress abutment zone itself 

has migrated out approximately 2 meters into the salt. 



Strain rates which are a function of Young's Modulus, are the only parameters in the analyses 
P--! 

which vary significantly with time or distance. Therefore, their distribution in time and space 

are likely to play a significant role in determining the ultimate extent of the unsaturated zone. 

One could conclude that the unsaturated zone would extend no farther than the boundary of 

significant strain rates. That boundary is coincident with the boundary of the DRZ which, as 

implied in Figure 5-4, extends approximately 12 meters into the host rock. Beyond that 

radius, the rock-may remain saturated with brine. 

5.8.3.2 Brine Flow Response Under Near-Field and Far-Field Boundarv Conditions 

A subsequent analysis utilized the unmodified SUTRA code to determine whether flow 

measurements can distinguish, in an ideal case, between near-field and far-field boundary 

conditions operating in the salt. The assumptions are that the physical properties of the salt 

remain constant, that the pore spaces remain saturated, and that the opening is a 1.8-meter- 

radius shaft at a depth of 655 meters. In the near-field model, the permeability for radial 

distances greater than 12 meters was set to zero. In the far-field model, the permeability was 

set to 1.0 nanodarcy (1u2'm2). A constant porosity of .001 was also used for these 
,- 

simulations. For both cases, the permeability distribution within the DRZ (0 to 12 meters) was 

identical. (The permeability distribution shown in Figure 5-9 for approximately 1,000 days was 

used.) Furthermore, this permeability distribution did not vary with time. 

Figure 5-10 illustrates the dimensionless flux with time for both models. The flux has been 

normalized to focus attention on the trends with time rather than actual quantities of brine 

moving across the surface of the shaft. The dimensionless flux rate appears indistinguishable 

for approximately the first 30 years. The flux for the near-field case decreases below the level 

for the far-field case later in time, as the brine available within the DRZ diminishes. Over the 

time frame of the simulations, both of these results are consistent with classical analytical 

solutions; the far-field model is similar to flow in a semi-infinite media and the near-field model 

is similar to the solution obtained for flow from a finite region (0 to 12 meters) with a no-flow 

condition on the outer boundary. 

These results suggest that short-term measurements of brine inflow across the surface of the 

shaft cannot distinguish between the near-field and far-field models for the ideal case of n 
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homogeneous salt possessing the assumed properties. For the actual repository, the 
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presence of fractures may decrease the time necessary for such a distinction if the presence 

of fractures substantially increases the average permeability. 

5.8.4 Potential for Hvdrofracturinq in the Disturbed Zone 

Hydrofracturing within the zone of modified rock stresses will occur if the fluid pressure 

exceeds the confining stress. If this occurs, then fracturing will occur in a direction 

perpendicular to the minimum confining stress. In Figures 5-4 and 5-5, the tangential stress 

and radial stress development is shown versus time. Given the initial fluid pressures and 

these stress distributions, hydrofracturing appears at least qualitatively possible. The zone of 

potential for hydrofracturing roughly corresponds to the measurements that suggest a DRZ of 

5 to 10 meters. 

5.9 DISCUSSION 

The following discussion provides a framework for evaluating the flow of brine to the excava- 

tion. 

m 
5.9.1 Development of the DRZ 

Excavation induces stress concentrations near the opening in accordance with classical 

solutions for a circular geometry. With time, salt creep serves to reduce this stress 

concentration for an excavation in salt. In the modeling results presented here, the elastic 

strains induced by a circular excavation in the tangential and radial directions were assumed 

to offset each other, and no porosity increase due to the excavation-induced strains initially 

occurred. For the circular excavation, the compression in the tangential direction and the 

dilation in the radial direction were equal and opposite, producing no net change in porosity. 

However, as salt creep relaxed the excavation-induced stress build-up, the sum of the 

principal elastic strains became nonzero and porosity increases occurred (Figure 5-7). 

The model for the development of the DRZ is preliminary and may be refined through 

subsequent office, laboratory, and field studies. In their discussion of DRZ formation, Boms 

and Storrnont (1 988) have alluded to a rate-of-strain failure criteria for salt. 'This concept may 

have potential for describing the initial excavation-induced response of the salt, which in the 

current model is assumed to yield no initial porosity increase. e 
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Creep strains do not directly enter into the porosity calculation in this model. Creep-induced 

fracturing and fracture propagation is a geometric effect and was beyond the scope of the 

current model. 

5.9.2 Development of Brine Flow 

The simulation resutts for the salt-creep analysis have indicated the presence of a stress- 

abutment zone and a corresponding zone of enhanced porosity around the excavation. It is 

useful to construct the possible sequence of events which affect brine flow along with a 

discussion of the possible models for boundary conditions within the salt which affect flow, 

such as the permeability or impermeability of the far field. 

The excavation, as demonstrated in the model results, induces a response in the salt that 

increases the porosity and permeability within the DRZ. The presence of dissolved gas, 

mostly nitrogen, within the brine may then exsolve from the brine and result in a relatively 

rapid, transient increase in brine flow from the excavation walls, which is consistent with the 

observation of brine efflorescence. 
P 

The model results indicate, depending on the compressibility of the brine, the strain-rate 

distribution with time and space, and the initial permeability distribution that an unsaturated 

zone can form near the excavation. This zone may extend as far into the host rock as the 

DRZ. 

The modeling and analyses presented above have focused on the enhanced porosity resulting 

from the excavation response, assuming a porous media. Creep fracturing near the surface 

of the excavation and underground mine ventilation may also cause the formation of an 

unsaturated zone. 

According to the model results, stress relaxation due to the excavation is essentially complete 

within approximately 3 years. Salt-creep-induced fracturing near the excavation surface will 

enhance the effective permeability of the salt. The maximum distance for this effect, given the 

geometry of repository rooms, appears to be related to the stress build-up caused by salt - creep. Because of geometric effects, the depth of fractures caused by creep may be 



significant. The variation of mechanical properties for features such as anhydrite marker beds 
-, 

may affect not only the creep fracture response, but also the original excavation-induced 

response modeled in this report. Within the framework of the model developed in this work, 

heterogeneities and their effect on the excavation-induced response may be easily 

incorporated into the model. 

5.10 SUMMARY OF MAJOR LIMITATIONS AND ASSUMPTIONS 

The modeling and analysis of the development of a DRZ and brine inflow rates was not 

directed at the development of a totally new code based on a global derivation (such as that 

of Niou and Deal, 1989), but rather was an attempt to couple two existing codes to obtain a 

preliminary evaluation of the effects of deformation of initially very impermeable salt on the 

flow of brine to a 1.8-meter-radius shaft at a depth of 655 meters. Limitations exist in both 

codes and in the assumptions necessary to couple them. The following limitations and 

assumptions apply: 

Deformations do not significantly affect model geometry. Both models (VISCOT 
and SUTRA) are based upon small-strain theory. 

,F=+ 

The governing equation for fluid flow is taken from the soil consolidation 
equation of Huyakorn and Pinder (1983), in which changes in local strain affect 
fluid pressure. 

Effective stress equals total stress in the rock. The porosity is so small in the 
deforming salt that the change in pore pressure is assumed not to affect total 
stress. This allows unidirectional coupling from VISCOT to SUTRA, eliminating 
the need to input the change in pore pressure from SUTRA into each iteration 
run of VISCOT. 

Only elastic strain (no plastic strain) is considered in the calculation of changes 
in porosity. 

Elastic strain of the salt is entirely converted to change in porosity. 

The rock is assumed to be saturated with fluid. 

Permeability is calculated from a relationship derived from the empirical 
relationship found by Lai (1 971), that was modified to more closely simulate the 
salt at the WIPP. 

Neither microfracture nor macrofracture porosity were considered. 

f l  



5.1 1 CONCLUSIONS AND RECOMMENDATIONS 
m 

This work ,has described a coupled model for the simulation of salt-creep and fluid-flow 

characteristics for the near term. The coupling between salt creep and the fluid flow was 

unidirectional in that the e'ffective stress acting to deform the porosity was taken to be the total 

stress. The pore pressure was thus assumed not to affect the deformation of the rock. A 

second critical assumption states that the development of elastic strains is equivalent to 

changes in porosity. 

After excavation of the circular opening, the tangential stress predicted by the model is equal 

to the stress given by the elastic Kirsch solution. Salt creep serves to relax this stress build- 

up, and the relaxation of this stress build-up causes the propagation of a stress abutment 

zone into the salt. This stress abutment zone, in turn, causes elastic deformation of the salt, 

which increases porosity and permeability. 

For the base case simulation using reference properties, including the measured brine 

compressibility, the model results show the development of an unsaturated zone near the 

excavation. This unsaturated zone results from an increase in void volume and the inability of 
,- 

the fluid to flow and expand into the new void volume within the time frame of the simulation. 

For compressibilities two orders of magnitude higher, the brine expanded into the enhanced 

porosity and the development of the unsaturated zone was not observed. For permeabilities 

three orders of magnitude higher, the rock remained saturated. Finally, the rock remained 

saturated if strain rates were several orders of magnitude lower. The values of any of these 

parameters required to maintain saturation are not considered realistic. 

Because strain rates are the only parameters of the three discussed that change significantly 

with time and distance, they are believed to play a singular role in determining the extent of 

the unsaturated zone. Beyond the DRZ, the strain rates are significantly lower than the 

highest predicted rates throughout the simulation. Therefore, it is possible that the 

unsaturated zone does not extend substantially beyond the DRZ. 

Use of the DRZ permeability distribution for the near field, and either 1.0 nanodarcy (10-*'m2) 

or approximately zero permeability for the far field gave two cases representing the far-field 



flow and near-field boundary conditions, respectively. Dimensionless flux for these two cases m 
showed that they are indistinguishable for early times (over a period of 30 years). 

Depending on the value of the initial fluid pressure, hydrofracturing appears possible because 

of the decay of the excavation-induced stresses by salt creep. The stresses within 

approximately 7 meters of the excavation may decrease significantly enough for fluid 

pressures to exceed the level of confining stress and thus produce hydrofracturing. 

The model results appear to concur with measured results in two important areas. First, a 

radius of 10 to 12 meters for the DRZ appears roughly to correspond to the radius indicated 

by permeability measurements conducted by Peterson and others (1 985) and DRZ 

measurements conducted by Borns and Stormont (1988). Secondly, the use of Lai's 

relationship appeared to accurately predict the trend of the permeabilities as measured by 

Peterson and others (1 985). 

From this standpoint, the assumed relationship between elastic strain and porosity, in which 

all of the elastic strain is converted into porosity, appears to yield at least a qualitative fit to P-? 

the observed permeabilities and radius for the DRZ. Future work may involve the refinement 

of the relationship between elastic strain and porosity. One approach may be an examination 

of the threshold stress at which crystal boundaries in salt elucidate. 

The coupled model can be used to model more realistic geometries.. Future work may involve 

the construction of a grid that includes heterogeneities of the salt, as well as more realistic 

room geometries. Because of the assumption of insignificant volumetric deformations, the 

model may not be used to show the long-term behavior of the salt. To model the long-term 

behavior, a large strain theory may be required. 

Anticipated flow measurements from long horizontal boreholes into intact salt may provide 

information for the determination of the effective boundary conditions within the salt. The 

nature of these boundary conditions obviously affects the long-term performance of the 

repository; if these boundary conditions are near field, the amount of brine may be limited by 

the volume of brine within the DRZ, which in the actual repository, must be extended to 

include the excavation-induced disturbances in heterogeneities and marker beds. PI 



Finally, the presence of heterogeneities within the salt may mask any attempt to generalize 
,==. 

results from modeling unless these heterogeneities are incorporated into a model. 

Heterogeneities within the salt may cloud the distinction between near- and far-field effects. 

Where permeabilities are relatively low in the far field, the near-field disturbed zone may 

dominate. Where permeabilities of the intact salt are higher, such as in marker beds, the far 

field may dominate. 

Recommendations for additional work are listed below: 

lnvestigation of failure criteria for intact salt to refine the relationship between 
salt strain and porosity, 

Construction of a more realistic model geometry that incorporates features such 
as marker beds, 

Assessment of gas exsolution driving forces using a rnultiphase numerical 
model, 

lnvestigation of the gas content of the brine, and 

r"'. Investigation of flow-rate data from long horizontal boreholes to determine a 
better estimate of the far-field salt permeability. 
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APPENDIX A 

BRINE ACCUMULATION 

PART I - LIST OF UNDERGROUND LOCATIONS WHERE BRINE OCCURRENCES 
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TABLE A-1 

LIST OF UNDERGROUND LOCATIONS WHERE BRINE OCCURRENCES 
WERE OBSERVED AND MONrrORED THROUGH DECEMBER, 1988 

AS PART OF THE BRINE SAMPLING AND EVALUATiON PROGRAM AT WlPP 

Survey Direction 
Room Accuracy U-Up 

Hole or S=Surveyed North-South East-West Dia. Depth D=Down 
Number Location A=Approximate Coordinates Coordinates Elevation (in) (ft) H=Horizontal Angle References Remarks 

AlXOl A1 S 

AlX02 A1 S 

A2X01 A2 S 

A2X02 A2 S 

BTPAI 

BTPA2 

BTPA3 

BTPM 

BTPA5 

BTPBI 

BTPB2 

BTPB3 

BTPB4 

BTPB5 

BTPCl 

BTPC2 

Monitored as part of the BSEP since it was drilled 
in 3/85. 
Monitored as part of the BSEP since it was drilled 
in 3/85 
Monitored as part of the BSEP since it was drilled 
in 2/85. 
Monitored as part of the BSEP since it was drilled 
in 2/85. At the present, no brine k collected because 
of insufficient inflow. 
Monitored as part of the BSEP since it was drilled 
in 1/85. Drillers did not report any moisture while 
drilling. Hole started producing brine a few weeks 
later. 
Monitored as part of the BSEP since it was drilled 
1/85. Drillers did not encounter moisture while drilling. 
Hole started producing brine a few weeks later. At 
the present, no brine is cdlected because d Lrsufficient 
inflow. 
Open from 0 to 5.1 ft. Drilled for BSEP study 7/86 
and monitored until 12/02/88. 
Cased from 0 to 5.4 ft. Open from 5.4 to 9.1 ft. 
Drilled for BSEP study 7/86 and monitored until 
1 2/02/88. 
Cased from 0 to 10.3 ft; Open from 10.3 to 14.0 
ft. Drilled for BSEP study 7/86 and monitored until 
12/02/88. 
Open from 0 to 4.6 ft. Drilled for BSEP study 7/86 
and monitored until 9/27/88. Dry. 
Open from 0 to 5.3 ft. Drilled for BSEP study 7/86 
and monitored until 9/27/88. Dry. 
Open from 0 to 5.1 ft. Drilled for BSEP study 7/86 
and monitored until 9/27/88. 
Cased 0 to 5.9 R. Open from 5.9 to 9.6 ft. Drilled 
for BSEP study 7/86 and monitored until 9/27/88. 
Cased 0 to 10.0 ft. Open from 10.0 to 13.3 ft. Drilled 
for BSEP study 7/86 and monitored until 9/27/88. 
Cased 0 to 6.8 ft. Open from 6.8 to 9.76 ft. Drilled 
for BSEP study 7/86 and monitored until 9/27/88. 
Cased 0 to 6.3 ft. Open from 6.3 to 10.3 ft. Drilled 
for BSEP study 7/86 and monitored until 9/27/88. 
Open from 0 to 5.0 ft. Drilled for BSEP study 7/86 
and monitored until 9/27/88. 
Cased from 0 to 5.5 ft. Open from 5.9 to 9.8 ft. 
Drilled for BSEP study (V86 and monitored until W27I88. 



Survey 
Room Accuracv 

6"1 
LIST OF UNDERGROUND LOCK .dS WHERE BRINE OCCURRENCES 
WERE OBSERVED AND MONrrORED THROUGH DECEMBER, 1988 

AS PART OF THE BRINE SAMPLING AND EVALUATION PROGRAM AT WlPP 
(CONTINUED) 

Direction 
U=UD 

Hole or ~=~urvey&I North-So~ith East-West Dia. Depth D=DOW~ 
Number Location A=Approximate Coordinates Coordinates Elevation (in) (ft) H=Horizontal Angle References Remarks 

Cased from 0 to 10.0 R. Open from 10.0 to 14.4 
ft. Drilled for BSEP study 8/86 and monitored until 
9/27/88. 
Cased from 0 to 13.9 ft. Open from 13.9 to 17.6 
ft. Drilled for BSEP study 7/86 and monitored 9'27188. 
Cased from 0 to 14.0 ft. Open from 14.0 to 18.2 
ft. Drilled for BSEP study 7/86 and monitored until 
9/27/88. Dry. 
Hole slightly declined below horizontal. CoHar above 
upper clay seam, about 1 It. below back. Drilled 
6/86 and monitored until 9/27/88. Dry. 
Hole sliihtly declined below horizontal. Collar above 
upper clay seam, about 1 ft. below back. Drilled 
6/86 and monitored until 12/02/88. 
Hole slightly declined below horizontal. Collar above 
upper clay seam, about 1 ft. below back. Drilled 
6/86 and monitored until 12/02/88. 
Hde slightly declined below horizontal. CoPar In halite 
about 3.5 R. below back. Drilled 6/86 and monitored 
until 12/02/88. 
Hde slightly declined below horizontal. Collar in halite 
about 3.5 ft. below back. Drilled 6/86 and monitored 
until 12/02/88. 
Hde sliihttv declined below horizontal. Collar in halie 
about 3% fi. below back. Drilled 6/86 and monitored 
until 12/02/88. 
Hole slightly declined below horizontal. Collar just 
above orange band. Drilled 6/86 a! monitored until 
12/02/88. Dry. 
'Hole slightly declined below horizontal. Collar just 
above orange band. Drilled 6186 and monitored until 
12/02/88. 
Hole slightly declined below horizontal. Collar just 
above orange band. Drilled 6/86 and monitored until 
1 2/02/88. 
Hole slightly declined below horhontal. Collar about 
2.5 R. above floor. Drilled 6/86 and monitored until 
12/02/88. Dry. 
Hole slightly declined below horizontal. Collar about 
2.5 R. above floor. Drilled 6/86 and monitored until 
12/02/88. 
Hole slightly declined below horizontal. Collar about 
2.5 R. above floor. Drilled 6/86 and monitored until 
12/02/88. 



TABLE A-1 

LIST OF UNDERGROUND LOCATIONS WHERE BRINE OCCURRENCES 
WERE OBSERVED AND MONrrORED THROUGH DECEMBER, 1988 

AS PART OF M E  BRINE SAMPLING AND EVALUATION PROGRAM AT WlPP 
(CONTINUED) 

Survey Direction 
Room Accuracy U=Up 

Hole or S=Surveyed North-South East-West Dia. Depth D=Down 
Number Location A=Approximate Coordinates Coordinates Elevation (in) (ft) H=Horizontal Angle References Remarks 

Monitored as part of the BSEP since it was drilled 
in 1/85. Core moist from 10.6 to 11.1 meters in 
coarsely crystalline clear halite. MB139 at 7.1 to 
7.9 meters. 
Monitored as part of the BSEP since it was drilled 
in 1/85. At the present no brine is collected because 
of insufficient inflow. 
Moisture noticed at collar In 4/86. Collecting device 
installed 5/86 and monitored as part of the BSEP 
since then. 
Monitored as part of BSEP dnce 2/85. At present 
no brine is collected because of insufficient inflow. 
Monitored as part of BSEP since 1/85. 
Monitored as part of BSEP since 1/85. At the present 
no brine is collected because of insufficient inflow. 
Monlored as part of BSEP since 1185. 
Monitored as part of BTP since 2/85. At the present 
no brine is collected because of insufficient inflow. 
Monitored as part of BSEP since 1/85. 
Monitored as part of BSEP since 2/85. At the present 
no brine is collected because of lnsufficlent inflow. 
Monitored as part of the BSEP since 2/85. 
Monitored as part of the BSEP since 2/85. 
Gas releases had been observed In this hole. 
Monitored as pad of the BSEP since 1/85. 
Gas releases had been observed h thk hole. 
Monitored as part of the BSEP from 1/85 to 6/85 
when cdlar was desbayed and hob plugged by mining. 
Stalactite growth monitored as part of the BSEP from 
5/85 to 2/86. 

N1102 
N l lO l  

N l lO l  
N1101 
S1960 

A3, B 
A3, B 
A l ,  B 

Al, B 

Stalactite growth monitored as part of BSEP from 
5/85 to 2/86. 
Gas pocket at 45.91. Brine seeped from hole after 
drill rods were brdten at end of run at depth of 16.3 R 
Probable source was anhydrite "a'. Stalactite 
growth monitored as part of BSEP from 5/85 to 2/86. 
Drilled 1/87, observed as part of BSEP since 3/87. 
Drilled 12/86, observed as part of BSEP since 12/86. 
Hole offset at 45 ft. There may be a rock bolt or 
piece of steel in hole. 
Drilled 6/86 as part of the Excavation Effects Study. 
Observed as part of BSEP from date of drilling until 
12/86. Rapid brine and gas inflow through open 
fractures. 



r"a 
LIST OF UNDERGROUND LOCAlt-.(S WHERE BRINE OCCURRENCES 

WERE OBSERVED AND MONITORED THROUGH DECEMBER, 1988 
AS PART OF THE BRINE SAMPLING AND EVALUATION PROGRAM AT WlPP 

(CONTINUED) 

Survey Direction 
Room Accuracy U=Up 

Hole or S=Su~eyed North-South East-West Dia. Depth D=Down 
Number Location A=Approximate Coordinates Coordinates Elevation (in) (ft) H=Horizontal Angle References Remarks 

Dritled 7186 as part of the Excavation Effects Study. 
Observed as part of the BSEP since d r i l i  until 12/86. 
Rapid brine and gas inflow through fractures. 
Damp area on the floor of Room G, near south rib, 
approximately 45 ft. east of DH35. Seep noticed 
8/85. Damp area larger in 11/85. Monitored as part 
of BSEP since 11/85. 16-inch diameter collecting 
sump drilled 9/87. 

J Monitored as part of BSEP from 11/64 to 9/87 when 
shear closure pinched hole shut so that sampler would 
not go to bottom. 

J Monitored as part of BSEP from 11184 to 7/87 when 
shear closure pinched hole shut so that sampler would 
not go to bottom. Last BSEP brine data collected 
in 3187. 
Dnlled 8/08/85, drillers reported water at 7 ft. 10 inches. 
Brine in bottom of pilot hole on 8120185. 
Monitored as part of BSEP since 8/85. 
Monitored as part of BSEP since 8/85. 
Monlored as part of BSEP slnce 8/85. 
Monitored as part of BSEP since 8/85. 

- Monlored as part of BSEP since 8/85. 
Monitored as part of BSEP since 8/85. 
Monitored as part of BSEP since 8/85. 
Monitored as part of BSEP since 8/85. 
Drillers reported ''found water In hole at 10 R., Y13/84", 
monitored as part of the BSEP slnce 10184. 
Drilled 4/85 overcoring and destroying L2C25. Brine 
and gas enters hole quickly through open fractures. 
Monitored intermittently as part of BSEP from 12/85 
through 12/86. 
L2C25 is a 5-inch overcore of a previously grouted 
SNL test hole. The overcore was drilled 3/85 and 
air and brine waa bbwn through fractures into hole 
LX29,4 R. to the north. In 4/85, a lGinch overwre 
was made destroying this hole. The larger hole is 
desbned L2C03. - 

B, D, G   ring since drilled, monfored from 10/26/85 to 4/23/85. 
B. D. G Brine since drilled. monitored from 10126184 throwh . . " 

4/23/85. 
B, D, G Brlne since drilled, monitored from 10/26/84 through 

4/23/85. 
B, D, G Brine since driled, monitored from 10/26/84 to 4/23/85. 



TABLE A-1 

Survey 
Room Accuracv 

LIST OF UNDERGROUND LOCATIONS WHERE BRINE OCCURRENCES 
WERE OBSERVED AND MONITORED THROUGH DECEMBER, 1988 

AS PART OF THE BRINE SAMPLING AND EVALUATWN PROGRAM AT WlPP 
(CONTINUED) 

Direction 
U=UD 

Hole or ~ = ~ u r v e i e d  North-South East-West Dia. Depth D=DOW~ 
Number Location A=Approximate Coordinates Coordinates Elevation (in) (ft) H=Horizontal Angle References Remarks 

PR4 S27481E140 A S2748 E0140 1250 

WWCl N1420/RoamC1 A 

References: 
A1 TSC-D'Appolonla. 1983 (WIPP-DOE-163) 
A2 Bechtel National, 1984 (WIPP-DOE-202) 
A3 Bechtel National, 1985 (WIPPDOE-213) 
B Brine Sampling and Evaluation Program File 
C Records of Special Drill Holes, EV12/83: BSEP Files 
D As-Built Survey Calculation Sheets: BSEP Files 

Brine since drilled, monitored from 10/26/84 through 
4/23/85. 
Brine since drilled, monitored from 10/26/84 through 
4/23/85. 
Brine since drilled, monitored from 10/26/84 through 
4/23/85. 
Brine since drilled, monitored from 10/26/84 through 
4/23/85. 
Brine since drilled, monitored from 10/26/84 through 
4/23/85. Sandia filled hole with Brine A 4/30/85 and 
plugged with rubber cork. 
Brine since drilled, monitored from 10/26/84 through 
4/23/85. Sandia experiment filled hole with Brine 
A 4120185 and plugged hole with rubber cork. 
Brine noted 1 W26184, monitored from 10126'84 through 
4/23/85. 
Brine noted 1W26/84, monitored horn 10126184 through 
4/23/85. 
Brine noted 10/26/84, monitored 10/26/84 through 
4/23/85, Sandia experiment added Brine A to hole 
4/30/85 and plugged with rubber cork. 
Brine since drilled, pilot hole for 36-inch diameter 
hole that was never annpleded. Mcdored hwn 4/02/85 
through 4/23/85. 

J Monlored as part of the BSEP since 11/84. This 
hde mntinues to produce gas, first time noticed before 
10184. 
Stalactite growth monitored as part of the BSEP from 
5/85 to 2/86. 
Stalactite growth monitored as part of the BSEP from 
5/85 to 2/86. 

2 20 U 90 B, C Stalactite growth monitored as part of the BSEP from 
5/85 to 2/86. 

36 16 SOUTH 0 B Large horizontal hole on south rlb of N1420 driit, 
across from Room C1. Photographically monitored 
for salt buildup. 

E Fleld Notes. J. Gallerani, Bechtel National: BSEP Files 
F Field Notes, D. Deal, International Technology Corp.: BSEP Files 
G Room J Brine Survey: BSEP Files 
H Room L1 and L2 Field Notes: BSEP Files 
J Geotechnical Instrumentation List, 11/02/83: BSEP files 
K Excavation Effects Drilling Program, Data Transmittal 8/12/86: 

Excavation Effects Files: WlPP Geotechnical Engineering Files 



APPENDIX A 

BRINE ACCUMULAnON 

PART II - BRINE ACCUMULATION DATA TABLES 

This appendix contains copies of the brine accumulation data collected by the WlPP Brine 
Sampling and Evaluation Program through December 31, 1988. The brine measurements 
were made in accordance with WlPP Procedure WP07-410. Sampling methodology, data 
handling, and calculations have been discussed by Deal and Case (1987), and reference is 
made to that document for a thorough discussion of the data. 



UIPP BRINE SAMPLING AND EVALUATION PROCRAM 
Appendix A fo r  the 1988 BSEP Report 

Data through December 31, 1988 

Locatim Date Time L i ters  Days Days Cumulative L i te rs  Remarks 
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
Calc. 

0.00 0.000 f iwm A 1  completed. 
0.00 0 . W  Dovnhole d r i  Lled 2/21/85 t o  2/26/85. 
0.08 0.000 F i rs t  time collected. 
0.46 0.047 B r i m  plus scme muck. 
0.69 0.039 Muck i n  hole. valved Leaked. sanc brine 

drained back' d m  hole. . 
1.08 0.055 
1.41 0.041 
1.69 0 . W  

i'I25 0:$8 Room A 1  heaters turned on 10/02/85. 
7.44 0.028 



24.74 0.023 Hose came loose and sane br ine  may have 
drained back &vn ho2e. Trace of  diesel/oi 1 
i n  brine. 

26.13 0.028 
26.90 0.026 
28.10 0.026 
28.78 0.019 Lost sane br ine  k c k  Boun in to  hole. 
31.03 0.044 Volume h igh  due t o  lack of  complete 

evacuation on 2/08/88. 
32.12 0.025 



WIPP BRINE SAMPLING AND EVALUATION PRCCRAM 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1983 

Location Date T i m e  L i te rs  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

0 . m  Room A1 ccmpleted. 
0 . m  Uphole d r i  l l e d  2/27/85 t o  3/07/85. H i t  brine 

a t  12 ft. on 2/27/85. 
0.000 Trace brine, deepened hole t o  clay seam. 

Hoisture on back 1 f t  radius. 
0.000 Trace brine, d r ip  missing funnel. 
0.000 Repositioned funnel, collected one crp of 

sa l t  crystals with trace of brine. 
0.008 Some drips missing fumel.  
0.027 Collecting container had leak. 
0.017 Some drips missing furnel. 
0 . m  Some drips missing furnel. 
0.017 Some drips missing funnel. 
0.023 
o.on 
0.018 Some drips missing fumel.  
0.026 
0.028 

A1 X a ?  
A1 XM 

A1 xu2 
A 1  XOZ 
A1 XM 
A1 XM 
A1 X02 
A1 XM 
A1 XM 
A1 X O Z  
A1 XM 
A1 XM 
A1 X02 
A1 X U 2  

- - - -  

0. W7 
0.011 Some drips missing fumel, big s ta lact i te  

formed. 

0.010 
0.OM 
0.019 Some d r i ~ s  missina funnel. - 
0.024 
0. OM 
0.022 Roam A1 heaters turned on 10/02/85. 
0.017 

0.017 
0.016 Some drips missing funnel. 
0.016 Some dr ips missing fumel.  
0.01 1 
0.014 
0.004 
0 . m  Some drips missing funnel. 
0 . m  New, larger funnel since 01/17. 
0.029 
0.018 
0.010 
0.032 
0.004 



A A1 X U ?  
A1 XU? 
A1 XU? 
A1 X C e  
A1 XU? 
A1 XU? 
A1 XU? 
A1 X U 2  
A1 XU? 
A1 X U ?  

A1 XU? 
A 1  XU? 
A1 XU? 
A1 X O Z  
A1 XQ 

A1 X C e  
A1 X C e  
A1 XU? 
A1 XU? 
A1 XU? 
A1 X U 2  
A1 X U 2  
A1 XU? 

A1 XU? 
A1 xce 

A1 XU? 

0 . m  
0 . m  Lou readings fran 11/M/86 to  6/20/87 may be 

due t o  blockage i n  col lect ing system. 
0.000 
0 . m  
0.000 Tubing plugged, unable t o  opm. 
0 . W  Tubing plugged, unable t o  open. 
0.017 Removed metal funnel, which was plugged. %st 

of the brine collected was i n  the fumel. 
Instal led a Large p last ic  fmnel. 

0. OM 
0.027 
0.038 
0.036 
0.081 
0.047 
0.095 
0.068 Removed t o  provide roan for further 

collection. 
0.040 
0 . W  tht f u l l y  evacuated. Do not use for  

calculation. 
0.047 Used 3.18 Liters for caLwLation (0.18 an 

9/15 + 3.00 cn 9/27). 
0.02 



UIPP BRINE SAMPLING AND EVALUATION PRCGRM 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

k c a t i o n  Date Time L i ters  Days Days Cumulative L i ters  Remarks 
Remed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

A2xOl 
Azxm 
ax01 
A2xm 
A2xm 
A2xm 
A2xm 
A2XM 
A2XOl 
A2XM 
A2xm 
ax01 
A2xm 
A2xm 
A2xm 
A2xm 
A2xm 
A2XM 
A2xm 
KXM 
A2xm 
A2XOl 
Azxol 
A2xm 
A2xm 
A2XM 
A2xm 
A2xm 
A2xm 

A2XOl 
A2xm 
AZXM 
A2xm 
A2XM 
KXM 
RXM 
A2XM 
A2xm 
A2xm 
A2xm 
A2xm 
Azxm 
A2xm 
A2X01 
A2xm 
A2xm 
K X O l  
A2XM 
A2xm 
A2XM 
A2xm 
A2XM 

A2xm 

AZxm 
A2XM 
A2xm 
KXOl 
A2xm 
A2xm 
A2XM 
KX01 
A2xm 
A2xm 
A2xm 
RXM 
AZXM 
A2xm 

0.00 0.000 Rwm A2 canpleted. 
0.00 0.000 Downhole d r i  l l e d  2/04/85 t o  2/03/85. 
0.00 0.000 Moist nuck. F i r s t  entry. 
0.29 0.017 Lots of muck. sane o i l .  
0.91 0.122 Brine ad muck. 
1.43 0.064 
1.81 0.064 
2.17 0.051 
2.53 0.045 Some muck included. 
2.80 0.039 
3.04 0.040 
3.33 0.041 
3.58 0.037 
3.82 0.034 
4.06 0.034 
4.32 o.oa 
4.52 0.033 
4.75 0.033 
4.98 0.033 
5.21 0.033 
5.44 0.033 
5.66 0.032 
5.89 0.033 Brine effervesces. 
6.13 0.03 

6.97 0.031 
7.18 0.026 Valved Leaked, some brine drained back &vn 

hole. 
7.43 0.036 

8.24 0 . W  
8.45 0.029 Room A2 heaters turned on 10/02/85. 
8.65 0.029 
8.87 0.027 

11.43 0.027 
11.68 0.031 
12.02 0.028 
12.14 0.017 Suction s o i l  probe was used, m e  f l u i d  was 

Left i n  hole. 
12.34 0.022 Soi 1 suction probe was used, sane f Luid l e f t  

in  hole. 
12.49 0.040 
12.56 0.035 Two days accumulation. 
12.71 0.021 
12.76 0.011 Part ia l  evacuation, br ine l e f t  i n  hole. 
13.08 0.046 
13.27 0 . W  
13.42 0.019 
13.66 0.030 Removed suction probe. 
13.86 0.03 Resumed sampling with bai ler.  
13.99 0.022 



A2xm 
A2xm 
m m  
A2xm 
P2xm 
A2xm 
A2xm 
Azxm 
A2xm 
A2xm 
A2XM 
Azxffl 
RXM 
A2XM 
Azxffl 
A2XM 
KXM 
A2xm 
KXM 
KXM 
AZm 

0.025 
O.OM Suction hose came off ,  sane brine drained 

back dcun hole. 
0.0Zl Orange color. 



WIPP BRINE SAMPLINC AND EVALUATION PROCRAM 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time L i ters  Days Days Cumulative Li ters Remarks 
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
calc. 

QX@ 0 7 / 2 5 / 8 4 0 0 : 0 0 ~ ~  0.COO 0.MX) 0.m O.MX) Rwrn A2 completed. 
A2XQ 02/19/85 1 3 : M . y  49.556 1.OM 0.03 0 . m  Uphole d r i l l e d  2/11/85 t o  2/20/85, insta l led 

col lect ing device. 
QX02 03/07/85 09:M 00.34 65.396 16.840 0.34 0.020 M i s t  area 1.5 f t .  around the col lar.  
&!XQ 03/12/85 1 l : M  W.21 70.479 5.083 0.55 0.041 Back wet, 5 f t  diameter. 
KX02 03/20/85 13:U 00.31 78.544 8.065 0.86 0.038 
A2XM 03/26/8511:0203.14 84.460 5.916 1.W 0.024 
A2XO2 04/02/8511:5800.12 91.499 7.039 1.12 0.017 Significant sa l t  buildup. 4 '  dia. wet spot on 

back. 
~ 2 x 0 2  04/10/85 11:53 00.11 99.495 7.9% 1.23 O.M4 Reset col lect ing device. 
QXC2 04/23/85 10:M 00.01 112.438 12.943 1.24 0 . m  
Q X Q  05/07/85 08:41 NA 126.362 13.924 1.24 0.000 Some drips missing funnel. 
KXGe 05/14/85 @?:a  ti^ 13.403 20.%5 1.24 0 . m  Some drips missing fumel.  
K X M  07/09/85 09:25 00.05 189.392 76.954 1.29 0.001 
A2XM 07/16/85 10 :Z  W.M 1%.433 7.041 1.35 0 . 0 3  
AZXG 07/24 /85os :nm.m m . 3 9 8  7.965 1-37 0.003 
A2XM 08/06/85 09:22 00.01 217.392 12.992 1.38 0 . m  
KXM 08/28/85 [38:35 00.01 239.358 21.963 1.39 0 . m  Some drips missing fumel .  
A ~ X M  09/04/85 ~ : 1 8  00.08 2~ j .387  7.029 1.47 0.011 
A2XM 09/10/85 09:U 00.02 252.378 5.991 1.49 0 . m  

wtO2 10/15/85 09:17 0J.G 287.387 28.015 1 is3 o;&% Room A2 heaters turned on 10/02f85. 
A2XM 01/37/86 10:40 00.05 395.444 108.057 1.58 0.OCO 
wtm 02/12/86 W:LO 00.02 107.403 11.959 1 . ~ 3  0 . m  
A2XQ 
K X M  
m a 2  1.78 0.014 High reading probably due t o  unplugging 

temporary blockage i n  col lect ing tube on 
3/26/86. 

1.87 0.006 QXa? 
KX02 
A2XQ 
A2XM 
A2XM 
A2XM 
A2xm 
A2X02 
KXM 
K X Q  

1.93 0 . m  Trace collected. 
1.93 0.033 Trace collected. 
1.93 0 . m  Trace collected. 
1.93 0.033 Trace collected. 
1.94 0 . m  
2.29 0.050 Very humid a i r .  Hioh reading probably due t o  

wpiugging of temporary blockage i n  
col lect ing tube on 6/17/86. 

2.57 o.ms 

KXM 
QXOZ 
u x m  

4.70 0.001 
5.20 0.013 
5.32 0.001 
5.32 0 . m  Dry. 
5.32 O.CCO Dry. 
5.32 0 . m  Dry. 
5.32 0 . ~ ~ 3  ~ r ~ .  
5.32 0 . m  Dry. 
5.32 0.000 Dry. 
5.32 0.OCO Dry. 



03/27/8808:150.04 1365.34 76.920 5.36 0.001 
AWOZ 12/13/88 0 3 : l O  0 1442.38 77.040 5.36 0.000 Dry. 



UIPP BRINE SAMPLING AND EVALUATION PROCRM 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Locatim Date Time L i ters  Days Days Cumulative L i te rs  Remarks 
Rewed Since Used L i te rs  per 

1/01/85 For Collected Day 
Calc. 

0.000 Roan-A3 canpleted. 
0.000 Dovnholc d r i  LLed 12/20/85 t o  1/14/85. 
0.000 hoist nuck at  the bottom. 
0.020 Some o i l .  F i rs t  time coLlectcd. 
0.033 Brine and o i l .  
0.029 
0.033 
0.024 Valved Leaked, some br ine drained back dwn 

kale. 
0.037 
0. OM 
0.029 
0.029 

4.40 0.026 Brine effervesces. 
4.61 0.026 
4.76 0.025 

6.15 0.024 
6.33 0.026 
6.51 0.025 R m  A3 heaters turned on 10/02/85. 
6.67 0.023 
6.86 0.024 



27.26 0.021 
28.54 0.021 
28.54 0.000 Cannot be samled. Roan has bad back. 



WIPP BRINE SAMPLING AND EVALUATION PROGRAN 
Appendix A for  the 1988 BSEP Report 

Data thmugh December 31, 1988 

L ~ ~ a t i c n  Date T ime Liters Days Days Cumulative Liters Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

0.000 R m m  A3 canpletd. 
0.000 Uphole d r i  lld 1/15/85 t o  1/22/85. 
0 . W  No drips noticed. 
0.007 First time collected. 
0.016 Wet spot within 1.5 ft. radius. 
0.024 Moist area on back, approximately 1 f t  

radius. 
0.022 Uet spot m back 3 f t  diameter. 
0.001 
0.047 Tube fwnd plugged. Brine i n  tubing. 
0.011 
0.005 Tube plugged. 
0.016 

0.014 
0 . m  
0 . m  
0.024 High volume probably due t o  unplugging 

temporary blockage i n  collecting tube on 
7/16/85. 

0.013 
0.011 

0.olo 
0.013 R m m  A3 heaters turned on 10/02/85. 

0.001 Trace QX).Ol Liters of brine. 
0.000 
0.002 
0.000 Trace. 

O.CW Trace. 
0 . m  Trace. 
0 . m  
0.001 
0.000 Trace. 
0.000 Dry. 
0.000 D < ~ .  
0 . m  Trace. 
0 . m  Dry. 
0.000 D r y .  
0.000 Dry. 
0.000 Dry. 
0.000 Drv. 
0 . m  ~rj.. 
0.000 Dry. 



4.43 0.m Dry. 
4.43 O.MX3 Dry. 
4.43 O.MX3 Dry. 
4.43 O.MX3 Dry. 
4.43 0 . m  Dry. 
4.43 0 . m  Dry. 
4.43 0.CCII Dry. 
4.43 0 . m  Dry. 
4.43 O.O(X3 Dm. 
4.43 0 . k I  DG. 
4.43 0 . m  Dry. 
4.43 O.MX3 Dry. 
4.43 0.033 ~ r y .  
4.43 0 . m  Dry. 



UIPP BRINE SAMPLING AND EVALUATION PRCGRM 
Appmdix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Locati,m Date Time L i te rs  Days Days Cumulative Li ters Remarks 
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
Calc. 

BTPAI 03/04/85 M:OO NA 0.a30 0.WO 0.00 0 . m  Alcove a t  S1620/U170 excavated. 
BTPAI 07/16/86 0O:Cll NA 0 . W  0.000 0.M) 0 . m  Downhole dr i l led, open from 0 to  5.1 ft.  
BTPAl 08/12/86 12:m NA 588.5M3 1.WO 0.00 O.MM Drv. .--- - ~ - -  

BTPAI 08/19/86 12:12 NA 595.508 8.008 0.00 0.000 04. 
BTPAI 08/26/86 11 :27 MA 602.471 14.977 0.00 0.000 Dry. 
BTPAI 03/04/86 11:33 NA 611.481 23.981 0.W 0 . m  Dry. 
BTPAI B/09/86 13:22 ti4 616.557 29.057 0.m O.CCO Dry. 
BTPAl 09/16/86 11:ffl NA 623.459 35.959 0.00 0 . m  Dry. 
BTPAl 09/23/86 11:M NA 630.463 42.963 0.00 0.000 Dry. 

- .~ - - 

BTPAI 1o/m/86 13:26 NA asI%u 58.060 o.m o.m ~ r j r .  
BTPAl 10/14/86 13:05 NA 651.545 64.045 0.00 0 . m  Dry. 
BTPAI 11/05/86 12:M NA 673.521 86.021 0.00 0 . m  Probe removed. not samled. 
BTPAI 11/20/86 NA: NA 688.000 100.5~3 0.00 0 . m  
BTPAI 12/12/86 a3:a3 NA 0.000 0.000 0.00 0.000 U170 d r i f t  extended scuthuard from t h i s  

alcove on 12/12/86. D r i f t  canpleted t o  S19M 
m 1 /10/87. 

BTPAI 
BTPAI 
BTPAl 
BTPAI 

BTPAI 
BTPAI 
BTPAl 
BTPAI 
BTPAI 
BTPAI 
BTPAI 
BTPAI 
BTPAI 

12/M/86 NA: NA 
03/06/87 10:lO NA 
05/18/87 09:45 1.33 
03/10/87 1 4 : ~  o.m 

- - 

0 . m  
0.000 Covered with muck, not able t o  samle. 
0.005 Floor may have be& watered for  d&t control. 
0.000 Possible contamination by water spread t o  

control  dust. 
O.WO Dry. No suction. 
0 . m  
0.001 
0.001 
0.001 
0.001 
O.MM Dry. 
0 . m  
0 . W  Sampler removed. Hole dry. Last time sanpled 

for  BSEP, hole capped. 



UIPP BRINE SAMPLING AND EVALUATION PRCCRAM 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

*" Location Date Time L i ters  Days 
Removed Since 

1 /01/85 

BTPR 

BTPA2 
BTPA2 
BTPK 
BTPK 
BTPK 
BTPK 
BTPK 
BTPK 
BTPR 
BTPK 
BTPK 
BTPK 

09/04/85 00:W NA 
07/29/86 C0:W NA 

08/12/86 12:m 00.01 

08/19/86 12:12 CO.10 
08/26/86 1128 M.04 
03/04/86 11:35 m.w 
03/03/86 1323 C0.03 
09/16/86 Ii:m 0.3.03 
09/23/86 11 :07 M.03 
10/01/86 08:50 UJ.03 
10/08/86 13:27 CO.M 
10/14/86 13:12 00.03 
11/05/86 12:M NA 
11/M/86 NA: NA 
12/12/86 00:w NA 

Days Cumulative Li ters Remarks 
Used Li ters  per 

For Collected Day 
Calc. 

0 . m  0.m 0.000 Alcove a t  S16M/U170 excavated. 
0.000 0.M) 0.000 Duunhole driLLed 7/16/86 t o  7/29/86, open 

from 5.4 t o  9.1 ft. 
1 . m  0.01 O.WO F i rs t  time collected. Probe d id not keep 

vacuum, brine remained i n  hole. 
7.OQ8 0.11 0.014 
6.970 0.15 0 . m  
9.005 0.19 0.004 

7.1%' 0.33 0.W3 
5.990 0.36 0.005 

21.971 0.36 0.000 Probe removed, not sanuled. 
36.450 0.36 0.000 
0.000 0.00 0 . m  W170 d r i f t  extended sarthuard from t h i s  

alcove on 12/12/86. D r i f t  cccrpleted t o  S19M 
m 1/10/87. 

