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BRINE SAMPLING AND EVALUATION PROGRAM PHASE I1 REPORT 

DOE-WIPP 87-010 

EXECUTIVE SUMMARY 

The Brine Sampling and Evaluation Program (BSEP) Phase I1 Report is an in- 
terim report which updates the data released in the BSEP Phase I Report (Deal 
and Case, 1987). Direct measurements and observations of the brine that seeps 
into the WIPP repository excavations were continued through the period between 
August 1986 and July 1987. That data is included in Appendix A, which extends 
the observation period for some locations to approximately 900 days. Brine 
observations at 87 locations are presented in this report. 

Although WIPP underground workings are considered "dry", small amounts of 
brine are present. Part of that brine migrates into the repository in 
response to pressure gradients at essentially isothermal conditions. The data 
presented in this report is a continuation of moisture content studies of the 
WIPP facility horizon that were initiated in 1982, as soon as underground 
drifts began to be excavated. Brine seepages are manifested by salt 
efflorescences, moist areas, and fluid accumulations in drillholes. 

Very small volumes of brine have been observed to "weep" from surfaces in the 
WIPP underground excavations. Weep data acquired during this reporting period 
confirm the previous observations that: 1) weeps are pervasive throughout the 
underground workings at WIPP, 2) they occur on the surfaces of all exposed 
lithologic units, and 3) more brine seeps through the ribs (walls) than 
through the back (roof) of the workings where there are no drillholes. Weeps 
appear to develop more quickly on units containing clay, but clear halite and 
clear polyhalitic halite units also produce weeps. The initial development 
of weeps on clay-poor units takes place more slowiy than it does on clay-rich 
units. Preliminary observations suggest, however,  hat more brine cay 
actuaily seep from clear halite than from argillaceous (clayey) htiite units 
in some locations over sufficiently l c ~ g  pericds cf  time. 

Deal and Case (1987) described situations in which closely-spaced drillholes 
(notably the MIIT holes in Room J and holes C342  and 42A in Room G )  displayed 
dramatically differing brine accumulation data. This led them to caution that 
"the great variation in inflow characteristics cetxeen locztions only a short 
distance (a f2w meters, or in some icstances, less than a meter) tpart make 
the discussion or 'averages' or 'typical occurrences' dlfficuit or   is lea ding." 
Observation of 13 downholes in Room L1, during this repcrcing ~eriod, also 
documents the striking local variation in brine accumuiation between closely- 
spaced holes (most of the holes are 0.6 meters apart). Zoles that remained 
dry in Room L1 xere next to or between holes :?&at produced brine, 

Measurements of the amount of brine seeping into and accumulating within down- 
holes drilled from the WIPP facility excavations confirm many of the prelimi- 
nary observations made by Deal and Case ( 1 9 8 7 ) .  Zufficient data exists from 
34 downholes to observe generai accunuiation  rends as of July 1987. Of those 
34 holes, the trends in July 1987 ;.ere: 1 5  ixcreasing, 5 steady, 12 
iecieasing, 2nd 2 dry. For those dokmholes cbservea f3r a more than 800 days, 



six that had steady or increasing accumulation trends in August 1986 now have 
slightly decreasing accumulation trends. 

Observations of upholes drilled from the WIPP excavations aiso confirm the 
preliminary data presented by Deal and Case (1987). Generally, the upholes 
produce much less brine than the downholes. Even though difficuities in 
instrumentation may have allowed the loss of some brine from the upholes by 
dispersion from the hole collar, evaporation into the repository atmosphere, 
and leaks in the collecting systems, the data collected during this reporting 
period confirm that the upholes typically produce less brine than do the 
downholes. Sufficient data exists for 17 upholes to observe general 
accumulation trends as of July 1987. The trends were: 3 increasing, 2 
decreasing, and 12 dry. 

One location in the approximately 14 kilometers of WIPP workings excavated by 
the end of July 1987, has sufficient inflow of brine to spontaneously seep 
into a drift and moisten the floor. This location has been monitored since 
November 1985 and, as of the end of this reporting period, is producing 
approximately 0.5 liters of brine per day. 