BTPK 12/M/86 NA: NA 728.000 76.450 0.36 0 . m  
BTPK 03/06/87 10:lO NA 794.424 142.874 0.36 0.000 Covered with nnrck, r o t  able t o  sanple. 
BTPK 06/18/87 09:M 0.43 898.3% 246.846 0.79 0 . m  FLoor nay have been watered fo r  dust control. 

Hole ~ C n t a m i ~ t e d  with PVC pieces. 
BTPK 09/10/87 14:M 0.29 982.597 84.201 1.08 0.003 Possible contamination by water spread t o  

control dust. 
BTPK 10/.M/87 09:50 0.01 1Ce2.41 39.813 1.09 0.000 
BTPR 11/19/87 09:M 0.05 1052.39 29.980 1.14 0 . m  
BTPK 01/04/88 09:40 0.06 1098.40 46.010 1.20 0.Mn 
BTPK @2/09/88 10:lO 0.10 1134.42 36.020 1.30 0.003 
BTPK 03/29/8803:430.27 1183.40 4.980 1.57 0.006 
0TPR 07/12/8811:000.87 1288.46105.0CO 2.44 0.008 - BTPR 03/15/88 10:35 0.16 1353.44 O.CUl 2.60 0.000 Not f u l l y  evacuated. Don't w e  fo r  

ic- \ calculat<on. Sam~led for bacteriology. 

BTPR 09/27/8811:500.91 1365.49 T7.m 3.51 0.014 Used 1.07 Liters for ca lar la t im (0.76 m 
9/15 + 0.9 m 9/27). 

BTPK 12/02/88 13:M 0.05 1431.56 66.070 3.56 0 . W  Sampler rmved .  Last time sampled for BSEP, 
hole capped. 



WIPP BRINE SAMPLING AND EVALUATION PRajRAn 
Appendix A f o r  the 1988 BSEP Report 

Data thmugh December 31, 1988 

Location Date Time L i te rs  Days Days Cumulative Li ters Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

08/12/86 12:B NA 
08/19/86 12:12 Trace 
~8/26/86 11:29 m.m 

11/05/86 1 2 : ~  4 
1l/M/86 NA: MA 
12/12/86 m:M) NA 

12/33/86 NA: NA 
03/06/87 10:lO NA 
06/18/87 09:lS 0.62 

10/20/87 09:55 Trace 

11/19/87 09:M 0.08 
01 /04/88 09:40 Trace 
02/09/88 10:15 0.00 
03/29/88 03:U 0.00 
07/12/88 1 1 : l O  0.00 
09/15/88 10:40 Trace 
09/27/88 11 :55 0.00 
12/02/88 13:50 0.M 

0.00 0 . m  Alcwe a t  S1620/WIA excavated. 
0.00 0.000 Downhole d r i  l l e d  7/15/86 t o  7/33/86, open 

from 10.3 t o  14.0 ft. 
0.00 0 . m  Dry. 
0.00 0 . m  Lysimeter insta l led 8/20/86. 
0.03 0 . W  F i rs t  time coLlected, some f l u i d  Left i n  

hole. 
0.16 0.014 
0.19 0.005 

0.34 0 . m  
0.38 0 . W  
0.38 0 . m  Probe removed, not sanpled. 
0.38 0.003 
0.00 0.003 WIM d r i f t  extended scuthuard from t h i s  

alcove on 12/12/86. D r i f t  m p l e t e d  t o  S19M 
m 1/10/87. 

0.38 0 . m  
0.38 0 . m  Covered with muck, not able t o  sanple. 
1 .M3 0 . m  Floor may have been watered fo r  dust control. 

M l e  c m t ~ l i ~ t e d  with PVC pieces. 
1.07 0 . m  Possible contamination by water spread t o  

control dust. 
1.07 0.033 Brine r o t  saved, zero amount l e f t  i n  

co l  lectina cmtainter.  

1.15 O.OCO Dry. 
1.15 0.000 Dry. 
1.15 0 . m  Dry. 
1.15 0.000 
1.15 0 . m  Dry. 
1.85 0.010 Par t ia l  evacuation. Sampler rmved,  

considerable br ine Left i n  hole. Last time 
sampled for  BSEP. Hole capped. 



UIPP BRINE SAMPLING AND EVALUATION PRCGRAN 
Apendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time Liters Days Days Cumulative Li ters Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTPA4 
BTP A4 
BTPA4 

0.000 Alcove a t  S16M/U170 exmattd. 
0.000 Uphole dril led, open from 0 to 4.6 ft. 
0.00) Dm. 
O.m D+. 
0.000 Dry. 
0 . m  Dry. 
0 . m  D+. 
0.000 Dry. 
O.WI Dry. 
0 . m  Dry. 
0.000 Dry. 
0.000 Dry. 
0 . m  D+. 
0 . m  
0.m W170 d r i f t  extended scutlward from t h i s  

alcove on 12/12/86. Drift cunpleted t o  S1950 
m 1/10/87. 

BTPA4 72/3/86 NA: NA 728 .m 140.497 0.00 0 . W  
BTPA4 m/M/8710:15NA 794.427206.924 0.00 0 . m  Dry. 

BTPA4 05/07/87 12:46 0.6 856.532 128.532 0.00 0 . m  ~ r i .  
BTPA4 06/17/8703:300.00 897.3%169.3% 0.00 0 . m  Dry. 
BTPA4 07/28/87 03:39 0.00 938.402 210.402 0.00 0.000 Dry. 
BTPA4 10/M/87 09:11 0.00 1022.38 83.978 0.00 0 . m  DG. 
BTPA4 ffl/04/88 03:55 0.00 1038.41 76.0M 0.00 0 . m  Dry. 
BTPA4 02/09/88 10:15 0.00 1134.43 36.W 0.00 0 . m  Dry. 
BTPA4 a3/29/88 09:44 0.00 1183.41 48.980 0.00 0 . m  Dry. 
BTPA4 07/12/88 11:lO 0.00 1288.47 105.060 0.W 0.000 Dry. 
BTPA4 03/27/88 11 :55 0.00 1365.50 77.033 0.00 0.000 Dry. Last t i m e  sampled for BSEP. 



UIPP BRINE SAMPLING AND EVALUATION P R G M  
AFpendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time L i te rs  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i te rs  per 

7/01/85 For Collected .Day 
Calc. 

BTPM 09/0~/85 m: w MA 0 . m  0.0a3 0.00 0 . m  Alcove a t  S1620/U170 excavated. 
BTPAS 07/m/86 00:m NA 0.000 0.000 0.00 0.000 Uphole dr i l led, open from 0 t o  5.3 ft. 
BTPAS 08/12/86 12:05 NA 588.503 1.000 0.00 0 . W  Dry. 
BTPA5 08/19/8612:11 NA 595.508 8.005 0.00 0 . W  Dry. 
BTPA5 08/26/86 11 :25 NA 6Ce.476 14.973 0.00 0.000 Dry. 
BTPA5 
BTPA5 
KrPA.5 
BTPA5 
BTPA5 
BTPA5 
BTPA.5 
BTPA5 
BTP A5 
BTPA5 

BTP A5 
BTPE 
BTPA5 
BTPA5 
BTPG 
BTPA5 
BTPA5 
BTPA5 
BTPA5 
BTPA5 
BTPA5 
BTPA.5 

03/04/86 11 :31 NA 
09/03/86 13:26 NA 
03/16/86 10:59 NA 
09/23/86 11:CU NA 
10/01/86 08:39 NA 
10/08/86 13 :a  NA 
10/14/86 13:CU NA 
11/05/86 I2:4l NA 
11/M/86 NA: NA 
12/12/86 m:m NA 

12/33/86 NA: NA 
m/C6/87 1O:lS NA 
03/33/87 10:35 0.00 
05/07/87 12447 0.00 

0.00 0 . W  D;~. 
0.00 0.033 Dry. 
0.00 0 . m  Dry. 
0.00 0 . W  D r y .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0 . m  Dry. 
0.00 0.000 
0.00 0 . m  Ul70 d r i f t  extended smthuard from t h i s  

alcove on 12/12/86. Drift ccmpleted to S19M 
cm 1/10/87. 

0.00 O.m 
0.00 0.000 Looks dry. 
0.00 0.000 Dry. 
0.m 0 . m  ~r j r .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.03 Dry. 
0.00 0 . m  Dry. 
0.00 0 . W  Dry. 
0.m 0.000 Dry. 
0.00 0 . W  Dry. Last tine sampled for BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PROCRAM 
Apperdix A f o r  the 1988 BSEP R e p r t  

Data through December 31, 1988 

Location Date T i m e  Liters Days Days Cumulative Li ters Remarks 
Remhled Since Used L i ters  per 

1/01/85 For ColLected Day 
Calc. 

8TPB1 
BTPBl 

0.033 Alcove a t  S16M/W170 excavated. 
0.m CcunhoLe driLLed 7/17/86, open fm 0 t o  5.1 

f t .  
0.000 Dry. 
0.m Dry. 
0.m Dry. 
0.m Dry. 
0.033 Dry. 
0.m Dry. 
0.m Dry. 
0.m Dry. 
0.033 Dry. 
0.m Dry. 
O.OM) Probe removed, not sampled. 

BTPBI 
BTPBl 
BTPBl 
BTPBl 
BTPBI 
BTPBl 
BTPBl 
BTPBl 
BTPW 
BTPM 
BTPBl 
BTPBI 
BTPBl 

0.000 
O.CCX) V170 d r i f t  extwded sarthward from th is  

alcove on 12/12 /86 .  Drift ccmpleted t o  S'lm 
cn 1/10/87. 

0.m 
0.C' Covered with muck, not able t o  sanple. 
0.m Floor may have been watered fo r  dust control. 
0.m Possible contamination by water s p r d  to  

control dust. 
O.MO 

BTP W 
BTPBI 
BTPW 
BTPBl 

BTPBI 
eTPW 
BTPBl 
BTPW 
BTPBl 
BTPBI 
BTPBI 

- -  - 
0.00s 
0.006 Last time sanpled for  BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PROGRAn 
Appendix A fo r  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time L i ters  Days Days Cumulative Li ters, Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

BTPE? 
BTPB 

0.000 Alcove a t  S1620/U170 excavated. 
0.003 Downhole d r i  l l e d  7/18/86 t o  7/M/86, open 

from 5.9 t o  9.6 ft. 
0.033 Not evacuated, insta l led Lysimeter. 
0.000 F i rs t  time collected, som brine l e f t  i n  

hole. 

BTPBZ 
BTPBZ 

08/12/86 12:lO Trace 
08/19/86 12:16 m.03 

BTPB? 
BTPB 
BTPB2 
BTPB2 
BTPBZ 
BTPBZ 
BTPBZ 
BTPEQ 
BTPBZ 
BTPQ 
BTPBZ 

- . - ~  

0.019 
0 . m  Some brine l e f t  i n  hole. 
0.m 
0.012 
0.001 Some brine l e f t  i n  hole. 

0. m 
0.003 Probe removed, not sanpled. 
0.000 
0.003 V170 d r i f t  extended xxrthuard from t h i s  

alcove on 12/12/86. Drift ccnpleted t o  S 1 9 M  
m 1/10/87. 

BTPE? 
BTPBZ 
BTPB2 

12/30/86 NA: NA 
03/06/87 10:15 NA 
06/18/87 09: W 0.56 

0.000 
0.000 Covered with muck, not able t o  sanple. 
0.002 Floor may have been watered f o r  dust control. 

Hole i s  contaminated u i t h  PVC pieces. 
0 . W  Possible contamination by water spread t o  

m n t r o l  dust. 
0.033 Dry. No suction. 
0.005 
0.001 
0 . m  Dry. 
0.03 
0 . m  
0.001 Last time sanpled fo r  BSEP. 

BTPBZ 

BTPB 
BTPBZ 
BTPQ 
BTPB2 
BTPEQ 
BTPE 
BTPBZ 



UIPP BRINE SAMPLING AND EVALUATION PROCRAM 
Awendix A fo r  the 1988 BSEP Report 

Data through December 31, 1988 

h Location Date Time L i ters  Days 
Removed Since 

1 /GI /85 

BTPW 03/04/85M:03NA 0.000 
BTPB m / a 1 / 8 6 m : m ~ ~  0 . m  

BTPW 08/12/86 12:15 NA 588.510 
BTPB3 08/19/86 l2:IO Trace 595.507 
BTP83 08/26/86 11 :25 NA 6Ce.476 

BTPB 
BTP03 
BTP B3 
BTPB3 
BTPB 
BTPB 
BTP83 
BTP03 
BTP83 

ErrPB3 
Err P03 
BTPB3 

11/05/86 12:42 NA- 
11/M/86 NA: NA. 
12/72/86 m : m  NA 

Days Cumulative Li ters Rcmarks 
Used L i ters  per 
For Collected Day 

Calc. 

0 . m  0.00 0 . m  Alcove at S162O/W170 excavated. 
0.000 0.00 0.000 Downhole d r i  l l e d  7/17/86 t o  8/01/86, apcn 

from 10.0 t o  13.3 ft. 
1 .000 0.00 0.000 Dry. 
7.997 0.m 0 . m  
14.96 0.00 0.000 Could r o t  keep vacwm, brine presmt and l e f t  

i n  hole. 
23.976 0.09 0 . m  

0.033 
0 . m  
0.000 Probe remaved, not sanpled. 
0 . m  Not sampled. 
0.000 UIM d r i f t  extendd saithuard from t h i s  

alcove on 12/12/86. D r i f t  cunpleted t o  S1950 
on 1/10/87. 

O.OW Not sanpld. ' 
0.000 Covered with muck, not sanplcd. 
0.001 Floor my have been watered f o r  dust mtd. 

Hole i s  cmtamimted with PVC pieces. 
0 . m  Possible contamination by water spread t o  

control dust. 

BTPB3 01/04/8809:500.01 1038.41 46.010 0.60 0.WJ 
ErrPE3 0e/C9/88 10:M 0.01 1134.44 36.030 0.61 0.000 
BTPB 03/29/88 0255 0.03 1183.41 48.970 0.64 0.001 
BTPB3 07/12/88 11:X 0.05 1288.48 105.070 0.69 0.000 

F=- BTPB3 03/27/88 12:lO 0.00 1365.51 77.033 0.69 0.000 Dry. Last time sampled for  BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PROGRAM 
A~pendix A f o r  the 1988 BSEP R e p r t  

Data through December 31, 1988 

Location Date Time L i ters  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

BTPW 09/04/85 m:OO NA 0 . m  0.000 0.00 O . m  Alcove a t  S1620N170 excavated. 
BTPW 08/05/86 m:m NA 0.000 0.000 0.00 0.000 Uphole d r i l l e d  7/02/86 t o  8/05/86, open f m  

6.8 t o  9.75 ft. 
BTPW 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTP 04 
BTPBCI 
BTPB4 
BTPB4 
BTPB4 
BTPB4 

08/12/86 12:15 NA 
08/19/86 12:lO NA 
08/26/86 11 :25 NA 
09/04/86 11 :32 NA 
09/09/86 13:17 NA 
09/16/86 10:59 NA 
09/23/86 11 :GI NA 
10/M/86 08:41 NA 
?o/c8/86 13:21 NA 
10/14/86 13:oO NA 
11/05/86 12:W NA 
11/M/86 NA: NA 
12/12/86 m:m NA 

0 . m  Dry. 
0 . m  Salt crystals forming, dry. 
0.000 Dm. 
0 . d  SO& droplets a t  col lar.  
0.W Dry. 
0.003 Dry. 
0.000 Dry. 
0.000 Dry. 
0 . 0  
0.W Dry. 
0.000 Dry. 
0 . W  
0.000 VIM d r i f t  extended southward from t h i s  

alcove on 12/12/86. D r i f t  canpleted t o  S1950 
m 1/10/87. 

BTPB4 
BTPS 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTPB4 
BTPBCI 
BTPB4 

12/33/86 NA: NA 
03/06/87 10:15 NA 
03/33/87 10:35 0.00 
05/07/87 12:a 0.00 

o.& Dry. 
O.OX Dry, moisture i n  casing. 
0 . W  Drv. 
0.000 k ip .  
0 . W  Trace, not collected. 
0 . m  Damp. 
0.W Dry. 
0 . m  Dry. 
0 . W  Dry. 
0.000 Dry. 
0 . W  Dry. ' 

O.CCO Dry. 
0.000 Dry. Last time sampled for  BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PRajRAA 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

rn 
Locatim Date Time L i ters  Days Days Cumulative Li ters Remarks 

Removed Since Used L i ters  per 
1/01/85 For Collected Day 

Calc. 

BTPS 
BTPBS 

0.00 0 . m  Alcwe a t  S1620A170 excavated. 
0.00 O.M30 Uphole d r i l l e d  7/02/86 t o  8/05/86, opcn frm 

6.3 to  10.3 ft. 
BTPBS 
BTPBS 
BTPBS 
BTPBS 
BTPBS 
BTPBS 
BTPBS 
BTPBS 
BTPBS 
BTPBS 
BTPE 
BTPBS 
BTP05 

0.00 O.OCO Dry. 
0.00 0 . m  Dry. 
0.m 0 . m  D r y .  

0.00 0 . m  Drj.. 
0.00 0 . m  Dry. 
0.00 0 . m  Drv. 

10/m/86 08 :u  NA 
10/08/86 13:21 NA 
10/14/86 13:m MA 
11/05/86 12:42 NA 
11/M/86 NA: N4 
12/12/86 m:m NA 

0.00 0 I m  ' 
0.00 0 . m  Dry. 
0.00 0 . m  Dm. 
0.00 0 . m  
0.00 0.0(13 VIM d r i f t  extended scuthuard fm t h i s  

alcove on 12/12/86. Drift completed t o  SAW 
m 1 /10/87. 

0.00 0 . m  
0.00 O.MX3 Dam, sal t  s ta lact i te  on collar. 

BTPE 
BTPBS 
BTPBS 
BTPBS 
BTPB5 
BTPBS 

12/M/86 NA: NA 
03/06/87 10:15 NA 
03/M/87 10:M 0.00 
05/07/87 12:49 0.m 
05/17/87 C9:3 0.00 
07/28/87 09:3 0.00 

0.00 0 . m  Dry,.moisture i n  casing. 
0.00 0 . m  Damp. 
0.00 0 . m  ~ r y :  
0.00 0.000 Trace, not collected. 14" s ta lact i te  f o m d  

from collar. 
0.01 0.003 Clav i n  CUD. BTPBS 

BTPB5 . 
BTPBS 
BTPB5 
BTPBS 
BTPBS 
BTPBS 
BTPB5 

0.03 0.oW 
0.03 0 .mDry .  
0.03 0.003 Dry. 

0.w 0 . m  D+. 
0.08 0 . m  
0.08 0.000 Dry. Last time sampled for BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PRCGRAH 
Appendix A for  the 1988 BSEP Report 

Data thrwgh December 31, 1988 

Location Date Time L i te rs  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day - 
CaLc. 

BTPCl 03/04/85 00:m NA 0 . m  0.000 0.00 0.000 Alcove a t  S1620/U170 excavated. 
BTPCl 07/18/86 00:00 NA 0 . m  0.000 0.00 0.000 -hole d r i  l l e d  7/18/&5, open fran 0 to 5.0 

ft. 
BTPCl 03/12/86 12:M NA 588.514 1.m 
BTPCl 03/19/86 12:lO NA 595.507 7.993 
BTPCl 03/26/86 11:27 NA MY.4i7 11.963 
BTPCl 03/04/8611:33NA 6111481 U.%7 
BTPCl 09/09/8613:19NA 616.555 29.041 
BTPCl 03/16/86 11 :01 NA 623.459 35.945 
BTPCl 03/23/86 11 :07 NA 630.463 42.949 
BTPCI 10/01/8608:42NA 638.353 50.849 
BTPCl 10/0/86 13:26 NA 645.560 58.046 
BTPCl 10/14/86 13:05 NA 651.545 64.031 
BTPCl 11/05/86 12:45 NA 673.531 86.017 
BTPCl 11/M/86 NA: NA 688.030 100.486 
BTPCI 12/12/86 W:UJ NA 0 . m  O.Cm 

BTPCl 12/33/86 NA: NA R8.m 140.486 
BTPCl 03/06/87 1O:lO NA 794.424 206.9lO 
BTPCl 05/18/87 10:15 0.28 858.427 246.882 
BTPCI 09/10/87 13:25 2.M 982.559 84.132 

BTPCl 10/M/87 09:24 0.22 10e2.39 39.831 
BTPCl 11/19/87 09:40 0.9 1052.40 30.MO 
BTPCl 01/OG/88 03:55 0.69 1038.41 46.010 
BTPCl 02/03/88 10:45 0.77 1134.45 36.040 
BTPCl 03/29/88 10:M) 0.57 1183.42 48.970 
BTPCl 07/12/88 11:35 0.67 1288.48 105.060 
BTPCl 03/15/88 10:M 0.17 1353.44 0 . m  

BTPCl 09/27/88 12:15 0.75 1365.51 77.033 

0.000 D+. 
0.000 Dry. 
0.000 Dry. 
0 . W  Dry. 
0 . W  Dry. 
0 . m  Drv. 
0 . m  D+. 
0.000 Dry. 
0.000 
0.000 Dry. 
0.000 Probe removed, not collected. 
0.000 Not collected. 
0 . m  v170 d r i f t  extended scuthvard from t h i s  

alcove on 12/12/86. D r i f t  completed to  S19M 
m 1/10/87. 

0 . W  Not collected. 
0 . m  Covered with muck, not collected. 
O.Mn Floor m y  have been watered f o r  dust control. 
0.024 Possible contamination bv water s~read  t o  

control dust. 
0.006 
0.030 
0.015 
0.021 
0.012 
0.005 
0.000 Not f u l l y  evacuated. Don't use fo r  

calculation. Sampled f o r  bacteriology. 
0.012 Used 0.92 Liters fo r  calculation (0.17 on 

9/15 + 0.75 on 9/27). Last time sampled f o r  
BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PROCRAM 
Appendix A fo r  the 1988 BSEP Report 

Data through December 31, 1988 
-, 

Location Date Time L i ters  Days Days Cumulative L i ters  Recnarks 
Removd Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

BTPO 09/04/85 al:W NA O.aX, 0.000 0.00 0.000 Alcove a t  S1620/U170 excavated. 
BTPQ 08/01/86 m:m NA 0.000 0.w.Y 0.00 0.000 Dounhole d r i l l e d  7/18/86 t o  8/01/86, opcn 

from 5.5 to  9.8 ft. 
BTPQ 08/12/86 l2:M Trace 588.514 1.000 0.M) 0 . m  Not evacuated, instal led Lysimeter. 
BTPO 08/19/86 12:lO NA 595.507 7.993 0.00 0.000 Lysimeter d id  not hold vacuun, wmr brine 

Left i n  hole. 
BTPQ 08/26/86 11:29 W.09 602.478 14.964 0.09 0.000 Firs t  time sanpled. 
BTPO 03/04/86 1 1 : ~  m.01 611.481 9 . m  0.10 0.001 Some f l u i d  l e f t  i n  hole. 
BTPQ 
BTPQ 
BTPQ 
BTPQ 
BTPQ 
BTPQ 
BTPQ 
BTPQ 
BTPQ 

ma 
BTPQ 
BTPO 

BTPQ 
BTPC? 
BTPCZ 
BTPQ 
BTPQ 
BTPQ 
BTPQ 

IO/M/S m:w m.Ce 
10/08/86 13:36 m.01 
10/14/86 13 :a  m.az 
11/05/86 12:45 NA 
11/20/86 NA: NA 
12/12/86 m:al  NA 

0.26 0.033 Probe remwed. not collected. - - -  

0.26 0.w.Y Not collected: 
0.W 0.033 W70 d r i f t  extended w t h u a r d  fm t h i s  

alcove on 12/12/86. D r i f t  campleted t o  51950 
an 1/10/87. 

0.26 0.CUl Not collected, 
0.26 0.000 Wered with muck, not collected. 
0.68 0.002 Floor my have been watered fo r  dust comml. 

Hole i s  m t a m i ~ t e d  with PVC pieces. 
0.97 0 . m  Installed Lysimeter. 
1.16 0.005 

BTPQ 03/27/88 12:25 0.38 1365.52 77.040 2.13 0 . a  Last time sanpled fo r  BSEP. 
7=' 



UIPP BRINE SAMPLING AND EVALUATION PRCGRAII 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

L o d t i c n  Date T i m  L i te rs  Days Days Cumulative L i te rs  Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

BTPC3 03/04/85 m:m NA 0.000 0.000 0.00 0.000 Alcove at  S16M/U170 excavated. 
BTPC3 08/01/86 m:m NA 0.000 0.000 0.W 0.000 Dovnhole d r i l l e d  7/18/86 t o  8/01/86, open 

from 10.0 t o  14.4 ft. 
BTPC3 08/12/86 12:M NA 588.514 1.000 0.00 0.000 Drv. - ~ - - -  - 

BTPQ 08/19/86 12:10 Trace 595.507 7.993 0.00 0.000 
BTPC3 08/26/86 11:27 NA 602.477 14.963 0.00 0.000 Instal led suct im probe. 
BTPC3 09/04/86 1 l : M  NA 611.479 23.965 0.00 0.000 No vacuum. sane brine Left i n  hole. 
BTPC3 09/09/8613:38NA 616.568 29.054 0.00 0.000 Dry. 
BTPC3 09/16/8611:10NA 623.465 35.951 0.00 0.000 Dry. 
BTPC3 09/23/86 11:25 M.18 630.476 42.%2 0.18 0.000 F i rs t  time collected. 

10/ffl/86 C9:05 Trace 
lo/@/& 13:38 M.M 
10/1L/86 13:21 C0.Q 
11/05/86 12:45 NA 
11/M/86 NA: NA 
12/12/86 m:m NA 

10/M/87 09:M 0.00 
11/19/87 09:45 0.03 
01/04/88 09:55 0.01 
02/09/88 11 :M Trace 
CB/29/88 10:02 0.00 
07/12/88 11:35 Trace 
C9/10/88 13:07 0.03 
09/27/88 12:25 0.02 

0.000 Probe r w e d ,  not collected. 
0.033 Not collected. 
0 . m  Vl70 d r i f t  extended sarthuard from t h i s  

alcove on 12/12/86. D r i f t  eanoleted t o  51950 
cm 1/10/87. 

0.000 Not collected. 
0.000 Covered with muck, not collected. 
0.001 Floor mv have been watered f o r  dust control. 

Hale ccn iami~ ted  with PVC pieces. 
0 . m  Dry. 

0.000 Dry. 
0 . m  
0.000 Instal led Lysimeter. 
0 . m  Last time sanpled for  BSEP. 



UIPP BRINE SAMPLING AND EVALUATION PROCRAn 
Appendix A for  the 1988 BSEP Report 

F- Data thmugh December 31, 1988 

Location Date Time Liters Days Days Cumulative Liters Remarks 
Removed Since Used Liters per 

1/07/85 For Collected Day 
Calc. 

BTPU 09/04/85 00:M MA 0 . W  0.000 0.00 0.000 Alcove at S16M/W70 excavated. 
BTPC4 08/05/86 M:M MA 0.COO 0 . m  0.W 0.003 Uphole dr i l led 7/02/86 to  8/05/86, opm f r a  

13.9 to  17.6 f t .  
BTPC4 08/12/86 12:Z 00.01 5F8.517 1.000 0.01 0.000 Installed funnel. 
BTPC4 08/19/86 12:09 03.M 595.506 6.969 0.21 0.029 
B T P C ~  08/26/86 1 1 : ~  m.11 602.476 6.970 0.32 0.016 
BTPU 09/04/86 11:29 M.15 611.478 9 . W  0.47 0.017 
BTPC4 09/09/86 13:M M.07 616.556 5.078 0.54 0.014 
BTPC4 09/16/86 10:57 00.07 623.456 6.900 0.61 0.010 
BTPU 09/23/86 10:57 M.08 630.456 7.OCO 0.69 0.011 
BTPC4 10/01/86 08:46 M.09 638.365 7.909 0.78 0.011 
BTPC4 10/08/86 13:24 00.10 645.558 7.193 0.88 0.014 
BTPU 10/14/86 1 3 : ~  03.08 651.542 5.9% 0.96 0.013 
BTPU 11/05/86 12:45 0.22 673.531 21.989 1.18 0.010 
BTPU 1T/M/% NA: NA 688.020 14.469 1.18 0.033 
BTPU 12/12/86 a3:m NA 0 . m  0.MX) 0 . a  0.003 U170 d r i f t  exterded s c u t b r d  from this 

alcove on 12/12/86. D r i f t  capleted to S1%0 
on 1/10/87. 

BTPU 12/M/86 10:07 M.55 728.422 54.891 1.73 0.010 Many salt crystals i n  sarrple. 
BTPC4 @2/06/87 10:15 M.M 764.427 36.005 1.93 0.006 
BTPU 03/05/81 10:15 0.41 794.427 3O.OCO 2.34 0.014 
BTPU 03/M/87 10:M 0.14 818.438 24.011 2.48 0 . W  
BTPU 05/07/87 12:50 0.29 856.535 38.097 2.77 O.Ca.3 
BTPU 05/17/87 G9:U 0.35 897.399 40.864 3.12 0.009 
BTPC4 07/M/87 1 l :M  0.12 911.472 14.073 3.24 0.009 

BTPU 09/15/88 10:M 0.18 1353.44 0.633 5.35 0 . W  Not f u l l y  evacuated. Don't use for 
calculation. Sampled for bacteriolcg. 

BTPC4 09/27/88 12:M 0.07 1365.52 77.033 5.42 0.003 Used 0.25 Liters for calculation (0.18 on 
9/15 + 0.07 on 9/27). Last ti= sanpled for 
BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PROGRM 
A~perdix A for the 1988 BSEP Report 

Data through December 31, 1988 

Location Date T i m  Liters Days Days Cumulative Liters Remarks 
Remxled Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

O.WO Alcwe a t  S1620A170 excavated. 
0.000 Uphole dr i l led  6/M/86 t o  8/05/86, open f ran 

14.0 to  18.2 f t .  
0.000 Dry. 
O.KO Dry. 
0.001) Dry. 
0 . m  Hole i s  d r i ~ o i m .  

BTPC5 
BTPC5 
BTPCS 
BTPCS 
BTPCS 

08/12/86 12:25 NA 
08/19/86 12:lO NA 
08/26/86 11:b NA 
G9/(U/86 11:M NA 
(39/@3/86 13:21 NA 
09/16/86 10:58 Trace 
09/23/86 lo:% NA 
10/U/& 08:45 Trace 

. ,  - 
0.000 Dry. 
0.000 
0.000 Drops missing cup. 
0.000 4" stalacti te on SE corner of col lar - from 

outside casing. 
0.001) Stalactite on a s i d e  of casing, danp inside 

of casing. 
0.000 Two 1/4 mm drops. 
0.000 Feu drops i n  cup. Stalactite on cw bottom. 
0 . m  
0.000 W170 d r i f t  extended k t h u a r d  from th i s  

alcove on 12/12/86. Drift canpleted to  S 1 9 M  
m 1/10/87. . 

0 . m  
0.033 Dry, sal t  buildup outside cup. 
0.W Dm. moisture i n  casim. 

BTPC5 
BTPC5 
BTPC5 
BTPCS 

10/14/86 13:W Trace 
11/05/86 12:41 Trace 
11/K)/% NA: NA 
12/12/86 m:m ~n 

BTPCS 
BTPCS 
BTP6 

72/3/86 NA: NA 
IlI3/06/87 10:15 NA 
mm/m 10:M 0.00 

BTPCS 
BTPCS 
BTPCS 
BTPC5 
BTPC5 
BTPC5 
BTPCS 
BTPC5 
BTPCS 
BTPC5 
BTPCS 

O.Oo0 ~ a k .  
- 

0 . m  Damp. 
0 . W  Trace, not collected. 

09/01/87 @3:35 0.M 973.399 76.001) 0.01 
10/20/8709:18Trace 1W.39 48.991 0.01 
11/19/87 09: LO 0.00 1052.38 2 9 . m  0.01 
01/04/88 10:E 0.00 1C98.42 46.040 0.01 
02/[38/88 1 l :M 0.00 1133.46 35.040 0.01 
a3/29/88 10:05 0.00 1183.42 49.960 0.M 
07/12/88 11:4S 0.05 1288.49 105.070 0.06 
09/27/88 12:35 Trace 1365.52 77.0% 0.06 

0.m Clay i n  cup. 
0.000 
O.OW Drv. 
0 . m  Dri. 
0 . m  Dry. 
0 . m  Dry. 
0.001) 
O.MX3 Last time sampled for BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PRCGRAPl 
Apperdix A for  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time L i ters  Days Days Cumulative Li ters Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

0.00 0 . m  D r i f t  excavated. 
0.00 0 . m  Hole d r i l l e d  i n  m r t h  rib, 1 f t  deep, above 

clay seam near back. 
0.00 0.000 Instal led suction p r o k  and sealed opening. 
0.00 0.033 Dry. 
0.03 0.000 Slight ly wet. 
0.W 0.000 Uet. 
0.W 0.000 Uet. 
0.00 0.000 Slight ly wet. 
0.W 0.000 Dry. 
0.03 0.m 

BTRrn 
BTROl 
BTRrn 
BTR01 
BTROl 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRrn 
BTROI 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTROl 
BTRM 
BTRM 
BTR01 
BTRM 
BTRM 

P-- BTROl 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTRGI 
BTRM 
BTRM 
BTRm 
BTRM 
BTRM 
BTRUI 
BTRM 
BTROl 
BTRM 
BTRM 

0.W 0.003 
0.w 0 . m  Dry. 
0.00 0 . m  Dry. 
0.03 0 . W  Dry. 
0.00 0.033 Dry. 
0.00 0.003 Salt crust developing i n  bottom of  hole. . - 
0.W 0.000 Damp. 
0.00 0.000 Dry. 
0.00 0 . m  Dry. 
0.03 0.000 Moist. 05/24/86 11 : 50 NA 

07/M/86 11:30 NA 
07/08/86 11:M NA 
07/16/86 11 :48 Trace 
07/22/86 11 :M NA 
07/29/86 11 :M NA 
08/05/86 12:m NA 
08/12/86 09:m NA , 

08/19/86 12:27 NA 
08/26/86 12:M NA 
09/04/86 12:08 NA 
09/G9/&5 12:M NA 
09/16/86 11:16 NA 
CP/23/66 11:35 NA 
10/M/86 08:25 NA 
10/08/86 13:47 NA 
10/14/86 10:M NA 
11/05/86 12:55 NA 
11/M/86 14:49 NA 
12/33/86 09:38 NA 
@3/C6/87 03:45 NA 
CB/M/87 10:M 0.00 
05/17/87 09:M 0.00 

0lkl 0 . m  Dry. 
0.00 O.WJ Uet clay i n  hole. 
0.00 0 . m  
0.03 0.000 Damp. 
0.w 0.m Dry. 
0.W 0.000 Dry. 
0.W 0.000 Dry. 
0.W 0.000 Dry. 
0.03 0.000 Dry. 
0.03 0.000 Damp. 
0.W 0.003 Dry. 
0.03 0.000 Dry. 
0.00 0.000 Dry. 
0.W O.KO Dry. 
0.W 0.000 Not punped Last week .  
0.03 0 . W  Pumped only, no collection. . . 
0.00 0.000 Dry. 
0.00 0 . m  Dry. 
0.00 0 . m  Dry, m, vacurnn. 
0.W 0.000 Dry, sa l t  bui ldlp artside cup. No vacuum. 
0.00 0.000 Dry. 
0.W 0.000 Dry. 

0.00 0 . m  ory. 
0.W 0.000 Dry. 
0.00 0.m Dry. 
0.W 0 . m  Dry. 
0.00 0.003 ~rjr. 
0.00 0.EO Dry. 
0.00 0 . m  ~ r y .  
0.00 0 . m  Dry. Last time sampled fo r  BSEP. 



U I P P  BRINE SAMPLING AND EVALUATION PROCRAn 
Appendix A f o r  the 1988 BSEP R e p r t  

Data through December 31, 1988 

~oca t i cn  Date Time L i ters  Days Days Cumulative Li ters Remarks 
Removed Since Used Li ters  per 

1/01/85 For Collected Day 
talc. 

BTRM 
BTRM 

BTRM 
BTRM 
BTRM 
BTRM 
BTRM 
BTR02 
BTRM 
BTRM 
BTRM 
BTRM 
BTRM 

04/M/86 10:35 00.01 
04/08/86 10:45 00.09 
06/16/86 13:00 00.01 
04/24/86 11:05 00.01 
04/3/86 11 : 40 Trace 
05/06/86 11 :@I Trace 

0.00 0.000 Drift excavated. 
0.00 0.000 Hole d r i l l e d  i n  north rib, 3.2 f t  deep, above 

clay seam near back. 
0.00 0.003 Instal led suction probe and sealed opening. 
0.00 0.003 Uet a t  bottom. 
0.00 0.000 Slight brine accumulation. 
0.01 0 . W  Clay squeezing in to hole. 
0.06 0 . m  Lots o f  clay squeezing in to  hole. 
0.07 0.001 Clay squeezing in to  hole. 
0.16 0.015 
0.17 0 . W  
0.18 0.001 
0.18 0.000 
0.18 0.000 

BTRM 05/13/86 10:M Trace 497.431 18.969 0.18 0.000 Approximate 0.005 l i t e r s .  
BTRM 05/23/85 11:M Trace 504.479 26.017 0.18 0.000 
BTRM 05/27/86 12:15 00.01 511.510 33.048 0.19 0.000 Clay saueezirw in to  hole. . . 
BTRM 06/03/86 11 :05 Trace 518.462 6.952 0.19 0.000 
BTRM 06/10/86 12:15 Trace 525.510 14.000 0.19 0.000 
BTRM 06/17/86 11 :25 Trace 532.476 20.965 0.19 0.000 
BTRM 06/24/86 11 : 50 NA 539.493 27.983 0.19 0.000 Approximate 0.05 Liters. 
BTRM 07/01/86 1 1 : ~  00.01 546.479 34.969 0.20 0.000 
BTRM 07/08/86 11:32 00.01 553.481 7 . W  0.21 0.001 Wet clay. 
BTRM 07/16/86 11:49 00.01 561.492 8.011 0.22 0.001 
BTRM 07/22/86 11:CO 00.1% 5671458 5.k 0.23 0.& 
BTRM 07/22/86 11:31 00.01 574.480 7.022 0.24 0.001 
BTRM 08/05/86 12:M 00.01 581.501 7.021 0.25 0.001 
BTRM 0/12/86 09:00 Trace 588.375 6.874 0.25 0.000 
BTRM 08/19/86 1 2 : a  03.01 595.519 14.M8 0.26 0.001 
BTRM 08/26/86 12:01 00.01 6Ce.501 6.982 0.27 0.001 
BTRM 03/04/86 1 2 : a  Trace 611.506 9.005 0.27 0.000 0.005 Liters. Lots o f  clay. 
BTRM 03H39/86 12:M 00.01 616.521 14.OM 0.28 0.001 
BTRM 09/16/86 11:17 Trace 623.470 6.949 0.28 0.000 Clay. 
BTRM 09/23/86 11 :36 Trace 630.483 13.562 0.28 0.000 UD t o  0.005 Liters. 
BTRM 10/M/86 08:26 OO.M 638.351 21.830 0.29 0.000 
BTRM 10/08/86 13:47 Trace 645.574 7.223 0.29 0.000 Small amount of br ine poured wt. 
BTRM 10/14/86 10:00 NA 651.417 13.0% 0.29 0.000 Pumped only, no co l lect im.  
BTRM 11/05/86 12:56 0.01 673.539 35.188 0.30 0.000 Blocked by vent pipe, not -led. 
BTRQ 11/M/86 14:29 NA 688.603 15.064 0.30 0.000 Blocked by vent pipe, not sampled. 
BTRM 12/3/86 09:39 OO.M 728.402 54.863 0.32 0.000 Vacwm. 
BTRM 03/06/87 09:45 0.01 794.406 66.004 0.33 0.000 
BTRM 03/33/87 10:M 0.00 818.417 24.011 0.33 0.000 Trace. 
BTROZ 06/17/87 09:01 0.01 897.376 102.970 0.34 0.000 
BTRM 07/28/87 09:50 0.01 938.410 41.034 0.35 0.000 
BTRM 09/01 /87 09: 12 0.01 973.383 34.973 0.36 0.000 

B T R ~  11/19/8708I31 0.61 1052:35 291980 0138 olo00 
BTRM 01/04/8809:100.01 1098.38 46.030 0.39 0.000 
BTR02 02/09/88 09:M 0.01 1134.40 36.OM 0.40 0.003 
BTRM U3/29/88 09:17 0.01 1183.39 48.993 0.41 0.000 
B T R ~  07/12/88 10:M Trace 1288.44 105.050 0.41 0 . m  
BTRM 09/27/88 11:15 0.01 1365.47 77 .03  0.42 O.Mx3 
BTRM 12/02/88 12:40 0 1431.53 66.M 0.42 0 . m  Dry. Sampler removed. Last time sampled for 



UIPP BRINE SAMPLING AND EVALUATION PROCRAM 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Location .Date Time L i ters  Days Days Cumulative Li ters Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

U/31/86 W:CU NA 
(Y/27/86 0o:M) M 

03/04/86 w:35 NA 
03/06/86 11 :a  NA 
03/13/86 1 l :m  NA 
03/26/86 I 1  :M NA 
04/02/86 10:35 NA 
04/08/86 10:45 U9 
04/16/86 13:m MA 
04/24/86 11 : 05 NA 
04/33/86 11:40 Trace 
05/05/86 11 :m Trace 
05/13/86 10:M Trace 

0 . W  D r i f t  excavated. 
0.000 Hole d r i l l ed  i n  north rib, 3.3 ft deep, above 

clay seam near back. 
0 . W  Brine accumulation at  the bottan. 
0.000 Brine accumulation. 
0.000 Brine and clay. 
0.000 Brine and clay i n  hole. 
0.000 Brine l e f t  i n  hole. 
0.000 Trace. 
0.000 Installed suction probe. 
O.CCO Elo vacwm. 

0.00 0.000 
0.00 0.000 
0.00 0.000 Approximate 0.005 l i t e rs .  
0.00 0.000 Dry. 
0.02 0.000 
0.07 0 . W  

05/27/86 12:15 00.M 
05/03/86 11:10 m.05 
05/10/86 12:'lS Trace 
05/17/86 I 1  :33 Trace 
05/24/86 11 : 55 Trace 
07/07/61 11 3 3  Trace 

0.07 0.000 
0.07 0.000 A feu drops. 

07/08/86 1 l : U  00.01 
07/16/86 11:50 00.01 
07/22/% 11 :0o Trace 
07/29/86 11 :32 NA 
08/05/86 12:03 a3.m 
08/12/86 09:GO Trace 
08/19/86 12:29 Trace 
08R6/86 12:M Trace 
09/04/86 12:09 Trace 
G9/W/86 12:M Trace 
09/16/86.11 :I8 Trace 
09/23/86 11:37 Trace 
10/01/86 08:26 00.01 
10/08/86 13:48 Trace 
10/14/86 1O:CO NA 
10/14/86 10:0o NA 
11/05/86 12:57 NA 
11/a/86 13:29 NA 
12/30/86 09:40 NA 

0.09 0.000 A feu drops. 
0.10 0.000 
0.10 0.000 A feu drops. 
0.10 0.000 
0.10 0.000 
0.10 0.000 A feu drops. 

0.10 0.000 Clay squeezed in to hole. 
0.10 0.000 
0.11 0.000 
0.11 0.000 Inside of tube i s  damp. 
0.11 0.000 Pumped only, no col lect im.  
0.11 0.000 Pumpcd only, no collection. 
0.11 0.000 Damp, blocked by vent pipe, not sampled. 
0.11 O.CCO Blocked by vent pipe, not sanpld. 
0.11 0.000 Damp, vacwm. Hale appears dry, clay 

squeezing in to i t . 
0.14 0 . m  

0.39 0.000 Dry. Sampler removed. Last time sanpled for 
BSEP. 



WIPP BRINE SAMPLXNG AND EVALUATION PRCGRM 
Appendix A f o r  the 1988 BSEP Report 

Data thmugh December 31, 1988 

Loca t ion  Date Time L i te rs  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

BTROL 
BTRc4 

BTR04 
BTR04 
BTR04 
BTR04 
BTR04 
BTRW 
BTRW 
BTRW 
BTRW 
B T R a  
BTRW 
BTRW 
BTR04 
BTRW 
B T r n  
BTRW 
BTRc4 
BTR04 
BTR04 
BTR04 
BTRW 
BTR04 
BTRW 
BTR04 
B T W  
BTR04 
BTRW 
BTR04 
BTROL 
BTR04 
BTR04 
BTR04 
BTR04 
BTR04 
BTRIY, 
BTRW 
BTR04 
BTR04 

0.00 0 . m  D r i f t  excavated. 
O.CO 0.000 Hole d r i l l e d  i n  north rib, 0.95 f t  deep, in  

ha l i te  i n  umer t h i r d  o f  r ib .  
0.00 0 . m  Instal led suction probe and sealed opening. 
0.00 0.000 Dry. 
0.m 0.000 Dry. 
0.00 0.000 Dry, sa l t  incrustations formina. 

0.00 0 . m  ~rj.. 
0.00 0.000 Dry. 
0.00 0 . W  Dry. 
0.00 0 . m  
0.00 O . m  
0.00 0.000 Dry. 