The BSEP Phase I Report (Deal and Case, 1987) identified the need to better 
define the stratigraphic variations in the amount oi brine that seeps into the 
workings and drillholes. A series of 12 nearly norizontal holes were drilled 
in the north wall of the S1950 drift at E100. The data from these horizontal 
sideholes document that brine seepage correlates with the stratigraphy of the 
Salado Formation at least in part. For those units exposed in the facility 
level drifts, the most brine seeped from the units near the horizon of the 
"orange band", a slightly polyhalitic halite usea as a reference horizon during 
excavation. 

A drillhole video camera was usea to observe suspected damp areas or zones of 
salt encrustation due to evaporation on the sides of six do -vnho i e s .  It was 
not possible ro distinguish with certainty zcnes chat were wet cue to the 
presence of moisture from zones that appeared "zhir,y; '  as a result of the 
camera lights being rerlected from crystai faces. In those instances where 
evaporation occurred and salt de~osits formed, :he salt buildaps were 
distinguishable. Such occurrences were observed where driilholes penetrated 
anhydrite PIB-139 and anhydrite " c " .  Salt h o b s  and crusts were aiso seen at 
other stratigraphic horizons and, in one case, vere zssociatec with a fracture 
that had been identified in the core when the hgle was drill~d. The video 
survey of drillholes was suspended due t o  failure of the camera, a n i  will be 
continued when a substitute or repaired camera is available. 

Some of the ESEP brine samples were coilected f3r chenical analysis? although, 
:he chemical data may ncr: aiways be representative cf fsrmation crine. In 
addition to the iifficuities inherent in woriring with saturated, :high-icnic 
strength brines, it has not Seen easy to obtain samples that are clearly 
cnemicaily representative of naturally occurring Salado For~ation brines. The 
lntroauction of fresh water, brines of other composition (drilling fluids and 
.?ustier Formation brines), and soiuble  ater rials < a  variety of grouting 
compounds and materials involved with many types of instrumentation) has 
occurred both inten~ionally 2nd unintencionaily as part of constructicn and 
experimental activities. Ten sampies from four locations reaovea from such 



activities appear to be uncontaminated, however. They are saturated, 
magnesium-rich sodium chloride brines that have a specific gravity in excess 
of 1.2 grams per cubic centimeter. 

Moisture content measurements were made of samples from the stratigraphic 
units exposed in the WIPP excavations and from drillholes in the workings. 
Previous data has been reviewed, and data on an additional 101 samples is 
presented in this report. Sixty of these were collected from ribs using a 
hand-held core drill. Cores were about 4 centimeters in diamecer and 
15 centimeters long. They show a distinct correlation between moisture 
content and stratigraphy. The investigation concentrated on determining the 
"easily moved" moisture available, and, therefore, measurements of the amount 
of moisture driven off at 95OC were made. Measurements were also made of the 
amount of moisture driven off at 150°C, and the results indicated that only 0 
to 20 percent additional moisture was driven off at that temperature. This is 
probably an indication that water was being driven off as a result of the 
dehydration of the clay minerals present. 

The moisture content of the facility-horizon rocks was determined by the 
weight lost when they were heated to 95OC. The loss ranged from 0.03 to 
2.53 percent by weight. Sampies from clay-rich stratigraphic horizons were 
more moist than those from clear halite horizons and aiso were more variable 
in moisture content from iocation to location within a given horizon. 
Specimens from the "orange band" were consistently the least moist. 

Preliminary data from cores taken from vertical drillholes also indicate that 
some stratigraphic horizons are more moist than others. Only a few samples 
exist from some horizons, so caution should be used in drawing any conclusions 
from the data until additional samples can be tested. Treliminary data 
indicate, however, that there are zones within tne sait that contain more 
noisture than the anhydrite interbeds. This contrasts with rhe observation 
that in many places more aoisture appears to seep from the e~yarite beds than 
frorn the sait. ,'n this cese, the mcsr: i ~ ~ i s t  Ig-eacer porosity) and nost 
productive (greater 2erneabilityj stracigrapnic kzrizons are not the sane. 

For sanpies csmpriseci predominantly of halite, r2e ne2surea noisture content 
vas approxirnat~iy 0.5 percenr by weight or less. "ccks with a higher clay 
concent had a greater tendency for iarge, less predictable renges and were 
generaily more aois~. Sdditionai moisture content zeasuremects are presenciy 
being r,aae, 2nd it vill be ~assibie to better define the variation in moisture 
content in a iater report. 