0 . i  0 . h  D r i .  
0.00 0.03 Dam inside of lysimeter. 

0.00 0 . m  Dam. - . - - - . - - . - - 

0.00 0 . m  Dry'.. 
0.00 0 . m  Dry. 

0.00 0.000 Drv. 

0.00 0.000 06. 
0.00 O . m  Dry. 
0.00 0 . m  0;. 
0.00 0.000 Not pumd las t  week. 
0.00 0 . m  No clam. 
0.00 0.000 No clap, insta l led new c l a w  today. 
0.00 0 . m  Dry, no vacum. 
0.00 0.000 Dry, no vacuum. 
0.00 0.000 Dw. 

. . - - - . - - - . - - - . - - . 

BTR& 6/28/87 09:45 0.00 938IL06 143.9% 0.00 o.m D&l 
BTRW 09/01/87 09:15'0.00 973.335 34.979 0.00 0.000 Dry. 
BTR04 10/M/87 08:- 0.00 1Q2.37 48.985 0.00 0 . m  Dw. 
BTR04 11/19/87 08:35 0.00 1052.36 2 9 . m  0.00 0 . m  Dry. 
BTRW M/04/88 09:15 0.00 1098.39 46.030 0.00 0.000 Dry. 
BTR04 02/09/88 0235 0.00 1134.40 36.010 0.00 0 . m  Dry. 
BTR04 (U/29/88 09:M 0.00 1183.39 48.933 0.00 0.000 Dry. 
BTRU 07/12/88 10:M 0.00 1288.44 105.050 0.00 0.000 Dry. 
BTRW 09/27/88 11:M 0.00 1365.47 R.030 0.W 0.000 Dry. 
BTRW 12/Q/88 12:41 0 1431.53 66.060 0.00 0 . m  Dry. Sampler removed. Last time sarrpled for 

BSEP. 



WIPP BRINE SAMPLING AND EVALVATION PRGRAM 
Appendix A for  the 1988 BSEP Report 

Data through December 31, 1988 

Locaticn Date Time L i ters  Days Days Cumulative Li ters Remarks 
Removed Since Used L i ters  per 

1/M/85 For Collected Day 
Calc. 

BTROS 
BTROS 

BTROS 
BTR05 
BTRE 
BTROS 
BTR05 
BTRG5 
BTROS 
BTR05 
BTROS 
BTR05 
BTROS 
BTROS 
BTROS 
BTR05 
BTRE 
BTROS 
BTROS 
BTR05 
BTR& 
BTROS 
BTRG5 
BTROS 
BTROS 
BTR05 
BTRE 

P BTR05 
BTROS 
BTR05 
BTRE 
BTROS 
BTR05 
BTRG5 
BTR05 
BTROS 
BTRE 
BTRE 
BTROS 
BTROS 
BTR05 
BTROS 
BTRE 
BTROS 
BTR05 

BTR05 
BTROS 
BTRE 
BTROS 
BTROS 

03/05/86 1 1 : ~  NA 
03/13/86 11 :W MA 
03/26/86 1 l : M  NA 
04/02/86 10:35 NA 
04/08/86 10:45 NA 
04/16/86 13:m NA 
04/24/86 11 : 05 NA 
04/33/85 11 : 40 Trace 
05/06/86 11 : 00 Trace 
05/73/86 10:25 Trace 
05/M/86 11 :M Trace 
~ / 2 7 / 8 6  12:15 trice 
05/03/86 11 :M Trace 
05/10/86 l 2 : M  Trace 
05/17/86 11 :M Trace 
05/24/86 12:00 Trace 
07/01/86 1l:M 00.01 
07/08/86 11 :38 Trace 
07/16/86 11:54 00.01 
07/22/86 11 :00 Trace 
07/29/86 II:U m.m 
08/05/86 12 :s  Trace 
08/12/86 09: W Trace 
08/19/86 12:31 Trace 
08/26/86 12:04 Trace 
09/04/86 12:W Trace 
09/09/86 12:M Trace 

0.00 0.000 D r i f t  excavated. 
0.M) 0.000 Hole d r i l l e d  i n  north rib, .3.0 f t  deep, i n  

ha l i te  i n  upper t h i r d  o f  r ib .  
0.00 0.000 Salt krobs forming L.6' fmm collar, s l i gh t l y  

wet. 
0.00 0.000 Dry. 
0.00 0.ooO Dry. 
0.00 0.000 Dry. 
0.00 0.000 Salt h b s .  
0.00 0.000 L i t t l e  accumulation. 
O.M3 0.000 Instal led suct im probe. 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 A few drops. 

0.03 0.000 A feu drops. 
0.03 0 . m  A few drops. 
0.03 0.000 
0.03 0 . m  

09/16/86 11 :I9 Trace 623.472 48.993 0.03 0.000 
09/23/86 11:38 Trace 630.485 56.003 0.03 0 . m  
10/M/86 U3:27 Trace 633.352 63.870 0.03 0.000 
10/08/86 13:49 Trace 645.576 71.094 0.03 0.000 Inside tube s l igh t l y  damp. 
10/14/86 10:CO NA 651.417 76.935 0.03 0.0a3 Pump4 only, no col lect im.  
11/05/86 12:59 0.02 673.541 99.059 0.05 0.000 
11/M/86 14:M NA 688.604 114.122 0.05 0.000 Trace. 
12/33/86 09:42 00.01 728.404 54.863 0.06 0.000 No vacuum. 
03/05/87 09:M 0.01 794.410 66.005 0.07 0.000 
m/M/87 lo:& 0.00 818.419 24.009 0.07 0.000 Trace. 
06/17/81 B:04 0.01 897.378 102.968 0.08 0.000 
07/28/87W:51 0.02 938.410 41.032 0.10 0.000 
09/01/8709:150.02 973.385 34.975 0.12 0.001 
10/M/87 08:55 0.01 1022.37 48.985 0.13 0.OCO 
11/19/87 08:35 Trace 1052.36 29.W 0.13 0.000 
01/04/88 09:IS Damp 1098.39 46.033 0.13 O.OCQ Water standing in  back of hole, 3 stalact i tes 

i n  hole. 
M/CQ/88 09:35 0.00 1134.40 36.010 0.13 0.KU D r y .  

- - - 
07/12/88 10:M Trace 1288.44 105.0%~ 0.13 0.000 
09/27/83 11 :XI Trace 1365.47 77.OM 0.13 0.000 
12/02/88 12:U 0 1431.53 66.060 0.13 0.000 Dw. Samler r a v e d .  Last time samled for 



UIPP BRINE SAMPLING AND EVALUATION PROCRAM 
Appendix A fo r  the 1988 BSEP Repart 

Data through December 31, 1988 

Location Date Time L i te rs  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

0.CUI D r i f t  excavated. 
0.000 Hole d r i l l e d  i n  north r ib .  3.0 f t  deep, i n  

ha l i te  i n  upper t h i r d  o f k i b .  
0 . m  Salt incrustat im forming 0.6 ' f rm col lar.  
0.000 Uet a t  the tattun. 
0 . m  Brine, insta l led suction probe. 
0 . m  Trace. 
0 . m  Trace, estimated 0.005 l i t e r .  
0 . m  Trace. 
0.000 
0.000 
0. 000 
0 . m  

BTRW 
BTRM 
BTRM 
BTRM 
BTRM 
BTRa 
BTRM 
BTRM 
BTRM 
BTR05 
BTRa 
BTR06 
BTRM 
BTR05 
BTRM 
BTRW 

03/04/86 09:35 NA 
m/06/86 11:a  N4 
m/13/86 I 1  : W N4 
03/26/86 11:X 03.01 
04/02/86 10:45 NA 
04/08/86 10:45 W.01 
C4/16/86 13:CO Trace 
04/24/86 11 :05 Trace 
04/39/86 I 1  :LO Trace 
05/05/86 I 1  :W Trace 
05/13/86 10;25 Trace 
05 /K) /% 11 :M Trace 
05/27/86 12:15 Trace 
05/m/86 11 :XI Trace 
05/10/% 12:M Trace 
05/17/86 11 :35 Trace 

0.000 A few drops. 
0.000 
0.000 Salt knobs on side o f  hole. 
0.000 A feu drops. 
0 . m  

BTRM 
BTRM 
BTRM 
BTR05 
BTRa 
BTRC6 
BTRM 
BTRM 
BTRC6 
BT R05 
BTRU 
BTRW 
BTR05 
BTR05 
BTR05 
BTRM 
BTR05 
BTR05 
BTRM 
BTR05 
BTR05 
BTRM 
BTRM 
BTRM 
BTR05 

05/24/86 12:B Trace 
07/01/86 11 :M Trace 
07/08/86 11 :LO Trace 
07/16/86 11 :55 Trace 
07/22/86 I1 : W Trace 
07/29/86 11:35 0a.m 

0 . m  A few droplets. 
0.000 
0.000 A few drops. 
0 . m  
0. m 

0.03 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 ~ ~- 

0.04 0 . m  
0.04 0 . m  Small mmt  poured out. 
0.04 0.000 Pumed only. no co l lec t im.  
0.05 
0.05 
0.05 

08/05/86 12:W m.O1 
08/12/86 09:CO Trace 
08/19/86 12:32 Trace 

0 . m  
0 . m  
0.000 A feu droos. 

08/26/86 12:05 Trace 
C9/G4/86 12:C9 Trace 
09/09/86 l2:M Trace 
09/16/86 11 :M Trace 
09/23/86 11 :39 Trace 
10/01/86 08:28 Trace 
10/08/&5 13:50 Trace 
10/14/86 10:CKl N4 
11/05/86 13:M 0.01 

0.000 
0 . m  
0.000 A feu drops. 
0 . m  
0 . m  

. . 
0 . m  
0.000 Trace. 
0. WO No vacwm. 

- -  - - 
11/M/% 14:M NA 
12/39/86 C9:43 Trace 
03/05/87 09:50 Trace 0 . m  

0.000 Inside o f  tube wet. 
0.003 Trace in  tube. 
0 . m  
0. m 09/01/87 09:17 Trace 

BTRC6 10/M/87 08:56 Trace 1022.37 48.993 0.06 0.CCO - - - . - - . . . . - . - - . - . - . - - . 
BTRW 11/19/870:LODarnp 1052136 29:9$0 0.06 0 . m  
BTR05 01/04/88 09:15 0.00 1098.39 46.030 0.06 0.KO Dry. 4-5 sta lact i tes a t  m d  o f  hole. 
BTROS 02/09/88 09:35 0.00 1134.40 36.010 0.06 0.000 Dry. 
BTRM m/29/88 09:23 0.00 1183.39 48.990 - 0.06 0 . W  D;~. 
BTR05 07/12/88 10:M 0.00 1288.44 105.050 0.06 0.000 Dry. 
BTRW 09/27/88 11 :25 Trace 1365.48 i7.040 0.06 0.OCO 
BTRM 12/02/88 12:43 0 1431 -53 66.0% 0.06 0.000 D r y .  Sampler rammed. Last time sap led  fo r  



UIPP BRINE SAMPLING AND E\JALUATION PROCRAM 
Appendix A fo r  the 1988 BSEP Report 

Data thmugh December 31, 1988 

Location Date Time L i ters  Days Days Cumulative Li ters Remarks 
Remdved Since Used L i ters  per 

1/01/85 For Collected Day 
talc. 

0.00 0 . m  Drift excavated. 
0.00 0.000 Hole d r i l l e d  i n  north rib, 1.1 f t  deep, just 

above the orange bard. 
0.W 0.000 Installed sucticm probe and sealed opening. 
0.00 0.000 Wet. 
0.00 0.000 Wet, sune brine a t  the bottan. 
0.00 0.000 Brine at  the end o f  hole. 
0.00 0.000 Brine i n  small hole i n  end. 
0.00 0.000 Trace i n  hole. 
0.00 0.000 Salt knobs. 
0.00 0.000 Wet. 
0.00 O.CCO Wet. 
0.W 0 . m  Uet, Lots of sa l t  knobs. 
0.00 0 . W  Uet. 
0.00 0 . m  Moist. 
0.00 0.000 m i s t .  
0.00 O.CCO Danq, inside of Lysiwter. 
0.00 0.000 salt kmbs. 
0.00 0.000 Dry. 
0.00 0.000 Damp. 
0.00 0.000 
0.m 0.000 Dam. 

BTR07 07/08/8611:42Trace 553.488127.089 0.00 0 . W  ~uo'drcps i n  prcbe. 
BTR07 07/16/86 11 :58 NA 561.499 135.100 0.00 0.000 Trace. 
BTR07 07/22/8611:CONA 567.458 141.059 0.00 0.000 Damp. 
BTR07 07/29/8611:40NA 57L.L86148.0!37 0.03 0.000 Moist inside prabe. 
BTRU 08/05/86 12:07 NA 581 .SO5 155.106 0.00 0.000 
BTR07 08/12/86 09:M NA 588.3% 161.997 0.00 0.000 Dry. 

., . ~ - -  - 

BTR07 08/26/86 12:m NA 6 M I 5 G  176I15 0.Cxj 0.6% D+. 
BTR07 09/04/86 12:W NA 611 .506 185.107 0.00 0.000 Dry. 
BTR07 09/09/86 12:M Trace 616.521 190.122 0.00 0.000 A feu d r o ~ s .  
BTRO7 09/16/86 11 :25 Trace 623.476 197.077 0.00 0.000 
BTR07 09/23/86 11 :44 NA 630.489 204.050 0.13 O.CCO Moisture i n  Lysimeter. 
BTR07 10/OI /86 08:29 NA 638.353 211.954 0.00 0 . W  Damp. 
BTR07 10/08/86 13:54 NA 645.579 219.180 0.00 0.000 Damp, nothing p a r s  out. 
BTR07 10/14/86 10:M) NA 651 .&I7 225.W8 0.00 0.000 Pumped only, no collection. 
BTR07 11/05/86 13:m NA 673.542 247.143 0.00 0.000 Damp. 
BTR07 11/M/86 14:35 NA 688.- 262.209 0.00 0.000 Dam. 
BTR07 12/33/86 09:U NA ~ 8 . 4 0 6  %LEV 0.00 0.000 Dry; no vacuum. 
BTRO7 'D3/M/87 09:50 NA 794.410 368.01 1 0.00 0 . m  Dry. 
BTR07 03/M/87 lo:% 0.00 818.421 24.W1 0.00 0.000 Dry. 
BTR07 05/17/87 09:C6 0.00 897.379 102.969 0.00 0.000 Dry. 
BTR07 07/28/87 09:U 0.00 938.406 143.5% 0.W 0.000 Damp, none collected. 
BTR07 09/01/87 @:I7 0.00 973.387 7 6 . m  0.00 O.CCO Dry. 
8TR07 10/M/87 09:03 0.M) 1022.38 48.993 0.00 0 . W  Dry. 
BTR07 11/19/87 0 8 : a  0.00 1052.36 29.980 0.W 0 . W  Dry. 

BTR07 02/09/88 09:G 0.W 1134.40 36.010 0.00 0.000 DG. 
BTR07 03/29/88 09:24 0.00 1183.39 48.940 0.00 0.000 Dry. 
BTRW 07/12/88 10:M 0.00 1288.44 105.050 0.00 0.000 Dry. 
BTR07 09/27/88 11 :25 0.00 1365.48 77.040 0.W 0.000 Dry. 
BTR07 12/02/8812:440 1431.53 66.050 0.00 0 . W  Dry. Sampler r d .  Last time sanpled for 

BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PROtRAM 
Appendix A fo r  the 1988 BSEP R e p r t  

Data thmugh December 31, 1988 

Locaticn Date Time L i te rs  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

BTRQ 
BTRQ 

0 . W  Drift excavated. 
0 . m  t b l e  d r i l l e d  i n  north rib, 3.1 f t  deep, just  

above the orange band. 
0.000 Instal led suc t im p r o k  and sealed opening. 
0 . m  Trace removed. 
0.039 

BTRQ 
BTR08 
BTRQ 
BTRQ 
BTRCB 
BTRQ 
BTRQ 
BTROB 
B T R a  
BTRCB 
BTR08 
BTRCB 
BTRQ 
BTR08 
BTRQ 
BTRQ 
BTRQ 
BTRCB 
BTRQ 
BTRQ 
BIRD3 
BTR08 
BTROB 
BTROB 
BTRQ 
B T R a  
BTR08 
BTRm 
BTROB 
BTROB 
BTRQ 
BTR08 
BTROB 
BTRQ 
BTR08 
BTR08 
BTRQ 
BTRC8 

0.m 
0.clK) Estimated 0.022 t i ters .  
0.001 
0.002 

04/16/86 13:m Trace 
04/24/86 11:05 W.02 
04/9/86 12:M M3.01 

-.- 

0.011 
O.OCO Pumped only, no co l lect im.  
0.011 

BTRQ 
BTR08 
BTR08 
BTRCB 
BTRQ 
BTR08 
BTR08 
BTR08 
BTR08 
BTRQ 
BTR08 
BTR08 
BT RU3 

M/04/88 09:M 0.04 
02/52/88 09:a 0.05 
03/29/88 09:Z Trace 
07/12/88 10:50 0.00 
09/27/88 1l:M Trace 
12/02/83 12:45 0 

4.16 0 . W  
4.16 0 . W  Dry. Sampler removed. Last time sampled for 

BSEP. 



UIPP BRINE SAMPLING AND EVALUATION PROGRAM 
Appendix A for  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time L i ters  Days Days Cumulative Li ters Remarks 
Removed Since Used Liters per . 1/01/85 For Collected Day 

Calc. 

0.00 0 . m   rift' excavated. 
0.00 0.0a3 Hole d r i l l e d  i n  north rib, 3.1 f t  deep, just 

above the orange bwd. 
0.00 0.03 Instal led suction probe and sealed w i n g .  
0.01 0 . m  Firs t  time sampled. Some brine Left i n  hole. 
0.03 0.010 Salt crusts, som brine l e f t  i n  hole. 
0.11 0.011 Some brine l e f t  i n  hole. 
0.30 0.015 

BTRB 
BTREJ 
BTRW 
BTRW 
BTRW 
BTRW 
BTRC9 
BTRW 
BTRW 
BTR09 
BTROS 
BTROS 
BTRW 
BTRW 
BTR09 
BTRC9 
BTRC9 
BTRW 
BTROS 
BTRC9 
BTROS 
BTROS 
BTRW 
BTR09 
BTRW 
BTR09 

P BTROS 
BTROS 

0% 0.010 
0.51 0.010 Some brine Left i n  hole. 

1.67 0.W Brine Left i n  hole. 
1.80 0.029 me weeks w l l e c t i m .  
1.81 0.001 Brine Left i n  hole. 

BTRW 
BTRW 
BT ROS 
BTRW 
BTRW 
BTRW 
BTRC9 

2.26 0.010 
2.26 0 . m  Pumped only, no collecticn. 
2.51 0.003 

BTR09 
BTROS 
BTRC9 
BTROS 
BTRC9 
BTRW 
BTR 57' 
BTR09 
BTROS 

3.99 0 . m  
4.08 O . m  
4.08 0 . m  Hose and clanp for lysimeter are missing. 

Probably happened late 12/14/87 or  on 
12/16/8j. " 

4.08 O.M30 Dry. Instal led new plug, o ld  plug gom 
12/13/87. 

BTRW 

BTR& 03/29/88 C9:27 0.07 1183.39 4.18 0.001 
BTRW 07/12/88 10:50 0.06 1288.45 105.0t0 - 4.24 0.001 
BTR09 09/27/8811:35O.CO 1355.48 i7.03 4.24 0 . m  Dry. 
BTR09 12/02/88 12:46 0 1431.53 66.050 4.24 0 . m  DG. Sampler removed. Last time salrpled fo r  

BSEP. 



WIPP BRINE SAMPLING AND EVALUATION PROGRAM 
Apperdix A f o r  the 1988 BSEP Report 

Data through December 31, 1983 

Location Date Time L i ters Days Days Cumulative L i ters Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day - 
Calc. 

BTRIO 
BTRIO 

0.000 Drift excavated. 
0.000 Hole d r i l l e d  i n  north rib, 1.2 f t  deep, 

approximately 2.5 ft above floor. 
0.000 Instal led suc t im probe and sealed opening. 
0 . m  Dry. 
0.000 Dam. 

BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 

0.a ~ry'. 
0.000 Dry. 
0.000 

04/08/86 10:53 NA 
04/16/86 13:CO NA 
04/24/86 11 :M NA 
04/30/86 1 2 : M  NA 
05/05/86 1i:n NA 
05/13/86 10:45 NA 
G5/20/86 I1 :M NA 
05/27/86 12:15 NA 
05/03/86 11:M NA 
05/10/86 1 2 : M  NA 
05/17/86 11:40 NA 
05/24/86 12: lO NA 
07/01/86 11:40 NA 
07/08/86 11:48 NA 
07/16/86 12 :M  NA 
07/22/86 11 :m NA 
07/29/86 11 :W MA 
08/05/86 12: lO NA 
08/12/86 09:M NA 
08/19/86 12:36 NA 
08/26/86 1 2 : B  NA 
09/04/86 12:05 NA 
09/09/86 1 2 : M  NA 
09/16/86 11 :27 NA 
09/23/86 11:47 NA 
10/01/86 08:32 NA 
10/08/86 13:57 Dry .  
10 /14 /86  1O:W NA 
11/05/86 13:04 NA 
11/23/86 14:36 NA 
1 2 / M / 8 6  09:47 NA 
03/05/87 09:55 NA 
0 3 / M / 8 7  10:B 0.00 
05/77/87 C9:W 0.00 
07/28/87 09:U 0.00 
09/01/87 09:23 0.00 

0 . m  Dry. 
0 .W vet. 
0 .W 
0 . W  Dry. 
0 . W  Dry. 
0.000 Dry. 
O . W  DN 

BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRlO 
BTRIO 
BTRIO 

0 . W  ~rj.. 
0 .W Dry. 
0 . m  D+. 
0 .W 
0 . W  
0 . W  Drv. 
0 . W  Drjr. 
0 . W  Trace. 
O . W  Drv. 

0.m ~ r y .  
0.000 Dry. 
0.000 D r y .  
0.000 Dry. 
0 . m  Dry. . . 
0 .W Dry. 
0 .W Dry .  
0 .W Inside tube dry. 
0.000 pumped only, nb wllecticn. 
0 . W  Dry. 
0 . W  Dry. BTRIO 

BTRIO 0.000 D ~ Y .  no vacuun. 
BTRIO 
BTRIO 
BTRIO 
BTRIO 
BTRlO 

0 .W D ~ K  no vacuum. 
0.000 Dry. 

0 . W  ~r j l .  
0 . W  Dry. 
0 . W  Dry. 
0 . W  Dry. 
0.001) Drv. 

BTRIO 
BTRIO 
BTRIO 
BTR10 
BTR10 
BTRIO 
BTRlO 
BTRIO 

- . - - -  

0 . m  04. 
0 . m  Dry. No clam. 
0.000 D ~ Y .  ~ a m l &  ranoved. Last time senpled fo r  



UIPP BRINE SAMPLING AND EVALUATION PRCGRAM 
Appendix A for  the 1988 BSEP Report 

Data through Deceniber 31, 1988 

Locatim Date Time Liters Days Days Cumulative Li ters Remarks 
Removed Since Used Liters per 

.. 1/01/85 For Collected Day 
Calc. 

BTRll 
BTRll 

BTR11 
BTRll 
BTRl I 
BTRl I 
BTRll 
BTRll 
BTRll 
BTRll 
BTRll 

04/08/86 10i59 m.m 
04/16/86 13:W Trace 
04/24/86 11 :30 Trace 

0.00 0.003 D r i f t  excavated. 
0.03 0.003 Hole d r i l l e d  i n  north rib, 3.05 f t  deep, 

appmximately 2.5 f t  above f loor.  
0.00 0 . m  Instal led sucticn probe and sealed opening. 
0.00 0.003 Some brine accunulaticn at  bottom. 
0.03 0 . m  Trace, estimated 0.005 Liters. 
0.01 0.001 First time sanpled. 
0.02 0.001 Trace. 
0.02 0 . m  Small accmulation o f  brine a t  bottom. 
0.03 0.001 
0.03 0.WI 
0.03 0.000 

BTRll 06/M/8612:MNA 484.514 22.056 0.03 0 . m  
BTRll 05/05/85 11 :37 Trace 450.484 28.026 0.03 0.000 
BTRll 05/13/8610:40Trace 497.444 34.986 0.03 0 . 0 3  A feu drops. 
BTRll 05/20/8611:MTrace 504.479 42.021 0.03 0 . m  
BTRll 05/27/86 12:15 00105 511 I510 49.052 0.6 0.kn 
BTRll C%/Cl3/8611:35Trace 518.483 6.973 0.08 0.000 
BTRll 05/10/86 l 2 : M  Trace 525.521 14.011 0.08 0.OCO 
BTRll 
BTRll 
BTRll 
BTRl I 
BTRll 
BTRll 
BTRll 
BTRll 
BTRll 
BTRll 
BTRll 
BTR11 
BTRll 
BTRll 
BTRll 
BTRl I 
BTRll 
BTRll 
BTRll 
BTRll 
BTR11 
BTRll 
BTRll 
BTRl 1 

05/17/86 11 :40 Trace 532.186 20.976 0.08 0.OCO 
M/24/86 12:lO Trace 539.507 27.997 0.08 0.000Afeudrops. 
07/01/86 11 :40 Trace 546.486 34.976 0.08 0 . m  
07/08/86 11 :50 NA 553.493 41.983 0.08 0.033 Plug missing fm collecting device. 
07/16/86 12:02 Trace 561.501 49.991 0.08 0 . m  
07/22/86 11 :W Trace 567.458 55.948 0.08 0.000 
07/29/86 II:U 00.01 574.489 62.979 0.09 0 . m  
C8/05/86 12:11 Trace 581.508 7.019 0.09 0.000 
08/12/86 09:M Trace 588.3% 13-93' 0.09 0 . m  
08/19/86 12:37 Trace 595.526 21.037 0.09 O.Oa, 
08/26/86 12:10 Trace 6@2.507 28.018 0.09 0.000 
09/04/86 1 2 : ~  00.01 611.503 37.014 0.10 0.000 Trace. 
09/09/86 12:M Trace 616.521 5.018 0.10 0.000 
09/16/86 11 :28 Trace 623.478 11.975 0.10 0 . m  
09/23/86 11:48 Trace 630.492 18.989 0.10 0.000 A few drops. 
10/M/86 08:33 Trace 638.356 26.853 0.10 0 . m  
10/08/86 13:58 Trace 645.582 34.079 0.10 0 . m  Inside tube i s  damp. 
10/14/86 1O:oO NA 651.417 39.914 0.10 0.000 Punped only, no collection. 
11/05/86 13:05 Trace 673.545 62.042 0.10 0 . m  Estimated 0.005 l i t e rs .  
11/M/86 14:37 NA 688.609 77.106 0.10 0.000 Trace. 
12/M/86 09:48 NA 728.408 116.905 0.10 0.000 Damp, no v a c w m .  
03/06/87 09:55 NA 794.413 182.910 0.10 0.000 Dry, no vacuum. 
CB/M/87 10:lO 0.00 818.424 24.011 0.10 0 . m  Dry. 
06/17/8709:100.00 897.332102.%9 0.10 0 . m  Dm. 

BTRII 07/28/87 1o:m 0.03 938.417 144.~04 0.10 0 . m  D+. 
BTR?? 09/01/8709:250.00 973.392 34.975 0.10 0.000 Dry. 
BTRll 10/20/87 09:B 0.00 1022.38 48.988 0.10 0.OM3 Dry. 
BTRl l  11/19/8708:50O.W 1052.37 2 9 . W  0.10 0 . m  ~ r y .  
BTRll M/04/88 09:25 0.00 1098.39 46.OM 0.10 0.000 Dry. 
BTR l l  M/09/88 09:45 0.00 1134.L1 36.020 0.10 0.000 DW. 
BTRII 5/29/88 0:M3 1183740 48:940 0.10 o.ooo D+. 
BTRll 07/12/88 10:50 0.00 1288.45 105.050 0.10 0.000 Dry. 
BTRII 09/27/88 11 :35 0.00 1365.48 77.03 0.10 0 . m  DW. 
BTRll 12/@2/88 12:48 0 1431.53 66.050 0.10 0 . m  DG. Sampler r m v e d .  Last time sanpled for  

BSEP. 



UIPP BRINE SAMPLING AND EVALUATION PRCGRN 
Appendix A for the 1988 BSEP Report 

Data thmugh December 31, 1988 

Locatiar Date Time Liters Days Days Cumulative Liters Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

0.000 Dr i f t  excavated. 
0 . W  Hale dr i l led  i n  north rib, 3.05 f t  deep, 

approximately 2.5 f t  above floor. 
0.000 Installed suctim probe a d  sealed opening. 
0.000 Some brine accunulatim at bottom of hole. 
0 . W  Some brine accurmlatim. 
0.000 Suction probe installed ad S ~ k d  opening. 

Some brine i n  bottan of hole. 
0 . W  First time sampled. Trace. 
0 . m  Small accumulation a t  bottom. 
0.000 Brine at the bottom. 
0 . m  Left brine in  hole. 
0 . m  

- . . - - . -. . . 
04/24/86 I 1  : M NA 
04/M/86 12:M NA 
05/06/86 11:M Trace 

0.033 Vet. 
0 . m  
0.000 Three droplets mly.  
O.m 

05/13/86 10:U Trace 
05/M/86 11:M Trace 
05/27/86 12:15 Trace 
05/03/85 11 :35 Trace 
05/10/86 12:M NA 
06/17/86 11:a Trace 
06/24/86 12:lO Trace 
07/01/86 11:U NA 
07/08/86 11 : 52 NA 
07/16/86 12:m Trace 
07/22/85 11:m NA 
07/29/86 11 : 45 NA 
(38/05/85 12:12 NA 
08/12/86 09:M NA 
08/19/86 12:38 NA 
08/26/86 12:ll NA 
09/OL/85 12:E Trace 
09/03/86 l2 :M Trace 
09/16/86 11:29 Trace 
09/23/85 11 :48 Trace 
10/01/86 08:34 Trace 
10/08/86 13:59 Trace 
10/14/86 10:M NA 
11/05/86 1396 Trace 
II/M/~~ 1 4 : ~  m.m 

0. 000 
0 . m  A feu drops. 
0.000 Dry, plug had been rmved. 
0 . m  
0 . m  A few drons. 
0.000 Dry. 
0 . m  Wet. 
0.000 Small ml at  end of hole. 
0 . m  Damp. 
0 . W  Small pool a t  back. 
0.000 Small pool a t  back. 
0.000 Dry, not sealed. 
0 . m  Dry, no vacum. 
0.000 Not sealed, dry. 
0.000 A feu drops. 
0 . m  
0.000 
0.000 A feu drops. 
0.000 
0.000 Inside of tube i s  damp. 
0.000 Pumped only, no collection. 
0 . m  Estimated 0.001 l i ters.  
0.000 Trace. 
0 . m  Damp, no vacuum. 
0 . m  Dry, no vaculrm. 
0 . W  Drv. 

BTRl2 06/17/87 09~11 0.00 897.383 102.966 0.01 0.000 Dl+. 
BTRl2 07/28/87 10:Ol 0.00 938.417 144.000 0.01 0.000 Dry. 
BTR12 09/01/87 09:X 0.M) 973.3% 34.979 0.01 0.000 Dry. 
BTRl2 10/M/87 G9:E 0.00 1022.38 48.984 0.01 0.000 D;~. 
BTR12 11/19/87 08:50 0.00 1052.37 29.W 0.01 0 . m D r y .  
BTRl2 01/04/88 09:25 0.00 1098.39 46.OM 0.01 0.000 Dry. 
BTRl2 02/09/8809:500.00 1134.41 36.023 0.01 0.000 Dry. 
ETR12 03/29/88 09:M 0.00 1183.40 48.593 0.01 O.OCO Drv. 
BTRl2 07/12/88 10:50 0.00 1288.45 105,.050 0.01 0.m DG. 
BTRl2 09/27/88 11:35 0.00 1365.48 77.W 0.01 0.000 Dry. 
BTRl2 12/@2/88 12:49 0 1431.53 66.050 0.01 0.000 Dry. Sampler r k v e d .  Last time sanpled for 

BSEP. 



UIPP BRINE SAMPLING AND EVALUATION PROGRAn 
Appendix A for  the 1988 BSEP Report 

Data through December 31, 1988 
,- 

Location' Date Time Liters Days Days Cumulative Li ters Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

BXOl 05/02/84 03:W NA 0 . m  0.000 0.00 0.003 Room 8 conpletcd. 
Ex01 01 /27/85 W:03 NA 0.UX 1.000 0.00 O.OCO Downhole d r i l l e d  1/24/85 t o  1/27/85. Vet care 

and brine encountered 1/26/85 at 35 to  36.5 
feet. 

Ex01 0 2 / 0 5 / 8 5 I l : M M . 3 9  35.458 11.041 0.39 0.035 F i rs t  time collected. - - . - -. . . . - - - - . - 
BXOl 02/11/85 12:m 03.R 41.500 6I& 1.11 0.119 
BXOI 02/19/85 1 3 : ~ ~  03.70 49.542 8.042 1.81 0.087 
0x01 02/26/85 12:45 W.61 56.531 6.989 2.42 0.087 
BXm 
E x O l  
Ex01 
urn 
Ex01 
BXOI 
5x01 
Exol 
6x01 
ax01 
8x01 
ExOl 

5x01 
BXOl 
BXW 
urn 
0x01 

0.076 
O.OR 
0.069 
0.065 
0.064 Room B heaters turned on 4/23/85. 
0.057 
0.055 First check i n  several weeks. 
0.056 Brine effervesces. 
0.058 Rcom tm. 98 dmrees F .  a t  collar, 103 F. i n  

center o'f mutt. - 
0.053 
0.055 

-.- . 

0.062 
0.053 
0.000 Not collected. 
0.048 
0.044 
0.048 
0.000 Room closed, bad back, not sanpled. 
0 . m  Room closed, could not saple. No 

calculation. 
8x01 11/16/87 11:lO 12.86 1049.47 286.012 53.47 0.045 
8x01 01/04/88 1038.00 0.000 53.47 0.000 Could mt sanple. Roan closed. 
Ex01 02/08/81 12335 3.71 1133.52 84.OM 57.18 0 . U  
6x01 03/29/88 12:M 2.30 1183.50 49.980 59.48 0.046 
Ex01 05/12/88 10:44 1.67 1227.45 43.950 61.15 0.038 
NO1 07/72/88 C9:50 2.23 1288.41 M3.960 63.38 0.037 
BXOl 09/27/88 @3:03 2.61 1365.33 76.920 65.99 0.034 
BxOl 12/13/88 09:W 0 1442.38 0 . W  65.99 0.000 Cwld mt sanple. Rcan Locked. 



UIPP BRINE SAMPLING AND EVALUATION PRCGRAM 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time L i ters  Days Days Cumulative L i ters  Remarks 
Remved Since Used L i te rs  per 

1/01/85 For Collected Day 
Calc. 

0.000 Room B conpleted. 
O.OW Uphole d r i l l e d  1/29/85 t o  2/01/85. 
0.000 No drips noticed. 
0.000 Tubing plugged. 
0.000 Trace, feu drops i n  jug. 
O . m  
0 . a a  
0.014 
0.026 
0.019 
0.022 Room 0 heaters turned on 4/23/85. Lou reading 

probably due t o  p a r t i a l  blockage of 
collecting tube. 

0.015 
0.015 First check i n  several weeks. 
0.0% Changed funnel . 
0 . m  

0.000 Trace i n  p last ic  t&e, salt buildup in  tube 
and container. 

0.000 Dry. 
0 . 0 3  Drv. 

08/19/86 10:SO NA 595.451 214.076 
i o / m / a  II:E m.w 638.462257.087 
11/05/861O:MNA 673.417 34.955 
11/20/86 i 0 : n  NA 688.442 49.980 
12/M/% 14:05 NA 728.587 90.125 
02/03/87 NA: NA 763.C00 125.538 
03/05/87 11 :50 NA 794.493 156.031 
10/M/87 1022.00 0.000 

0.000 Drj.. 
O.OCO Dry. 
0.000 Dry. 
0.000 
O.MX) Roorn closed, bad back, not sampled. 
0.000 Room closed, c w l d  not sample. No 

calculation. 
0 . W  Funnel not hooked up. No col lect im,  no 

calculation. 
0.000 Could not sanple. Roan closed. 
0.000 Dry. 
0.000 Dry. 
0.000 D r j l .  
0 . m  Dry. 
0 . m  Could not sanple. R w r n  locked. 



WIPP BRINE SAMPLING AND EVALUATION PROCRAM 
A p e d i x  A f o r  the 1988 BSEP Repart 

Data through December 31, 1988 

Locatim Date Time L i ters  Days Days Cumulative Li ters Recnarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

DHI5 m/13/BG 00:00 NA 0 . m  0.000 0.M) 0.000 D r i f t  excavated a t  N1104/€1688.5. 
DH15 03/21/8Lm:CQNA 0 . m  0.000 0.00 0.000 Uphole d r i l l ed  3/20/84 t o  3/21/84. 
DH15 05/20/86W:CONA 0 . m  0.000 0.00 0.000 Collecting funnel and container installed. 
DH15 05/27/86 15:CO NA 511.625 1 . m  0.W 0 . m  Trace of brine. F i rs t  time mllected. 

DH15 06/24/86 10:CO C0.05 539.417 7.011 0.14 0 . W  Lots of clay has fa l len dovn hole and 
accumrlated' i n  cot lectimr cmtainer. 

DH15 07/22/86 09:lS M.05 567.385 5.982 0.35 0.008 CLav i n  collectina container. 

09/01/87 11:35 0.13 973.483 34.978 2.39 0 . m  
09/16/87 10:CO 988.417 0.000 2.39 0.000 0.05 l i t e r  i n  jar  not reimved. Ho 

DH15 09/27/88 03:M 0.00- 1365.35 76.940 3.51 0.000 D r y .  
DHl5 12/13/88 09:20 0 14W.39 77.040 3.51 0.000 Dry. 



UIPP BRINE SAMPLING AND EVALUATION PRCCRAM 
Appendix A f o r  the 1988 BSEP Rcport 

Data through December 31, 1988 

Location Date Time L i te rs  Days Days Cumulative L i ters  Remarks 
Removed Since - Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

0.00 0 . m  Appmximate date t h i s  part of Raom G was 
excavated. 

0.00 0 . m  Uphole d r i l l e d  1/26/85 t o  1/27/85. 
0.00 0 . W  Started t o  drip. 
0.19 0.W Salt crystals i n  container. F i rs t  t im 

co 1 lected. 
0.36 0.024 Salt crystals i n  container. 
0.55 0.024 
0.68 0.02 
0.83 0.021 Salt crystals i n  container. 
1.02 0.024 
1.14 0.009 
1.30 0.023 Clay i n  container. 
1.44 0.023 
1.60 0.023 
1.75 0.021 
1.90 0.019 
1.92 0 . m  
1.98 0.W 
2.11 0.019 
2.23 0.015 
2.31 0.013 Clay i n  m t a i n e r .  
2.39 0.011 Clay chunks i n  container. 
2.50 0.014 
2.59 0.015 
2.73 0.018 
2.84 0.016 
2.95 0.018 
3.07 0.017 
3.14 0.010 
3.22 0.006 
3.28 0.009 
3.34 0.004 
3.42 0.011 
- . . - - . - 

3.60 0.009 
3.65 0.010 Changed collecting container. 
3.71 O.Mn Clay i n  collecting container. Entry has been 

restr icted since 12/10/85 due t o  mining 
act iv i t ies.  

0.W 

0.005 
0.010 
0.000 Funnel broken, 5 inch s ta lac t i te  fo rmd f ran 

col lar.  
0 . m  Instal led ncw fmnel.  
0 . W  Trace of brine. 
0.m 
0 . m  

0 . m  
0 . m  Trace of brine. Cleaned so f t  clay out of 

funnel. 
0.001 
0 . m  
0.004 
0.001 
0.000 Trace collected. 
0. an 
0 . m  Trace collected. 
0 . m  Trace collected. 
0.003 Trace. 
0 . m  Trace, none collected. 
0 . m  S m L l  mrwnt not collected. 
0 . m  Damp, not collected. 
0 . m  Not sampled, looked dry. 

11/05/86 11:28 NA 673.478 28.014 
11/M/86 NA: NA 683.m 42.536 



DIGS ai/m/a?G: ~4 7 6 3 . ~ 1 1 7 . ~ ~  4.31 0.e 
DH35 03/06/87 11:25 NA 794.476 149.012 4.31 O.WJ Dry. 
DM5 CI3/M/8711:MO.W 818.472 23.996 4.31 O.CCO Dry .  

DH35 07/28/8711:150.M) 938.469143.993 4.31 0.000 Dr;. 
DH35 03/M/87 10:M 0.00 973.451 34.982 4.31 0.000 Dry. 
DH35 10/20/87 I?:% 0.00 1022.50 49.049 4.31 0 . m  D r y .  

DH35 07/12/88 08:50 0.W 1288.37 104.880 4.31 0.m 0;. 
DW5 03/27/88 10:50 0.00 1365.45 77.080 4.31 0.000 Dry. 



UIPP BRINE SAMPLING AND EVALUATION PROGRAM 
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Data through December 31, 1988 

Locat , icn Date Time Liters Days 
Removed Since 

1 /01/85 

Days 
Used 

For 
Calc. 

Cumulative 
L i ters  

Collected 

L i ters  Remarks 
Per 
Day 

0.000 Appmximate date t h i s  part of Room G 
excavated. 

0 . m  bunhole d r i  LLed 1/26/85. 
O.CCO Moist nuck a t  the bottom. 
0.275 AJxut 1 ft. nuck, b r i m  and hydraulic f l u i d .  

F i rs t  time bai Led. 
0.252 Brine, nuck, hydraulic f lu id .  
0.221 Some mck. 
0.213 Brine and muck. 
0.253 

0 . m  
0.225 Brine effervesces. 
0.224 

0.242 
0.197 Valve leaked. sane brine drained back d m  

hole. 

71 .a  0.219 
80.94 0.212 Entry restr icted since 1U10/85 due t o  mining 

act iv i t ies.  
82.32 0.17 
85.34 0.253 

109.82 0.176 Valve leaked, sane brine drained back darn 
hole. 



111.47 0.237 
112.92 0.207 
114.47 0.217 
115.87 0.204 
117.63 O.2M 
118.92 0.216 
120.37 0.206 
121.83 0.208 
123.33 0.215 
124.71 0.1% 
126.20 0.214 Static level not measured. 
127.90 0.189 
129.10 0.241 
130.47 0.1% 
131.87 0.203 
133.63 0.218 
135.07 0.207 Brine efferveces as i t  i s  poured in to beaker. 
136.28 0.201 Static level not measured. 
140.56 0.195 
143.68 0.207 
143.68 0.000 Par t ia l  evacuation. No calculation. Do not 

p lo t  or use zero value. 
151.94 0.201 Calculated using 8.26 Li ters i n  41.02 days 

(1.72 1. 12/3/86 plus 6.54 1. 12/31/86). 
158.78 0.2Ul 
164.62 0.189 
175.41 0.1% 
182.03 0.174 
189.28 0 . W  Some brine l e f t  i n  hole, no calculation. 
189.R 0.184 Original l/&y calculaticn too high due t o  

residual brine Left i n  hole. Recalculated 
using 7.74 1 (7.25 1 6/17/87 plus 0.49 1 
611 8/87). 

197.53 0.194 
204.52 0.2CO 
213.10 0.17'5 
217.29 0.140 
224.03 0.146 
228.93 0.110 . 
236.18 0.145 
241.19 0.136 
242.49 0.186 
250.39 0.1% 
251.89 0.093 
255.55 0.261 
257.60 0.147 
257.60 0.003 Did not sample. 
259.96 0.118 SLight orange color. 
261.26 0.099 
271.89 0.138 



UIPP BRINE SAMPLING AND EVALUATION PROGRAM 
Apptrdix A for the 1988 BSEP Report 

Data through December 31, 1988 

Locaticm Date Time Liters Days Days Cumulative Liters Remarks 
Removed Since Used Liters per 

1/M/85 For Collected Day 
talc. 

0.000 Approximate date th is part of Room G 
excavated. 

0.000 Uphole dr i l led  1/25/85 to  1/26/85. 
0.000 Started to drip. 
0 . W  Stalactite i n  collecting container. 
0 . m  Salt crystals i n  collecting container. 
0.000 Trace, none col lectd. 
0.002 
0 . m  
0 . m  
0.003 
0.010 
0.003 
0.m 
0 . m  - - - -  

0 . m  
0.011 Stalactites i n  w l l e c t i m  centainer. 

0.000 
0 . W  Dry. 
0.000 Dry, not collected. 
0 . m  

02/03/87 NA: NA 
03/06/87 11:E NA . 
03/30/87 11:lO 0.00 

0. 000 
0 . m  Dry. 
0.000 Dry. 

0.h brjr. 
0.000 Dry. 
0.000 D r y .  

0 . m  06. 
0.000 Dry. 
0 . m  Dry. 
0 . m  Dry. 
0.033 Dry. 
O.MX3 Dry. 
0 . m  Dry. 



UIPP BRINE SAMPLING AND EVALUATION PROGRAM 
Appendix A for the 1988 BSEP Report 

Data through December 31, 1988 

Locaticn Date Time L i ters  Days Days Cumulative L i ters  Remarks 
,“=+ Removed Since Used Liters per 

1/01/85 For Collected Day 
CaLc. 