The ESEP evaiuatea a variety sf "off-the-shelf", xcnaestrnctive, geophysicai 
techniques that night be  ole to provide rapid. end cost-effer~i-ie estimations 
o r  in si:u rnolsture content ~f the hcst rack exring eaczvation of the reposi- 
tory storage panels. Xaear. electromagnerics, resis~ivicy, and nuciear-scurco 
techniques were evaiuated. 

Ground-penetrating radar t~c~hniques cbtaln a cantinuous hi2h-resoiution elec- 
tronagnetic profiie o f  the suosurface. 33~na2ries cetween bodies o f  ~ S C K  :ha: 
have contrasting electricai properties refiect ,--ave energy o a c ~  co the re- 
ceiving anrenna. 2escri3~ion of field tests fron the iiterature inaicatz chat 
existing cechniaues are successful in locaticq areas v i t h  a strong contrast :o 



the host rock, such as steel waste containers buried in clear salt. The 
presence of clay and void spaces limit penetration and attempts to dis- 
tinguish between open drillholes and brine-filled drillholes were un- 
successful. Gradational variations in moisture content do not appear to be 
easily recognizable in the field. Radar methods are judged to have limited 
applicability in the WIPP BSEP investigations at this time. 

Electromagnetic (EM) techniques have been successfully used in exploration for 
metallic minerals and fresh groundwater. EM techniques measure the electric 
current induced in a conductor (the rock under investigation) by a magnetic 
field generated from a portable source. The induced currents vary as a result 
of variations in conductance within a rock. Since variation in brine content 
within a rock strongly affect conductance, the EM method should have applica- 
tion to the WIPP brine studies. The depth of penetration can be varied by 
changing the spacing between the transmitting and receiving coils. Several 
field tests were made using EM techniques. Cultural interference (cables, 
pipes, transformers, etc.) was a problem in many locations. Although it was 
not possible to completely eliminate cultural effects, the EM method gave 
promise as providing an index to relative moisture content of the rocks near 
the facility horizon. 

The electrical resistivity of rocks can be measured by applying a direct 
current between two electrodes and measuring the resulting potential between 
two other electrodes. The electrical resistivity of the material can be 
determined by varying the electrode spacing, configuration, and current 
level. Since the presence of brine reduces the resistivity of a material, 
relative variations in moisture content should be able to be determined. An 
experimental direct current resistivity technique offers some promise, 
although field tests to measure the resistivity of the rocks at and near the 
WIPP facility horizon also encountered serious errors caused by the cultural 
effects mentioned above in the discussion of EM techniques. Neither the 
equipment nor the data analysis techniques are "off-the-shelf," therefore, it 
is not deemed appropriate for use by the BSEP at this time. 

Neutron-absorption techniques are routinely used to determine soil moisture 
content for a variety of engineering and construction purposes. The technique 
attempts to measure directly the amount of hydrogen present by taking advantage 
of the fact that the hydrogen nuclei slow down high-energy neutrons. As the 
neutrons are slowed down, they are captured by various nuclei present in the 
rock. Gamma rays are emitted when the neutrons are captured. Neutron- 
absorption techniques use a device that emits high-energy neutrons and then 
measures either slowed neutrons or the resulting gamma rays. In practice, 
some other elements (i.e., potassium) can also slow down the neutrons, but if 
the instrument is calibrated by comparing the response of the instrument to 
the actual moisture content of samples, in theory, the technique should be 
able to distinguisn between the relative amounts of hydrogen present from 
place to place. A standard instrument was used underground at WIPP, and 
although calibrated and operated by a manufacturer-trained operator, it 
produced readings with errors that were large enough to cast doubts on the 
applicability of a standard, off-the-shelf, nuclear moisture-density gauge to 
make accurate moisture determinations in the sait environment at WIPP. 