DH38 12/05/84 C0:CO NA . 0.COO 0.000 0.00 0.000 Approximate date t h i s  part of Rcon G 
excavated. 

DH38 MR6/85W:WNA 0 . m  O.Oo0 0.03 0.000 Dounhole d r i l l e d  1/25/85 t o  1/26/85. 
O.CO 0 . m  Dry. 
0.W 0 . m  Uet a t  bottom. 
0.80 0.035 Brine ad f ine nuck. 
2.06 0.182 Brine and f ine nuck. 

4.12 0.058 Some nuck. 
4.56 0.055 ' 

4.97 0.058 

7.007 9.41 0.063 
7.004 9.84 0.061 
7.028 10.27 0.061 Brine effervesces. 

18.61 0.066 
19.03 0.059 
19.44 0.059 
22.14 0.061 Entry restr icted since 12/10/85 due t o  mining 

act iv i t ies.  

24.02 0.019 Lost substantial volume due t o  break i n  
suction Line. Brine flowed back dam i n t o  
hole. 

24.67 0.110 
25.10 0.062 
25.69 0.045 
26.27 0.083 
26.62 0.058 



- . - - - . - 
47.51 0.050 
49.42 0.000 Some brine l e f t  i n  hole, no calculation. 
49.58 0.049 CaLarlated usina 2.07 Liters (1.91 1. 6/17/87 

plus 0.16 L. 6/78/87). 
5'1.46 0.047 



WIPP BRINE SAMPLING AND EVALUATION PRCCRAY 
Appendix A for  the 1988 BSEP Repr t  

Data through December 31, 1988 

Location Date Time Li ters  Days Days Cumulative Li ters Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

0.00 0 . m  Approximate date that part of Room G was 
excavated. 

0.00 0.000 Uphole d r i l l ed .  
0.00 0 . m  Moist, no stalact i tes. 
0.00 0.000 Wet, none collected, back wet i n  1.5 f t  

c i rc le .  
0.00 0.000 Trace, sa l t  crystals i n  container. 
0.00 0.000 Trace, none collected. 
0.01 0.000 
0.04 0.m Stalactites i n  samle. 
0164 O.CCO Dry. 
0.04 0.003 Dry, not callected. 

0.04 0.000 
0.04 0 . m  Dry. 
0.04 0.000 Dry. 
0.04 0.000 Dry. 
0.04 0 . m  Dry. 
0.04 0.000 Dry. 
0.04 0.000 Dry. 

- - . . . - - - . - - . --- . - 

DH39 11/19/87 11:m 0.00 1052.46 291980 0.64 0.b DG. 
DH39 Ul/CX/88 11:35 0.00 1038.48 46.OiU 0.04 0.000 Dry. 
DH39 @2/08/8811:350.03 1133.48 35.003 0.04 O . O o  Dry. 
DH39 03/29/8 II:M 0.00 1183.48 50.000 0.04 0 . m  DG. 
DH39 07/12/88 08:45 0.00 1288.36 104.880 0.04 0.003 Dry. 
DH39 09/27/88 10:30 0.00 1365.44 7.080 0.04 0.000 Dry. 
DH39 12/13/88 09:Z 0 1442.41 76.970 0.04 0.000 Dry. 



UIPP BRINE SAMPLING AND EVALUATION PROGRAM 
Awendix A for  the 1988 BSEP Report 

Data through December 31, 1988 

Locaticn Date Time Li ters  Days 
Reroved Since 

1 /01/85 

Days Cumulative L i te rs  Rcmarks 
Used L i ters  per 

For Collected Day 
Calc. 

0.000 0.00 0.000 Approximate date t h i s  part of Rooln G 
eicavated. 

0.00 0.000 (lovnhole d r i l l e d  7/24/85 t o  1/25/85. 
0.00 0.000 Dry. 
0.00 0.000 M i s t  a t  battola. 
0.00 0.000 Mist nuck. 
0.00 0 . m  Moist nuck. 
0.98 0.012 Brine, nuck, and o i l .  
1.24 0.044 Brine and muck. 
1.35 0.016 Feel something spongy i n  bottom o f  hole. 
1.45 0.014 

5.950 1.79 0.017 Contained a Lot o f  s a l t  mck. 
6.969 1.84 0.007 
6.979 1.93 0.013 

DH40 12/03/85 13:M 00.08 336.556 121&1 3.38 0 . m  
DH40 12/10/85 12:LO W.04 343.528 6.9R 3.42 0.006 
DH40 M/23/86 11:25 ffl.24 387.476 43.948 3.66 0.005 Entry restr icted since 12/10/85 due t o  mining 

act iv i t ies.  
0.002 
0 . m  

0.014 
0 . 0 3  Did not co l lect  fo r  several mnths. 
0.005 
0 . m  Not sanpled. 
0.005 
0 . a  

11/05/86 11:18 0.27 
11/M/86 NA: NA 
72/3/86 12:W 03.25 
02/03/87 13:00 00.13 
03/05/87 10:55 0.09 

0.65 
0.000 Not sam~led. No calculation. 
0.000 Did not' collect. No calculation. 
0.000 Did not sample. 
0 . m  



UIPP BRINE SAMPLING AND EVALUATION PRCGRAH 
Appendix A fo r  the 1988 BSEP Report 

Data thmugh December 31, 1988 
A 

Locat im Date Time L i ters  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i ters  per 

1/M/85 For t o l l e c t d  Day 
Calc. 

0.00 0.000 Approximate date t h i s  part  of R a m  G 
excavated. 

0.00 0.000 Uphole d r i l l e d  1/23/85 t o  1/24/85. 
0.03 0.000 Moist. no stalact i tes. 
0.03 0.000  race; none collected. 
0.01 0.000 
0.02 0 . W  Trace. 

0.a Trace. 
0 . m  
0 . m  
0.000 Lots of s a l t  crystals and Lunps of  cLay i n  

container. 
0.000 Dry. Frnnel has been removed, s a l t  crust on 

col lar.  

@/03/87 NA: NA 
03/05/87 10:55 NA 
03/M/87 I1 :a 0.00 

0.000 
0.000 Crusty. 
0.000 Dry. 

-~ - - ~ -  

0.12 0.000 D+. 
0.12 0.000 Dry. 
0.12 0.000 Dry. 
0.12 0 . m  D+. 
0.12 0.000 Dry. 
0.12 0.000 Dry. 
0.12 0.000 Dry .  
0.12 0.000 Dry. 
0.12 0.000 Dry. 
0.12 0.000 ~ r y .  
0.12 0.033 Dry. 



UIPP BRINE SAMPLING AND EVALUATION PROCRAM 
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Data through December 31, 1988 

Location Date Time Liters Days Days Cumulative Liters Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

DH42 12/M/&G W:00 NA 0.000 0.000 0.W 0 . W  Approximate date th is  part of Room G 
excavated . 

DH42 m/23/8500:13Nn 0 . m  0 . m  0.00 0 .W bunhole dri l led. 
DH42 01/28/85 09:W NA 27.375 1.000 0.W 0 . W  Hoist ruck a t  the bottom. 
DH42 02/05/8511:1500.27 35.469 9.094 0.27 0.030 First time collected. 
DH42 02/11/85 1l:W 00.3 41.458 5.989 0.57 0.050 
DHU 02/19/8513:1003.33 49.549 8.091 0.90 0.041 
DH42 02/26/8510:4500.26 56.44 6.899 1.16 0 . m  
DH42 03/05/85 10:00 00.28 63.417 6.969 1.44 0.040 
D H U  03/12/85 10:M 03.25 70.431 7.014 1.69 0.036 
DH42 03/M/85 10:54 00.25 78.454 8.023 1.94 0.031 Valve Leaked, sane brine drained back d m  

hole. 
DH42 03/26/8510:0600.28 8d.421 5.%7 2.22 0.047 
DH42 04/02/8510:4500.26 91.448 7.027 2.48 0 . W  
DH42 04/10/85 10:45 00.29 99.448 8.000 2.77 0.036 
DM2 04/17/85 13:X) 00.24 106.562 7.114 3.01 0.034 
DHU ~ / ~ / 8 5  1 3 : ~  00.04 112.558 5.996 3.05 O.W7 Significant ~ l u n e  of brine drained back dam 

DH42 
DH42 
DH42 
D H U  
DH42 
DH42 
DH42 
DH42 
D H U  
DH42 
DH42 
DH42 
DH42 
OH42 
D H U  
DH42 
DH42 
DM2 
DH42 
DH42 
DH42 
DH42 
DH42 
OH42 

DHU 
DH42 
DH42 
DH42 
DH42 
DH42 
DH42 
DH42 
D H U  
DH42 
DW 
D H U  
DH42 
D H U  
DH42 
DH42 
D H U  
DH42 
DH42 

6.m o.(us 
6.28 0.036 Brine effervesces. 
6.56 0.035 

11.0s 0.ozs 
11.31 0.031 
12.63 0.030 Entw restricted since 12/10/85 due to  nrining 



ow 
DH42 
DH42 

.r"* OH42 
D W  
DH42 
D H U  
DHQ 
w 
DH42 
DH42 
DH42 
DH42 
D H U  
DH42 
D H U  
Dti42 
DH42 
OH42 
D W  
OH42 
DHW 
D H U  
DH42 
DH42 

0.026 
0.028 
0.029 
0.038 
0.027 
0.028 
0.031 
0.029 
0.026 
0.029 
0.028 
0.028 
0.029 
0.021 
0.045 
0.022 
0.025 
0.024 
0.022 
0.020 
0.024 
0.022 
0 . m  
0.024 B r i m  effervesces. 
O.CCO Uood fragments i n  hole. Some brine l e f t  i n  

hole, no calculatim. 
0.024 Calwlated using l .M Liters (0.91 1. 6/17/87 

plus 0.10 1. 6/18/87). 
0.024 
0.OP 
0.026 
0.025 
0.025 
0.021 
0.022 
0.020 
O.M9 
0.M9 
0.021 
0.011 
0.022 



Date 

12/33/84 

01 /25 /85 

01 /28/85 
02/05/85 
02/11 /85 
02/19/85 
02/26/85 
@/05/85 
03 /I 2/85 
03/M/85 
03/26/85 
04/02/85 
04/10/85 
04/17/85 
04/23/85 
04/33/85 
05 /07/85 
05 /I 4/85 
05/21 /85 
05/23/85 
05/04/85 
&/I 1 /85 
&/18/85 
06/25/85 
07/M /85 
07/09/85 
07/16/85 
07/24/85 
07/3/85 
08/05/85 
08/14/85 
08/M/85 
08/28/85 
09/04/85 
09/10/85 
09/17/85 
09/24/85 
10/01/85 
10/08/85 
10/15/85 
10/23/85 
10/29/85 
17/05/85 
11 /I 3/85 
11/21/85 
11 /26/85 
12/03/85 
12/10/85 
01 /23/86 

01 /31/86 
02/12/86 
02/19/86 
02/28/86 
03/06/86 
&/13/86 
03/26/86 
04/02/86 
04/08/86 
04/16/86 
04/24/86 
04/33/86 
ct5/06/86 
05/13/86 
05/M/% 
05/27/86 
06/03/86 
05/10/86 
06/17/86 
05/24/86 

Time L i te rs  
Removed 

UIPP 
A l  

Days 
Since 

1 /01/85 

O . m  

0.000 

27.375 
35.469 
41 .458 
49.507 
56.448 
63.417 
70.431 
78.458 
84.424 
91.448 
59.448 
106.562 
112.558 
119.433 
126.391 
133.434 
140.426 
148.438 
154.451 
161.427 
168.410 
175.462 
1Q.458 
189.434 
1%.465 
204.434 
210.412 
217.424 
225.440 
231 .426 
239.493 
246.424 
252.413 
259.392 
265.392 
273.403 
280.433 
287.427 
295.424 
301.389 
308.375 
316.406 
324.451 
329.455 
336.545 
343.535 
387.486 

3%. 500 
407.444 
414.469 
423.538 
429.434 
436. Lo8 
449.403 
456.389 
462.394 
470.493 
478.410 
484.442 
4SO.417 
497.417 
504.458 
511.649 
518.410 
525.469 
532.438 
539.448 

BRINE SAMPLING AND EVALUATION PRCCRAH 
pendix A f o r  the 1988 BSEP Rcport 

Data through December 31, 1988 

Days Cumulative Li ters Remarks 
Used L i te rs  per 

For Collected Day 
Calc. 

0.000 Approximate date t h i s  part o f  Room G 
excavated. 

0 . m  tkwnhole d r i l l e d  ( d r i l l  o f  W )  t o  
recwer core fm 20 t o  40 ft. 

0.033 Brine i n  hole. 
0.093 Fi rs t  t ime collected. 
0.165 
0.180 
0.170 
0.178 
0.184 
0.181 
0.179 
0.164 
0.181 
0.186 
0.178 
0.1% 

. - - . . - -. . - 
6.5% 26.84 0.1M 
6.976 27.% 0.161 Gas effervescing fmm sanple. 
7.031 29.07 0.158 Brine df ervesces. 

Entry restr icted 
ac t iv i t ies .  

since due t o  



72.83 0.101 
73.49 0.094 
74.12 0.OSO 
74.80 0.097 
75.48 0.0518 Stat ic  level not measured. 
76.19 0.079 Valve broke off and Left i n  hole after 

collecting most of brine. S a t e  b r im  l e f t  in 
k l c .  

obstructed hole. 

85.86 0.071 
89.01 0.m 
91.62 0.084 
94.14 0.1M 
97.31 0.083 

100.25 0 . W  Appmx. 0.M Liter spilled. Som brine l e f t  
i n  b l e ,  m calc. 

100.36 0.072 Calculated using 3.05 l i ters  (2.94 1. 6/17/87 
plus 0.11 1. 6/18/87). 

103.43 0.077 
106.12 0 . m  Sanples effervesce. 
109.85 0.076 
112.02 0.072 
115.30 0.OM 



UIPP BRINE SAMPLING AND EVALUATION PRCGRAn 
A~pendix A for the 1988 BSEP Report 

Data through December 31, 1988 

Date Time Liters 
Removed 

Days Days Cumulative Li ters Remarks 
Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

0 .03  Approximate date El40 d r i f t  was excavated at 
S'l950. 

0.03 Uphole dr i l led 1/05/83 t o  1/06/83. 
0 . m  Experimental brine co l lect im device 

installed. 
O.KO First data entry i n  BSEP Phase I collecting 

program. 
0.011 
0.m1 

DHZ15 

DH215 
OH21 5 
M I 5  
DHZ15 
Dl4215 
DH21 5 
DH215 
DH215 
DH215 
DH215 
DH215 
DH215 
DH215 
Dn215 
DH215 
DH215 
DH215 
DH215 
OH21 5 
DH215 
DHM 5 

Drip 

Salt 

missing furnel. 

crystals i n  container. 

0.011 
0.015 Salt crystals i n  container. 
0.019 
0.019 
0.017 
0.014 

0.016 Salt crystals i n  container. 
0.017 
0.017 
0.016 

0.017 Salt crystals in container. 
0.014 
0.029 
O.of.1 -.- 

0.020 
0.012 Floor Lowered i n  El40 north of th is  location. 
0.000 Floor of El40 d r i f t  excavated, col lar of 

dovnhole W16 destroyed. 
0 . m  Crossdrift excavation a t  S1950 in i t ia ted 

toward east. 
0.017 
0.019 
0.057 
0.059 Brine wer f  lcming container, unknacn amcunt 

not collected. 
0.072 
0.088 
0.089 
0 . m  Crossdrift excavation a t  S1950 in i t ia ted 

tovard west. 
0.0% 
0.023 Stalactites m e d  from container. 
0.037 
0 . m  Floor lovered i n  El40 sarth of th i s  locatim. 



0.040 
0.047 
0.033 
0.014 
0.OM 
0.02fJ About 1 Lb. of sa l t  m c w t a t i m  removed 1 

funnel on 1/07/86. 
0.012 
0.010 
O.M8 
0.OM 
0.019 
0.005 
0.033 
0.003 Trace of brine. 
0.033 Dry. 
0.003 
0.033 Trace, none mtlected. 
0 . m  Dry. 
0 . m  

10/14/86 13:47 00.00 
11/05/86 12:50 0.16 
11/M/86 NA: NA 
12/3/86 @:51 M.1-G 

0 . m  
0.003 About 112 o f  t h i s  volume was a mixture of 

sa l t  crvstals and sun-f lwer seeds. 

0.005 
0 . m  Dry. 112-inch sa l t  crust i n  container. 
0 . m  D+. 
0.032 Container i s  dry. Funnel was rumved and the 

back was trirmed. 
0 . m  Collar mined out. Dry, no evidence of 

nuisture coming f ran the hole. 
0.000 Sampler rrmoved. 
0 . m  Collecting device rmxed by mine operati-. 
0 . m  No funnel. 
0.000 None collecred. 
0.m Installed funnel and col lect ion bottle. 
0.000 Dry. 



UIPP BRINE SAMPLING AND EVALUATION PROtRAn 
Appendix A for the 1988 BSEP Report 

Data through Dec&er 31, 1988 

Location Date Time Liters Days Days Cumulative Liters Remarks 
Remwed Since Us4 Liters per 

1/M/85 For Collected Day 
Calc. 

DHPm 10/29/85 00:00 NA 0.OCO O.Oo0 0.00 0.000 D r i f t  excavated a t  SI%O/El320. 
DHPa 01/06/87 m:00 M O.aX, 0 . m  0.00 0 . m  Uphole d r i l l i n g  in i t i a ted  12/08/85, st- 

on 12/09/86 at 27.9 ft. Dr i l l ing resraKd 
1/02/87 and a m p l e t 4  1/05/87. 

DHP401 03/05/87 09:15 0.12 794.385 1.0(30 0.12 0 . m  First time collected. 
DHP401 03/30/87 09:15 0.06 818.385 24.000 0.18 0 . m  
DHP401 06/22/8711:100.17 W.465 23.080 0.35 O.W7 Stalactite growth beside fumel. 
DHPZOl 06/11/8710:000.38 891.417 49.952 0.73 0.008 
DHP4M 07/28/87 10:15 0.27 938.427 47.010 1.00 0.035 Clay accunulatim in container. 
DHPW 09/01/8708:550.32 973.372 34.945 1.32 0.033 
MP4M 09/16/87 09:15 988.385 0.003 1.32 O.W2 0.01 Liter i n  jar, not removed. No 

calculation. - . 
OHP401 11/16/87 08:M 0.59 1069.37 75.993 1.91 0 . m  
DHP4M Ce/09/88 09:m 0.43 1134.38 85.010 2.34 0.005 
DHP401 03/07/88 10:CO 0.02 1161.42 27.040 2.36 O.Mn Remwed collecting device. 
w p m .  03/29/88 09:m 1183.38 0 . m  2.36 0 . m  No collecting device. 
DHPLol 07/12/88 13:50 1288.58 0.KO 2.36 O.MX3 No funnel. 
DHPW 09/27/88 13:m 0.00 1365.54 0 . W  2.36 0 . m  b e  collected. 
DnP401 10/13/88 10:00 1381.42 0 . m  2.36 0 . m  Installed fume1 and collection bottle. 
DHP401 12/13/88 10:M 0 1442.45 281.030 2.36 0 . m  Dry. 



UIPP BRINE SAMPLING AND EVALUATION PRCGRAM 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time L i t e r s  Days Days Cumulative Li ters Remarks 
Rcmxred Since Used L i te rs  per 

1/M/85 For Collected Day 
Calc. 

0.00 0.000 Drift excavated a t  S1950/ElUO. 
0.00 0.003 Downhole completed. 
0.14 0.DX F i rs t  time sampled. 
0.14 0.00;) 
0.17 0.001 Bai ler  stuck i n  hole. Hole appers of fset  or 

blocked a t  the 45 foot Level. There m y  be a 
ruck bo l t  o r  piece o f  rod i n  hole. 

0.00 0.000 Horizontal p i l o t  hole f o r  Ram 7 of the f i r s t  
Uaste Storage Panal started just  m r t h  of 
t h i s  location, d r i l l e d  with brine. 

0.17 0.003 Hole ent i re ly  f i l l e d  with brine from d r i l l i n g  
the p i l o t  /gas release hole fo r  the Last rmcn 
of the f i r s t  panel. 

17.67 0.000 Removed 17.5 Li ters o f  brine fmm hole, 
mostly d r i l l i n g  f l u i d .  No calculation. 

32.67 0.000 Dr i l l i ng  brine removed fm hole. Part ia l  
evacuation, br ine Left I n  hole, no 
calculat im. 

0.00 0.000 Brine from the AIS sump spread i n  Pam1 1 t o  
assist i n  the reconstitution of Loose muck on 
f loor.  

0.03 0.003 Brine from the A I S  sunp s p r d  i n  Panel 1 t o  
assist i n  the reconstitution o f  loose muck on 
f loor.  

0.00 0.000 Approximate date the sa l t  muck stockpile was 
placed a t  the east end of  S1950, covering the 
col lar  o f  t h i s  hole. 

32.67 0.003 Pluck p i led  over hole, could not collect. 
89.92 0.185 Used 72.25 l i t e r s  f o r  calculation (15.0 m 

7/29 + 57.25 on 8/19). 
132.67 3.872 Depth of water 28.8 feet below floor. Bottcm 

of  hole a t  44.3 feet. 5.7 feet of sa l t  on 
bottom of  hole. 

132.91 0.000 Not f u l l y  evacuated. Don't use for  
calculation. Sanpled f o r  bacteriology. 

I%.& 2.781 Hole evacuated t o  44.2' level. 
I%.& 0.000 None collected. 
241.66 1.718 Some moisture could have entered hole due t o  

m t e r  spread for  dust control. 
282.31 1.459 Evacuated t o  43.75 foot level. Lip or 

cbstruction near bottan of hole prevents 
addit ional wacuation. 

288.31 0.000 Mt f u l l y  evacuated, some brine Left i n  hole. 
Don't use fo r  calculation. 

331.91 1.126 Used 49.6 l i t e r s  f o r  calculation (6.0 on 
12/13 + 43.6 on 12/29). 



UIPP BRINE SAMPLING AND EVALUATION PRCGRAM 
Appendix A f o r  the 1988 BSEP Rcport 

Data through December 31, 1988 

Location Date T i m  L i t e r s  Days Days Cumulative L i te rs  Remarks 
Renxled Since Used L i te rs  per 

1/01/85 For Collected Day 
Calc. 

EES12B @2/17/63 00:M NA -684.00 0.000 0.00 0.000 Approximate date d r i f t  a t  N142O/E140 
excavated. 

EESl2B 06/05/86 M:00 NA 520.000 0.000 0.00 0 . W  Excavation effects downhole d r i l l e d  to 9.3 
ft.. 

EESIZB 06/12/86 C9:U 10.0 5 2 7 . a  527.406 10.00 0.019 
EESl2B 05/12/86 10:M 1.5 527.431 0.025 11.50 60 .W High Li ters per day resul ts fran high i n i t i a l  

EES128 
EESlZB 
EESIZB 

EESl2B 10/08/86 14:46 01.31 645.615 0.m 
EESl2B 10/14/86 10:26 02.29 651.435 5.820 
EES12B 11/05/86 03:40 8.18 673.403 21.968 
EES128 11/20/&5 NA: N4 688.M0 14.597 
EESl2B 12/31/86 10:U NA 729.432 56.029 

i n f  lw rate thrargh fractures  after^ bai l ing.  
22.00 0.374 
23.60 177.80 See above, high L i te rs  per day. 
24.60 125.00 See above, high l i t e r s  per day. 
25.10 83.330 See above, high l i t e r s  per day. 
25.50 12.903 See above, high l i t e r s  per day. 

42.42 1.W9 
48.42 0.862 
53.82 0.768 PumDed t o  8.0' level  ( t o ta l  lenath of suction 

hose). 
- 

58.66 0.694 
64-05 0.- 
68.55 0.877 
72.88 0.631 
77.46 0.654 
85.36 0.979 Brine l e f t  i n  hole although more evacuated 

than usual. Brine leve l  a t  7.95, top of muck 
a t  8.80. 

90.50 0.739 After t o ta l  evacuation - rapid br ine i n f l w  
with gas. Connects w i th  holes 3.8' U and 4.3' 
E. Hole 8.9' deep. 0.64 L taken 5 min. Later. 

91.14 1a.M High l i t e r s  pcr day resul ts from high i n i t i a l  
inflow rate a f t e r  bai l ing.  

92.45 6.485 See above. 
94.74 0.393 Complete evacuation. 

102.92 0.372 f-! 
102.92 0.OCO 
102.92 0 . W  Last time checked f o r  BSEP. 



UIPP BRINE SAMPLING AND EVALUATION PROCiW 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time L i te rs  Days Days Cumulative L i te rs  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
calc. 

EES21B 
E E S n  B 
E E S n  B 

0.00 0.000 AppMximate date d r i f t  a t  SiW/E66 excavated. 
0.00 0 . W  Excavation ef fects dounhole d r i l l e d  7/(38/86 

t o  7/09/86. 
4.50 11.6M High Liters pcr day results f ran  high i n i t i a l  

in f lou  thrwgh fractures afrer bail ing. 
6.10 13.330 See a b e ,  high l i t e r s  per day. 
10.70 0.661 -. - -.. 

11.25 11.703 See above, high L i te rs  per day. 
15.85 2.357 
20.45 1.055 - - . - . . - - - 
24.95 0.813 
28.60 3.297 
33.30 0.670 
38.05 0.680 Punped t o  8' level  ( t o ta l  lergth of sucticn 

. . - - - . . 
42.85 0.684 Bottom of ruck. 
47.63 0.685 
52.48 0.539 
57.34 0.963 
62.18 0.698 
67.10 0.703 Ful l  t o  bottan of mck. 
71.49 0.553 Full, mis ture  w e r f l a i n g ,  bubbling 

v io lent ly at  bottom. Appmximately 1 f t .  
brine s r i l l  i n  hole. 

76.98 0.768 Brine Level r igh t  a t  s a l t w c k  interface 0.20 
feet belov f loor. 

77.34 5.070 
82.28 0.833 
87.26 0.227 
87.26 0.000 
87.26 0.m Last time checked fo r  BSEP. 



U I P P  BRINE SAMPLING AND EVALUATION PROtRAEl 
A w n d i x  A f o r  the 1988 BSEP Rcport 

Data through December 31, 1988 

Locatioo Date TimeLiters Days Days 
Refmved Since Used 

1/01/85 For 
Calc. 

GSEEP 11 121 1% * o.m 0 . m  

GSEEP 08/28/85 0 . m  0 . m  
GSEEP 11/12/85 1 0.OM) 0 . m  

GSEEP 11/12/85 2 0 . m  O.ooO 

GSEEP 11/12/85 3 0.030 0 . m  

GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 

GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 

GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 

Cumulative L i te rs  Remarks 
L i te rs  per 

Collected Day 

0.W 0 . m  Approximate date t h i s  part  o f  Room G 
excavated. 

0.03 0 . m  Noticed danp ar ts  m f lwr at t h i s  location. 
0.W 0.000 Danp area on flmr near S. r i b  approx. El140 

(45 ft. E. of DH35) and a t  €1149. trusted 
m i s t  area i s  a b u t  4 f t .  by 4 ft., has 
increased 

0.00 0 . m  mticeably i n  size over Last tuo months. D a p  
area covers 16 ft. E-U, 13 ft. N-S across 
u id th  of Rmm G. 

0.W 0.033 Nany ueeps on l w e r  3 ft. o f  S .  r ib .  Brine i s  
seeping out of a i r  pipe support hole. 

3.W 0.030 F i r s t  time collection. Dug cut sal t .  
4.50 0.214 Par t ia l  ranoval. 
5.63 1 .13  
7.43 0 . m  
7.93 0.011 ~ o t s  o f  sa l t  i n  pool. 
8.87 0.117 

11.10 0.186 Pumpcd twice. 
13.24 0.305 
15.19 0.217 Par t ia l  ramvat. No pump, scoaped w i t h  . . .  

k a k e r  . 
17.81 0.660 
19.88 1.046 
23.11 0.459 Collected t h n e  times. 
26.11 0.232 
28.79 0.384 
37.29 0.417 
33.53 0.277 
35.88 0.2% 
38.28 0.399 
40.77 0.416 
43.43 0.378 
45.87 0.349 
48.98 0.434 
52.29 0.487 
55.50 0.4% 
58.61 0.445 
63.21 0.658 Very hunid a i r  i n  wrkings. 
68.64 0.762 Very hunid Last week, r a i n  an surface. 
72.78 0 . a  
76.10 0.415 
78.39 0.383 
81.07 0 . a  
83.67 0.370 
87.34 0.526 
91.24 0.554 
94.97 0.535 

1W.12 0.572 Last week has been humid and rainy. 
103.82 0.746 
107.64 0.544 
111.93 0.613 
115.63 0.458 
119.43 0.548 
121.30 10.690 Second col lect icn f o r  t h i s  day. 
122.54 0.703 
124.73 0.537 
129.17 0.202 F i r s t  time 3.74 l i te rs ,  secmd time 0.m 

l i t e r s .  
133.01 0.255 
137.45 0.111 
140.90 0 . m  
143.90 0.097 
i u . 4 1  o . i m  

GSEEP 05/07/87 11:U 3.31 856.492 38.MO 149.72 0.087 - - - -  . . - - . - - 
GSEEP &/M/87 10:M 12124 910.417 53;9% 161.96 0.227 
GSEEP 07/16/87 10:M 11.66 926.438 16.021 173.62 0.728 
GSEEP 07/23/87 C9:M 3.87 933.389 6.951 177.49 0.557 
GSEEP 07/28/87 11:35 2.36 938.483 5.094 179.85 0.463 
GSEEP 08/07/8703:155.33 948.385 9 . m  185.18 0.538 
GSEEP 08/12/87 10:12 2.80 953.425 5.040 187.98 0.5% 
GSEEP 08/24/87 0 8 : u  6.53 965.365 11.940 194.51 0.547 



GSEEP 
GSEEP 
GSEEP 

ih GSEEP 

GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 

GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 

199.77 0.650 
204.80 0.507 
207.22 0.482 
211.34 0.459 Sump dr i l led  t o  f a c i l i t a t e  accunulation of 

322.91 0.468 
326.46 0.503 
338.46 0.429 
U2.59 0.587 
38.59 0 . 4 3  
354.59 0.532 
366.34 0.707 
378.36 0 . W  
385.08 0.481 Hole m e r e d  with tight f i t t i n g  brattice 

cloth. - . - . . . . 
392.39 0.513 
395.39 0.524 
401.84 0.492 
412.04 0.486 
424.66 0.550 S m e l l  of urine i n  q l e a n d  caning frcfn 

hole. 
GSEEP 12/13/88 10:M 17.H 1442.43 33.050 442.47 0.539 Sample effervesces a d  brine feels uarmcr 

than usual. 



UIPP BRINE SAMPLING AND EVALUATION PRCGRAn 
Appendix A for the 1988 BSEP Report 

Data through December 31, 1988 

Locaticn Date Time Liters Days Days Cumulative Liters Remrks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. - 

0 . m  Approximate date the west side of SPDV Test 
Rcw 2 excavated. 

0 . m  Approximate date hole dril led, inclinometer 
guide tube part ial ly graRed into hole 
3/28/83. 

O.CUJ First time collected, 63.10 Liters removed. 
0 . m  Partialy cvacwted, xmc brine l e f t  i n  hole. 
2 . m  Some f l u id  was lost. Sharld add 1.52 l i t e r s  

from par t ia l  evacuation day before to  th is  
v o l w  for Liters/dav calculation. Volume 
high 

0.055 for 1/03/85 because scmc brine was stored 
behind the l iner and drained into hole af ter  
i n i t i a l  draining. 

0.054 
0.036 
0.063 

Brine 
Brine 

effervesces . 
effervesces. 



0.000 Not collected, sampler Left i n  hole. 
0. m 
0.000 

0 . m  
0.016 Solvent ocbr, f l u i d  "frothy" i n  m t a i n e r .  

F i rs t  evacwtion i n  161 &ys. 
0.031 
0.000 Wrong bailer, not collected. 
0.000 

ItKn 02/04/8709:MM3.44 764.3% 36.345 85.14 0.012 
ICMl m/M/87 13:W 0.37 794.542 30.146 85.51 0.012 
IGM 09/M/87 14:W 3.07 973.583 179.041 88.58 0,017 Hole pinched shut by shear closure. Barely 

able to  get sampler dcun hole. Last time 
sampled for  BSEP. 



UIPP BRINE SAMPLING AND EVALUATION PROtRAM 
Appendix A fo r  the 1988 BSEP Report 

Data through December 31, 1988 

Locaricn Date Time L i ters  Days Days Cumulative L i ters  Remarks 
Remved Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

0.MXI 0 . m  0.00 0 . W  Approximate Q t e  west side o f  SPDV Test Roan 
1 excavated. 

0 . m  0 . m  0.00 0 . W  Approximate date hole dr i l led,  inclinometer 
w i d e  tube m r t i a l l v  arouted i n t o  hole . - 
z/21/83. ' 

IG2M Il/M/8412:CO52.00 -31.500 1 . W  52.W 0.000 Firs t  time collected. 
IBM 01 /08/85 12:00 12.58 7.500 39.000 64.58 0.323 Volume high because sane brine was stored 

behind the l iner  ard drained in to  hole a f te r  
i n i t i a l  draining. 

0.086 
0.048 
0.047 
0.059 
0.045 
0.039 
0.036 

IGZCS? 
IQM 
IG202 

0.018 
0.M7 Hole entry becaning t i g h t  due t o  shear 

closure o f  guide t&e. 
0.017 
O.M6 -.- . 

0.016 
0.013 Brine effervesces. 
0.010 Brine effervesces. 
0.014 
0.014 Not sanpled Last week. 
0.011 

IGZDZ 
IG202 
IQOZ 

0.015 
0.019 
0.014 
0.011 
0.014 
0 . m  Guide tube badly distorted, not collected. 
0.000 
0 . W  
0 . m  

IG202 
IQM 
IG2Q 

I B M  10/01/86 12:45 NA 638.531 358.062 71.28 0 . m  Not collected. 
16202 10/08/86 11:50 05.05 645.493 365.024 76.34 0.014 F i rs t  time collected i n  a year. 
IG202 10/14/86 12:23 00.17 651.516 6.023 76.51 0.028 , 
IQM 11/~/8612:100 .24  673.507 21.991 76.75 0.011 
IB02 71/23/86 NA: NA ~.~ 14.493 76.75 0:000 
IGZM 1 2 / ~ / 8 6  NA: MA n 8 . m  54.493 76.75 0 . m  
IG2Q 12/04/87 09:45 C0.99 764.406 90.859 77.74 0.011 Paint chips i n  brine, smelled l i k e  paint 

th imer .  
IG2M 03/05/87 13:10 0.36 794.549 30.143 78.10 0.012 Last time sarpled f o r  BSEP. 
IG2M 07/28/87 10:W 0.00 938.417 143.868 78.10 0 . W  Hole pinched shut by shear closure. b b l e  t o  

get sanpler d m  hole. 
IG202 09/01/87 973.m 0.000 78.10 0.CUl Did not evacuate, no calculation. 



WIPP BRINE SAMPLING AND EVALUATION PROCRAH 
Appendix A for the 1988 BSEP Report 

Data through December 31, 1988 

~oca t idn  Date Time L i ters  Days Days Cumulative L i ters  Remarks 
Remved Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

0.CCO 0.000 0.00 0.000 ROM L1 excavated 4/19/84 t o  4R1/&. 
0.030 0.000 0.03 0.000 [bvnhole dr i l led.  
0.030 0.003 0.00 0.003 Uet. - .-- -~ -- 

LIS25 09/17/85 0:& 0.cilJ 0.C6 0.003 Wet. 
~1S25 12/10/85 09:m ( 2 . 84  343.375 1.000 2.84 0.000 Fi rs t  time collected. 
LIS25 12/17/85 09:W 00.18 350.375 7 . m  3.02 0.026 

5.03 0.016 
5.13 0.017 Suction probe installed. 
5.22 0.015 

LIS25 12/31/86 10:42 00.41 729.446 41.OM 8.34 0.010 Suction l ys imte r  removed. 
LlS25 03/06/87 12:M 0.61 794.514 65.068 8.95 0.007 
LIS25 03/31/87 10:25 0.00 819.434 24.920 8.95 0.000 Dry. 



UIPP BRINE SAMPLING AND EVALUATION PRCCRAH 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time L i ters  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

0.0CO Room L1 excavated 4/19/84 t o  4/21/84. 
0.000 Dovnhole d r i  Lled. 
0.000 Dry. 
0.000 Dry. 
O.MK3 Dry. 
0.000 Dry. 
0.000 F i rs t  time collected. 
0 . m  

L1 S26 
L1 S26 
L1 S26 
L1 S26 
L1 S26 
L1 S26 
L l  S26 
L1 S26 
L1 S26 
L1 S26 
L1 S26 
L'l S26 
L1 S26 
L1 S26 
L l  SM 
L1 S26 

0.002 
0 . m  
0.001 
0.032 
0.000 Dry. 
0.00 
0.000 Dry. 
0.000 
0. oce 
0. a? 
0. oce 
0.001 

m/os/ii 1 3 I 3  0.04 
03/3/88 12:M Trace 
07/12/88 11:m 0.11 0.m 

0.oce 
0. oce 



UIPP BRINE SAMPLING AND EVALUATION PROSRAM 
Appendix A for  the 1988 BSEP Report 

Data through December 31, 1988 
F 

Location , Date Time Liters Days Days Cumulative Liters R e ~ r k s  
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

0 . W  0 . W  0.00 0 . m  Room L1 excavated 4/19/84 to  4/21/84. 
0.MO 0 . W  0.00 0 . W  Dovnhole dri l led. 

0.00 0.033 Wet. 
0 .a  0 . W  Wet. 
0.83 0 . m  First time collected. 
0.W O . W  Wet, par t ia l  pool i n  bottom, m e  collected. 
0.93 0 .03  

1.24 0.005 Two weeks col lect im.  
1.30 0.005 

~ 1 ~ 2 7  1 1 / ~ / 8 6  10:02 CU:& 688.418 15.039 2.38 0 . m  
US27 12/31/86 10:U 00.CO 729.446 41.028 2.38 0 . m  Wet, but rot enargh t o  remove. 
LlS27 03/05/87 12:M 0.13 794.521 65.075 2.51 0.- 
LlS27 03131/8710:280.W 819.436 24.915 2.51 0 . W  Dry. 
L I S ~  05/07/87 1x39 0.07 856.360 61.839 2.58 0.~01 
LlS27 05/18/87 12:M 0.11 893.521 42.161 2.69 O.CU3 

LlS27 11/19/87 12:25 0.11 1052.52 30.000 3.21 0.004 
LlS27 01/04/88 12:40 0.00 1098.53 46.MO 3.21 0 . m  Dry. 
LISZ ~ / 0 8 / 8 8  13:48 0.00 1133.58 3 5 . 0 ~  3.21 0 . W  Dry. 
LlS27 CB/M/88 l 2 : M  0.07 1184.51 50.930 3.28 0.001 
LlS27 07/12/88 11:50 0.24 1288.49 103.980 3.52 0.OM 
LlS27 09/27/68 m:54 0.53 1365.37 76.880 4.05 0.007 
LlS27 12/13/88 11:Xl 0.18 1442.48 i7.110 4.23 0.002 



UIPP BRINE SAMPLING AND WALUATION PROGRAn 
Appendix A for  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time Liters Days Days Cumulative Liters Remarks 
Removed Since Used Liters per 

1/M/85 For Collected Day 
Calc. 

11/M/86 NA: NA 

02/08/88 13:49 Trace 

0.00 0.m Room L1 excavated 4/19/84 t o  4/21/84. 
0.00 0.000 Davrhole dri l led. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0 . m  Dry. 
0.11 0.000 
0.11 0.000 Dry. 
0.11 0.OCODry. 
0.11 0.000 Dry. 
0.11 0.000 Dry. 
0.11 0 . m  Dry. 
0.11 0.000Dry. 
0.20 0.001 
0.21 0 . m  
0.23 0.000 
0.23 0 . m  Dry. 
0.24 0.KU 
0.24 0.000 
0.24 0.000 Dry. 
0.74 0.M35 
1.14 0.005 



UIPP BRINE SAMPLING AND EVALUA'TION PRCCRAH 
Appendix A fo r  the 1988 BSEP Rcport - 

Data through December 31, 1988 

ion Date Time L i ters  Days Days 
Remved Since Used 

1 /01/85 For 
Calc. 

Cumulative L i ters  Remarks 
Li ters per 

Collected Day 

0.00 0 . m  Roocn L1 excavated 4/19/84 t o  4/21/84. 
0.133 0 . m  Dovnhole dr i l led.  
0.m 0 . m  wet. 
0.W 0 . m  Wet. 
2.20 0.033 First time collected. 

6.11 0.021 
6.22 0.018 
6.35 0.016 
6.47 0.015 
6.59 0 . m  
6.71 0.020 Suction ~ m b e  insta l  led. 

0.036 
0.372 0.70 l i t e r s  i n  probe. Opened hole and fwnd  

suction tube f loat ing on brine. Bailed hole 
dry. 

0.158 Suction Lysimeter rmoved. 
0.159 

U.> IU 

0.m Not pllllped dry, brine Left in hole, no 
calculatim. 

0.000 Pertis1 rmoval, no calculation. 
0.793 Used 33.32 Liters i n  42.16 days for 

ca lwlat icn (5/08/87. 6/17/81, and 6/18/87). 



UIPP BRINE SAMPLING AND EVALUATION PRO;RAEI 
Appendix A for the 1988 BSEP Report 

Data through December 31, 1988 

Locaticn Date Time Liters Days Days Cumulative Liters Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

0.00 0 . m  Room L1 excavated 4/19/84 t o  4/21/84. 
0.00 0.000 Dounhole dri l led. 
0.W 0.000 Dry. 
0.00 0 . W  Dry. 

0 . m  ~rj.. 
0 . m  Dry. 
0 . W  First time collected. 

O.m 
0 . m  Dry. 
0 . m  Dry. 
0 . W  
0.001 
0 . m  

. - -. - -  

24.29 0.619 
40.57 0 . m  Brine Left i n  hole, no calculation. 
57.99 0.000 Brine l e f t  i n  hole, no calculation. 
58.57 0.814 Used 34.38 Liters i n  42.127 days for 

calculation (5/08/87, 6/17/81, and 6/18/87). 
62.39 0.095 
64.48 O . W  One ear ~ l u a  found i n  hole. 



UIPP BRINE SAMPLING AND EVALUATION PRCCM 
Appmdix A for the 1988 BSEP Report 

Data through December 31, 1988 

Location .Date Time Liters Days Days Cumulative Liters Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

0.00 0 . W  Room L1 excavated 4/19/84 to 4/21/84. Hole 
dri Lled before 12/85. 

0.00 0.000 Dounhole drilled. 
0.00 o.Oo0 D r y .  
0.00 0.000 Dry. 
0.00 0.m Dry. 

o:oo 0 . m  ~ r y .  
0.00 0.033 Installed vacuum probe. 
0 .W 0 . m  Dm. 
0.00 0 . m  ~rj.. 
0.00 0 . m  Dry. 
0.73 0.012 



UlPP BRINE SAMPLING AND EVALUATION PRCGRAn 
Apendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

b c a t i m  Date Time L i ters  Days Days Cumulative L i ters  Remarks 
Removed Since Used L i t e r s  per 

1/M/85 For Collected Day 
Calc. 

0.000 Raom L1 excavated 4/19/84 t o  4/21/84. 
0.000 I)oMlhole drilled. 
0 . W  Dry. 
0.000 Moist. 
0 . m  Dry. 



WIPP BRINE SAMPLING AND EVALUATION PRCGRAM 
Appendix A for  the 1988 BSEP Report 

Data through December 31, 1988 

~ o c a t i o n  Date Tim Li ters  Days Days Cumulative Liters Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

0.00 0.000 Room L1 excavated 4/19/84 t o  4/21/84. 
0.00 O.m M l e  d r i l l e d .  
0.00 0 . m  Met. 
0.W 0.000 Wet. 
1.01 0 . m  First  time collected. 
1.12 0.M6 

2103 0.012 Estimated,lost some during collection. 
2.12 0.015 

~ i s a  I O / I L / ~  I O : C ~  m.17 6 5 1 . ~ 1  6.026 6.32 0.028 - - - -  . - . . . - . - - . . - ~ - -  

usn  11/05/86 0 9 : ~ s  0.45 6%%5 2 i I G  6.77 0 . m  
L I S ~  I I / M / ~ ~  I O : ~  m.35 688.422 15.037 7.12 0.023 
LlS33 12/31/86 10:17 00.69 729.428 4 1 . W  7.81 0.M7 



WIPP BRINE SAMPLING AND EVALUATION PRCGRAH 
Appendix A for  the 1988 BSEP Report 

Data through December 31, 1988 

Locatim Date Time Li ters  Days Days Cumulative L i ters  Remarks 
Reroved Since Used L i ters  per 

1/01/85 For Collected Day 
Calc. 

W/2I /84 
07/18/85 
OB/M/85 
Ui'/17/85 
12/10/85 
12/17/85 
11/CS/% 0215 NA 
11/M/86 NA: NA 
12/31/86 10:17 NA 

0 . m  0 . m  0.00 0 . m  ~oocn LI excavated 4/19/84 to 4/21/84. 
0 . m  0 . m  0.00 0 . m  Dawnhole d r i l l &  
0.~00 0 . m  0.00 0 . m  Dry. 
0 . m  0.003 0.00 O.W Dry. 
0.033 0 . m  0.00 0 . W  Dry. 
0 . m  O . m  0.00 0 . W  Dry. 

673.385 1.m 0.00 0 . W  Dry. 
688.000 15.615 0.00 0.ooO 
729.428 57.063 0.m 0.000 Dry. 
794.542 122.157 0.W 0 . W  Dry. 
819.444 24.W 0.00 0 . W  Dry. 
856.407 61 .865 0.W O . W  Dry. 
898.535 103.993 0.00 0.003 Dry. 
938.568 144.026 0.00 0.OCO Dry. 
973.551 34.983 0.00 0.000 Dry. 
1W.54 48.989 0.00 0.000 Dry. 
1052.54 3.003 0.M) 0 . m  Dry. 
1098.54 46.003 0.00 0.000 Dry. 
1133.59 0.000 0.00 0 . m  Did not sample. 
1184.53 85.990 0.00 0.000 Dry. 
1288.52 103.940 0.00 0.000 Dry. 
1365.40 76.880 0.00 0.000 Dry. 
1442.50 77.100 0.00 0.000 Dry. 



UIPP BRINE SAMPLING AND EVALUATION PROCRAM 
Appendix A for the 1988 BSEP Report 

Data through December 31, 1988 

Locatim , Date Time Liters Days Days Cumulative Liters Remarks 
Removed Since Used Liters per 

1/[Y1/85 For Collected Day 
talc. 

0.00 0.000 Room L1 excavated 4/19/84 to  4/21/a4- 
0.00 0.000 Dcunhole drilled. 
0.03 0 . m  Dw. 
0.C6 0.a6 ~ r i .  
0.00 0 . m  Dry. 
0.00 0 . m  Dry. 
0.09 0 . m  
0.09 0 . m  
0.09 0.000 Dry. 
0.09 0.000 Dry. 
0.09 0.m Dry. 
0.09 0 . W  Dry. 
0.09 0 . m  Dry. 
0.09 0 . m  Dry. 
0.09 0.000 Dry. 
0.09 0.000 Dry. 
0.09 0 . m  Dry. 
0.09 0.C.03 Drv. 
0.09 O.O%I ~ i h  not sample. 
0.09 0 . m  Dry. 
0.09 0.000 Dry. 
0.09 0 . m  D*. 
0.09 0 . m  Dry. 



WIPP BRINE SAMPLING AND EVALUATION PROGRAM 
Appendix A fo r  the 1988 BSEP Report 

Data through December 31, 1988 

Location Date Time Liters Oays Days CumuLative Liters Remarks 
Removed Since Used Li ters  per 

1/01/85 For Collected Day 
Calc. 

10/M/87 12:57 0.15 
11/19/87 13:lO 0.08 
M/04/88 12:59 0.08 
02/C8/88 14:M Wet 
03/33/88 12:45 0.00 
07/12/88 12:z 0.00 
09/27/88 09:40 0.00 
12/13/88 12:M 0.04 

0.000 Room L1 excavated 4/19/84 t o  4/21/84. 
0.000 DowhoLe drilled. 
0.000 Wet. 
0 . m  Wet. 
0.000 First  time collected. 
0.013 
0.007 

0. oas 
0.006 YelLw color. 
0.006 

0.000 Dry. 
O.OX Dry. 
0.000 Dry. 
0.m 



WIPP BRINE SAMPLING AND EVALUATION PRCGRAn 
Appendix A for  the 1988 BSEP Report 

Data thmugh December 31, 1988 

Location Date Time Liters Days Days Cumulative Liters Rtmarks 

,f=- 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

LIXm 05/78/85 09:G5 00.23 168.378 7 . m  
L lXm 06/25/85 08:55 00.21 175.372 6.994 
L i x m  07/02/85 I I : ~  03.23 182.458 7.086 
L i x m  07/03/85 @:lo 00.21 189.382 6.924 
LlXW 07/16/8509:1203.M 1%.383 7 . W  
LlX00 07/24/85 09:29 00.22 204.395 8.012 
LlX00 07/30/85 08:W 00.18 210.363 5.968 
LlX00 08/05/85 09:07 03.18 217.380 7.017 
LlX00 08/14/85 08:53 00.23 225.370 7.990 
LlX00 03/23/85 08:58 00.16 231.374 6.004 
LlX00 08/28/85 08:E M3.23 239.351 7.977 
LlXa3 09/04/85 09:W a3.19 246.381 7.0M 
LlXCO 09/10/8508:5300.16 252.370 5.989 
LlXM3 09/17/85 0925 00.M 259.351 6.981 
LlXW 09/24/85 08:4U 00.21 266.361 7.010 
L lXM 10/01/85 08:52 00.17 273.369 7.CQR 
LlX00 10/08/85 09:55 00.19 280.413 7.044 
LIXm 10/15/85 0 : 4 5  03.16 287.365 6.952 
LIX00 10/23/85 09:W 00.M 295.381 8.016 
LIXm 10/29/85 I 1  :M 00.18 301.479 6.098 
LlXW 11/05/85 08:17 00.16 308.345 6.866 
LlX00 11/13/85 08:47 00.18 316.366 8.021 
LlX03 11/21/85 10:m 00.17 324.417 8.051 
LIXffl 11/26/8509:2500.12 329.392 4.975 
LlX00 12/03/85 14:35 00.14 3 3 6 . a  7.216 
LlX03 12/10/85 12:55 00.14 343.538 6 - 9 3  
LlXM3 12/17/85 13:M 03.15 350.543 7.005 
LlXCO OI/a3/86 07:05 03.38 367.378 16.835 
LIX03 01/08/86 C9:E 00.11 372.392 5.014 
LIX03 01/16/86 W:00 03.18 380.375 7.983 
LlX00 01/23/86 09:15 00.14 387.385 7.010 
LIXCU 01/37/85 09:45 00.18 395.406 8.021 
LlX00 02/12/86 08:50 0 0 . 3  407.368 11.962 

0.W 0.000 Room L1 excavated 4/19/84 to  4/21/84. 
0.03 O.COO Daunhole d r i l l ed  5/10/84 to  5/13/84. Brine 

entered hole over weekend during d r i  Lliq. 
11.00 0 . W  First time collected. Brine and sa l t  nuck. 
22.46 0 . m  Hole Looked dry due to  f loating sal t  dust on 

surface of brine. hlt nuck r m v e d  with 
brine. Volume high due t o  near-hole storage. 

22.77 0.044 
23.W 0.029 Removed 1 lb. of  sa l t  muck with brine. - - . - - - - - 

23.17 0.028 
23.40 0.033 2 lhs. salt  remved with brine during 

LIX00 a3/26/86 08:35 00.29 449.358 1 3 . W  30.68 0.022 
LIXffl 04/02/86 08:15 03.17 456.344 6.986 30.85 0.024 
LlXa3 04/08/86 08:26 03.15 462.351 6 . W  31.W 0.025 
LlXM3 04/16/86 10:M 00.19 470.431 8.080 31.19 0.024 
LlXCO 04/24/86 08:50 00.16 478.368 7.937 31.35 0.OM 
LlXM3 04/30/86 09:M 03.16 484.389 6.021 31.51 0.027 
LlXCO 05/05/86 08:50 03.15 4W.368 5.979 31.66 0.025 
LlXM3 05/13/86 08:48 00.18 497.367 6.999 31.84 0.026 



Ll  X M  
LI xm 
u x m  
LI xm 
L l  XM 
LI xm 
L l  xm 
L l  xm 
LI xm 
LI xm 
L1 xm 
LI xm 
LI xm 
LI xm 
L1 xm 
LI xm 
L l  xm 
Ll  xm 
LI xm 
Lixm 
LI xm 
Ll  XM 
Ll  xm 
Ll  xm 

- . - - - - - - . 
38.41 O.M8 
38.99 0.019 Hole Lcoked dry due to flwting salt dust ar 

surface of brine. 
39.67 0.M9 
40.50 0 . m  Brine Left in hole, no calculation. 
41.50 0.018 Calculated usina 1.92 Liters in 109.151 days 

(6/17/87 d 7/%/87). 
42.15 0 . m  
42.70 0.028 Installed Lvsimeter. 



UIPP BRINE SAMPLING AND EVALUATION PRCCRAn 
Appendix A f o r  the 1988 BSEP Report 

Data through December 31, 1988 

Location . Date Time Li ters  Days Days Cumulative L i ters  Remarks 
Removed Since Used Liters per 

1/01/85 For Collected Day 
Calc. 

Kc03 04/25/84 0 . W  0 . m  0.00 0.000 ~oom K excavated 4/22/84 t o  4/25/84. 
KC03 03/26/85 0.030 0.000 0.00 0 . m  Hole KC25, a 5" overcore o f  a previarsly 

grouted hole, d r i l l e d  a t  t h i s  Locaticn. Brine 
blew in to hole UC29, 4 ft. t o  the north. 

p a  04/@/85 0 . W  0.000 0.00 0.000 Approximate date hale UCU3 dril led, a 16" 
wercore of KC25. 

ucm 12/17/85 12:39 05.15 350.527 1 . m  5.15 0 . W  Firs t  time collected. Brine enters thrwgh 
fracture, connects t o  UC29, 4 ft. north. 

ucm 
KC03 
ucm 
KC03 
ucm 
KC03 

ucm IO/CB/~~  m i 3  03-28 645.334 6 . w  12.60 0.040 
KCCZ I O / I L / ~ ~ ~ ~ : S I  0.a 651.410 6.026 12.80 0.033 
UC03 11/E/86 09:W 0.79 673.375 21.965 13.59 0.036 
K C 0 3  11/M/sb 09:45 03-38 688.4% 15.031 13.97 0.025 
uC03 12/31/86 09:40 0 -34 729.403 40.997 15.33 0.033 Last time sanpled f o r  BSEP. 



ZSZW 
M'ZO s1:ot 98/80/73 

ZSZW 
ZSZW 
ZSZ W 
zsm 
zsm 
ZSZW 
ZSZW 

zsm 
ZSZW 
ZSZW 
ZSZW 
ZSZW 

76s 'OSE 
OLS ' EVE 
76S'KE 

ZSZW 
zsm 
ZSZW 

EG7 '8M 
m- LOE 
LS7 ' 562 
6W'LBZ 

ZSZW 
ZSZW 
ZSZW 
ZSZW 
zszm 
ZSZW 

95'9EL 
OZ'EEL 
10 'OE 1 
EO'LZL ZSZW - - -  

ZSZW 
zsm 
ZSZW 
zsm 
25234 
ZSZW 
ZSZW 
ZSZW 
ZSZW 
ZSZW 

LM'L 
LZO'L 
tm-L zsm 

ZSZ m 
ZSZW 
252 W 
zszm 
ZSZW 

Z1'6L 
ZZ'9L 
U'ZL 
9L.69 
E6 '99 
L6.W 
69'09 

ZSZW 
ZSZW 
ZSZW 
zszm 
ZSZW 
ZSZW 
ZSZW 

8SL'L 
U30.8 
LZO'L ZSZW 

ZSZW 
ZSZW 

L8'Lf 
E9'77 
26-07 
LS'LE 
89'EE 
9L '62 

zszm 
zszm 
ZSZW 
252% 

ZSZW 
ZSZW 
ZSZEnr 
zszm 
ZSZW 

8861 'LC Jaqw3aa qfjnarw elaa 
IJodatl d3SB 8861 341 Job V Xlp~addv 

WEKUld  N O I l V T l l V M  ONV SNTldWVS 3 N I I E  ddIfl 



287.94 0.281 Lov Liters/day values for sane periods 
betueen 11/05/86 and 6/16/87 may be the 
result i n  part of the Lorg time between 
collections. 

292.57 0.m Some brine Left i n  hole, no calc. 
296.67 0.162 Calculatim used 8.73 l i t e r s  i n  53.932 days 

(6/17/87 and 6/33/87). 

- - - . . - - 

373.60 0.086 Smell of paint thinner. Sample effervesces. 
376.94 0.101 



APPENDIX B 

GRAPHS OF BRINE ACCllMlllATlON DATA 



A. APPENDIX B 

GRAPHS OF BRINE ACCllMULAllON DATA 

This appendix contains graphs of data presented in Appendix A for selected locations. As 
described in Deal and Case (1987), much of the variability in the quantity of brine collected 
resulted from limitations of the collecting techniques rather than variations in the actual 
inflow of brine from bedrock into the collecting locations. As a result, plotting of the inflow 
data from the data tables (Appendix A) results in an irregular plot that implies variations in 
inflow that, in fact, do not exist. The graphed data included in this report were processed 
and plotted by a standard software program (STSC Statgraphics)' on an IBM XT 
microcomputer, using a simple moving average to smooth the cuwe. Unless otherwise 
stated, an 11 -point moving average was used for the graphs. The smoothed result reflects 
trends in the body of the curve that are representative of the brine seepage rates while still 
showing variations that are probably the result of collecting techniques. 

At the beginning and end of each curve, where there are not enough data points, the 
smoothing program projects the calculated trend. As a result, initial and ending real 
values, usually zero, and maximum inflow values within the first few data points, tend to be 
distorted by the smoothing program. 

In order to present a graph of the data presented in Appendix A that provides the best 
visual representation of actual data, end-point data and maximum flow rates within a few 
points of the origin of the curves has been manually reinserted prior to plotting. Additional - discussion of the collection and data handling is provided in Deal and Case (1987). 

'Statgraphics, 1989, Version 4.0, Statistical Graphics Corporation, Rockville, Maryland. 
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APPENDIX C 

ANALYTICAL RESULTS FOR BRINE SAMPLES 



F- 
TABL C-1 

ANALYTICAL RESULTS 

SAMPLE HOLE NUMBER LAB DATE pH S.G. TDS EXT ALK' A L K ~   TIC^ Br CI F I NO; PO,= SO;' NH,' 
NUMBER & DIRECTION mgiL mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

AlXO1 
AlXO1 
AlXOl  
A1 XOl 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A1 X02 
A2X01 
A2X01 
A2X0 1 
A2X01 
A2X02 
A3 XO 1 
A3XOl 
A3X01 
A3X01 
BTP-A2 
BTP-B1 

UNC 
UNC 
UNC 
UNC 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
IT 

'Reported as equivalent HCOj, solutions titrated to end point pH of 2.5. 

'Reported as equivalent HCOj, solutions titrated to end point pH of 4.5. 
'Reported as equivalent HCOj. 



TABLE C-1 

ANALYTICAL RESULTS 
(CONTINUED) 

SAMPLE HOLE NUMBER LAB DATE At As Ba B Ca Fe K Mg. Mn Na Si Sr %CHARGE 
NUMBER 8 DIRECTION mglL mg/L mglL mglL mglL mg/L mg/L m4/L mg/L mg/L mg/L mg/L BALANCE 

223 AlXO1 DN UNC 11/87 0.083 0.016 0.040 1610 330 c0.38 15500 24500 1.40 79500 1.39 1.86 0.68 
304 AlXOl DN UNC 2/8/88 0.280 0.002 0.022 1410 300 0.90 16700 22300 1.38 81400 1.56 1.75 -0.63 
391 AlXO1 DN UNC 3130188 0.186 0.003 0.019 1440 290 0.44 16100 22500 1.36 78700 1.31 1.62 -1.19 
521 AlX01 DN UNC 9/27/88 1.33 0.003 0.022 1410 283 0.85 16500 23300 1.43 78500 4.82 1.49 -0.79 
350 AlX02 UP IT 3/29/88 < lo  0.01 c0.5 1400 260 3 15800 30600 4.9 68300 0.4 6.8 1.02 
352 AlX02 UP IT 3/29/88 <I0 0.008 c0.5 1500 270 3 16100 31000 5.0 70100 0.4 6.9 2.21 
405 AlX02 UP IT 6/14/88 c10 <0.025 c0.5 1700 260 2 16000 33500 5.1 66200 0.3 6.9 0.26 
406 AIX02 UP IT 6/14/88 <10 <0.5 c0.5 1800 270 2 16600 35000 5.4 65500 0.3 6.9 2.70 
226 AlX02 UP UNC 11187 0.105 0.002 0.050 1900 360 c0.38 17100 39000 4.84 59300 1.57 6.39 1.46 
300 AlX02 UP UNC 2/8/88 0.060 0.002 ,0.039 1340 290 c0.44 15300 29000 4.79 70600 1.11 5.96 -0.80 
344 AlX02 UP UNC 3/29/88 0.061 0.002 0.034 1440 290 c0.29 15000 31600 4.59 66000 1.08 5.83 -1.70 
346 AlX02 UP UNC 3/29/88 0.063 0.002 0.033 1430 290 c0.29 14700 31100 4.59 64200 1.02 5.75 -3.01 
348 AlX02 UP UNC 3/29/88 0.063 0.002 0.034 1400 290 c0.29 15300 32100 4.73 65800 1.02 5.95 -1.34 
402 AlX02 UP UNC 6/14/88 0.081 0.002 0.038 1600 292 0.12 14900 34600 4.58 62200 1.20 5.84 -2.14 
403 AlX02 UP UNC 6/14/88 0.077 0.002 0.039 1610 293 0.12 14800 34600 4.53 62500 1.18 5.87 -2.28 
404 AlX02 UP UNC 6/14/88 0.080 0.002 0.038 1470 293 0.10 14900 34600 4.62 61500 1.21 5.89 -2.37 
4 59 AlX02 UP UNC 7/12/88 0.362 0.002 0.040 1470 267 0.89 14300 32600 4.76 60000 1.69 5.68 -3.69 
51 5 AlX02 UP UNC 9/27/88 0.110 0.002 0.039 1490 286 c0.03 15000 32100 4.70 67300 1.18 5.83 -1.09 
51 8 AlX02 UP UNC 9/27/88 0.111 0.002 0.040 1500 289 c0.03 15100 31900 4.75 67200 1.20 5.85 -0.97 
519 AlX02 UP UNC 9/27/88 0.133 0.002 0.040 1480 287 c0.03 15000 32200 4.75 67400 1.17 5.81 -0.71 
214 A2X01 DN UNC 11/87 0.049 0.001 0.060 1550 360 2.74 15700 24800 1.83 79900 < I  1.29 0.74 
385 A2XO1 DN UNC 3130188 0.119 c0.001 0.152 1440 400 2.99 16500 23700 1.72 80800 3.66 1.02 -0.47 
4 54 A2XO1 DN UNC 7/12/88 0.724 0.001 0.047 1270 288 18.7 16300 20000 1.92 78400 3.19 0.85 -3.87 
513 A2XO1 DN UNC 9/27/88 0.649 c0.001 0.038 1420 285 38.0 16200 23500 1.77 78600 2.00 0.97 -0.92 
296 A2X02 UP UNC 2/8/88 0.054 c0.001 0.039 1430 310 13.90 16200 22800 1.84 79600 c0.89 0.97 -1.04 
220 A3X01 DN UNC 11/87 0.132 0.002 0.050 1520 340 1.80 14800 24500 1.61 77800 1.61 3.85 2.24 
298 A3X01 DN UNC 2/8/88 0.156 0.002 0.024 1440 310 1.90 16000 22800 1.58 81100 1.32 2.13 -0.07 
387 A3X01 DN UNC 3130188 0.217 0.002 0.030 1460 310 1 .26 16100 23700 1.45 79500 1.77 2.04 -0.46 
457 A3X01 DN UNC 7/12/88 1.74 0.002 0.037 1250 287 1.53 16200 20200 1.57 76600 6.32 2.06 4.14 
232 BTP-A2 DN IT 11/87 < lo  . 0.030 c0.5 1000 460 2 15400 18300 0.8 76200 1.1 11.0 -1.89 
1 87 BTP-B1 DN IT 11/87 e l0  0.031. c0.5 120 400 1 13900 8000 <0.5 106000 c0.2 39.0 4.50 



ANALYTICAL RESULTS 
(CONTINUED) 

SAMPLE HOLE NUMBER LAB DATE pH S.G. TDS EXT ALK' ALK~  TIC= Br CI F I NO,' PO," SO,' NH,' 
NUMBER 8 DIRECTION mgL mg'L mglL mg/L mg/L mg/L mg/L mgL mg/L mg/L mgk m g / ~  

BTP-B1 DN 
BTP-B1 DN 
BTP-B2 DN 
BTP-03 DN 
BTP-C1 DN 
BTP-C1 DN 
BTP-C1 DN 
BTP-C1 DN 
BTP-C2 DN 
BTP-C4 UP 
BTP-C4 UP 
BTP-C4 UP 
BTR-889 Hor. 
BX-01 DN 
BX-01 DN 
BX-01 DN 
BX-01 DN 
BX-01 DN 
BX-01 DN 
BX-01 DN 
BX-01 DN 
BX-01 DN 
BX-01 DN 
BX-01 DN 
EX-01 DN 
EX-01 DN 
DHP401 UP 
DHP-401 UP 
DHP-401 UP 
DHP402A DN 

UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
UNC 
UNC 
UNC 

'Reported as equivalent HCO,, solutions titrated to end point pH of 2.5. 

'Reported as equivalent HCO,', solutions titrated to end point pH of 4.5. 
. 'Reported as equivalent HCO,. 



TABLE C-1 

ANALYTICAL RESULTS 
(CONTINUED) 

SAMPLE 
NUMBER 

HOLE NUMBER 
8 DIRECTION 

LAB 

UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
UNC 
UNC 
UNC 

DATE Al 
mg'L 

11/87 0.049 
2/8/88 c0.03 
11/87 0.148 
11/87 0.070 
9/87 <0.100 
11/87 c0.02 
11/87 0.048 
2/8/88 <0.03 
11/87 0.034 
11/87 0.066 
11/87 0.022 

711 2/88 0.039 
11/87 0.062 
11/87 <I0 
11/87 <10 
2\8/88 < 10 
3/29/88 c10 
7/12/88 <lo 
11/87 0.092 
11/87 0.071 
11/87 0.067 
2/8/88 0.284 
2/8/88 0.208 
3/29/88 0.244 
7/12/88 1.88 
9/27/88 1.02 
3/29/88 <10 
11/87 e0.02 
2/8/88 0.033 
W22188 0.054 

% CHARGE 
BALANCE 



ANALYTICAL RESULTS 
(CONTINUED) 

SAMPLE HOLE NUMBER LAB DATE pH S.G. TDS EXT ALK' ALK2 TIC= Br CI F I NO,' PO,= SO;' NH; 
NUMBER & DIRECTION m@L mg/L mg/L mg/L mg/L mg/L mg/L mgL mgR mg/L mg/L mg/L 

UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 

'Reported as equivalent HCO,, solutions titrated to end point pH of 2.5. 
'Reported as equivalent HCO,, solutions titrated to end point pH of 4.5. 

'Reported as equivalent HCO,. 



TABLE C-1 

ANALYTICAL RESULTS 
(CONTINUED) 

- - 

SAMPLE 
NUMBER 

495 
497 
499 
501 
503 
217 
208 
21 1 
262 
268 
375 
378 
423 
425 
427 
114 
1 27 
1 53 
158 
167 
199 
205 
264 
270 
369 
371 
3 73 
429 
43 1 
433 

HOLE NUMBER 
& DIRECTION 

LAB 

UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 

DATE Al 
m9'L 

8/22/88 0.054 
8/22/88 0.053 
9/27/88 <0.03 
9/27/88 <0.03 
9/27/88 <0.03 

11187 0.106 
11187 <I0 
11/87 <10 

2/8/88 < 10 
218/88 < lo  

3/29/88 <10 
3/29/88 <10 
7/12/88 < lo  
711 2/88 <10 
7/12/88 < lo  

6/87 0.039 
6/87 0.087 
9/87 <0.100 
9/87 <0.100 
9/87 <0.100 

11/87 0.062 
11187 0.199 

2/8/88 0.150 
2/8/88 0.158 

3/29/88 0.222 
3/29/88 0.217 
3/29/88 0.226 
711 a88 1.48 
711 2/88 1.432 
711 2/88 0.932 

B 
mglL 

K 
mg/L 

10700 
10700 
14300 
14400 
14200 
18900 
20200 
18600 
19300 
19000 
19200 
1 9400 
20200 
20000 
19900 
18200 
18300 
18000 
18200 
17800 
18000 
18600 
18500 
18500 
18700 
18500 
18500 
18200 
I n o o  
17200 

Sr %CHARGE 
mg/L BALANCE 
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TABLE C-1 

ANALYTICAL RESULTS 
(CONTINUED) 

SAMPLE HOLE NUMBER LAB DATE Al As Ba B Ca Fe K Mg Mn Na Si Sr %CHARGE 
NUMBER 8 DIRECTION mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L BALANCE 

DN UNC 
DN UNC 
DN IT 
DN IT 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN IT 
DN IT 
DN IT 
DN IT 
DN IT 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 
DN UNC 

1 6400 
18200 
17900 
18800 
18600 
19500 
17500 
18300 
I noo 
18200 
17700 
19000 
17400 
17600 
15600 
i no0 
17000 
17100 
17300 
18000 
21 800 
18900 
1 a400 
18000 
19000 
18200 
18800 
18400 
15600 
1 5400 



ANALYTICAL RESULTS 
(CONTINUED) 

SAMPLE HOLE NUMBER LAB DATE pH S.G. TDS EXT ALK' ALK' TIC= Br CI F I NO; PO; SO;' NH,' 
NUMBER & DIRECTION mg/L mgR mglL mg/L mglL mglL mg/L mgR mg/L mg/L mg/L mg/L 

DH-42A 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
LlX00 
LlXOO 
LlXOO 
LlXOO 

UNC 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
UNC 
UNC 
UNC 

'Reported as equivalent HCO,, solutions titrated to end point pH of 2.5. 

'Reported as equivalent HCO,, solutions titrated to end point pH of 4.5. 

'Reported as equivalent HCO,. 



TABLE C-1 

ANALYTICAL RESULTS 
(CONTINUED) 

SAMPLE HOLE NUMBER LAB DATE AI AS Ba B Ca Fe K 
NUMBER & DIRECTION 

Mg 
mg/L mglL mg/L mg/L mg/L mg/L mg/L mg/L 

DH42A 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
G-SEEP 
L i  xoo 
LlXOO 
L1 xoo 
LIXOO 

UNC 
IT 
IT 
IT 
IT 
IT 
IT 
IT 
IT . 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
UNC 
UNC 
UNC 

Mn Na Si Sr % CHARGE 
mglL mg/L mg/L mg/L BALANCE 



P". 
TABL 3-1 

ANALYTICAL RESULTS 
(CONTINUED) 

SAMPLE HOLE NUMBER LAB DATE pH S.G. TDS EXT ALK' A L K ~  TIC' Br CI F I NO; PO; SO;' NH,' 
NUMBER 8 DIRECTION mq/L mq'L mg/L mg/L mg/L mg/L mg/L mg/L mgA mg/L mg/L mglL 

LIXOO DN 
LlXOO DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
AIS WATER+ 
AIS WATER+ 
AIS WATER+ 
BLIND 

UNC 
UNC 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 

'Reported as equivalent HCO,', solutions titrated to end point pH of 2.5. 

'Reported as equivalent HCO,, solutions titrated to end point pH of 4.5. 

'Reported as equivalent HCO,. 



TABLE C-1 

ANALYTICAL RESULTS 
(CONTINUED) 

SAMPLE HOLE NUMBER LAB DATE Al As Ba B Ca Fe K Mg Mn Na Si Sr %CHARGE 
NUMBER & DIRECTION mg/L mg/L mg/L mgA. mg/L mg/L mg/L mgL mg/L mg/L mg/L mglL BALANCE 

LlX00 DN 
LlXOO DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
NG252 DN 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
STANDARD 
AIS WATER+ 
AIS WATER+ 
AIS WATER+ 
BLIND 

UNC 
UNC 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
UNC 
IT 
IT 
IT 
IT 
UNC 
UNC 
UNC 
UNC 
UNC 
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STATISTICAL RESULTS FOR BRINE SAMPLES 

PART I - SIMPLE STATISTICS 
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APPENDIX D 

STATISTICAL RESULTS FOR BRINE SAMPLES 

PART I - SIMPLE STATlSTlCS 



TABLE D-1 

STATISTICAL RESULTS 

Simple Statistics, UNC Geotech 

PH S.G. TDS EALK ALK TIC Br CI F . I NO; s0i2 NH,' 
g/cc mg/L mg/L mg/L mg/L mg/L mg/L mg/L mglL mg/L mg/L mg/L 

HOLE: A1 XO1 -DN 

N 
X 
S 
MIN 
MAX 

HOLE: A1 X02-UP 

N 
X 
S 
MIN 
MAX 

HOLE: A2XO1 -DN 

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported as HCO;. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA= Not analyzed 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

Al As B Ba Ca Fe K Mg Mn Na Si Sr %CHARGE 
mg/L mg/L mg/L mglL mg/L mg/L mg/L mg/L mg1L mg/L mg/L mg/L BALANCE 

HOLE: A1 XOl -DN 

N 
X 
s 
MIN 
MAX 

HOLE: A1 X02-UP 

N 
X 
S 
MIN 
MAX 

HOLE: A2XO1 -- -- -DN 

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported as HCO;. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA = Not analyzed 

WP:WIP:R-1625-AppD.Odd D-3 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

PH S.G. TDS EALK ALK TIC Er CI F 1 NO; SO,-* NH,' 
glcc mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

HOLE: A3XO1 -DN 

N 
X 
S 
MIN 
MAX 

HOLE: EX-01 -DN 

N 
X 
S 
MIN 
MAX 

- 

HOLE: DHP-401 -UP 

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported as HCO,. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA= Not analyzed 

WP:WIP:R-1625-AppD.Even D-4 

f l  n, 



TABLE D-I 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

Al As B Ba Ca Fe K Mg Mn Na Si Sr OIOCHARGE 
mglL mg1L mg/L mg/L mg/L mglL mg1L mglL mg/L mglL mg/L mg/L BALANCE 

HOLE: A3XO1 -DN 

N 
X 
S 
MIN 
MAX 

HOLE: BX-01 -DN 

N 
X 
S 
MIN 
MAX 

HOLE: DHP-401 -UP 

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported as HCO;. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA = Not analyzed 

WP:WIP:R-1625-AppD.Odd 0-5 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

PH S.G. TDS EALK ALK TIC Br CI F I NO; s0i2 NH,' 
glcc mg/L mg/L mg/L mg/L mg/L mg/L mg/L mgR mg/L mg/L mglL 

HOLE: DHP-402A-DN 
8/22/88 

N 
X 
s 
MIN 
MAX 

3 3 3 3 NA 3 3 3 3 3 BDL 3 3 
6.2 1.23 369000 451 20.5 95 192000 6.1 4.8 14800 75 
0.0 0.00 <I000 , 4 0.2 1 <lo00 0.4 0.2 0 2 
6.2 1.23 3680000 447 20.3 5.6 4.6 14800 72 94 192000 
6.2 1.23 399000 456 20.8 96 193000 6.6 5.0 14800 78 

HOLE: DHP-402A-DN 
9/27/88 

N 
X 
s 
MIN 
MAX 

3 3 3 3 NA 3 3 3 3 3 BDL 3 3 
5.8 1.23 384000 625 6.8 1380 194000 6.5 10.5 1 17800 113 
0.1 c0.01 10000 62 2.4 10 0 0.7 0.4 < I  100 2 
5.6 1.23 376000 538 5.1 1370 194000 5.5 10.1 1 17700 110 
5.9 1.24 399000 677 10.2 1390 194000 7.2 11.1 2 17900 115 

HOLE: DH-36-DN 

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported as HCO,. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA= Not analyzed 

WP:WIP:R-1625-AppD.Even . , D-6 

f 3  n 



TABLE 0-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

Al As B Ba Ca Fe K Mg Mn Na Si Sr %CHARGE 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L BALANCE 

HOLE: DHP-402A-DN 
9/27/88 

N 
X 
S 
MIN 
MAX 

3 3 3 3 3 3 3 3 3 3 BDL 3 3 
0.054 0.003 640 0.071 469 23.57 10700 12900 2.25 94300 20.03 -2.45 

<0.001 0.001 0 0.003 0 0.92 0 <I00 0.01 200 0.05 0.1 6 
0.053 0.002 640 0.067 469 22.60, 10700 12800 2.24 94100 20.00 -2.60 
0.054 0.004 640 0.074 469 24.80 10700 12900 2.26 94600 20.1 0 -2.23 

HOLE: DHP-402A-DN 

N 
X 
S 
MIN 
MAX 

BDL 3 3 3 3 3 3 3 3 3 BDL 3 3 
0.002 1180 0.064 377 20.9 14300 23300 2.02 82000 7.38 0.08 

~0.001 10 <0.001 1 3.1 100 100 0.01 300 0.13 0.21 
0.001 1170 0.064 375 18.0 14200 23100 2.01 81600 7.24 -0.22 
0.002 1180 0.065 378 25.2 14400 23400 2.04 82200 7.55 0.27 

HOLE: DH-36-DN 

N 14 17 12 12 17 8 17 17 17 17 14 17 17 
X 0.452 0.012 1490 0.028 340 0.35 18200 18300 1.01 87200 3.28 1.40 -0.62 
S 0.439 0.004 130 0.007 15 0.75 800 1100 0.04 1900 1.35 0.25 2.83 
MIN 0.039 0.002 1310 0.017 310 0.04 17200 15800 0.95 83500 1.00 0.85 -3.36 
MAX 1.480 0.016 1800 0.043 380 0.69 18700 20600 1.05 92200 5.85 1.55 1.38 

EALK, ALK and TIC reported as HCO;. 
N = Number of samples; X = Sample mean; 
BDL = Below detection limit; NA = Not analyzed 

S = Sample standard deviation; 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

pH S.G. TDS EALK ALK TIC Br CI F I NO; SO," NH,' 
glcc mglL mglL mglL mglL mglL mglL mgfL mglL mglL mgfL mglL 

HOLE: DH-38-DN 

N 
X 
S 
MIN 
MAX 

HOLE: DH-42-DN 

N 
X 
S 
MIN 
MAX 

HOLE: DH-42A-DN 

N 
X 
s 
MIN 
MAX 

EALK, ALK and TIC reported as HCO,. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA= Not analyzed 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

HOLE: DH-38-DN 

N 6 
X 0.41 3 
S 0.281 
MIN 0.076 
MAX 0.944 

As B Ba Ca Fe K Mg Mn Na 
mglL mglL mg/L mglL mglL mgR mglL mg/L mglL 

Si Sr %CHARGE 
ma1L maR BALANCE 

HOLE: DH-42-DN 

N 
X 
S 
MIN 
MAX 

HOLE: DH-42A-DN 

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported as HCO;. 
N = Number of samples; X = Sample mean; 
BDL = Below detection limit; NA = Not analyzed 

S = Sample standard deviation; 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

pH S.G. TDS EALK ALK TIC Br CI F I NO; NH; 
g/cc mg/L mg/L mg/L mg/L mg/L mg/L mglL mg/L mg/L mg/L mg/L 

HOLE: G-SEEP-DN 

N 
X 
S 
MIN 
MAX 

HOLE: L1 X00-DN 

N 
X 
S 
MIN 
MAX 

HOLE: NG252-DN 

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported as HCO,. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA= Not analyzed 



TABLE D-1 

STATlSTlCAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

Al As B Ba Ca Fe K Mg Mn Na Si Sr %CHARGE 
mg1L mglL mglL mg/L mg/L mglL. mg/L mglL mg/L mglL mg/L mg/L BALANCE 

HOLE: G-SEEP-DN 

N 
X 
S 
MIN 
MAX 

HOLE: Ll XOO-DN 

S 
MIN 
MAX 

HOLE: N G ~ ~ ~ - D N  

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported as HCO;. 
N = Number of samples; X = Sample mean; 
BDL = Below detection limit; NA = Not analyzed 

WP:WIP:R-1625-AppD.Odd D-1 1 

S = Sample standard deviation; 
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TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, UNC Geotech 

Al As B Ba Ca Fe K Mg Mn Na Si Sr %CHARGE 
mg/L mglL mglL mglL mglL mgL mglL mglL rnglL mglL mglL mglL BALANCE 

HOLE: AIS WATER 

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported as HCO;. 
N = Number of samples; X = Sample mean; 
BDL = Below detection limit; NA = Not analyzed 

WP:WIP:R-162.5-AppD.Odd D-13 

S = Sample standard deviation; 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, IT-Export 

PH S.G. TDS EALK ALK TIC Br CI F I NO; NH,' 
glcc mg/L mgn mg/L mg/L mg/L mg/L mglL mglL mg/L mg/L 

HOLE: A1 X02-UP 

N 
X 
s 
MIN 
MAX 

4 4 4 4 NA BDL 4 4 4 BDL BDL 4 ' 

5.7 1.23 343000 693 2000 191000 7 21 000 
0.1 0.01 4000 19 270 3000 1 2200 
5.6 1.22 337000 670 1600 187000 6 1 8500 
5.7 1.24 346000 719 2300 195000 8 23200 

HOLE: BX-01 -DN 

N 
X 
s 
MIN 
MAX 

5 5 5 5 NA 1 5 5 5 BDL 2 5 5 
6.0 1.22 342000 807 5 1400 183000 8 0.07 17000 112 
0.1 0.0 1 7000 9 110 4000 1 0.07 600 12 
5.9 1.20 332000 793 1300 175000 7 0.02 16000 96 
6.3 1.23 352000 817 1600 188000 9 0.12 17800 127 

HOLE: DH-36-DN 

N 
X 
S 
MIN 
MAX 

EALK, ALK and TIC reported 
N = Number of samples; 
BDL = Below detection limit; 

as HCO,. 
X = Sample mean; S = Sample standard deviation; 
NA= Not analyzed 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, IT-Export 

Al As B Ba Ca Fe K Mg Mn Na Si Sr %CHARGE 
mg/L mglL mglL mglL mglL mg/L mg1L mg/L mg/L mg/L mglL mg/L BALANCE 

HOLE: A1 X02-UP 

N 
X 
S 
MIN 
MAX 

BDL 2 4 BDL 4 4 4 4 4 4 4 4 4 
0.009 1600 265 3 16100 32500 5.1 67500 0.4 6.9 1.78 
0.001 160 5 1 300 1800 0.2 1800 0.1 0.1 0.57 
0.008 1400 260 2 15800 30600 4.9 65500 0.3 6.8 1.20 
0.010 1800 270 3 16600 15000 5.4 70100 0.4 6.9 2.35 

HOLE: BX-01 -DN 

N 
X 
S 
MIN 
MAX 

BDL 3 5 BDL 5 5 5 5 5 5 5 5 5 
0.020 1480 262 3 17400 22100 1.5 80800 0.5 2.8 2.47 
0.010 80 12 1 700 900 0.1 2300 0.2 0.3 1.74 
0.010 1400 250 2 16800 21000 1.4 77500 0.2 2.5 0.20 
0.026 1600 280 5 . 18700 23700 1.7 84200 0.8 3.3 5.47 

HOLE: DH-36-DN 

N 
X 
S 
MIN 
MAX 

BDL 4 9 BDL 9 9 9 9 9 9 9 9 9 
0.017 1530 322 2 19500 18500 1.1 85000 0.7 1.6 2.41 
0.01 0 70 16 1 500 700 0.1 4900 0.1 0.1 4.46 
0.009 1400 290 1 18600 17800 1 .O 75700 0.5 1.5 -7.83 
0.025 1600 340 3 20200 20200 1.3 90600 0.9 1.9 6.89 

EALK, ALK and TIC reported as HCO;. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA = Not analyzed 

WP:WIP:R-1625AppD.Odd D-15 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, IT-Export 

PH S.G. TDS EALK ALK TIC Br CI F I NO; NH,' 
gfcc mglL mgIL mglL mglL mglL mglL mglL mglL mglL mglL 

HOLE: DH-38-DN 

N 
X 
S 
MIN 
MAX 

2 2 2 2 NA 2 2 2 2 BDL 1 2 2 
6.1 1.21 330000 847 5 1500 176000 5 0.04 16400 120 
0.0 cO.01 8000 18 0 100 7000 1 800 10 
6.1 1.20 322000 829 5 1400 169000 4 15600 110 
6.1 1.21 338000 866 5 1600 182000 5 17200 125 

HOLE: DH-42A-DN 

N 
X 
s 
MIN 
MAX 

HOLE: G-SEEP-DN 

N 
X 
s 
MIN 
MAX 

9 9 9 9 NA BDL 9 9 9 4 8 9 9 
6.0 1.22 350000 925 1370 173000 5 2 1 0.06 331 00 150 
0.1 0.02 11000 88 100 6000 2 2 0.04 1900 10 
6.0 1.19 330000 805 1300 164000 1 20 0.02 30900 140 
6.1 1.24 370000 1024 1600 181000 8 24 0.13 36900 170 

EALK, ALK and TIC reported as HCO,. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA= Not analyzed 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics. IT-Export 

Al As B Ba Ca Fe K Mg Mn Na Si Sr %CHARGE 
mg/L mg/L mgR mg/L mglL m g t  mglL mg/L mg/L mgIL mglL mglL BALANCE 

HOLE: DH-38-DN 

N 
X 
S 
MIN 
MAX 

BDL 1 2 BDL 2 2 2 2 2 2 2 2 2 
0.006 1550 330 2 20100 18400 1.1 88400 0.7 1 .1 5.1 5 

50 10 0 300 500 0.0 900 0.2 0.1 1.92 
1500 320 2 19800 17900 1.1 87500 0.5 1 .O 3.22 
1600 340 2 20300 18800 1.1 89300 0.8 1 .I 7.07 

HOLE: DH-42A-DN 

N 
X 
S 
MIN 
MAX 

BDL 2 5 BDL . 5 5 5 5 5 5 5 5 5 
0.020 1580 330 2 20800 18200 1.2 87400 0.8 1 .O 4.05 
0.01 0 130 39 0 21 00 1800 0.1 2900 0.1 0.1 3.1 8 
0.014 1400 280 2 18800 17000 1.0 81900 0.7 0.9 0.48 
0.025 1800 400 2 24900 21800 1.3 89900 1.0 1 .I 9.48 

HOLE: G-SEEP-DN 

N 
X 
s 
MIN 
MAX 

BDL 3 9 BDL 9 9 9 9 9 9 9 9 9 
0.014 1860 260 2 16900 16400 0.8 98700 0.4 3.1 4.20 
0.008 130 15 0 700 500 0.1 10600 0.1 0.2 3.76 
0.008 1700 240 1 16000 15500 0.7 81500 0.3 3.0 -4.05 
0.023 2000 280 2 17900 17100 1 .O 12400 0.5 3.6 11.39 

EALK, ALK and TIC reported as HCO;. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA = Not analyzed 

WP:WIP:R-1625-AppD.Odd 0-1 7 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, IT-Export 

PH S.G. TDS EALK ALK TIC Br CI F I NO; SO -* NH,' 
glcc mg/L mglL mg1L mglL mglL mgJL mglL mglL mg1L mgk mg/L 

HOLE: NG252-DN 

N 
X 
S 
MIN 
MAX 

4 4 4 4 NA BDL 4 4 4 BDL 2 4 4 
6.1 1.21 338000 802 1280 179000 6 0.03 16100 108 
0.1 0.01 8000 36 40 4000 2 0.01 800 9 
6.0 1.19 328000 744 1200 173000 3 0.02 14700 98 
6.2 1.23 347000 841 1300 183000 7 0.04 16600 117 

HOLE: STANDARD 

N 
X 
s 
MIN 
MAX 

4 4 4 4 NA 3 4 4 2 BDL 2 4 4 
7.7 1.15 246000 31 31 43 122000 2 0.08 2000 2.3 
0.4 0.01 8000 6 3 22 25000 0 0.04 150 1.1 
7.1 1.14 239000 24 28 28 79000 2 0.05 1800 1.2 
8.0 1.17 259000 41 36 81 140000 2 0.1 1 2200 - 3.6 

EALK, .ALK and TIC reported as HCO,. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection limit; NA= Not analyzed 



TABLE D-1 

STATISTICAL RESULTS 
(CONTINUED) 

Simple Statistics, IT-Export 

Al As B Ba Ca Fe K Mg Mn Na Si Sr %CHARGE 
mg1L mglL mg1L rnglL mg/L mg/L mglL mglL mg/L rng1L mglL mg/L BALANCE 

HOLE: NG252-DN 

N 
X 
S 
MIN 
MAX 

BDL 2 4 BDL 4 4 4 4 4 4 4 4 4 
0.017 1480 298 4 18200 20100 1.2 82300 0.5 1.9 2.83 
0.009 40 16 1 400 400 0.1 3100 0.1 0.1 2.1 0 
0.010 1400 270 2 17600 19700 1.1 77300 0.4 1.8 -0.52 
0.023 1500 31 0 4 18800 20800 1.4 85100 0.6 2.0 5.24 

HOLE: STANDARD 

N 
X 
S 
MIN 
MAX 

BDL 2 4 BDL 4 BDL 4 4 BDL 4 BDL 4 4 
0.026 6 41 5 458 170 95300 12.4 10.21 
0.001 1 22 3 5 1300 0.9 11.75 
0.025 5 380 455 165 93700 11.7 1.58 
0.026 7 440 460 180 971 00 14.0 30.45 

EALK, ALK and TIC reported as HCO,'. 
N = Number of samples; X = Sample mean; S = Sample standard deviation; 
BDL = Below detection Ilmit; NA = Not analyzed 



APPENDIX D 

STA'I'ISTICAL RESULTS FOR BRINE SAMPLES 

PART II - MULTIVARIATE ANALYSIS 

Multivariate-analysis-of-variance calculations were carried out on analytical results obtained from 
WlPP brines sampled over the period November 1987 through July 1988. For each analytical 
group, the GLM procedure evaluates the model hypothesis that significant differences exist in 
the mean parameter concentrations among the holes - that is, some linear function of the 
parameter means is different from zero. The null hypothesis states there is no significant 
difference in the mean parameter concentrations between holes. Rejection of the null - hypothesis occurs when the calculated F value (alpha = 0.05) exceeds that predicted for the 
indicated degrees of freedom. A small significance probability (e.g., Pr > F = 0.0001) indicates 
that some linear function of the parameter means is significantly different from zero (i.e. at the 
99.99°/0 confidence level when Pr > F = 0.0001). R-square can range from 0 to 1 and, in 
general, the larger the value of R-square, the better the model's fit. Duncan's multiple-range 
test groups those holes which do not have significantly different parameter means. 