It is concluded that as far as geophysical techniques are concerned, electro- 
magnetic or resistivity surveys are the most applicable for the ESEP. The 
advantage of these techniques is that they provide data that is averaged over 
a volume of rock and can, in effect, "look" different distances into the sur- 
roundings using a nondestructive technique. Geophysical techniques require, 
however, that they be calibrated by taking in situ moisture content measure- 
ments, and do not seem to offer any adequate substitute for taking those 
measurements. As far as the immediate needs of the BSEP are concerned, it 
appears appropriate to obtain those moisture content measurements directly. 

The following activities are continuing as part of the BSEP: 

Measurement of brine seepage accumulations and rates 
Chemical analyses of WIPP underground brines 
Moisture content of Salado Formation rocks 
Photographic documentation of slow changes related to brine seepage 
that take place at selected locations in the WIPP excavations 

That data will be presented in later BSEP reports. 





The Waste Isolation Pilot Plant (WIPP) project is a Department of Energy (DOE) 
research and development facility constructed 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 is to demonstrate 
the safe handling and disposal of transuranic (TRU) waste in bedded salt. The 
second is to create a research facility for in situ examination of the techni- 
cal 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 Medanos (Figure 1-1). The underground 
portion of the facility is located at a depth of approximately 655 meters in 
the bedded salt deposits of the Salado Formation, part of an evaporite sequence 
over 1000 meters thick (Figure 1-2). An extensive program of site characteri- 
zation and validation has been conducted for the past eleven years (1976-1987). 
The results of these studies are summarized in the WIPP "Geological Site Char- 
acterization Report" (Powers et al., 1978), the WIPP "Safety Analysis Report" 
(U.S. DOE, 1986), the WIPP "Preliminary Design Validation Report" (Bechtel 
National, Inc., 1983), the WIPP "Design Validation Final Report" (Bechtel 
National, Inc., 1986b), and the WIPP "Results of Site Validation Experiments" 
(Black et al., 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 
(Morse and Hassinger, 1985), are part of these investigations. Phase I of the 
BSEP activities were reported by Deal and Case (1987). 

The purpose of the BSEP is to investigate the origin, hydraulic characteris- 
tics, extent, and composition of brine occurrences in the excavations for the 
WIPP repository in the Salado Formation. Although considered dry workings, 
brine is observed to weep from exposed surfaces in the repository horizon and 
seep into arill holes in the unaerground excavations. 

These brine occurrences become visible shortly after excavation or drilling. 
The more noticeable occurrences that have been observed for mcre than three 
years produced brine at the rate of a few tenths o r  a few hundredths of a 
liter per day. 

Although individual occurrences are small zna not par~icuiariy noticeable on a 
day-to-day basis, they are pervasive throughcut the repository (Deal and Case, 
1 9 8 7 ) .  Over a period cf months and years the:{ may cgntribute enough moisture 
to merit consideration from the standpoint o f  long-term repository performance. 
During present operations, virtually all of the noisture entering the workings 
from the host rock is evaporated and removed in tne air tnat is circulated by 
the underground ventilation system. The assessment and understanding of the 
brine occurrences becomes especially important when considering what their 
long-term impacts might be on operations during the demonstration and retrieval 
peri2d and the rates of resaturation and r.;?ressilrizaKicn c f  :he excavations 
after ciosure of the facility. 
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The data presented in this report are a continuation and update of studies 
that began in 1983 (Black, et al., 1983; TSC-D'Appolonia, Part 11, 1983; and 
Alcorn, 1983), formalized by Morse and Hassinger (1985), and previously 
reported in the Brine Sampling and Evaluation Phase I Report (Deal and Case, 
1987). Users should consult Deal and Case (1987) for background information, 
derailed descriptions of the data gathering and analysis procedures, and the 
cautions that should be exercised when using the data presented herein. 



2 . 0  BRINE OCWRRERCES 

INTRODUCTION 

The preliminary observations made during Phase I of the BSEP began informally 
as an extension of the weep observations in 1983 and include data acquired 
through July 1986. That data was presented and discussed at length in the 
BSEP Phase I Report (Deal and Case, 1987). This report extends that earlier 
document by including data acquired from August 1986 through July 1987. Brine 
accumulation data is presented in Appendix A. Smoothed curves (eleven-point 
moving averages) of that data is presented in Appendix B. 