Statistical Analysis Software (SAS), General-Linear-Model (GLM) Procedure (SAS Institute, Inc., 
1 985). 
Abbreviations as follows: DF = degrees of freedom; CV = coefficient of variation; MSE = 
mean square for error. 



TABLE D-2 

STATISTICAL RESULTS 
(CONTINLIED) 

MULTIVARIATE ANALYSIS OF VARIANCE, UNC GEOTECH 

Class 

HOLE 

Levels Values 

13 alxO1 a1x02 a2x01 a3x01 bxOl dh36 dh38 dh42 dh42a 
dhp401 gseep 11 x00 ng252 

Number of observations in data set = 72 

Critical value for the F distribution: F0.05(12,59) = 1.93 

Dependent Variable: pH 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 12 2.6 0.2 1.02 0.4428 
Error 59 12.5 0.2 
Corrected Total 7 1 15.1 

C.V. - 
7.58 

Root MSE 
0.5 

pH Mean 
6.1 

Dependent Variable: Br 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 12 5008290 41 7360 42.92 0.0001 
Error 59 573660 9720 
Corrected Total 71 5581 950 

C.V. - Root MSE- Br Mean 
6.44 100 1530 

' Dependent Variable: CI 
Sum of Mean 

DF Pr >F Source Squares Square F Value 

Model 12 1012008000 84334000 16.12 0.0001 
Error 59 308603000 5231 000 
Corrected Total 7 1 132061 1 000 

R-Square C.V. - Root MSE CI Mean 
0.7663 1.17 2000 194000 



TABLE D-2 *? 

STATISTICAL RESULTS 
(CONTINUED) 

MULTIVARIATE ANALYSIS OF VARIANCE, UNC GEOTECH 

Dependent Variable: s0i2 
Sum of Mean 

Source DF Sauares Sauare F Value Pr >F 

Model 
Error 
Corrected Total 

C.V. - Root MSE - SO: Mean 
9.03 1900 20600 

Dependent Variable: NH,' 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 12 33774 281 4 15.49 0.0001 
Error 59 10717 182 
Corrected Total 7 1 44491 n 

R-Square - C.V. Root MSE NH,' Mean 
0.7591 7.88 13 171 

Dependent Variable: 6 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square - C.V. Root MSE B Mean 
0.5353 10.93 170 1570 

Dependent Variable: Ca 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 12 60964 5080 5.71 0.0001 
Error 59 52501 890 
Corrected Total 71 1 13465 

R-Square - C.V. Root MSE Ca Mean 
0.5373 9.33 30 320 

n 



TABLE D-2 

STATISTICAL RESULTS 
(CONTINUED) 

MULTIVARIATE ANALYSIS OF VARIANCE, UNC GEOTECH 

Dependent Variable: Mg 
Sum of Mean 

Source DF Sauares Sauare F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square - C.V. Root MSE Ma Mean 
0.91 95 9.59 21 00 22200 

Dependent Variable: Mn 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square C.V. - Root MSE Mn Mean 
0.9930 8.37 0.15 I .n 

Dependent Variable: K 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 12 27 1 739500 22645000 27;51 0.0001 
Error 59 48570400 823200 
Corrected Total 7 1 320309900 

R-Square - C.V. Root MSE K Mean 
0.8484 5.28 900 17200 

Dependent Variable: Si 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square - C.V. Root MSE Si Mean 
0.4593 51 -55 1.35 2.61 

,- 



TABLE 0-2 c 

STATISTICAL RESULTS 
(CONTINUED) 

MULTIVARIATE ANALYSIS OF VARIANCE, UNC GEOTECH 

Dependent Variable: Na 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square - C.V. Root MSE Na Mean 
0.9662 2.67 2200 81 400 

Dependent Variable: Sr 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 12 181.08 15.09 170.02 0.0001 
Error 59 5.24 0.09 
Corrected Total 71 186.32 

i-Y 

R-Square - C.V. Root MSE Sr Mean 
0.971 9 12.71 0.30 2.34 



TABLE D-3 

STATISTICAL RESULTS 

MULTIVARIATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTIPLE-RANGE TEST, UNC GEOTECH 

NOTE: This test controls the type I comparisonwise error rate, 
not the experimentwise error rate 

WARNING: Cell sizes are not equal. 
Harmonic Mean of cell sizes = 4.305891 

Alpha = 0.05 df = 59 

Means with the same letter are not significantly different. 
Asterisk indicates group used to calculate composite chemistry in Table 3-5. 

Ph 
Duncan Grouping Mean N HOLE 

4 dh42 
3 alxOl 

11 gseep 
4 a3x01 
4 dh38 
6 dh42a 
7 bxOl 
4 ng252 

11 dh36 
2 dhp401 
3 a2x01 
4 11x00 
9 a1x02 

Br 
Duncan Grouping 

A 
B 
B 
C 

' D C 
D C 
D C 
D C 
D C 
D C 
D C 
D C 
D 

Mean N HOLE 

2 dhp401 
9 a1x02 
4 11x00 

11 gseep 
3 -01 
3 alxOl 
7 bxOl 
4 a3x01 

11 dh36 
4 ng252 
6 dh42a 
4 dh38 
4 dh42 



TABLE D-3 pa, 

STATISTICAL RESULTS 
(CONTIN LIED) 

MULTIVARIATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTIPLE-RANGE TEST, UNC GEOTECH 

CI 
Duncan Grouping Mean N HOLE 

A 202000 2 dhp401 
B A 199000 9 a1x02 
B C 198000 4 11x00 
' D C 196000 3 a2x01 
D C E 195000 6 dh42a 
D C E 195000 11 dh36 
D C E 1 95000 4 dh38 
D C E 195000 7 bxOl 
D C E 194000 4 ng252 
D E 193000 4 dh42 
D E 192000 3 alxOl 

E 192000 4 a3x01 
F 187000 11 gseep 

sod2 
Duncan Grouping Mean 

n 
N HOLE 

11 gseep 
2 dhp401 
4 11x00 
9 a1x02 
3 alxOl 
7 bxOl 
3 -01 
4 a3x01 
4 ng252 

11 dh36 
4 dh38 
6 dh42a 
4 dh42 



TABLE D-3 

STATISTICAL RESULTS 
(CONTINUED) 

MULTIVARIATE ANALYSIS OF VARlANCE 
DUNCAN'S MULTIPLE-RANGE TEST, UNC GEOTECH 

N H,' 
Duncan Grouping Mean N HOLE 

4 11x00 
11 gseep 
2 dhp401 
6 dh42a 
4 dh42 
4 dh38 
3 a2x01 

11 dh36 
9 a1x02 
7 bxOl 
4 ng252 
4 a3x01 
3 alxOl 

r--- B 
Duncan Grouping Mean N HOLE 

4 11x00 
11 gseep 
2 dhp401 
7 bxOl 
9 a1x02 
4 dh38 

11 dh36 
3 alxOl 
4 dh42 
4 ng252 
6 dh42a 
3 a2x01 
4 a3x01 



TABLE D-3 ~ - 3  

STATISTICAL RESULTS 
(CONTINUED) 

MULTIVARIATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTIPLE-RANGE TEST, UNC GEOTECH 

Ca 
Duncan Grouping 

A 
'B A 
B  
B 
B  C  
B  C D  
B  C  D  
B E C D  
B E C D  
B E C D  

E C D  
E D  
E 

Mean N HOLE 

4 dh42 
3 a2x01 

11 dh36 
6 dh42a 
4 dh38 
4 11x00 
4 ng252 
4 a3x01 
3 alxOl 
7 bxOl 
9 a1x02 

11 gseep 
2 dhp401 

Mg 
Duncan Grouping Mean 

m 
N HOLE 

A 44300 2 dhp401 
B 33200 9 a1x02 
C 27600 4 11x00 
D 231 00 3 alxOl 
D 22900 7 bxOl 
D  22800 3 a2x01 
D 22800 4 a3x01 

'E D 20200 4 ng252 
E F 181 00 11 dh36- 
E F 17800 4 dh38 
E F 17600 6 dh42a 
E  F 17400 4 dh42 

F 16600 11 gseep 



f l  TABLE D-3 

STATlSTlCAL RESULTS 
(CONTINUED) 

MULTIVARIATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTIPLE-RANGE TEST, UNC GEOTECH 

Mn 
Duncan Grouping Mean N HOLE 

A 8.00 2 dhp401 
B 4.67 9 a1x02 
C 1.80 3 a2x01 
D 1.58 4 a3x01 
D 1.40 7 bxOl 
D 1.40 4 11x00 
D 1.40 3 alxOl 
' E 1.18 4 dh42 
E 1.10 4 ng252 
E 1.03 4 dh38 
E 1.02 6 dh42a 
E 1 .OO 11 dh36 
F 0.70 11 gseep - K 

Duncan Grouping Mean N HOLE 

4 11x00 
6 dh42a 
4 dh38 
4 dh42 

11 dh36 
4 ng252 
7 bxOl 
3 a2x01 
3 alxOl 

11 gseep 
2 dhp401 
4 a3x01 
9 a1x02 



TABLE D-3 rn 

STATISTICAL RESULTS 
(CONTIN WED) 

MULTIVARIATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTlPLE-RANGE TEST, UNC GEOTECH 

Si 
Duncan Grouping Mean N HOLE 

4 11x00 
4 dh42 

11 dh36 
4 dh38 
4 a3x01 
6 dh42a 
3 -01 
7 bxOl 

11 gseep 
4 ng252 
2 dhp401 
3 alxOl 
9 a1x02 

Na 
Duncan Grouping Mean N HOLE 

11 gseep 
11 dh36 
4 dh42 
6 dh42a 
4 dh38 
4 ng252 
7 bxOl 
3 alxOl 
3 a 0 1  
4 a3x01 
4 11x00 
9 a1x02 
2 dhp401 



TABLE D-3 

STATISTICAL RESULTS 
(CONTINUED) 

MULTIVARIATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTIPLE-RANGE TEST, UNC GEOTECH 

Sr 
Duncan Grouping Mean 

5.92 
5.25 
2.69 
2.53 
2.14 
i .n 
1.70 
1.48 
1.44 
1.08 
1.07 
0.90 
0.88 

N HOLE 

9 a1x02 
2 dhp401 

1 1  gseep 
4 a3x01 
7 bxOl 
3 alxOl 
4 ng252 
4 11x00 

11 dh36 
4 dh42 
3 a2x01 
4 dh38 
6 dh42a 



TABLE D-4 n 

STATISTICAL RESULTS 

Class Levels Values 

HOLE 7 a1x02 bxOl dh36 dh38 dh42a gseep ng252 

Number of observations in data set = 38 

Critical value for the F distribution: F0.05(6,31) = 2.41 

Dependent Variable: pH 
Sum of Mean 

Source DF Squares. Square F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square - C.V. Root MSE pH Mean 
0.6459 1.78 0.1 6.0 /ca, 

Dependent Variable: Br 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 
Error 
Corrected Total 

C.V. - Root MSE Br Mean 
12.59 180 1430 



TABLE D-4 

STATISTICAL RESULTS 
(CONTINLIED) 

MULTIVARIATE ANALYSIS OF VARIANCE, IT-EXPORT 

Dependent Variable: CI 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square - C.V. Root MSE CI Mean 
0.3443 4.38 8000 180000 

Dependent Variable: SO;* 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 6 
". . Error 31 . 

Corrected Total 37 

R-Square - C.V. Root MSE - SO-: Mean 
0.9636 7.37 1500 20700 

Dependent Variable: NH,' 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 6 8987 1498 8.09 0.0001 
Error 3 1 5740 185 
Corrected Total 37 14728 

C.V. - Root MSE NH,' Mean 
10.62 14 128 

Dependent Variable: B 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 6 765070 12751 0 9.62 0.0001 
Error 3 1 4 1 0720 13250 
Corrected Total 37 1 175790 

R-Square - C.V. Root MSE B Mean 
0.6507 7.15 120 1610 



TABLE D-4 

STATISTICAL RESULTS 
(CON1-INUED) 

MULTlVARlATE ANALYSIS OF VARIANCE, IT-EXPORT 

Dependent Variable: Ca 
Sum of Mean 

Source DF Sauares Sauare F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square - C.V. Root MSE Ca Mean 
0.71 46 7.27 21 292 

Dependent Variable: Mg 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 6 81 01 31 300 135021 900 99.1 1 0.0001 
Error 31 42234200 1362400 
Corrected Total 37 852365500 n 

R-Square - C.V. Root MSE Ms Mean 
0.9505 5.82 1200 201 00 

Dependent Variable: Mn 
Sum of Mean 

Source DF Sauares Sauare F Value Pr >F 

Model 6 58.6 9.8 476.62 0.0001 
Error 3 1 0.6 0.02 
Corrected Total 37 59.2 

R-Square - C.V. Root MSE Mn Mean 
0.9893 9.36 0.1 1.5 

Dependent Variable: K 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square - C.V. Root MSE K Mean 
0.7431 5.58 1000 18300 

F- 



TABLE D-4 

STATISTICAL RESULTS - 
(CONTINUED) 

MllLTlVARlATE ANALYSIS OF VARIANCE, IT-EXPORT 

Dependent Variable: Si 
Sum of Mean 

Source D F Squares Square F Value Pr >F 

Model 
Error 
Corrected Total 

R-Square - C.V. Root MSE Si Mean 
0.5695 26.42 0.1 0.6 

Dependent Variable: Na 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 6 3040099500 506683300 1 1.64 0.0001 
Error 3 1 134971 8600 43539300 
Corrected Total 37 438981 8200 

C.V. - Root MSE Na Mean 
7.67 6600 861 00 

Dependent Variable: Sr 
Sum of Mean 

Source DF Squares Square F Value Pr >F 

Model 6 103.1 17.2 498.37 0.0001 
Error 3 1 1.1 0.03 
Corrected Total 37 104.2 

R-Square - C.V. Root MSE Sr Mean 
0.9897 7.09 0.2 2.6 



TABLE D-5 m, 

STATISTICAL RESULTS 

MULTIVARIATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTIPLE-RANGE TEST, IT-EXPORT 

NOTE: This test controls the type I comparisonwise error rate, 
not the experimentwise error rate 

WARNING: Cell sizes are not equal. 
Harmonic Mean of cell sizes = 4.315068 

Alpha = 0.05 df = 31 

Means with the same letter are not significantly different. 
Asterisk indicates group used to calculate composite chemistry in Table 3-5. 

P H 
Duncan Grouping Mean N HOLE 

5 dh42a 
2 dh38 
4 ng252 
9 gseep 
9 dh36 
5 bxOl 
4 a1x02 

Br 
Duncan Grouping Mean N HOLE 

A 2000 . 4 a1x02 
'B 1500 2 dh38 
B 1400 - 9 dh36 
B 1400 5 bxOl 
B 1370 9 gseep 
B 1290 5 dh42a 
B 1280 4 ng252 

CI 
Duncan Grouping Mean N HOLE 

4 a1x02 
5 bxOl 
9 dh36 
5 dh42a 
4 ng252 
2 dh38 
9 gseep 



TABLE D-5 

STATlSTlCAL RESULTS 
(CONTINUED) 

MULTIVARIATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTIPLE-RANGE TEST, IT-EXPORT 

Duncan Grouping Mean N HOLE 

9 gseep 
4 a1x02 
5 bxOl 
2 dh38 
9 dh36 
4 ng252 
5 dh42a 

NHdt 
Duncan Grouping Mean N HOLE 

A 151 9 gseep 
B A 140 5 dh42a 
B 'C 124 9 dh36 

c .  118 2 dh38 
C 118 4 a1x02 
C 112 5 bxOl 
C 108 4 ng252 

B 
Duncan Grouping Mean N HOLE 

A 1860 9 . gseep 
' B 1600 4 a1x02 
B 1580 5 dh42a 
6 1550 2 dh38 
B 1530 9 dh36 
B 1480 5 bxOl 
B 1480 4 ng252 

Ca 
Duncan Grouping Mean N HOLE 

'A 330 5 dh42a 
A 330 2 dh38 

B A 322 9 dh36 
B 398 4 ng252 

C 265 4 a1x02 
C 262 5 bxOl 

.- C 260 9 gseep 



TABLE D-5 n 

STATISTICAL RESULTS 
(CONTINUED) 

MULTlVARlATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTIPLE-RANGE TEST, IT-EXPORT 

Mg 
Duncan Grouping Mean N HOLE 

A 32500 4 a1x02 
B 221 00 5 bxO1 
C 201 00 4 ng252 

' D C 18500 9 dh36 
D 18400 2 dh38 
D 18200 5 dh42a 

E 16400 9 gseep 

Mn 
Duncan Grouping Mean N HOLE 

4 a1x02 
5 bxOl 
4 ng252 
5 dh42a 
2 dh38 
9 dh36 
9 gseep 

K 
Duncan Grouping Mean N HOLE 

5 dh42a 
2 dh38 
9 dh36 
4 ng252 
5 bxOl 
9 gseep 
4 a1x02 

Si 
Duncan Grouping Mean N HOLE 

5 dh42a 
9 dh36 
2 dh38 
4 ng252 
5 bxOl 
9 gseep 
4 aIx02 



TABLE D-5 

STATISTICAL RESLILTS 
(CONTINUED) 

MULTIVARIATE ANALYSIS OF VARIANCE 
DUNCAN'S MULTIPLE-RANGE TEST, IT-EXPORT 

Na 
Duncan Grouping Mean N HOLE 

9 gseep 
2 dh38 
5 dh42a 
9 dh36 
4 ng252 
5 b x O l  
4 a1x02 

Sr 
Duncan Grouping Mean N HOLE 

4 a1x02 
9 gseep 
5 b x O l  
4 ng252 
9 dh36 
2 dh38 
5 dh42a 



APPENDIX E 

DUSSAULT'S STAIN PROCEDURE 



APPENDIX E 

DUSSAULT'S STAIN PROCEDURE 

Apply loopful of 0.75% formalin in 20% brine to a clean glass slide. 

Place colony in drop. 

Air dry. 

Immerse in 2% acetic acid (5 minutes). 

Pat dry. 

Add a drop of crystal violet solution (3 minutes). 

Rinse with iodine. 

Rinse with 95% ethyl alcohol. 

Rinse with tap water. 

Apply a drop of basic fuchsin solution (1 minute). 

Rinse with tap water. - 
Air dry. 

Examine under Phase Contrast Microscope. 



APPENDIX F 

BACTERIA ISOLATES 

PART I - ISOLATE CHARACTERISTICS 

PART II - ISOLATES PER SAMPLE ON HIGH SALT MEDIA 

,- 

PART Ill - DESCRIPTION OF ISOLATES ON MEDIA SELECTIVE FOR SPECIAL 

ORGANISMS 



TABLE F-1 

BACTERIA ISOLATES 

PART I -ISOLATE CHARACTERISllCS 



TABLE F-1 /+-k 

ISOLATE CHARACTERISTIC-S 

MICROSCOPIC EXAMlNATlOK MACROSCOPIC APPEARANCE ON AGAR 

W-1 Small curved bacillib Pinpoint, grey, transparent, flat 

W-2 Streptococci" (all greater than Small, while, opaque, not circular, raised 
4 individual cells) 

W-3 Single coccid, cocci in pairs Pinpoint, white, opaque, convex 
and streptococci 

W-4' Long thin bacilli in chains1 
streptococci 

Pinpoint, off-whitelgrey, opaque, raised 

W-5' Streptococci (all less than 6 Large, yellow, not circular, raised 
individual cells)Aarge cocci 

W-6 StaphylococcP Pinpoint, yellow, opaque, raised 

W-7 Long, fat bacilli in chains Small, off-white, opaque, flat 

W-8 Streptococci (all greater than Pinpoint, off-white, opaque, convex 
6 individual cells) 

W-9 Cocci, diplococci' Pinpoint, bluelgrey, transparent, flat F% 

W-10 Streptococci (large) Minute, yellow, transparent, flat 

W-11 Small streptococci (chains of Pinpoint, yellow, transparent, flat 
3 individual cells) 

W-12 Large streptococci (chains of Small, white, opaque, convex 
3-6 individual cells) 

W-13 Cocci, diplococci, streptococci Pinpoint, pink, transparent, convex 

W-14 Small, short bacilli, paired Pinpoint, greylyellow, transparent, iregular, flat 

W-15 Small staphylococci Very pinpoint, fiery red, transparent, flat 

W-16 Cocci (chains of 6-8 individual cells) Pinpoint, peach, opaque, raised 

Large, amber, flat W-17 Small individual cocci 

W-18 Small Staphylococci Whitelpink, liquified agar 

W-19 Large cocci (single cells) Small pink, transparent, convex 

W-20' Small individual cocciAarge Pinpoint, orangelred, transparent, flat 
staphylococci 

W-21 Large staphylococci Pinpoint, off-white, opaque, raised 
8- 

W-22 Small streptococci Off-white, opaque, raisedlconvex 

W-23' Large coccilsmall streptococci Off-white, opaque, raisedlconvex 



TABLE F-1 

, ISOLATE CHARACTERISTICS 
(CONTINUED) 

MICROSCOPIC EXAMINATION' MACROSCOPIC APPEARANCE ON AGAR 
- - - - - - - - - 

Small diplococci 

Small streptococci (chains of 
greater than 8 individual cells) 

Small cocci (single cells) 

Small cocci 

Large staphylococci, aggregates 

Small cocci (groups of cells 
greater than 4 individual cells) 

Very long curved bacilli in chains 

Very small single bacilli 

Short bacilli chains (spores) 

Bacilli in chains of 2-6 

Small streptococci 

Very small single bacilli 

Streptococci in chains (4-6 cells) 

Streptococci in chains (4-6 cells) 

Very small streptococci in chains 
(2-6 cells) 

Long curved bacilli, chains of 
greater than 4 individual cells 

Cocci 

Very small bacilli in chains 

Streptococci in chains of 
greater than 20 individual cells 

Very small single bacilli 

Very small bacilli (chains of 3-6 
individual cells) 

Cocci 

- - - - ----  

Off-white, opaque, flat 

Small, greylyellow, transparent, raised 

Pinpoint, pinkhhite, transparent, flat 

Very pinpoint, pink, transparent 

Pinpoint, pinklgrey, transparent, flat 

Small, off-white, opaque, flat 

Small, yellow centers with grey edges, raised 

Pinpoint, grey, transparent, flat 

Large, yellowlorange, irregular edges, flat 

Yellowlorange, opaque irregular edges 

Small, peach, opaque, convex 

Pinpoint, orangelpink, convex 

Greylorange, transparent, raised 

Small, peachlorange, opaque, convex 

Very pinpoint, grey, transparent, flat 

Off-white, opaque, raised 

Orange, opaque, convex 

Yellow, opaque, irregular, flat 

Large, peach, opaque, irregular, convex 

Small, greyblue, transparent, raised 

Very pinpoint, off-white, transparent, raised 

Small, pink, opaque, raised 



TABLE F-1 

ISOLATE CHARACTERISTICS 
(CONTINUED) 

MICROSCOPIC EXAMINATION* MACROSCOPIC APPEARANCE ON AGAR 

W 4 6  Single bacilli Yellowlgrey, transparent, raised 

W-47 Streptococci of 4-10 individual cells Large, orange, irregular edges, flat 

W-48 Bacilli chains of 2-4 individual cells Large, greylblue, opaque, irregular edges, flat 

'The terms used here are general. 
(b)"Bacilli" means rod-like cells. 
'O'"Streptococci" means long chains of cocci. 
'*"Cocciw means spherical cells. 
")wStaphylococciw means grape-like clusters. 
m"~iplococci" means cocci in pairs. 
'Organisms that could not be separated - probably symbionts. 



TABLE F-2 

BACTERIA ISOLATES 

PART II - ISOLATES PER SAMPLE ON HIGH SALT MEDIA 



TABLE F-2 

ISOLATES PER SAMPLE 
ON HIGH SALT MEDIA 

SAMPLE #I 
LOCATION ISOLATES ISOLATION MEDIUM CELL COUNTS' 

BRINES 

AIS Brine - 1" W-1 
S90M1200 

AIS Brine - Pb' 
S90M1200 



TABLE F-2 

ISOLATES PER SAMPLE 
ON HIGH SALT MEDIA 

(CONTINUED) 

SAMPLE #/ 
LOCATION ISOLATES ISOLATION MEDIUM .CELL COUNTS* 

DHP-402A (floor) 
S1950/E1320 

BTP-CI (floor) 
S1600NV170 

BTP-C4 (roof) 
S1600NV170 

A1 X02 (roof) 
N1130/E1220 

BTP-A2 (floor) 
S1600M1170 



TABLE F-2 

ISOLATES PER SAMPLE 
ON HIGH SALT MEDIA 

(CONTINUED) 

SAMPLE #/ 
LOCATION ISOLATES ISOLATION MEDIUM CELL COUNTS' 

MUCK - 
S1620/W170 W-27 
(floor) 

W-28 

S2200M130 W-29 
(floor) 

Surface Muck Pile W-48 MORS 30 

S 90NV200'" W-29 974 
(floor) 

W-30 MORS 



TABLE F-2 

ISOLATES PER SAMPLE 
ON HlGH SALT MEDIA 

(CONTINUED) 

SAMPLE #/ 
LOCATION ISOLATES ISOLATION MEDIUM CELL COUNTS* 

ALL RIB SURFACE AND RIB CORE SAMPLES SHOWED NO GROWTH 

= Counts are CFU per 100 ml of liquid sample, or per gram of salt. 
CFU = Colony Forming Units (1 CFU = 1 microorganism). 

" = Too many to count (complete overgrowth). 
. ("Sampled 7-25-88 (WIPP sample No. 93). 

@'Sampled 8-1 588 (WIPP sample No. 93-8). 
(''Sampled 9-8-88 (AIS Brine saturated muck). 



TABLE F-3 

BACTERIA ISOLATES 

PART Ill - DESCRIPTION OF ISOLATES ON MEDIA SELECTIVE 
FOR SPECIAL ORGANISMS 



TABLE F-3 

DESCRlFTlON OF ISOLATES ON MEDIA 
SELECTIVE FOR SPECIAL ORGANISMS 

MACROMORPHOLOGY ON 
AGAR PLATES 

SAMPLE ISOLATION 
NUMBER MEDIUM COLONY TYPE GRAM STAIN REACTION 
-- - - 

AIS Brine-1"' 

AIS ~rine-2'' SDA 

White, round, 
irregular edges 

White, round, 
smooth edges 

Yellow, small, 
round edges 

tight yellow, 
round edges, flat 

Red, round edges, 
raised 

Yellow, round 
edges, flat 

&rge, white, 
round edges, raised 

White, round 
edges, flat 

Yellow, irregular 
edges, flat 

White, round 
edges, raised 

Yellow-white, round 
irregular edges, small 

Yellow, round, 
irregular edges 

Yellow, round 
edges, raised 

Yellow-white, round 
edges, flat 

- - - - -  

cocci; gram indeterminate 

cocci; stained black 

gram (+) rods and cocci 

cocci; gram indeterminate 

cocci; gram indeterminate 

cocci; stained black 

cocci; stained black 

cocci; gram indeterminate 

cocci; stained black 

cocci; gram indeterminate 

cocci; gram indeterminate 

cocci; stained black 

cocci; gram indeterminate 

cocci; stained black 



TABLE F-3 rn 

SAMPLE 

DESCRIPTION OF ISOLATES ON MEDIA 
SELECTIVE FOR SPECIAL ORGANISMS 

(CONTINUED) 

MACROMORPHOLOGY ON 
AGAR PLATES 

ISOLATION 
NUMBER MEDIUM COLONY TYPE GRAM STAIN REACTION 

S-110 White, round 
(cont'd) edges, raised 

Large, white, 
irregular edges 

cocci; stained black 

cocci; gram indeterminate 

Blood agar Large, white, round rods; gram indeterminate 
edges, -hemolysis 

White, opaque, irreg- cocci; stained black 
ular edges, medium 

White, round edges, rods; stained black 
small, flat, -hemolysis 

Yellow, wrinkled, cocci; gram indeterminate 
irregular edges, small F Y  

Orange, round edges 
raised, medium 

EM B(*) Purple, round edges, 
small (no metallic 
sheen) 

TSA" + 2% White, round edges, 
cellulose small 

Yellow-white, 
round edges, small 

Brown, round edges, 
small 

Muck Pile SDA White, swarming 

S-110 White, swarming 

Blood agar Large, opaque, irreg- 
ular edges, -hemolysis 

cocci; gram indeterminate 

short rods; gram 
indeterminate 

large rods; stained black 

large rods; gram 
indeterminate 

rods; stained black 

rods; gram (-) 

rods; gram indeterminate 

large rods; indeterminate 



TABLE F-3 

SAMPLE 

DESCRIPTION OF ISOLATES ON MEDIA 
SELECTIVE FOR SPECIAL ORGANISMS 

(CONI-INU ED) 

MACROMORPHOLOGY ON 
AGAR PLATES 

ISOLATION 
NUMBER MEDIUM COLONY TYPE GRAM STAIN REACTION 

Muck Pile ' EMB 
(cont'd) 

TSA + 2% 
cellulose 

AIS Brine@ S110 
Saturated 

Muck S90N 200 

Blood agar 

TSA + 2% 
cellulose 

1090 Marine 
Methanol agar 

NOTE: 

Large, white colonies large rods/cocci; 
with small dark indi- stained black 
vidual colonies inside 

Large, white, 
swarming 

rods; gram indeterminate 

White, large, round cocci; gram indeterminate 
edges, raised 

Peach, round edges, raised cocci; gram indeterminate 

Brown, round edges, flat cocci; gram indeterminate 

Red, round edges, raised rods; stained black 

Brown, irregular edges, flat rods; gram indeterminate 

Brown, mucoid, irregular cocci; stained black 
edges 

Orange, round edges, flat gram (-) rods 

Peach, round edges, raised gram (-) cocci 

White, very small, round short rods; stained black 
edges 

This same organism grew 
on EMB, TSA + 2% cellulose, 
SDA, Blood agar, and 
McConkey's agar. 

- organisms that could not be separated - probable symbionts. 
'"Sampled 7-25-88 (WIPP sample No. 93). 
@)SDA = Sabouraud's Dextrose Agar. 
")S-110 = Staphylococcus 1 10 Medium Agar. 
(*Sampled 8-1588 (WIPP sample No. 93-B). 
'"EMB = Eosine Methylene Blue Agar. 
T S A  = Tryptocase Soy Agar. 
'@Sampled 48-88 (AIS Brine saturated muck). 



APPENDIX G 

SUMMARY OF CURRENT MOISTLIRE CONTENT ANALYSES 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 150°C 

MCR 01A 

MCR 018 

MCR 02A 

MCR 028 

MCR 03A 

MCR 038 

MCR 04A 

MCR 048 

MCR 05A 

MCR 056 

MCR 06A 

MCR 06B 

MCR 07A 

MCR 07B 

MCR 08A 

MCR 08B 

MCR 09A 

MCR 09B 

MCR 10A 

MCR 106 

MCR 11A 

MCR 116 

MCR 12A 

MCR 128 

MCR 13A 

MCR 13B 

MCR 14A 

MCR 14B 

MCR 15A 

MCR 156 

MCR 16A 

MCR 168 

MCR 17A 

MCR 178 

UNlT 0 

UNlT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNIT O 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNIT 0 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 150°C 

MCR 18A 

MCR 188 

MCR 19A 

MCR 196 

MCR 20A 

MCR 206 

MCR 21A 

MCR 216 

MCR 2% 

MCR 228 

MCR 23A 

MCR 23B 

MCR 24A 
.IQ1 

MCR 248 

MCR 25A 

MCR 258 

MCR 26A 

MCR 268 

MCR 27A 

MCR 278 

MCR 28A 

MCR 288 

MCR 29A 

MCR 29B 

MCR 30A 

MCR 30B 

MCR 31A 

MCR 318 

MCR 32A 

MCR 328 

MCR 33A 

* MCR 338 

MCR 34A 

UNIT 0 

UNlT 0 

UNIT 0 

UNlT 0 

UNIT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNlT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNIT 0 

G-3 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AmER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 1 50°C 

MCR 348 

MCR 35A 

MCR 358 

MCR 36A 

MCR 368 

MCR 37A 

MCR 378 

MCR 38A 

MCR 39A 

MCR 398 

MCR 40A 

MCR 408 

MCR 41A 

MCR 418 - 
MCR 42A 

MCR 428 

MCR 43A 

MCR 438 

MCR 44A 

MCR 448 

MCR 44C 

MCR 45A 

MCR 458 

MCR 46A 

MCR 468 

MCR 46C 

MCR 508 

MCR 54A 

MCR 548 

MCR 55A 

MCR 558 

MCR 56A 

MCR 568 

UNlT 0 

UNIT 0 

UNlT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNIT 0 

UNIT 0 

UNlT 0 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CON1-INUED) 

SAMPLED CUMULATIVE - - -  

GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 
SAMPLE NO. LOCATION UNIT EXCAVATION 95OC 150°C 

MCR 57A 

MCR 578 

MCR 61A 

MCR 618 

MCR 62A 

MCR 628 

MCR 63A 

MCR 638 

MCR 64A 

MCR 648 

MCR 65A 

MCR 658 

MCR 68A 
A 

MCR 688 

MCR 69A 

MCR 696 

MCR 72A 

MCR 728 

MCR 73A 

MCR 73B 

MCR 74A 

MCR 748 

MCR 75A 

MCR 756 

MCR 76A 

MCR 768 

MCR n s  
MCR 78A 

MCR 788 

MCR 79A 

MCR 798 

F 
MCR 83A 

MCR 836 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNIT 0 

UNlT 0 

UNlT 0 

LlNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

LlNlT 0 

UNlT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNIT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 

UNlT 0 



TABLE G-1 /"9 

SAMPLE NO. 

MCR 848 

MCR 85A 

MCR 858 

MCR 01C 

MCR 02C 

MCR 03C 

MCR 04C 

MCR 05C 

MCR 07C 

MCR 08C 

MCR 1DC 

MCR 11C 

MCR 12C 

MCR 13C 

MCR 14C 

MCR 15C 

MCR 16C 

MCR 17C 

MCR 18C 

MCR 20C 

MCR 21C 

MCR 23C 

MCR 24C 

MCR 25C 

MCR 26C 

MCR 27C 

MCR 28C 

MCR 29C 

MCR 30C 

MCR 31C 

MCR 32C 

MCR 33C 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINLIED) 

SAMPLED CUMUIATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

LOCATION UNIT EXCAVATION 95°C 1 50°C 

W600lN 1 50 UNIT 0 

E586lN1410 UNIT 0 

E586lN 14 1 0 UNIT 0 

UNlT 1 

UNlT 1 

UNlT 1 

UNIT 1 

UNlT 1 

UNlT 1 

UNIT 1 

UNlT 1 

UNlT 1 

UNlT 1 

UNlT 1 

UNlT 1 

UNlT 1 

UNIT 1 

UNlT 1 

UNlT 1 

UNlT 1 

UNIT 1 

UNIT 1 

UNlT 1 

UNIT 1 

UNlT 1 

UNlT 1 

UNIT 1 

UNlT 1 

UNlT 1 

UNlT 1 

LlNlT 1 

UNlT 1 



TABLE G-1 

SAMPLE NO. 

MCR 34C 

MCR 35C 

MCR 36C 

MCR 37C 

MCR 38C 

MCR 39C 

MCR 40C 

MCR 41C 

MCR 42C 

MCR 43C 

MCR 45C 

MCR 47C 

MCR 48C 
P- 

MCR 49C 

MCR 51C 

MCR 53C 

MCR 54C 

MCR 55C 

MCR 56C 

MCR 57C 

MCR 58C 

MCR 59C 

MCR 60C 

MCR 61C 

MCR 62C 

MCR 63C 

MCR 65C 

MCR 68C 

MCR 69C 

MCR 72C 

MCR 73C 

F-- 
MCR 74C 

MCR 75C 

SUMMARY OF CURRENT MOlSTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

LOCATION UNIT EXCAVATION 95OC 150°C 

UNlT 1 

UNlT 1 

UNIT 1 

UNIT 1 

UNlT 1 

UNlT 1 

UNIT 1 

UNIT 1 

UNIT 1 

UNlT 1 

UNIT 1 

UNlT 1 

LlNIT 1 

UNIT 1 

UNlT 1 

UNIT 1 

UNIT 1 

UNlT 1 

UNIT 1 

LlNlT 1 

El 43lN988 UNIT 1 56 0.24 0.24 

E l  42lN992 UNIT 1 56 0.19 0.19 

E l  40lN996 UNIT 1 n 0.10 0.1 1 

E 1 40lN 1 030 UNIT 1 1744 0.19 0.22 

UNIT 1 

UNlT 1 

UNIT 1 

UNlT 1 

UNlT 1 

UNIT 1 

UNlT 1 

UNlT 1 



TABLE G-1 m 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 1 50°C 

MCR 76C W550lS80 UNIT 1 43 0.1 1 0.12 

MCR 77C W 198lN310 UNIT 1 2 0.17 0.19 

MCR 78C W208lN305 UNIT 1 1 0.10 0.13 

MCR 79C W333lN305 UNIT 1 1 - 0.09 0.12 

MCR 83C W632IS115 UNIT 1 3 0.06 0.09 

MCR 84C W60OlN150 UNIT 1 1 0.20 0.25 

MCR 85C 

MCR 01D 

MCR 06C 

MCR 08D 

MCR 10D 

MCR 12D 

MCR 14D 

MCR 17D 

MCR 18D 

MCR 19C 

MCR 19D 

MCR 20D 

MCR 22C 

MCR 23D 

MCR 240 

MCR 25D 

MCR 28D 

MCR 29D 

MCR 30D 

MCR 310 

MCR 32D 

MCR 330 

MCR 34D 

MCR 35D 

MCR 36D 

MCR 37D 

UNlT 1 

UNIT 2 

UNlT 2 

UNIT 2 

UNIT 2 

UNlT 2 

UNIT 2 

UNIT 2 

UNIT 2 

UNlT 2 

UNlT 2 

UNlT 2 

UNIT 2 

UNIT 2 

UNIT 2 

UNIT 2 .  

UNIT 2 

UNlT 2 

UNlT 2 

UNIT 2 

UNIT 2 

UNIT 2 

UNIT 2 

UNlT 2 

UNlT 2 

UNlT 2 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WElGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 1 50°C 

MCR 38D E650lS 1 820 UNIT 2 268 0.94 0.97 

MCR 39D E650lS1870 UNIT 2 269 0.31 0.32 

MCR 40D E650lS1920 UNIT 2 270 0.42 0.43 

MCR 410 W295/S88 UNIT 2 0 1.65 1.71 

MCR 42D W295lS92 UNIT 2 0 0.48 0.51 

MCR 43D E 1 651N974' UNIT 2 56 0.49 0.52 

MCR 440 E 1 65lN964 UNIT 2 56 0.49 0.52 

MCR 45D E l  65lN954 UNIT 2 56 0.87 0.92 

MCR 52D E 1 60lN855 UNIT 2 1744 1.40 1.47 

MCR 53D 

MCR 540 

MCR !PD 

MCR 61D 

F- MCR 62D 

MCR 63D 

MCR 65D 

MCR 68D 

MCR 69D 

MCR 72D 

MCR 73D 

MCR 75D 

MCR 76D 

MCR 77D 
MCR 78D 

MCR 79D 

MCR 830 

MCR 84D 

MCR 850 

MCR 01E 

MCR 02E 

MCR 03E 
ih 

MCR 03D 

UNlT 2 

UNlT 2 

UNIT 2 

UNlT 2 

UNlT 2 

UNlT 2 

UNlT 2 

LINIT 2 

UNlT 2 

UNlT 2 

UNIT 2 

UNlT 2 

UNlT 2 

UNIT 2 

UNlT 2 

UNIT 2 

UNIT 2 

UNIT 2 

UNIT 2 

UNlT 3 

UNIT 3 

UNlT 3 

UNIT 3 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95OC 150°C 

MCR 040 

MCR 05D 

MCR 05E 

MCR 06E 

MCR 06D 

MCR 07D 

MCR 08E 

MCR 09D 

MCR 1OE 

MCR 11D 

MCR 12E 

MCR 13D 

MCR 14E 

MCR 15D 

MCR 16D 

MCR 16E 

MCR 17E 

MCR 18E 

MCR 21D 

MCR 21E 

MCR 24E 

MCR 26E 

MCR 27D 

MCR 27E 

MCR 29E 

MCR 34E 

MCR 39E 

MCR 43E 

MCR 46D 

MCR 47E 

MCR 51 D 

MCR 51E 

MCR 52E 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNIT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNIT 3 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT -EXCAVATION 95°C 150°C 

MCR 53E 

MCR 55D 

MCR !3E 

MCR 58E 

MCR 59E 

MCR 60E 

MCR 61E 

MCR 62E 

MCR 63E 

MCR 64E 

MCR 65E 

MCR 68E - MCR 69E 

MCR 72E 

MCR 74D 

MCR 74E 

MCR 75E 

MCR 76E 

MCR 78E 

MCR 79E 

MCR 83E 

MCR 84E 

MCR 85E 

- , MCR 86F 

MCR 86E 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNIT 3 

UNlT 3 

UNlT 3 

UNIT 3 

UNIT 3 

UNlT 3 

UNlT 3 

UNlT 3 

UNIT 3 

UNIT 3 

UNIT 3 

UNIT 3 

UNIT 3 

UNlT 3 

UNIT 3 

UNlT 3 

UNlT 3 

MCR O1F W170lS1957 UNIT 4 37 0.25 0.29 

MCR 02F W176lS1900 UNIT 4 96 0.56 0.66 

MCR 03F E310lS2065 UNIT 4 287 1.60 1.70 

MCR 04E E31 OlS2140 UNIT 4 287 0.04 0.06 

MCR 04F E31 OlS2140 UNIT 4 287 0.42 ' 0.49 

MCR 05F E6301S 1920 UNIT 4 395 2.00 2.10 

MCR 06F El 180tS1940 UNIT 4 223 0.54 0.55 



TABLE G-1 

SAMPLE NO. 

MCR 07E 

MCR 07F 

MCR 08F 

MCR 09E 

MCR 09F 

MCR 10F 

MCR 11E 

MCR 11F 

MCR 12F 

MCR 13E 

MCR 14F 

MCR 15E 

MCR 15F 

MCR 16F 

MCR 17F 

MCR 18F 

MCR 19E 

MCR 20E 

MCR 20F 

MCR 21F 

MCR 22D 

MCR 22E 

MCR 22F 

MCR 23E 

MCR 23F 

MCR 24F 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 

LOCATION 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

UNIT EXCAVATION 95OC 150°C 

UNlT 4 

UNlT 4 

UNlT 4 

UNIT 4 

UNlT 4 

UNIT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNIT 4 

UNlT 4 

UNIT 4 

UNIT 4 

UNlT 4 

UNlT 4 

UNIT 4 

UNlT 4 

UNlT 4 

UNlT 4 

LlNlT 4 

UNIT 4 

UNIT 4 

UNIT 4 

UNIT 4 

UNIT 4 

UNlT 4 

MCR 25E E860lS1590 LlNlT 4 589 0.45 0.48 

MCR 25F E860B1590 UNIT 4 589 2.49 2.65 

MCR 26F E729/S 1 590 UNIT 4 622 1.67 1.73 

MCR 27F E800lS 1 670 UNIT 4 232 1.18 1.22 

MCR 28E E800lS 1 770 UNIT 4 235 0.32 0.33 

MCR 28F E800lS 1770 UNIT 4 235 1.60 1.65 F% 
MCR 29F E8OOlS 1 870 UNIT 4 247 0.62 0.66 



TABLE G-1 

SUMMARY OF CURREKT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 150°C 

MCR 30E 

MCR 30F 

MCR 31E 

MCR 31F 

MCR 32E 

MCR 32F 

MCR 33E 

MCR 33F 

MCR 34F 

MCR 35E 

MCR 35F 

MCR 36E 

MCR 36F 
Isq 

MCR 37E 

MCR 37F 

MCR 38E 

MCR 38F 

MCR 39F 

MCR 40E 

MCR 40F 

MCR 41E 

MCR 41F 

MCR 42E 

MCR 42F 

MCR 43F 

MCR 44E 

MCR 44F 

MCR 45E 

MCR 46E 

MCR 46F 

MCR 48E 

-. MCR 49E 

MCR 50E 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNIT 4 

UNIT 4 

UNlT 4 

UNlT 4 

UNIT 4 

UNIT 4 

UNIT 4 

UNIT 4 

UNlT 4 

UNIT 4 

UNIT 4 

UNIT 4 

UNIT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNIT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 



TABLE El 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LO CATION UNIT EXCAVATION 95°C 150°C 

MCR 50F E 1 60lN936 UNIT 4 56 0.40 0.44 

MCR 52F E 1 60lN855 UNIT 4 1744 0.57 0.62 

MCR 53F E 1 60lN845 UNIT 4 1744 1.16 1.22 

MCR 54E E 1 43M949 UNIT 4 56 0.66 0.71 

MCR 55E E l  45/N959 UNIT 4 56 0.37 0.38 

MCR 55F E 145lN959 UNIT 4 56 0.46 0.46 

MCR 56E 

MCR 56F 

MCR 57F 

MCR 61 F 

MCR 62F 

MCR 63F 

MCR 64F 

MCR 65F 

MCR 66F 

MCR 68F 

MCR 69F 

MCR 72F 

MCR 73E 

MCR 73F 

MCR 74F 

MCR 75F ' 

MCR 76F 

MCR 77E 

MCR 77F 

MCR 78F 

MCR 79F 

MCR 83F 

MCR 84F 

MCR 85F 

MCR 86X 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNIT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNlT 4 

UNIT 4 

UNlT 4 

UNIT 4 

UNlT 4 

UNIT 4 

UNlT 4 

UNlT 4 

UNIT 4 

UNIT 4 

UNIT 4 

UNIT 4 

UNIT 4 

MCR 19F UNlT 5 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 150°C 

MCR 45F E 1 65lN954 UNIT 5 56 0.86 0.91 

MCR 66G 

MCR 67G 

MCR 67H 

MCR 671 

MCR 68G 

MCR 68H 

MCR 681 

MCR 68J 

MCR 69G 

MCR 69H 

MCR 691 
F- 

MCR 701 

MCR 86G 

MCR 86H 

MCR 861 

MCR 87G 

MCR 87H 

MCR 871 

MCR 87J 

MCR 88H 

MCR 881 

MCR 88J 

MCR 67J 

MCR 67K 

MCR 68K 

MCR 68L 

MCR 69J 

MCR 69K 

A 
MCR 69L 

MCR 7O.J 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNIT 6 

UNlT 6 

UNlT 6 

UNIT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNlT 6 

UNrr 7 

UNIT 7 

UNIT 7 

UNIT 7 

UNIT 7 

UNIT 7 

UNlT 7 

UNIT 7 



TABLE G-1 n 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMUlATlVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 150°C 

MCR 70K 

MCR 70L 

MCR 801 

MCR 81L 

MCR 82L 

MCR 86J 

MCR 86K 

MCR 87K 

MCR 88K 

MCR 88L 

MCR 89K 

MCR 89L 

UNlT 7 

UNlT 7 

UNIT 7 

UNlT 7 

UNlT 7 

UNlT 7 

UNIT 7 

UNIT 7 

UNIT 7 

UNlT 7 

UNIT 7 

UNlT 7 

MCR 800 E 1 490/N 1 530 UNIT 9 1395 0.09 0.12 

MCR 80P E1490M1530 UNIT 9 1395 0.07 0.09 

MCR 80Q E l  490M1530 UNIT 9 1395 0.06 0.09 

MCR 80R E 1 490M 1 530 UNIT 9 1395 0.1 1 0.14 

MCR 81Q E 1480M1525 UNIT 9 1395 0.08 0.1 1 

MCR 81R E 1 480M 1 525 UNIT 9 1395 0.06 0.08 

MCR 810 E 1 480M 1 525 UNIT 9 1395 0.08 0.11 

MCR 81P 

MCR 82Q 

MCR 82R 

MCR 820 

MCR 82P 

MCR 880 

MCR 88P 

MCR 88Q 

UNIT 9 

UNIT 9 

UNIT 9 

UNIT 9 

UNIT 9 

UNlT 9 

UNlT 9 

UNIT 9 

MCR 88R E732/N1410 UNIT 9 1170 0.10 0.14 

MCR 890 E777M1410 UNIT 9 1442 0.08 0.1 1 

MCR 89P E7771N 1 4 1 0 UNIT 9 1442 0.08 0.1 1 

MCR 89Q E777lNI 41 0 UNIT 9 1 442 0.08 0.10 F- 

MCR 89R E777lN1410 UNIT 9 1442 0.09 0.12 



TABLE G-1 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMULATIVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 150°C 

MCR 900 

MCR 90P 

MCR 90Q 

MCR 90R 

MCR 910 

MCR 91 P 

MCR 91Q 

MCR 91R 

UNlT 9 

UNIT 9 

UNIT 9 

UNlT 9 

UNIT 9 

UNlT 9 

UNlT 9 

UNlT 9 

MCR 80s E 1 490M 1 530 UNIT 11 1395 0.98 1.07 

MCR 81s E1480lN1525 UNIT 11 1395 0.23 0.26 

MCR 82s E1480lN1515 LlNlT 11 1395 0.16 0.18 

MCR 89s E777lN1410 UNIT 11 1442 0.76 0.83 
F 

MCR 90s E827/N1410 UNIT 11 1440 0.42 0.48 

MCR 91s E875/N1410 UNIT 11 1438 0.94 1.03 

MCR 80T 

MCR 80U 

MCR 81T 

MCR 81U 

MCR 82T 

MCR 82U 

MCR 89T 

MCR 90T 

MCR 90U 

MCR 91T 

MCR 91U 

UNlT 12 

UNlT 12 

UNlT 12 

UNlT 12 

UNlT 12 

UNlT 12 

UNlT 12 

UNlT 12 

UNlT 12 

UNIT 12 

UNIT 12 

MCR 80V E 1490M 1 530 UNIT 13 1395 0.1 0 0.13 

MCR 81V E1480M1525 UNIT 13 1395 0.05 0.07 

MCR 82V E1480lN1515 UNIT 13 1395 0.21 0.24 - 
MCR 80W E 1 490lN 1 530 UNIT 14 1395 0.31 0.34 



TABLE G-I n 

SUMMARY OF CURRENT MOISTURE CONTENT ANALYSES 
(CONTINUED) 

SAMPLED CUMLllATlVE 
GEOLOGICAL DAYS AFTER PERCENT WEIGHT LOSS AT 

SAMPLE NO. LOCATION UNIT EXCAVATION 95°C 150°C 

MCR 80W E 1 490lN 1 530 UNIT 14 1395 0.31 0.34 

MCR 81W 

MCR 82W 

UNlT 14 

UNlT 14 

MCR 68N 

MCR 69N 

MCR 88N 

MCR 70N 

MCR 71N 

ANHYD "b" 

ANHYD "b" 

ANHYD "b" 

ANHYD "b" 

ANHYD "b" 

MCR 68M 

MCR 69M 

MCR 70M 

MCR 71M 

MCR 80M 

MCR 81M 

MCR 82M 

MCR 89M 

CLAY G 

CLAY G 

CLAY G 

CLAY G 

CLAY G 

CLAY G 

CLAY G 

CLAY G 

MCR 13F 

MCR 51 F 

MCR 54F 

CLAY F 

CLAY F 

CLAY F 

MCR 02D 

MCR 09C 

SOL PIT 

SOL PIT 

MCR 260 

MCR 388 

MCR 50C 

MCR 50D 

MCR 52C 

MCR 56D 

MCR 64C 

MCR 640 

SOL PIT 

SOL PIT 

SOL PIT 

SOL PIT 

SOL PIT 

SOL PIT 

SOL PIT 

SOL PIT 



APPENDIX H 

STRATIGRAPHY, INDUCTION LOGS, 
CONDUCTIVITIES AND MOISTURE CONTENT OF 

SELECTED BOREHOLES AT WiPP 



T A E ~  H-i 

DESCRIPTION OF GENERALIZED STRATIGRAPHY 

APPROXIMATE 
DISTANCE FROM 

CLAY G 
m (ft) STRATIGRAPHIC UNIT DESCRIPTION 

Polyhalitic Halite 
(PH-7) 

Halite (H-9) 

Polyhalitic Halite 
(PH-6) 

Argillaceous Halite 
(AH-4) 

Halite (H-8) 

Polyhalitic Halito 
(PH-5) 

Argillaceous Halite 
(AH-3) 

Clear to moderate reddish orangelbrown, fine to coarsely crystalline, 
<I-3% polyhalite. 

Clear to light moderate reddish orange, medium to coarsev crystalline, 
51% polyhalite. May contain 51 % brown and gray clay. 

Clear to moderate reddish orangebrown, medium to coarsely crystalline, 
<I-3% polyhalite. May contain traces of gray clay andlor scattered 
anhydrite. 

Clear to moderate brown, medium to coarsely crystalline. <1-3O/0 brown ' 

clay. lntercrystalline and discontinuous breaks. In one core hole, consists 
of a one-inch thick clay seam. Unit can vary up to four feet in thickness. 
Contact with lower unit is gradational. 

Clear to moderate reddish orange and moderate brown, coarsely crystalline, 
some medium. F1% brown clay, locally argillaceous (clays M-1 and M-2). 
Scattered anhydrite stringers locally. 

Clear to moderate reddish orange, some moderate brown, coarsely 
crystalline. <I-3% polyhalite. 0-1 % brown and some gray clay. Scattered 
anhydrite locally. Contact with unit below is fairly sharp. 

Clear to moderate brown, medium to coarsely crystalline, some fine. 
<I-5% brown clay. Locally contains 10% clay. lntercrystalline and scattered 
breaks. Locally contains partings and seams. Contact with lower unit Is 
gradational based on increased clay content. Average range of unit is 38.0 
to 42.8 feet above Clay G, but does vary from 33.8 to 46 feet. 



TABLE H-1 

APPROXIMATE 
DISTANCE FROM 

CLAY G 
m (ft) 

DESCRIPTION OF GENERALIZED STRATIGRAPHY 
(CONTINUED) 

STRATIGRAPHIC UNIT DESCRIPTION 

Halite (H-7) 

Halite (H-6) 

Clear to moderate brown, some moderate reddish brown, coarsely 
crystalline, some fine and medium. 51% brown clay; trace gray clay locally. 
Scattered breaks. Locally argillaceous. 51 % polyhalite. Contact with unit 
below is gradational based on clay and polyhalite content. 

Clear to moderate reddish orange, coarsely crystalline. el-3% polyhalite. 
Commonly polyhalitic. Scattered anhydrite stringers with anhydrite layers 
up to one-half Inch thlck locally. Scattered brown clay locally. Contact with 
MB-138 below is sharp. 

Anhydrite (MB-138) Light to medium gray, microcrystalline. Partly laminated. Scattered halite 
growths. Clay seam K found at base of unit. 

Argillaceous Halite 
(AH-2) 

Halite (H-5) 

Argillaceous Halite 
(AH-1) (clay J) 

Halite (map unit 15) 

Clear to moderate brown, some light moderate reddish orange. Medium to - 
coarsely crystalline. 4 - 3 s  brown clay, some gray. Locally up to 5% clay. 
Clay is intercrystalline with scattered breaks and partings present. ~ 1 / 2 ~ / ~  
dispersed polyhalite. Contact with lower unit Is gradational based on clay 
content. Upper contact with clay K is sharp. 

Clear, some light moderate brown, coarsely crystalline. ~112% brown clay. 
Contact with clay J below varies from sharp to gradational depending i f  clay 
J Is a distinct seam or merely an argillaceous zone. 

Usually consists of scattered breaks or argillaceous zone containing 4 - 3 %  
brown clay. In C&SH shaft, it is a one-half inch thick brown clay seam. 

Clear, coarsely crystalline, scattered medium. Up to 1% dispersed polyhalite 
and brown clay. Scattered anhydrite. Lower contact Is sharp with clay I. 



DESCRIPTION OF GENERALIZED STRATIGRAPHY 
(CONTINUED) 

APPROXIMATE 
DISTANCE FROM 

CLAY G 
m ( f l )  STRATIGRAPHIC UNIT DESCRIPTION 

4.82 to 5.09 Halite (map unit 14) 
(1 5.8 to 16.7) 

3.51 to 4.82 Halite (map unit 13) 
(1 1.5 to 15.8) 

Polyhalitic Halite 
(map unit 12) 

Anhydrite 
("aw-map unit 11) 

Halite (map unit 10) 

Halite (map unit 9) 

Clear to grayish orangelpink, coarsely crystalline, some medium. <1/2% 
dispersed polyhalite. Scattered discontinuous gray clay stringers. Clay I is 
along upper contact. Contact with lower unit is diffuse. 

Clear to moderate reddish orange and moderate brown, medium to coarsely 
crystalline, some fine. brown clay, locally up to 3%. Trace of gray 
clay. Scattered discont%uous breaks: <I % dispersed polyhalite and 
polyhalite and polyhalite blebs. Contact with unit below is gradational based 
on clay and polyhalite content. 

Clear to moderate reddish orange, coarsely crystalline. c-3% dispersed 
polyhalite and polyhalite blebs. Scattered anhydrite stringsrs. Contact is 
sharp with unit below. 

Light to medium gray, light brownish gray and sometimes light moderate 
reddish orange. Microcrystalline. Halite growths within. Partly laminated. 
Clear, coarsely crystalline halite layer up to two inches wide, found within 
exposures in waste experimental area. Thin gray clay seam H at base of 
unit. 

Clear to moderate reddish orangelbrown, fine to coarsely crystalline. 5Ioh 
brown andlor gray clay and dispersed polyhalite. Discontinuous clay 
stringers locally. Contact with lower unit is diffuse based on crystal size and 
varying amounts of clay and polyhalite. 

Clear to light moderately reddish orange, coarsely crystalline, some medium. 
0-4% polyhalite. Trace of gray clay locally. Scattered anhydrite stringers. 
Contact with unit below is sharp. 



TABLE H-1 

DESCRIPTION OF GENERALIZED STRATIGRAPHY 
(CONTINUED) 

APPROXIMATE 
DISTANCE FROM 

CLAY G 
m (ft) STRATIGRAPHIC UNIT DESCRIPTION 

Anhydrite 
("W-map unit 8) 

Halite (map unit 7) 

Halite (map unit 6) 

Halite (map unit 5) 

Argillaceous Halite 
(map unit 4) 

Halite (map unit 3) 

Argillaceous Halite 
(map unit 2) 

Halite (map unit 1) 

Light to medium gray, microcrystalline anhydrite. Scattered halite growths. 
Thin gray clay seam G at base of unit. 

Clean to lightlmedium gray, some moderate reddish orangelbrown. Coarsely 
crystalline, some fine and medium. ~ 1 %  brown and gray clay. Locally up 
to 2% clay. ~ 1 %  dispersed polyhalite. Upper contact is sharp with clay G. 
Contact with lower unit is gradational. 

Clear, some moderate reddish orange, coarsely crystalline, some fine to 
medium locally. ~112% gray clay and polyhalite. Contact with lower unit 
gradational andlor diffuse. 

Clear coarsely crystalline. ~112% gray clay. Contact with lower unit usually 
sharp with clay F. 

Clear to moderate brown and moderate reddish brown, coarsely crystalline. 
4 %  polyhalite. c1-5% argillaceous material; predominantly brown, some 
gray, locally. Intercrystalline and discontinuous breaks and partings common 
in upper part of unit. Decreasing argillaceous content downward. Contact 
with lower unit is gradational. 

Clear to moderate reddish orange, coarsely crystalline. < I% dispersed 
polyhalite and polyhalite blebs. Locally polyhalitic. scattered gray clay 
locally. Contact with lower unit is sharp. 

Moderate reddish brown to medium gray, medium to coarsely crystalline. 
<I-3% argillaceous material. Contact with lower unit is usually sharp. 

Light to reddish orange to moderate reddish orange, medium to coarsely 
crystalline. 51% dispersed polyhalite. Contact with lower unit is sharp. 



TAP( H-I 

DESCRIPTION OF GENERALIZED STRATIGRAPHY 
(CONTINUED) 

APPROXIMATE 
DISTANCE FROM 

CLAY G 
rn (ft) STRATIGRAPHIC UNIT DESCRIPTION 

-4.42 to -6.71 Halite (map unit 0) 
(-14.5 to -22.0) 

-6.71 to -7.71 Polyhalitic Halite 
(-22.0 to -25.3) (PH-4) 

-7.71 to -8.60 Anhydrite (MB-139) 
(-25.3 to -28.2) 

Halite (H-4) 

Polyhalitic Halite 
(PH-3) 

Clear to moderate reddish orangelbrown, moderate brown and grayish 
brown. Medium to coarsely crystalline. c1-5% argillaceous material. 
Predominantly brown, some gray, intercrystalline argillaceous material and 
discontinuous breaks and partings. Upper two feet of unlt is argillaceous 
halite decreasing in argillaceous material content downward. 0-<loh 
polyhalite. Contact with lower unit is gradational based on polyhalite 
content. 

Clear to moderate reddish orange. Coarsely crystalline, some medium to 
locally. <I-3% polyhalite. Scattered anhydrite. Scattered gray clay locally. 
Contact with lower unit (MB-139) is sharp, but commonly irregular and 
undulating. Trace of gray locally present along this contact. 

Moderate reddish orange/brown to light and medium gray, microcrystalline 
anhydrite. "Swallow tail" pattern, consisting of halite growths within 
anhydrite, common in upper part of unit. Locally, hairline, clay-filled, low- 
angle fractures found in lower part of unit. Thin halite layer common close 
to lower contact. Clay seam E found at base of unit. Upper contact is 
irregular, undulating and sometimes contains 411 6-inch gray clay. 

Clear to moderate reddish orange, and light gray. Coarsely crystalline, 
some fine and medium. ~ 1 %  polyhalite and Intercrystalline gray clay. 
Contact with lower unit is grdational based on Increased polyhalite content. 

Clear to moderate reddish orange, coarsely crystalline. el-3% polyhalite. 
Contact with lower unit Is usually sharp along clay D. 



TABLE H-1 

DESCRIPTION OF GENERALIZED STRATIGRAPHY 
(CONTINUED) 

APPROXIMATE 
DISTANCE FROM 

CLAY G 
m fft) STRATIGRAPHIC UNIT DESCRIPTION 

Halite (H-3) 

Polyhalitic Halite 
(PH-2) 

Halite (H-2) 

Polyhalitic Halite 
(PH- 1 ) 

Anhydrite ("c") 

Halite (H-1) 

Clear to moderate reddish orange, some light gray. Medium to coarsely 
crystalline. 4% polyhalite and gray clay. Contact with lower unit is 
gradational based on increased polyhalite content. 

Clear to moderate reddish orangelbrown, coarsely crystalline. <I-3% 
polyhalite. Trace of clay locally. Scattered anhydrite locally. Contact with 
lower unit is gradational, based on decreased polyhalite content. 

Clear to moderate reddish orange, medium to coarsely crystalline. 4 %  
dispersed polyhalite. ~ 1 %  brown and/or gray clay. Contact with lower unit 
is gradational and/or diffuse. 

Clear to moderate reddish orange. Coarsely crystalline with some medium 
sometimes present close to lower contact. <I-3% polyhalite. Scattered 
anhydrite especially common close to anhydrite "c." Lower contact is sharp 
with anhydrite "c." I 

Light to medium gray, microcrystalline anhydrite. Scattered halite growths. 
Faintly laminated locally. Clay seam B found at base of unit. 

Clear to medium gray and moderate brown. Medium to coarsely crystalline, 
some fine locally. 51 % polyhalite, locally polyhalitic. <1 -30h clay, both 
brown and gray. Intercrystalline clay with discontinuous breaks and partings. 
Zones of argillaceous halite found within unit. Seams of clay mixed with 
halite crystals present locally. Upper contact of this unit is sharp with 
clay B. 
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NOTES: 

I. DISTANCES ARE MEASURED FROM THE BASE OF ANHYDRITE 'b' C L A Y  GI AND 
ARE AVERAGED FROM REPRESENTATIVE CORE HOLE LOGS. S H A n  AND TEST 
ROOM MAPPING. ACTUAL DISTANCES AND UNII  TtiICKNESS MAY VARY 
LOCALLY FROM TIfOSE SIIOWN. 

2. DESClPllONS OF UNITS ARE W E D  ON CORE HOLE DATA, SHAFT MAPPING 
AND VISUAL INSPECTION OF EXPOSURES IN UNDERGROUND DRlFlS AND ROOMS. 



INDUCTION. LOG DATA ;RAPH'f 
DESCRIPnON 

1 

- 397.53 m HALITE (Map 'Jnit 6) - ~reak at 
398.71 s 

- 396.95 m HALITE (Map Unit 5 )  I 
- 396.79 m ARGiLLACEOUS HALITE (Map Unit 4 )  

- irregular break at 396.85 m 

1 -  396.68 s HALITE (Map Unit 31 

- 396.48 m HALITE - Clear/medium bluish 
gray, coarsely X-tailine, 1: 
gray clay, <is polyhalite 

1 - 395.12 m PRC:LIACEOUS HALITE (Map Unit 2 )  

1 - 394.09 m HALITE (Map Units 1 and 0) 

( - 393.50 n HICIALITIC HALITE (PH-4) 

- 392.72 a ANHYDRITE (HB- 139) - Trace of 
gray clay at 392.72 m (Clay "E" 

1 -  391.80 m HALITE (H-4) 

- 390.51 m POLYHALITIC HALITE (PH-3) - 
Break at 391.44 m 

- 390.22 m Yixrure of aostly anhydrite and 
some polyhalitic haiite ( p a r t  of 
?!I-3) - Discontinuous gray clay 
seam ac 390.72 m (Clay "9" 

- 389.79 ,a HALITE ( H-3) 

- 388.30 rn POLYHALITIC H A L I E  (PH-2) - 
Irregular gray clay break at 
388.30 a 

- 386.90 ;0 HALITE (H-2) 

( .- 385.34 a POL'IYALITIC HALITE (PH- 1 

4DUCTlON LOG, CONDUCTIVITIES, MOISTURE 
:ONTENT, AND STRATIGRAPHY FOR 
OREHOLE A1XO1 



INDUCTION LOG DATA 

. 421.80 m POLXHALITIC HALITE (pH-7) 

420.77 m HALITE (H-9: 

418.94 m HALITE (Corresponds to PH-6) 

. 417.35 m ARGILLACEOUS HALiTE (AH-4) - 
Scattered irregular brow breaks 
and partings; <1/8" very irreg- 
ular gray/brown clay seam at 
418.88 m (Clay "H-2") 

416.47 m HALITE (Part of H-8) 

415.95 m ARGILLACEOUS HALITE (Corresponds 
to part of H-8) - 1 / 4 "  very 
irregular broun clay at 416.44 m 
(Clay "n-1") 

414.82 m HALITE (Part of H-8) 

413.41 m POLYHALITIC HALITE (PH-5) 

413.05 m ARGILLACEOUS HALITE (Part of 
AH-3) - 3/4" broun clay seam at 
413.05 m 

412.11 m HALITE (Corresponds to part of 
AH-3) - Irregular breaks at 
412.29 and 412.63 m 

41 1.68 m POLYHALITIC HALITE (Corresponds 
to part of H-7) 

410.86 m HALITE (Part of H-7) - Break at 
411.53 m, discontinuous argilla- 
ceous zone from 411.07 to 
411.13 m 

409.67 m POLYHALITIC HALITE (Corresponds 
to H-6) 

409.35 m ANHYDRITE (KB-i38) - 1" broun 
clay seam at 409.35 a, wet, 
brine weeping from this unit 
during driiiing (Clay "K") 

408.36 m HALITE (Corresponds to part of 
AH-2 

407.86 m HALITE (Corresponds to part of 
AH-2) 

407.29 m HALITE (H-5) 

,05 1 , , , I , , , , , , I , , 407.08 m ARGILLACEOUS HALITE (AH-1) - 
0 20 40 60 

1/16'' gray clay at 407.29 m, 
low angle (Clay "Jw) 

CONDUCTIV I~  (mS/m) 
406.84 m HALITE (Hap Unit 15) 

405.80 rn HALITE (Hap Unit IU) 

UCTlON LOG, CONDUCTIVITIES, MOISTURE 
NTENT, AND STRATIGRAPHY FOR 
D C u n l  r: A d v n n  



PHY 
INDUCTION LOG DATA 

CQNDUCTIV'P( (mS/m) UCTlON LOG, CONDUCTIVITIES. MOISTURE 
UTENT, AND STRATIGRAPHY FOR 
?EHOLE A2XOI 

DESC.SIPTION 

405 - 
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- 
- 
- 
- 
- 
- 
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400 - - 
- - - 
- 

n - 
E - 
V - 
Z 
0 - - 
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- - 
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- 
- 
- 
- 
- 
, 

0 

-- eo- couut 

3 8 s , l i l ~ ~ , ~ l ~ l l i ~ l  
0 10 20 30 

- 

399.33 m HALiTE (Pap Unit 7) 

398.50 m HAL;TE (Map Unit 6 )  

397.07 a HALlTE (Hap Uni:s 4 and 5) 

396.30 m HALITE (Map Units 2 and 3) 

39U.93 n AALIT (Hap Unit 1) 

393.65 m 3ALiTE: (Hap Unit 0 )  

393.:3 a POLYHALITIC HALITE (pH-u) 

392.27 m MHYDRITE (HE-139) - No clay 
7 noceci at iouer contact - 
- 391.21 a HALITE (H-3) - 
. 389.98 a POLY9AL:TIC HALITE (PH-3) 

- 389.90 m Mixture of anhydrite and halite - (part of ?H-3) - Irregular hard, - dry gray clay s e a  at 389.90 a 
- (Clay "9" 1 
- 
. 389.23 m HALITE (H-3) - 

-. 388.01 m POLYHALITIC HALITE (PH-2) - 
a 386.3: n %ALEE (H-2) - Irregular gray 

break a t  387.89 m 

- . je4.31 3 POLYHALXIC HALITE (pH-:) 

- 



INDUCTION LOG DATA 
?APHY 

DESCRIPTION 

; 419.01 m HALITE (H-9) 

, 418.61 m POLYHALITIC HALIE (PH-6) 

- 416.57 m HALITE (Corresponds to part of 
AH-4) - Scattered discontinuous 
brorn breaks 

415.93 m POLYHALITIC HALITE (Corresponds 
to parc of H-8) - 3/4" discon- 
tinuous anhydrite layer at 
415.99 m 

: 414.65 m HALITE (Part of H-8) - Clay 
parting at 414.97 m, scattered 
broun clay breaics 

- 413.31 m POLYHALITIC HALITE (TU-5) 

: 41 1.78 m ARGILLACEOUS HALIE ! AH-3) - 
1/UW pure clay seam at 413.18 n, 
wet; parting at 412.74 m 

41 1.17 m POLYHALiTIC HALIE (Corresponds 
to part of H-7) 

. 410.53 m HALITE (Part of H-7) 

, 409.25 m HALITE (H-6) 

- 408.99 m A N H Y D R I E  (MB-738) - Up to 1" 
broun clay seam at 408.99 m, wet 
when drilling (Clay "Kn)  

, 408.03 m HALITE (Corresponds to AH-2) - 
Parzing at 408.82 m 

: 407.18 m HALITE (H-5) 

406.63 m HALITE (Corresponds to AH- I ) 

: 405.50 rn HALITE (Hap Unit 15) 

IDUCTION LOG, CONDUCTIVITIES. MOISTURE 
3NTENT, AND STRATIGRAPHY FOR 
3REHOLE A2X02 



INDUCTION LOG DATA 

405 5 
;RAPHY 

DESCRIPTION 

T 1 
397.12 n HALITE (Hap Units 6 and 7) 

j95.90 a ( H ~ D  Units 4 and 5 )  

394.50 a ilALiE (Corresponds :o !4ap Units 
1 ,  2, and 3) 

392.94 n HALITE (Hap Unit 0 )  

i 391.66 ANHYDRITE (MB-:39) - Trace of 
gray clay at 391.66 n (Clay "EN) 

390.87 a HALITE (H-3) 

189.117 m POLYHALITIC HALITE (PH-3) - 
Discontinuous breaks a t  390.z8 a 

189.35 m Yixture of aostly anhydrite and 
some halite (Part of PH-3) 

i 
188.77 HALITE (H-3) 

$7.50 a POLYHALiTIC HALITE (PH-2) 

85.87 m HALITE (H-2) 

84.23 n POLYHALITIC HALITE (PH-1) - 
l i "  lnhydrite at 384.35 n 

;TION LOG, CONDUCTIVITIES, MOISTURE 
ENT, AND STRATIGRAPHY FOR 
4OLE A3X01 



GAAPHY 

INDUCTION LOG DATA OEiCRI PTION 

INDUCTION LOG, CONDUCTIVITIES, MOISTURE 
CONTENT, AND STRATIGRAPHY FOR 
BOREHOLE A3X02 

420 . - - 
- 
- - - - 
- 
- - 

415 - - - - - 
- - - 
- - 

410 - - 
- - - - - 
- - 
- - - 

I 
400-- 

0 20 40 60 
CONDUClYVllY (mS/m) 

I - 418.39 POLYHALITIC HALZTE (PH-6) 

) - 416.41 m HALITE (Corresponds to AH-4) 

I - 415.42 a HALITE (Part of H a )  

! - 415.19 s ARGILLACEOUS HALITE (Corresponds 
to ?art of H-8) - 3/Yw clay/ 
halrte seam at 315.112 m (Chy 
"M-2") 

) - i114.43 m POLYHALITIC FIALiTE (Corresponds 
:o ?arc of H-8) 

3 - 414.16 .n HALITE (Part of H-8) - ?acing 
ac 714.16  n (Clay "?!-Iw) 

5 - 412.33 ZI POLYYALITIC HALITE (PH-5) 

3 - 41 1.96 ARGiLLdCPOUS SALITE (AH-3) - 
i" clay at 412.27 m; clay aiong 
break at 412.01 m 

6 - 409.22 a HALITE (H-7) 

2 - 408.53 a FQLYHALITIC HALilT (Corresponds 
to ii-6) 

3 - 408.37 ANKYDRITE (KE-i38) - I/" bmm 
clay at 308.37 a (Clay "K") 

7 - "7.06 s HALITE (Corresponds to AH-2 

6 - 406.45 m HALITE (H-5) 

5 - 405.90 s HALITE (Corresponds to .W-1) 

0 - 404.80 s HALITE (Kap Unit 15) 

- 



APHY 
INOUCTlON LOG DATA DESCRIPTION, 

lUCTlON LOG, CONDUCTIVITIES, MOISTURE 
NTENT, AND SIRATIGRAPHY FOR 
RMOLE BXO1 

- 

- U00.12m HALITE (Hap Unit 6) 

- 398.59 s HALITE (Hap Units U and 5 )  - 
3reaL at 399.12 m, gray ciay 
along break (Clay "F" ) 

- 398.26 a POLYHALITIC HALITE (Map Unit 3) 

- ' 397.55 n HALIE (Hap Unit 2) 

- 397.115 m HALITE (Map Unit- 1 )  - Irregular 
gray clay parting at 397.35 n 

395.60 n HALITE (Map Onit 0) 

' 394.61 m ?OLYHALITiC HALITE (PH-3) 

- 393.79 a ANHYDRITE (MB-139) - !+ixture of 
anhydrite and polyhalitic halite 
to 394.26 m; 1/4" hard dry gray 

- ciay at 393.79 m (Clay "En) 

-392.77 a HALITE (H-4) 

-391.37 a POLWALITIC HALITE (PH-3) 

391.31 m Discontinuous clay/anhydrite 
(Part of PH-3)  

-390.79 s HALIW (H-3) - Gray clay parting 
at 391.26 a (Clay "Dm) 

- 389.08 a POLYHALITIC HALITE ( PH-2 ) 

-388.06 m HALITE ( H - 2 )  

-386.51 z POLYHALITIC HALITE (PH-I) - 
Scattered annydrite 

- 
30 

405 - 
- 
- 
- 
- 
- 
- - 
- 

400 - - - 
- 
- 
- 

h - 
E - 
v - 
I z - 
I- 395 - 
4 

)w 
- 

3 - 
Id - - - 

- - 
- - 

390 - - - - 
- - - 
- 
- 

385 
0 

CONOUCT~V~P~ (mS/m) 

WRMC4.E COUU 

5, 
10 20 



DESCRIPTION 
INDUCTION LOG DATA 

1 

- 420- 15 3 POLYHALITIC 3ALITF: (PH-6) 

- 418.48 n HALiTE (Corresponds to M-4) - 
Ciay parting at a19.13 m; I" 
hard, dry, brow clay a t  419.76 
m; clay and halite n i x  from 
419.76 to 719.85 s 

- 417.69 a POLYHALITIC 9AL:YE (Corresponds 
to parc of H-8) 

- 417.32 n ARGILLACEOUS ilALi7E (Correspond: 
to part of H-8) 

! - 4 16.83 m P0LVHAL:TIC 3ALITE (Corresponds 
to part of 8-81 

I - 416.22 3AL:TE (Part of H-8) - Sreak at 
a16.50 m 

! - 414.5a 3 POLYHALITIC HALITE (PH-5) 

1 - 413.81 m ARG;LLACZOUS HALITE (AH-3) - 
Hard, dry, brown clay mixed with 
halite X-tals from 414.52 t o  
414.58 m 

I - 413.17 s POLYHALITIC HALITE (Corresponds 
to part of H-7) 

I - 412.23 m HALITE (Part of H-7) - Brown 
parting/seam a t  412.99 m 

3 - 411.48n HALX (Part of H-6) 

3 - 911.12 s POLYHALITIC HALITE (Corresponds 
to parc of H-6) 

2 - 410.96 s MYDRITE (ME-138) - 1" hard 
aray clay seam at 410.96 s 
(CLay "K") 

5 - 409.79 m HALITE (Correwnds to AH-2) - 
Argiliaceous halite in par: from 
410.48 50 410.96 a 

9 - "9.26 n UALITE (H-5) 

4 1 6 - 408.88 s HALITE (Corresponds to AH-; ) - 
1/UU dfscontinuow gray clay at 
408.91 m; parting at 409.17 s 
(Clay " J" 

4 8 - 407.20 m HALiTE ( k p  Unit 15) 

INDUCTION LOG, CONDUCTIVITIES, MOISTURE 
CONTENT, AND STRATIGRAPHY FOR 
BOREHOLE BX 02 



;RAPHY 
INDUCTlON LOG DATA DESCR~PTION 

4DUCTION LOG, CONDUCTIVITIES, MOISTURE 
ONTENT, AND STRATIGRAPHY FOR 
OREHOLE DH-35 

- i - 408.58 m ARGILLACEOUS HALITE (AH-3) - - Seam of clay mixed with W i t e  - X-tals-from 409.89 to 409.96 m - 
- I - 407.52 m HALITE ((H-7) - Irregular break 

at 408.11 - 
- ! - 405.44 m HALITE (H-6) - 
- - 405.66 m ANHYDRITE (KB- 138) - 1/2" hard 

405 - broun clay at 405.66 rn 
(Clay "K" ) - - - 404.44 m ARGILLACEOUS HAL!= (AH-2) - 

- - 403.28 B HALiTE (H-5) 
- - 
- 
- 

- 403.01 m HALITE (Corresponds to AH-1) 

- 401.86 m HALITE (Hap Unit 15) 

- 401.21 m HALITE (Hap Unit 14) - Up to 
3/8" hard brown clay at 401.85 rn 
(Clay "I") 

- 400.02 m HALITE ( h p  Unit 13) 

- 398.75 m WLYHALITIC HALITE (Hap Unit ;2) 

- 398.56 m ANHYDRITE "a" (Map Unit 11) - Up 
to 1/Um hard gray clay at 398.56 
m (Clay "H") 

- 398.22 m HALITE (Hap Unit 10) - Broun 
break at 398.30 m 

- 396.48 m HALiTE ( k p  Unit 9) 

- 396.42 m ANHYDRITE "bn ( h p  Unit 8) - 
Trace of hard gray ciay at 
396.42 n (Clay "C") 

- 395.87 m HALITE (Map Unit 7) 

- 394.53 m HALITE (Hap Unit 6) 

00 

- 
400 - - 

CONDUCllVlTl (m~/rn) 

- 
- 
- 
- - - 
- 
- 

390 

YIR)K)LEtOLUR 

0 10 20 30 40 5t 



iG2APHY 
INDUCTION LOG DATA D E S C R ~ P ~ O N  

5 - 390.72 m HALITE (Rap Unit 0) 

2 - 389.41 rn POLYHALITIC HALITE (PH-4) 

1 - 388.38 m ANHYDRITE (KB- 139) - Gray clay 
up to f n  at 388.38 m (Clay "En) 

8 - 387.19 rn HALITE (H-4) 

375 
0 10 20 30 

CONDUCTIVITY (mS/m) 

9 - 385.97 m POLYHALITIC HALiTE (PH-3) 

7 - 385.88 rn Gray clay u i t h  some anhydrite 
(part of PH-3) - Irregular gray 
seam at  385.88 (Clay "D") 

7 - 384.02 m WLYHALITIC AALITE (pH-2) 

2 - 382.59 m HALITE (H-2) 

3 - 381.37 a WLYHALITIC HALITE (Part of 
PH-1) 

I - 380.91 m HALITE (Cnrresponds to part of 
PH- 1 ) 

1 - 380.73 m AHKYDRITE (AHHYDRITE "c") - 112" 
hard gray clay at  380.73 m 
(Clay "0" ) 

3 - 378.99 m HALITE (Part of H-1) 

Z - 378.53 rn HALITE (Part of H-1 

3 - 377.86 rn HALITE (Par: of H-1 ) 

INDUCTION LOG CONDUCTIVITIES, MOISTURE 
CONTENT, AND STRATIGRAPHY FOR 
BOREHOLE DH-36 



NDUCTION LOG, CONDUCTIVITIES, MOISTURE 
;ONTENT, AND STRATIGRAPHY FOR 
3OREHOLE DH-37 

lNDUCnON LOG DATA 
? APHY 

OESCRlPTlON 

- - - - 
- 
- - 
- 

41S5 

- uO9.85 m ARGILLACEOUS HALIE i AH-3) 

- 409.13 m HALITE ( Par: of H-7) 

- 308.43 m 3AL;TE (Par t  of H-7) 

- 407.55 m HALITE (Par? of H-7) - Irregular 
break at  408. ;6 m 

/9 w 

> - 
W - 
W - 

-- -EAUl 
395 , , , , 

0 1b' ' ' 'iol I ' I;- 

- 406.37 31 HALITE (H-6) 

- 406.16 m ANHYDRIZ (HB-138) - 1" hard 
brow clay at 406.16 m (Clay 
"K" 1 

- 304.65 m ARCILLACZOUS 3ALITE (AH-21 

- 403.52 m HALITE ( H-5) 

- 402.92 s HALITE (Corresponds to AH- i ) 

- 402.03 m XALITE (Map 'Jnit 15) 

- 401.95 m HALITE (.%p 'Jnit 15) - Up to 
1/2" b r d  broun clay a t  301.95 m 
(Clay "1") 

- 400.48 m HALLTE (Map Units 13 and 14) 

- 399.22 m POLVHALITIC HALITE (Hap Unit 12) 

- 399.17 m ANHYDRIZ "a" (Hap Unit 11) - Up 
co 1/8" broun clay ac 399.17 
(Clay "H" ) 

- 398.89 m ~AL:?E (Hap Unit 10) 

- 397.72 m HAL;= (Hap Unit 3)  

- 397.06 a (WHYCRITE "5" ( ~ a p  Unit 8 )  - 
Trace of gray clay a t  3 7 . 0 6  a 
(Clay "G") 

- 396.00 m HALITE ( M p  Unit 7 )  

- 395.35 m HALITE ( h p  t 'nit 6 )  

CONDUCTlVtTY ( m ~ / ~ )  
.P 



?APHY 

INDUCTlON LOG DATA DEscRlPnoN 

IUC11ON LOG, CONDUCTIVITIES, MOISTURE 
INTENT, AND SlRAT#;RAPHY FOR 
)REHOLE DH-38 

, 391.33 m HALITE (Hap Unit 0) 

- 390.02 m POLYHALITIC HALITE (pH-3) - 
- 389.40 m ANHYDRITE (HB-139) - Gray clay - at 389.40 m (Clay "En) - 
388.25 m HALITE (HA) 

' 387.08 rn P0LYYAL:TIC HALITE (PH-3) - - 386.99 m Hixtsre of some anhydrite and - gray clay (part oT PH-3) (Clay 
"D") - 

' 386.55 m HALITE (H-3) - 
- 385.48 m POLYHALITIC HALITE (PH-2) - - Trace of clay at 385.72 m 

- 383.53 m HALITE (H-2) . 

- 38 1.9 1 m POLYHALITIC HALITE (Part of - PH- I ) - - 381.82 m HALITE (Corresponds to part of 
PH- 1 ) - 

- 381.73 m ANHYDRITE ( ANHYDRITE "c" - - 1/4" hard, dry, gray clay at - 381.73 m (Clay "0")  
- 
379.72 m HALITE (Part of H-1) - 
' 379.6 1 m POLYHALITIC HALITE (Corresponds - to part of H-1) - _ 378.84 m HALITE (Part of H-1) 
- - 
- - - 
- - 

395 - - - 
- - - - - 
- 

390 - - - - - - - - - - 
385 - - 

- 
- - - - 
- 
- 
- 

380 - - - - - 
- - 
- - - 

375 
0 

CONDUCTlVITY (mS/m) 

- WllEHOLE COLYR 

, 1 1 1 I , , ~ l t , r i , r , -  

10 20 30 



RAPHY 
INDUCTION LOG DATA DESCRIPTION 

- 409.29 m ARGiLLACEOUS AALITE (M-?)  

) - 407.93 s H A L i E  (H-7 

3 - 406.31 m HALITE (H-6) 

1 - 406.08 ANHYDRIE E: K6-138) - ilp to 
1/4"  brom clay at  406.08 m 
(Clay "5" 

405 3 - 404.53 m ARGILLACEOUS HALITE (AH-2) 

HALITE (H-5) 

HALITE (Corresponds to AH-1) 

HALITE (Hap Unit 15) 

HALITE ( H ~ D  Unit 15) - Irregular 
low-angle broun clay seam ac 
402.52 m (Clay "Iw) 

HALITE (Map Units 13 and 14)  

POLYHALITIC H A L I E  ( h p  Unit ;2) 

ANHYDRIE "aw ( k p  Unit 11) - 
Trace of brown clay at 399.17 m 
(Clay "2") 

HALITE ( H a p  Unit 10) 

3 - 397.18 m HALITE (Hap Unit 9) 

3 - 397.09 m ANHYDRITE "b" (Hap Unit 8) - 
f w  gray clay at 397.09 m 
(Clay "G" 1 

j ( 9  - 396.76 m ZALITE (Hap 3nit 7 )  

YDUCTION LOG, CONDUCTIVITIES, MOISTURE 
:ONTENT, AND STRATIGRAPHY FOR 
OREHOLE DH-41 

- 
- 
- - - 

390 
0 10 20 30 

CONDUCTIVITY (mS/m) 

i l l l , , , l , l I I I I  

6 - 395.87 rn HALITE (Hap Unit 6) 

7 - 394.961~1 HALITE (Hap Unit 5 )  



lGRAPHY 
INDUCTION LOG DATA DESCRIPTION 

5 - 389.72 m POLYHALITIC HALITE (PH-4) I 
2 - 388.86 m ANHYDRITE (I@-139) - Up to f "  

gray clay at 388.86 m (Clay "Ew) I;--- 6 - 387 -52 m HALITE (H-4) - Brom clay at 
388.01 to 387.89 m 

2 - 386.58 m POLYHALITIC HALITE (PH-3) 

8 - 38rr.47 m PCLYHALITIC HALITE (PH-2 a d  
H-3 1 

7 - 383.13 m HALITE (H-2) 

-I 1 3 - 381.76 m POLYHALITIC HALITE (Part of 

INDUCTION L O 4  CONDUCTIVITIES. MOISTURE 
CONTENT, AND SIRATIGRAPHY FOR 
BOREHOLE OH-42 

h - 
E - 
Y - 
Z 
0 - - 
I- 385- 
< - 
3 
A - 
W - - - 

PH- 1 ) 

6 - 381.27 m iUITE ((Cor;espon& to part of 
PH- 1 

7 - 381.06m -RITE (AWYDRITE "c")  - U p  
to 3/4" gray c lay  at 381.06 a 
( C l a y  "Bw) 

6 - 378.74 m HALITE (H-1) - Breaks at 380.60, 
380.50, md 378.74 m 

P - 378.33 m ARGILLACEOUS HALITE (Corresponds 
to part of H-1) - - 

3 - 377.55 m HALITE (Part of H-1) - 
380 - - - - - - - - 

- 
- 

3 7 5 - 7 , 1 1 ,  I t , ,  1 1 1  1 ~ , ~ 1  1 1  

0 10 20 30 4 

CONDUCflVlN (mS/m) 



SRAPHY 
INDUCnON LOG DATA OESCRIPT~ON 

JDU(=TION LOG, CONDUCTIVITIES, MOISTURE 
:ONTENT, AND SlRATK;RAPHY FOR 
IORMOLE OH-42A 

395 - 
- 
- - - - 

- 390.05 m HALiTE ( M ~ D  Unit 0) 

- 389.72 m WLYHALITIC HALI'E (pH&) 

- 388.36 a AHHYDRIZ ( M - 1 3 9 )  - Up to 4"  
gray clay ac 388.86 a i C h y  " 9 " )  - V C O U I I  

- 

- 387.52 n HAL\L;TE (H-7) - Brown clay at 
288.01 to 387.89 a 

- 386.58 WLYHALIZIC HALITE (PH-3) 

- 38k.47 s POLYHALiTIC :#LIE (PH-2 and 
H-3) 

- 383.13 n HALITE (H-2) 

- 381.76 a POL3AL;TIC HALITE (Par t  of 
PH- 1 ) 

- 381.27 3 HALITE (Corresponds to ?art of 
PH-1) 

- 381.06 m MWDRITE (AWHYDRITE " c n )  - Up 

380 - - 
- 
- - - 
- 
- 
- 
- 

375 1 I I I , I I , , r - 1 - r r  

to 3/4" gray clay a t  381 -06 in 
(Clay "3" 1 

- 378.74 m HALITE (H-1) - Breaks a t  380.60, 
380.50, and 378.74 m 

- 378.33 a ARGILLACEOUS HALITE (Corresponds 
t o  part of H-1) 

- 377.55 m HALITE (Part of  H-1) 

0 10 2Q 30 44 
CONDUCTlVllY (rn~/rn) 



APPENDIX I 

FEATURES OBSERVED WlTH VIDEO CAMERA CORRELATED WlTH 

THE LITHOLOGIC DRILL LOG 



TABLE 1-1 

FEATURES OBSERVED WlTH THE VIDEO CAMERA 
CORRELATED WlTH THE LITHOLOGIC DRILL LOG 

Distances are in meters 

HOLE NO. 
Dl RECTION 
LOCATION VlDEOLOG(THISREP0RT) DRILL LOG (FROM GALERANI, 1 985) 

L1 XOO 1.70 Salt buildup starts 1.70 Top of anhydrite ME1 39 
Down 2.00 Looks wet 2.30 Bottom of anhydrite ME139 
Room L1 3.50 End of hole - Salt 3.70 End of hole 

crust extends to bottom 

6x01 2.65 Salt crust begins 2 .S Break in the core 
Down 6.71 Top of anhydrite MB-139 7.09 Top of anhydrite- ME1 39 
Room B 7.92 Bottom of anhydrite MB-139 7.91 Bottom of anhydrite ME139 

12.89 End of survey 15.28 End of hole 

BX02 0.00 
UP 1.34 
Room B 3.87 

4.05 
4.30 

10.64 
/"- 11.22 

Start salt crust 
End salt crust 
Bottom of anhydrite- MB-138 
Top of anhydrite MB-138 
Claylanhydrite - <3 mm 
Claylanhydrite - 4 3  mm 
Salt knobs 

End of survey 

Small gray clay 
Small fracture 
Bottom of anhydrite MB-138 
Gray day - <25 mm 
Top of anhydrite -ME1 38 
Brown clay stringer 
Bottom of anhydrite 
Top of anhydrite 
Brown clay - c25 mm 
End of hole 

A1 XO1 2.16 Small salt knobs 1.69 Break in the core 
Down 6.89 Top of anhydrite -MB-139 3.55 Break in the core 
Room A1 7.01 Bottom of anhydrite 6.90 Top of MB-139 

7.74 Bottom of anhydrite -MB-139 7.68 Bottom of ME139 
Upper contact gradational 9.97 Small clay stringer 

12.86 End of survey 15.1 6 End of hole 

A1 X02 0.46 
UP 3.51 
Room A1 

3.81 
4.02 
4.21 
7.56 

1 0.64 
13.66 

Anhydritelclay - e3 mm 
Bottom of anhydrite - ME138 
-clay seam - e l 9  mm 
Top of anhydrite -ME1 38 
Claylanhydrite - <6 mm 
Claylanhydrite - <2 mm 
Clay squeezing into hole 
Claylanhydrite - <I9 mm 
End of survey 

Clay - e2 mm 
Bottom of anhydrite- MB- 1 38 
Top of anhydrite MEI-138 
Discontinuous clay 

Brown clay - 19 mm 

Brown clay - 6 mm 
End of hole 

AW01 1.60 Salt knobs on west and 
Down northwest sides 
Room A2 2.00 Slat knobs, Appears wet, 2.00 Fracture 

crust not continuous on 
all sides 



TABLE 1-1 

FEATURES OBSERVED WITH 'THE VIDEO CAMERA 
CORRELATED WITH THE LITHOLOGIC DRILL LOG 

(CONTINUED) 

HOLE NO. 
Dl RECTlON 
LOCATION VIDEO LOG (THIS REPORT) DRlU LOG (FROM GALERANI, 1985) 

6.70 Salt crust starts - No abrupt 6.80 Top of anhydrite- MB-139 
end, just fades out by 8.0m 7.60 Bottom of anhydrite MB-139 

13.40 End of survey 15.30 End of hole 

m o 2  0.00 
UP 0.79 
Room A2 1.58 

3.60 

Start salt crust 
Clay/anhydrite - <2 mm 
End salt crust 
Bottom of anhydrite- MB-138 3.49 Bottom of anhydrite MB-138 
- Clay at contact 
Top of anhydrite - MB-138 3.75 Top of anhydrite- ME1 38 
Clay/anhydrite - <10 mm 
Clay/anhydrite - <6 mm 
Clay squeezing into hole 7.68 Gray clay - 6 mm 
Claylanhydrite - <3 mm 10.49 Anhydrite - 19 mm 
End of survey 16.08 End of hole n 

A3X01 2.38 Salt knobslcrust 
Down 6.1 0 Top of anhydrite- MB-139- 
Room A3 Bottom gradational 

6.80 Top of anhydrite 6.64 Top of anhydrite- MB-139 
7.53 Bottom of anhydrite- MB-139 7.44 Bottom of anhydrite ME1 39 

-gradational 
12.28 End of survey 15.36 End of hole 

A3X02 0.00 Start salt crust 0.00- 
UP 0.30 Anhydrite - <3 mm 1.10 
Room A3 0.52 End salt crust 

3.54 Bottom of anhydrite ME138 3 . U  
3.69 Top of anhydrite- MB-138 3.73 
3.99 Anhydrite < I0  mm 7.21 

7.47 
10.62 

13.75 End of survey 15.47 

DH-15 0.00 Slat crust starts 
UP 0.49 Salt crust ends 
Room D 0.79 Visible fracture 

2.80 Offset at Clay I-small anhy- 
drite just above the offset 

3.08 Claylanhydrite - e l 3  mm 
5.82 Clay K squeezing into the 

hole on all sides- Bottom 
of anhydrite MB-139 

5.94 Top of anhydrite MB-138 

Scattered anhydrite 
Stringers 

Elottom of anhydrite ME138 
Top of anhydrite ME1 38 
Clay - <2 mm 
Brown clay - 13 mm 
Clay - 19 mm 
End of hole 

2.77 Clay - 3 mm 
2.79 Anhydrite - 25 mm 

5.97 Clay - 13 mm 

6.36 Clay layer - Bottom of 



TABLE 1-1 

FEATURES OBSERVED WlTH THE VIDEO CAMERA 
CORRELATED WlTH THE LITHOLOGIC DRILL LOG 

(CONTINUED) 

HOLE NO. 
DIREC1'ION 
LOCATION VIDEO LOG (THIS REPORT) DRILL LOG (FROM GALERANI, 1985) 

DH-35 0.00 
UP 0.21 
Room G i .n 

1.98 
2.16 

DH-36 2.13 
Down 3.05 
Room G 

Anhydritelclay - <I3 mm 
Anhydritelclay - <3 mm 
Clay L squeezing into the hole 
Light orange band- anhydrite 
(?) - <25 mm 
End of survey 

Begin salt crust 
End salt crust 
Begin salt crust 
End salt crust 
Bottom on anhydrite "b" 
definitely wet 
Top of anhydrite "b" 
Anhydrite - <2 mm 
Anhydrite - 2 mm - 3 mm 
Anhydrite - <3 mm 
Anhydrite - <3 mm 
Anhydritelclay - <2 mm 
Anhydritelclay - <3 mm 
Begin salt crust 
End salt crust- bottom of 
anhydrite "a" 
Top of anhydrite "a" 
Anhydrite - <I3 mm 
Anhydrite - <25 mm 
Begin salt crust 
End salt crust 
Anhydritelclay 1- <50 mm 
Anhydrite- <3 mm 
Anhydrite- <6 mm 
Bottom of anhydrite- MB-138 
Top of anhydrite- MB-138 
Anhydritelclay - <I3 mm 
Anhydritelclay- <I3 mm 
End of survey 

Top of anhydrite- MB-139 
Bottom of anhydrite MB-139 

Top of anhydrite "cn- visible 
fracture at top of unit- 
<3 mm wide and 50 mm long 

anhydrite- ME138 
6.51 Top of anhydrite ME1 38 

1 1.35 Anhydrite - 25 mm 

15.54 End of hole 

1.89 Bottom of anhydrite "b" 

1.95 Top of anhydrite "b" 

1.95- Anhydrite stringers 

4.02 Bottom of anhydrite "a" 

4.22 Top of anhydrite "an 

7.32 Clay layer- < 10 mm 

11.13 Bottom of anhydrite MB-138 
1 1.31 Top of anhydrite- MB-138 

15.39 Clay layer - <50 mm 
15.85 End of hole 

2.13 Top of anhydrite ME1 39 
3.17 Bottom of anhydrite ME139 
5.58 Top claylanhydrite 
5.67 Bottom claylanhydrite 

10.64 Top of anhydrite "c" 



TABLE 1-1 m, 

FEATURES OBSERVED WITH THE VIDEO CAMERA 
CORRELATED WITH THE LITHOLOGIC DRILL LOG 

(CONTINUED) 

HOLE NO. 
DIRECTION 
LOCATION VIDEO LOG (THIS REPORT) DRILL LOG (FROM GALERANI, 1985) 

9.94 Bottom of anhydrite "c" 10.82 Bottom of anhydrite "cw 
12.34 End of survey 15.70 End of hole 

DH-37 
UP 
Room G 

Bottom of salt crust 
Top of salt 
Salt knobs 
Bonom of anhydrite "b" 
Top of anhydrite "b" 
Clay - c 2 mm 
Clay - <3 mm 
Clay - <3 mm 
2 clay layers <25 mm apart 
both <2 mm thick 
Clay layer - <2 mm 
Bottom of anhydrite "a" 
Top of anhydrite "a" 
Bottom of anhydrite bed 
Top of anhydrite bed 
Anhydrite - <25 mm 
Clay - <6 mm 
Bottom of salt crust 
Top of salt must 
Bottom of anhydrite MB-138 
Top of anhydrite ME1 38 
Anhydritelclay - <3 mm 
Anhydritelclay - <3 mm 
Clay - <2 mm 
Clay - <2 mm 
Anhydritelclay - <2 mm 
End of survey 

1.62 Bottom of anhydrite "b" 
1.68 Top of anhydrite "b" 

1.68- Scattered white anhydrite 
3.44 stringers 

3.72 Bottom of anhydrite "a" 
3.87 Top of anhydrite "a" 

6.51 Clay - c13 mm 

10.71 Bottom of anhydrite- MB-138 
10.93 Top of anhydrite - MB 138 

10.93- Scattered white anhydrite 
12.10 with anhydrite stringers 

15.70 End of hole 

DH-38 2.30 Top of anhydrite ME139 
Down 2.90 Bottom of anhydrite- ME1 39 
Room G 10.48 Top of anhydrite kc" 10.45 Top of anhydrite "c" 

10.55 Bottom of anhydrite "c" 10.55 Bottom of anhydrite "c" 
13.40 End of survey 14.48 End of hole 

DH-39 0.67 Salt knobs 
UP 0.98 Start of salt crust 
Room G 1.25 End of salt crust 

2.10 Bottom on anhydrite "b" 2.01 Bottom of anhydnte "b" 
2.1 6 Top of anhydrite "b" 2.07 Top of anhydrite "b" 
2.65 Clay - <3 mm 
2.93 Clay - <3 mm 



TABLE 1-1 

FEATURES OBSERVED WlTH THE VIDEO CAMERA 
CORRELATED WITH THE LITHOLOGIC DRILL LOG 

(CONTINUED) 

HOLE NO. 
DIRECTION 
LOCATION VIDEO LOG (THIS REPORT) DRILL LOG (FROM GALLERANI, 1985) 

4.24 Bottom of anhydrite "a" 
4.31 Top of anhydrite "a" 
4.82 Anhydrite - <3 mm 

Clay - <2 mm 
Clay - <2 mm 
Bottom of anhydrite "a" 
Top of anhydrite "a" 
Anhydritelclay - <25 mm 
Anhydritelclay - <25 mm 
Clay c2 mm 
Bottom of anhydritelclay I 
Top of anhydritelclay I 
Clay - <3 mm 
Clay - <3 mm 
2 clay layers <25 mm apart 7.65 Clay - <6 mmbottom of 
both <6 mm thick an hydrite 
Bottom possible salt crust 7.67 Top of anhydrite 
Top of possible salt crust 
Bottom on anhydrite- Mf3-138 10.94 Bottom of anhydrite- MB-138 
clay K squeezing into hole 
Top of anhydrite- MB-138 11.13 Top of anhydrite MB-138 
Clay anhydrite - c25 mm 
Claylanhydrite - 50 mm 
End of survey 15.45 End of hole 

DH-40 1.90 Small salt knobs 
Down 2.70 Salt crust begins 2.10 Top of anhydrite- ME1 39 
Room G 3.10 End of salt crust 

3.30 Begin salt crust 3.30 Bottom of anhydrite- MB-139 
3.70 End salt crust 
4.30 Salt knobs 

10.40 Top of anhydrite "c" 10.70 Top of anhydrite "c" 
10.50 Bottom of anhydrite "c" 10.80 Bottom of anhydrite "c" 
13.40 End of survey 15.54 End of hole 

DH-41 0.34 
UP 0.94 
Room G 2.16 

2.59 
4.05 
4.24 
4.57 
4.63 
7.16 
7.80 

,9 11.22 
1 1.37 

Bottom of salt crust 
Top of salt crust 
Bottom of anhydrite "b" 
Top of anhydrite "b" 
Bottom of anhydrite "a" 
Top of anhydrite "a" 
Bottom of anhydrite 
Top of anhydrite 
Anhydritelclay (?) 
Clay Ilanhydrite - c2 mm 
Bottom of anhydrite MB-138 
Top of anhydrite 

Bottom of anhydrite "b" 
Top of anhydrite "b" 
Bottom of anhydrite "a" 

4.39 Top of anhydrite "a" 

7.56 Clay - <6 mm, Bottom of 
an hydrite 

7.62 Top of anhydrite- MB-138 
1 1.1 3 Bottom of anhydrite 



TABLE 1-1 

FEATURES OBSERVED WITH THE VIDEO CAMERA 
CORRELATED WITH THE LITHOLOGIC DRILL LOG 

(CONTINUED) 

HOLE NO. 
DIRECTION 
LOCATION VIDEO LOG (THIS REPORT) DRILL LOG (FROM GALERANI, 1985) 

1 1.58 Claylanhydrite - 25 mm 
1 1.77 Claylanhydrite - 25 mm 
14.20 End of survey 14.93 End of hole 

D H-42 2.70 Solid salt crust starts 2.20 Top of anhydrite- ME1 39 
Down 3.00 Solid salt crust ends 3.10 Bottom of anhydrite- ME139 
Room G 10.70 Top of anhydrite "c" 8.60- Unable to log - see log 

10.80 Bottom of anhydrite "cw 12.10 for DH-42A 
11.30 End of survey 15.60 End of hole 

DH-42A 
Down 
Room G 

DHP-401 
UP 
Panel 1 

DHP-402A 
Down 
Panel 1 

0.90 Small salt crust ends by 
l.1m 

2.40 Salt crust starts 
2.70 Salt crust ends 

11.90 End of Survey 

Bottom of anhydrite "b" 
Top of anhydrite "b" 
Bottom of anhydrite "a" 
Top of anhydrite "a" 
Claylanhydrite - <2 mm 
Claylanhydrite - <25 mm 
Clay - <2 mm 
Clay/anhydrite - <I3 mm 
Bonom of anhydrite- MB-138 
clay squeezing into hole at 
contact 
Top of anhydrite- ME1 38 
Claylanhydrite - <3 mm 
Claylanhydrite - <51 mm 
Claylanhydrite - <6 mm 
End of survey 

1.13 Topof anhydrite- ME139 
1.80 Fracture in MB-139- <I3 mm 
1.89 Bottom of anhydrite- MB-139 

8.53 End of survey 

0.00- Not logged - see log for DH-42 
6.60 

10.70 Top of Anhydrite "c" 
10.90 Bottom of Anhydrite "c" 
12.34 End of hole 

2.53 Bottom of anhydrite "b" 
2.65 Top of anhydrite "bw 
4.39 Bottom of anhydrite "a" 
4.60 Top of anhydrite "a" 
4.75 Anhydrite - 13 mm 

1 1.37 Bottom of anhydrite- MB-138 

1 1.64 Top of anhydrite- MB-138 

15.03 End of hole 

1.37 TOP of - MB-139 
1.83 Top of anhydrite 
2.1 3 Bottom of anhydrite MB-139 
4.54 Clay - 27 mm 
9.45 Polyhalite - <27 mm 
9.63 Top of anhydrite "c" 
9.69 Bottom of anhydrite "c" 

15.21 End of hole 
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P APPENDIX J: 

MATHEMATICAL FORMULATION OF THE COUPLED 
SALT-CREEPIBRINE FLOW PHENOMENA 

This appendix provides background information on mathematical formulations, solution 

methods, and verification results to support the brine modeling work. Sections J.1 through J.6 

present the comprehensive formulations for rock deformation and brine flow. This background 

information supports Section 5.3 in the text. To describe the flow system, three equations are 

required: conservation of mass, conservation of momentum, and conservation of energy. The 

governing equations derived in Sections J.l through J.3 are the mass conservation equations. 

The general time dependent relations for rock salt are discussed in Section J.4. Section J.5 

discusses heat transfer equations. Section J.6 discusses proposed solution methods. To 

assist the reader in interpreting these relations, Table J-1 presents the nomenclature used in 

this appendix and Chapter 5.0. 

Section J.7 provides background information for the implementation of a preliminary analysis - by utilizing modifications to two existing codes that model rock mechanics and fluid flow. 

These modifications provide an initial estimate of the effects of salt deformation on the flow of 

brine to a 1.8-meter-radius shaft at a depth of 655 meters, as described in Sections 5.4 

through 5.1 1 of the text. 

J.l SINGLE PHASE FLOW THROUGH DEFORMABLE ROCKS 

Considering a control volume saturated with a fluid, the continuity equation (derived from 

Freeze and Cherry, 1979) may be written as: 

where 

p, = fluid density, 
u, = fluid flux rate in the "in direction, 
8 = rock porosity, and 
t = time. 



TABLE J-1 
NOMENCLATURE 

Constant 

Activation Energy 

V, at reservoir condition - - P, at standard condition 
V, at standard condition P, at reservoir condition 

Fluid compressibility 

Shear strength constants 

-Viscous constants 

Effective solubility of salt in water 

Effective diffusivity of salt in brine 

Heat dispensivity of fluid or Young's modulus [MILT21 

Young's moduli 

Body force 

Shear modulus 

Shear moduli 

Step function = 0 when ~ ~ 5 . 5 ,  

- - 1 when .r,>z, 

Heat generation rate 

Conductive heat flux of fluid per unit area 

Conductive heat flux of rock per unit area 

Molecular weight of gas 

Pressure 

Air pressure 

Brine pressure 

Capillary pressure 

Farfield hydrostatic stress 

Initial pressure 

Constant pumping rate 

Source term 

Activation energy 



TABLE J-1 
NOMENCLATURE 

(continued) 

Fluid mass source 

Universal gas constant 

Air saturation 

Brine saturation 

Storage coefficient 

Saturation ratio of phase 1 

Water saturation 

Temperature 

Fluid tramsmissivity 

Initial temperature 

Air temperature 

Brine temperature 

Rock temperature 

Internal energy of fluid per unit mass 

Internal energy of rock per unit mass 

Viscous factor 

Volume of phase 1 

Volume of brine 

Viscous factors 

Volume of rock element 

Volume of solids in rock element 

Void volume of rock element 

Well function 

Compressibility factor 

Area fraction of grain boundaries that is dry or radius of circular opening 
or gas phase identifier 

Brine phase identifier 

Boltzmann's constant 

Grain size 

Gravitational constant 



TABLE J-1 
NOMENCLATURE 

(continued) 

Specific heat capacity 

Rock permeability 

Relative permeability 

Stress exponent 

Initial state 

Fluid production (or injection) 

Rock phase identifier or radius 

Drawdown 

Time 

Thermal identifier 

Displacement matrix or fluid flow data 

Fluid flux rate in the "in direction 

Relative radial displacement 

Average fluid velocity vector 

Velocity of fluid with respect to a fixed coordinate 

Velocity bf a moving coordinate system 

Viscoelastic identifier 

Viscoelastic identifier 

Direction identifier 

Direction identifier 

Elevation from reference plane 

Phase t 

Change in temperature 

Fluid potential = P + pgz 

Atomic volume of salt 
Compressibility of porous matrix or thermal expansion coefficient 

Brine thermal expansion coefficient 

Volumetric thermal expansion coefficient 

Shear strain 

Octahedral shear strain 



TABLE J-1 
NOMENCLATURE 

(continued) 

Engineering shear strain 

Strain 

Dilational strain 

Diffusional creep rate 

Strain coefficient in the radial direction 

Strain in the x direction 

Strain in the y direction 

Principal strains 

Heat transfer coefficient 
Rock porosity 
k n 

or coefficient of heat conduction 
CLlBl 
Fluid viscosity 
Air viscosity 

Brine viscosity 

Fluid viscosity 

Velocity 

Density 
Brine density 

Fluid density 

Gas density 

Density at T=T, and P=P, 

Initial density at T=constant temperature and P=P, 

Stress 
Farfield hydrostatic stress 

Normal stress 

Mean stress = 113 (a, + oy + a*) 
Radial stress 

Normal stress 

Normal stress 

Normal stress 



TABLE J-1 
NOMENCLATURE 

(concluded) 

= Tangential stress 

- - Shear stress 
- - Reference shear stress 

- - Octahedral shear stress 

- - Shear strength 

- - Poisson's ratio 
- - Del operator 



,-Note that tensor notations are adopted in Equation (J.l). 

D (p, B)/D t is called the material derivative that accounts for the motion of the reference 

coordinate, and 

where 

v, = velocity of moving coordinate (rock element). 

To express u, intterms of pressure, Darcy's Law is introduced. 

where 

r-. $ = fluid potential = P + p, gz, 
k,, = component of intrinsic permeability tensor for rock, 
p = fluid viscosity, 
g = gravitational constant, 
z = elevation above reference plane, and 
P = fluid piessure. 

The assumptions behind this law are: 

Hydraulic gradient is the driving force for fluid flow. 
Fluid acceleration is negligible. 
Both the fluid and the flow media are homogeneous. 



Darcy's Law is assumed to apply at the very low fluid velocities encountered in salt. For n 
slightly compressible materials, the variation of density as a function of confining pressure 

under isothermal conditions (Bear, 1972) is: 

where 

C, = compressibility, 

p: = initial density at T = constant temperature and P = Po, and 
Po = initial pressure. 

Thermal expansion under isobaric conditions (Bear, 1972) is given by: 

n 
where 

p = volumetric thermal expansion coefficient, 
T = temperature, 

To = initial temperature, and 
po = density at T = To and P = Po. 

Both P and C are functions of confining pressure and temperature. Both are assumed to be 

constant in this study for simplification. A literature review did not find any state relationship 

for liquids and White (1986) indicates that he does not know of a "perfect-liquid laww 

comparable to that for gases. Therefore, to consider changes in density as pressure and 

temperature are varied simultaneously, based on Equations J.4 and J.5, the following 

relationship is proposed: 



- Knowing 

a~ f - ? C , p ,  and JP I 
I -  

P, P 
ap aT 1 + - To) ' 

the partial differential of p, with respect to any arbitrary variable can be defined as: 

Changes in rock porosity are generally expressed as a function of total stress, pore pressure, 

and temperature. (Detailed expansions of ae/at and 0,i are shown in the following sections 

rather than here because of the complexity involved in rock stress-strai n constitutive 

relationships.) These Wo terms are left intact throughout this appendix. 

P 

Fluid viscosity is a function of pressure, temperature, and brine concentration. Among these 

factors, brine concentration and temperature have much more influence on fluid viscosity than 

pressure has. If the concentration of the saturated brine remains constant, it is assumed that: 

and 



Combining Equations (J.2) through (J.8), yields: /a; 

Note that + = P + pgz, therefore: 

$,I = P,I + P,,gz + Pgz,~ (J.lO) 

and 

O.II = p,ll + P,)lgz + P,lgz,, + P,lgZ,j + PgZ,jl 

n 
As variations in p, and z are much smaller than pressure variations, p,,, and z,, are both 

negligible. Thus: 



-Substituting Equations (J.lO) and (J.ll) into Equation (J.9), the governing equation for single- 

phase fluid flow through a heterogeneous, nonisothermal, and compressible porous media is: 

(J. 1 2) 
Pt Cr, z.i + T.1 Z,Jl 

+ - [P,JI + g Ct PI (",I z,, + P,jz,I) -  PI 
+ Pf (T - To)1 CL 

J.2 TWO-PHASE FLUID FLOW THROUGH DEFORMABLE ROCKS 

A typical set of two-phase flow equations (Aziz and Settari, 1979) is: 

(J. 1 3) 

(J. 1 4) 

(J. 1 5) 

(J.16) 



where p, 

S, = air saturation, 
S, = brine saturation, 

k* h, = --. k,, fix for either air or brine, 
~ 1 B l  

k, = relative permeability of phase 1 as a function of S,, 

"1 S, = saturation ratio of phase 1 =-, 
V" 

Vl reservoir pl at standard condition 
6, = = 

Vl at standard condition p, of reservoir fluid 

q, = fluid production rate (or injection) of phase 1, 
PC = capillary pressure, 
V, = volume of phase 1 in a fixed volume rock element, 
V,, = void volume of a rock element, 
V, = volume of a rock element, 
p, = gas density 1.25 kglm3 at 15OC and 1 atm (for nitrogen), and 
p, = brine density 1,200 kg/m3 at 15°C and 1 atm. 

ra. 
The equation of state for the gas is: 

Pa ZRT 
- = -  
p a  Ma 

where 

Pa = air pressure 
Z = compressibility factor 
R = universal gas constant 
Ma = molecular weight of gas. 

Taking a derivative of gas density and utilizing Equation (J.17) produces: 

(J. 1 8) 



-The fluid potential is defined previously. When density is small, as for air, the equation used 

4, = P a  + Pa9Z- Pa (J. 1 9) 

In flow problems with solution gas, free gas is released from the liquid phase when pressure 

is reduced. (Isothermal conditions are assumed for contact handled transuranic (CH-TRU) 

waste environments.) Mobilized gas may occupy space in rock pores, keeping pore pressure 

higher than expected. To account for this effect, it is proposed to approximate gas solubility 

data explicitly and estimate the amount of exsolved gas as a function of pressure and the 

pressure history.' The term q,, is used to quantify the rate of gas exsolution. However, no 

liquid production or injection is expected in nuclear repository environments and consequentty 

q , is zero. Combining Equations (J.6), (J.7), (J.8), and (J.13) through (J.19). the flow 

equation for the brine is obtained: 



where subscript b stands for brine. The flow equation of gas is: .- 

In deriving these equations, it is assumed that gas temperature, brine temperature, and rock 

temperature are all equal at any given point in the rock. 

Local thermal equilibrium is assumed. The governing equations for two-phase fluid flow 

through porous media are Equations (J.15), (J.16), (J.20), and (J.21). 

J.3 SIMPLIFICATIONS OF THE GOVERNING EQUATIONS 

At the Waste Isolation Pilot Plant (WIPP) site, it is assumed that (CH-TRU) nuclear wastes 

(rather than RH wastes) will be stored underground. The heat that may be generated by the 

nuclear waste may then be ignored and the temperature is assumed to be constant. 

Thus,. Equation (J.12) is simplified as: 

Further simplification can be made to other relationships by eliminating the temperature terms. m 



,-' J.4 TIME-DEPENDENT DEFORMATION OF ROCK SALT AROUND EXCAVATION 
ROOMS 

Rock'salt is a rheologic material. Deformation of rock salt around underground excavations is 

dependent on time, stress, and temperature. Part of the roof-floor convergence of the 

excavations at the WlPP can be attributed to fracture development. Induced fractures in the 

vicinity of excavated rooms complicate the stress-deformation analysis. Deformation of 

fractured salt is attributed to the propagation of fractures as well as the plastic flow of salt 

grains. Unfortunately, it is nearly impossible to predict the initiation and propagation of 

fractures in the field. As a simplification, salt is analyzed as a continuum that follows the 

stress equilibrium states and displacement continuity conditions. This approach tends to 

underestimate the induced porosity of salt in the fractured zone and overestimates the same 

porosity away from the fractured zone. 

Three sets of equations describe the deformation process: the equations of equilibrium, the 

displacement-compatibility equations, and the stress-strain constitutive equations. The effects 

of time and temperature on salt deformation will be discussed in detail when the stress-strain 

P equations are derived. 

J.4.1 The Equations of Equilibrium and Displacement Compatibility 

The equation of equilibrium states that in the absence of external forces and in the case of 

very slow deformation, such as creep in salt, the equation of equilibrium can be stated as: 

where q is the stress tensor and Fj is the body force (which acts only in the z direction for 

this study). 



P'- 
The equation of displacement compatibility (Fung, 1965) is: 

For two-dimensional problems (x, y plane), Equation (J.25) reduces to: 

where 

E,,,,, = strain in tensor notation, 
ex = strain in the x direction, 
E~ = strain in the y direction, 

Y x  Y 
= engineering shear strain. 

J.4.2 Constitutive Equations for Deformation of Salt 

Typical room convergence curves are illustrated in Figure J-I. In the figure, the room first iA. 

shows a relatively rapid initial displacement, followed by transient movements as displacement 

rates decrease until the rates become constant. Thus it is assumed that: 

total - - elastic + viscoelastic + viscoplastic 
strain strain strain strain 

and 

total elastic viscoelastic viscoplastic 
strain - - strain + strain + strain 
rate rate rate rate 

The viscoplastic strain is used here to approximate the steady-state creep of salt and the 

viscoelastic strain is used to model the transient creep. There are many constitutive 

relationships proposed for modeling the creep of salt; this model was chosen for its simplicity 

and reasonable accuracy. Modification of this model may be required. 

Figure J-2 illustrates the model. 
n 



ELAPSED DAYS SINCE EXCAVATION AT INSTRUMENT LDCATION 

FIGURE J-1 TYPICAL ROOM CLOSURE MEASURED RATES 
(MODIFIED FROM BETCHEL NATIONAL. INC., 1986) . 



DILATATIONAL MODEL 

ELASTIC NORMAL VISCOELASTIC NORMAL 
STRAIN STRAIN 

DISTORTIONAL MODEL 

ELASTIC SHEAR VISCOELASTIC VISCOPLASTIC 
STRAIN . SHEAR STRAIN SHEAR STRAIN 

where 

E2 = Young's moduli 

G 1 '  =2 = Shear moduli 
V2, V3, Vp = Viscous fac tors  
f s = Shear s trength of rock = C,om + C2 

i = Normal s t r e s ses  
T = Shear s t r e s s  

' m = Octahedral normal s t r e s s  = 1/3 ( o x  + a + a , )  Y 

FIGURE J-2 PROPOSED CONSTITUTIVE MODELS FOR DEFORMATION OF ROCK SALT 
(MODlFIED F R O M  SERATA AND OTHERS, 7 9 8 5 )  

n, 



- The models are mathematically expressed as (modified from Serata and others, 1985): 

where 

E,, E2 = Young's modulus, 
Gl,G2 = shear modulus, 

V2 , V, , V, = viscous factor, 
T, = shear strength of rock = C,a, + C2, 

am = mean stress = 113 (a, +a, + a,), 
C,, C2 = shear strength constants, 

zo = octahedral shear stress, 
t = time, 

yo = octahedral strain, 
E, = dilational strain, and 
V, = viscous factor of viscoplasticity. 

The strain rates are: 

where 



Equations (J.27) through (J.30) are generalized constitutive equations and can be modified for 
-, 

all stress and strain components. 

J.4.3 Thermal Effects on Deformation of Salt 

The steady-state creep of salt has previously been expressed (Hemnan and others, 1980) as: 

where 

A = a constant, 
7, = a constant for normalizing shear stress, 
n = stress exponent, 
Q = activation energy, 
R = universal gas constant, 

' T = temperature, and 
j: = viscoplastic shear strain rate. 

An examination of Equation (J.31) suggests the following modifications for the viscoelastic 

strains: 

where 

C,, C, = constants 

ernVB = equivalent "viscoelastic" strain, and 

y," = equivalent "viscoelastic" shear strain. 



-Heat will accelerate the deformation of salt in Equations (J.32) and (J.33). Because heat also 

causes instantaneous volumetric changes in rocks, it is further assumed that thermal 

deformation is elastic and' has only dilatational effects: 

where 

a = thermal expansion coefficient, 
ernTH = thermal dilational strain, and 

y p  = thermal shear strain. 

Combining the above equations, it can be shown that: 

0, E2 dm = dmO + - exp (-- t ) 
"2 C3T 

for 2, > 7,: 

for 7, 5 7,: 

These are the complete stress-strain-temperature constitutive equations. 



J.4.4 Effects of Moisture on Rock Deformation 

Water or brine is known to have a weakening effect on rock salt (Spiers and others, 1986). 

Water-salt interactions may fall into the following categories: 

Interaction between brine and crack surfaces. . lntracrystalline effects. 
Interaction between brine and grain boundaries. 

Fluids in solids reduce the internal frictional coefficient of solids. As a result, a wet creeping 

material, such as salt in a mine, may have a higher creep rate under deviatoric stresses than 

dry salts. Very little experimental work has been done on either the interaction between brine 

and crack surfaces or intracrystalline effects, but theories exist for predicting the effects of 

water or brine between grain boundaries. A typical equation to describe the fluid-assisted 

diffusional.creep (Spiers and others, 1986) is: 

where 

d, = diffusional creep rate, 
A' = a constant, 
C, = effective solubility of salt in water, 
D, = effective diffusivity of salt in brine, 
R = atomic volume of salt, 
a = area fraction that is dry of grain boundaries, 
d = grain size, 
o = stress, 

b, = Boltzmann's constant, and 
T = temperature. 

Among these parameters, A', C,, DE, Q, d, and b 0  are properties of the material and may be 

viewed as constants for a specific rock. The ratio (1 - a) / a is a function of saturation. The 

modification of Equations (J.37) and (J.38) through the application of Equation (J.39) presents n 

a problem, because of the ratio (1 - a) / a. Comparing the case in which the area of grain 



P'.boundaries is covered completely by brine to the case which grain boundaries are completely 

dry, (1 - a) / a changes from infinity to zero. Thus, according to Equation (J.39), the 

diffusional creep rate 8, should also vary from infinity to zero, which is not reasonable. It is 

thus proposed that: 

E. = (as, + b) d,, 
? = (as, + b)?,, 

where 

a,b = constants and 
S, = saturation of brine in salt. 

The modified stress-strain constitutive equations are thus: 

for To 1 7 ,  : 

and for 7, > 7, : 

J.5 HEAT TRANSFER THROUGH THE SYSTEM 

Unsaturated brine flow involves three different materials: salt, brine, and gas. Heat generated .* 

from nuclear wastes may propagate out via conduction through rocks and convection through 

brine and air. By assuming that heat transfer through radiation and convection through air is 

negligible, the energy balance equation is obtained as: 



energy energy 
change of change change changes in energy 
energy caused by caused by strain exchange internal 
per unit = heat + heat + energy + between + heat 
mass conduction convection of rock brine and generation 

through through rock 
rocks brine 

Mathematically expressed, the energy balance equation for the rock is: 

where 

r = rock, 
U, = intemal energy of rock per unit mass = h,T,, 
h = specific heat capacity, 
J, = conductive heat flux of rock per unit area = -(hr,,Tr)mj 
C, = heat transfer coefficient, 

h,,, = coefficient of heat conduction of rock, and 
v'i = velocity of the rock element with respect to a fixed coordinate. 

The energy balance equation for the brine is: 

- (FjTd,p + (4~b)s + 5b (Tr -Tb) + 1, (Jaw 
Dt 

where 

U, = intemal energy'of fluid = hbTb, 
1, = heat generation rate, , = heat dispersivity of fluid, 
J, = conductive heat flux of fluid per unit area 

= -(bT,) ,i 
I, = coefficient of heat conduction of fluid, and 
vb = velocity of the fluid with respect to a fixed coordinate. 



P* To combine Equations (J.43) and (J.44, the volumetric fractions of rock solids and brine in a 

rock element are required. Volume of rock solids in a rock element of volume V, is 

where 

V, = V, (1 - 0) 

V, = volume of solids. 

In the same rock element, volume of brine (V,) is: 

Vb = Vr8Sb (J. 46) 

The overall energy balance equation is: 

Because the permeability of salt is low, local thermal equilibrium is assumed: 

and Equation (J.47a) becomes: 

J.6 DISCUSSION OF EQUATIONS AND SUGGESTIONS ON SOLUTION METHODS 

Consider a small volume of low permeability rock with fluid included in its pores. Changes in 
.- 

rock stress will change the shape and volume of the rock pores and thus change the pressure 



of fluid stored in the rock pores. The two processes, fluid flow and rock deformation, are 'f-7 

coupled through pore pressure and rock porosity. The combined effects of stress and pore 

pressure determine the deformation of rock pores. The sizes and shapes of rock pores thus 

control rock permeability, which in turn describes fluid flow paths and the flow rates. 

In this section, the derived equations are regrouped and coupling is discussed. Suggestions 

on solution methods are provided as guidelines for future development. 

J.6.1 Discussion of the Fluid-Flow Equations 

This study formulates the mechanism of brine inflow and suggests a method of solution to 

estimate the brine inflow rate into excavated rooms at the WlPP repository level. The 

equations for mass conservation are the main equations for pressure distribution in the salt. 

In deriving the relations Darcy's Law is applied, although the applicability of Darcy's Law for 

rocks of very low permeability is questionable. The use of piece-wise linear relationships 

between the pressure gradient and fluid flow rate would avoid this problem. Figure J-3 
n 

illustrates this concept. At very low pressure gradients, fluid cannot flow because of the static 

resistance. At higher pressure gradients, a line with a low slope appears to account for the 

surface adsorption effects. At even higher pressure gradients, the regular slope representing 

Darcy's flow exists; at very high pressure gradients, turbulent effects come into play and the 

slope flattens. 

The equations require relations for permeability, fluid, density, fluid solutions, and rock porosity 

as a function of pressure to solve the equations in space and time. Through consideration of 

two-phase flow conditions, the apparent rock permeability is lowered because of the factor k 

(relative permeability), which is a function of fluid saturation. As a result, the actual brine flow 

rate estimated by these equations is lower than that estimated by assuming saturated flow 

conditions. Equation (J.15) defines capillary pressure (PC) as the difference between gas and 

brine pressures. The capillary pressure is a function of saturation of the wetting fluid (brine) 

and is sometimes referred to as suction or tension. When the nonwetting fluid (gas) pressure 

stays at 1 atm, brine pressure is negative (gage pressure) while PC is still positive. 

f i  
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Equation (J.48) states that rock pores are filled with mixtures of gas and brine. Through 

application of Equations (J.15) and (J.16), the governing equations of brine and gas flow can 

then be coupled to solve the two-phase problem. As discussed previously, the analysis 

assumes saturated fluid flow due to the absence of the constitutive properties required for 

evaluating unsaturated fluid flow. 

J.6.2 Concluding Remarks 

A set of equations was derived to describe the flow of brine and gas through creeping salt 

under the influence of stress and temperature changes. The equations include: 

Mass conservation equations for two-phase flow of fluids through a porous media 
Stress equilibrium and displacement compatibility equations 
Stress-strain constitutive relations 
Energy balance equation. 

n 
Derivations are carried out based on: 

Darcy's Law and a piece-wise application of linear relationships between pressure 
gradient and fluid flow rate 

The concept of mass and energy balance 

A proposed constitutive model for salt deformation. 

J.7 COMPUTER CODE DESCRIPTIONS 

A broad description of the coupled computer code is presented in Figure J-4. The computer 

code VlSCOT (Intera, 1983) is capable of solving salt creep by either implicit or explicit 

techniques. The explicit method (initial stiffness method or the modified Newton-Raphson 

method) was used in this analysis. 

The saturated-Unsaturated a n s p o r t  (SUTRA) model (Voss, 1984) is capable of simulating 

variable density, variable saturation, ground-water flow. It solves either steady-state or 

transient problem formulations in one or two dimensions. Flow fields can be either areal or 

cross-sectional. Both direct or iterative solution schemes are available. - 
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The governing ground-water flow equation (Voss, 1984 Eqn. 2.22) is: 

where 

v(x,y,t) = average fluid velocity vector. 

The time derivative term on the left-hand side of the equation can be expressed as: 

where 

So, = 8P + (1 - 0) a, and 

a = compressibility of porous matrix. 

Substituting Darcy's Law into the velocity vector (v) term, the equation becomes: 

The output from the modified version of VISCOT, consisting of regularly updated 

permeabilities, strain rates, and porosities, is generated on an element-by-element basis. For 

SUTRA to incorporate this data, it must function as a fully developed finite element program 

with all parameters appropriately discretized. The governing algorithms were thus rewritten to 

implement these changes. 

The code was manipulated to discretize all parameters except pressure on an element-wise 

basis. Only the terms pertinent to this analysis were utilized. Also, the strain term was 

substituted as an equivalent Q, term. h 



J.7.1 Salt-Creep Module Verification 

The salt-creep module was verified against calculations for several closed-form solutions or 

problems. These include: 

Elastic Kirsch solution under external hydrostatic loading, 

Elastic Kirsch solution under external hydrostatic loading with stress relief at the 
circular boundary, 

A cylindrical laboratory specimen of salt with viscoplastic constitutive relations 
(Sandia Creep Law) subject to triaxial compression. 

J.7.1 .I Elastic Kirsch Solution Under External Hydrostatic Loading 

This problem was developed to verify the correct assemblage of the structural stiffness matrix 

for structures subject to external load and displacement boundary conditions. This problem 

verifies certain aspects of the finite-element formulation against closed-form solutions 

presented below. 

f-- 

Under a uniform hydrostatic loading, the radial and tangential stresses distributions 

(Goodman, 1980 - p. 21 5) are given by: 

The relative displacement is given by: 



where 

or = radial stress at radius r, 
o, .=. tangential stress at radius r, 
Po = far-field hydrostaic stress (15 MPa), 
a = radius of the circular opening (1.8 m), 
r = radius, 

u, = relative radial displacement, 
E = Young's modulus for the material (31,000 MPa), and 
v = Poisson's ratio (0.25). 

The Equation (J.54) solution for relative radial displacement corresponds to the displacement 

induced due to excavation, whereas the problem described above considers an additional 

component of hydrostatic compression. Along the x-x axis, the radial strains and 

displacement may be compared: 

m 
Under hydrostatic loading and plane strain conditions, the strain E, is given by: 

and the displacement, 6, is given by: 

X 6, = -(I - v - v2)Po 
E 

The approximate closed-form solution is given by: 

The results of these calculations are presented in Figures J-5 and J-6. There is good 

agreement in the stress solutions with the predicted boundary stress concentration factor of e 
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2.0 at the radius of the opening. The predicted radial displacement reaches a minimum at 2.4 m, 

meters, which can be calculated by differentiating Equation (J.58) and setting the differential to 

zero. 

J.7.1.2 Kirsch Solution Under an Initial Stress Field With Stress Relief 
at the Excavation Boundary 

In underground excavations, the displacements of interest are those developed from 

excavation with an existing or initial stress field. Program VlSCOT models displacements due 

to excavation by specifying an initial stress field and relaxation of the stresses along the 

boundary of the excavation. The relative displacements are given by Equation (J.54), which 

the stress field is identical to the previous example. A comparison of this solution for radial 

displacement with the VlSCOT solution is presented in Figure J-7. Good agreement is 

indicated near the boundary of the excavation. 

J.7.1.3 Cylindrical Salt Specimen Subject to Triaxial Compression 

In order to test the incorporation of the Sandia Creep Law into the viscoplastic constitutive 

relations for rock salt, a simple problem for creep deformation of a cylindrical specimen of salt PY 

was evaluated under various loadings as shown in Figure J-8. The figure shows the assumed 

secondary creep parameters. This problem verifies the incorporation of the viscoplastic creep 

law. For each of the loading conditions evaluated, the imposed loading state of stress is 

known; the deviatoric stress components can be calculated and substituted directly into the 

creep law to determine strain rates. 

The results of the calculations are presented in Figures J-9 through J-12. For a problem in 

which loadings are specified, the results are identical between the closed-form solution or 

hand calculations and the VlSCOT analysis. 

J.7.2 Fluid-Flow Module Verification 

The SUTRA finite element code was modified to solve the governing equation for fluid flow for 

a deformable medium. The modifications included changing the discretization scheme for the 

time derivative term from a cell-wise (node-centered) to an element-wise basis, so that 

changes in porosity obtained from the salt-creep analysis could be incorporated. An additional 
F 
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:-hange was the inclusion of the strain term that describes the contribution of fluid from the 

compaction or expansion of the rock matrix. The strain term is a sum of the elastic strains. It 

is passed to the fluid-flow module from the salt-creep module. The modifications to the code 

were verified to the extent possible through comparison with hand calculations. The code was 

verified against the Theis solution for drawdown versus radius and time. A problem involving 

a single well pumping within an infinite confined aquifer of constant thickness was evaluated. 

The aquifer was assigned an isotropic, homogeneous permeability distribution and screened 

portions of the well fully penetrated the aquifer. 

The Theis method was applied to this aquifer system to calculate drawdown at any point in 

the aquifer at any time. The following two relations (Freeze and Cheny, 1979) were 

employed: 

where 

s(x,y,t) = drawdown, 
Q(t) = constant pumping rate, 
W(u) = well function, 
TI = transmissivity, 
r(x,y) = radius, and 
S' = storage coefficient. 

Values of W(u) versus u can be found in a table provided by Lohman (1 972). The verification 

involved using the same parameters to run the modified SUTRA code as those used to 

calculate drawdown by the Theis method. The comparisons between solutions are 

summarized in Figures J-13 and J-14. 
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