2.2 WEEPS 

The documentation and study of brine "weeps" on newly excavated surfaces and 
the resulting salt accumulations in the form of encrustations, mounds, and 
knobs continued during the time period covered by this interim report (August 
1986 through July 1987). 

Deal and Case (1987) observed that weeps are pervasive throughout the under- 
ground workings at WIPP and occur on the surfaces of all exposed lithologic 
units. They went on to state that the weeps "appear to develop more quickly 
and occur more frequently on the units containing clay." Observations made 
during this reporting period confirm that statement. However, Deal and Case 
(1987) also noted that weeps and large, very noticeable salt efflorescences do 
develop on clear halite. Observations made during this reporting period 
confirm that although salt accumulations may develop more quickly on argilla- 
ceous halite, such accumulations are not limited to units containing clay. In 
some locations, over sufficiently long periods of time, it appears that more 
brine may actually seep from clear halite than from argillaceous halite. 

This observation is supported by core recovered during the drilling of hole 
BXO1, in the north end of Room B (Figure 2-l), in January 1985. Approximately 
one-half meter of core, consisting of coarsely-crystalline clear halite and 
slightly polyhalitic halite was wet when it was removed from the core barrel 
(Deal, 1985; and Gallerani, 1985). The core was wet to the touch and moisture 
dripped from it when it- was removed from the core barrel. This wet interval 
was encountered between 10.6 and 11.1 meters below the coilar. This section 
of the core is located below anhydrite bed MB-139 (Figures 2-2 and 2-3), which 
was penetrated in the interval between 7.1 and 7.9 meters below the collar of 
the hole. It was also located below clay D, vhich was described as a 
discontinuous clay/anhydrite and gray clay parting at 10.4 meters below the 
collar (Gallerani, 1985). 

Deal and Case (1987) also noted that: 

"Weeps occur much more commonly and are more 
persistent on the ribs (walls) than on the 
back, indicating that lateral brine flow may 
be greater than vertical flow." 
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Observations made during this reporting period support that conclusion. Many 
more encrustations and weeps were observed on ribs (walls) than on the back 
(roof) of the workings. It is rare to observe moist areas or salt accumu- 
lations on the back that are not associated with drillholes that penetrate 
overlying strata. We conclude that lateral movement of brine parallel to 
bedding planes occurs more easily than does movement across bedding planes 
into the surfaces of the workings. This may be due to anisotropic perme- 
abilities or to more rapid development of horizontal partings in the back 
which may intercept the flow driven by formation pressures. 

An additional BSEP activity during this reporting period was to repeatedly 
photograph certain locations in the WIPP underground. The objective was to 
document the slow changes that take place on exposed surfaces. The results of 
these observations will be described in more detail in a later BSEP report. 

2.3 BRINE IN DRILLHOLES 

More than 1500 holes (excluding roof bolt and gas relief holes) have been 
drilled from the WIPP underground excavations. They extend In all directions, 
and most are 15 meters or less in length. The majority are 15 centimeters or 
less in diameter, although holes almost a meter in diameter and six meters 
long have been drilled (Deal and Case, 1987). 

Encrustations of halite on the sides and at the collars of the holes indicate 
that small amounts of brine have seeped into nearly all of them. Noticeable 
amounts of brine have accumulated in some holes (Deal and Case, 1987). The 
locations of the drillholes that are mentioned in this report are listed in 
Table 2-1 and shown in Figure 2-1. 

The stratigraphy of the Salado Formation units chat are exposed in the WIPP 
excavations is shown in Figure 2-2. Typically, excavation is controlled by 
the location of the "orange band", a marker bed c f  reddish-orange halite 
containing a trace of poiyhalite. The back (roof) is usuaily cut 2.1. meters 
above the top of the orange uana. The floor is tnen cut to whatever Cepth is 
necessary to achieve an opening of the desired height. k1thoilr;n there are 
some exceptions to this, mosc of the facility ievei excavations have a back 
that is cut at approximately the same stratigraphic level, but floors that are 
at slightly different stracigrap'nic levels. 3 e  northeastern part of the 
zorkings, in the vicinity of experirnentai rcons Al. L 2 ,  h3, 3 ,  Cl, C2, D l  and 
M, has been ramped up to a stratigraphic level 2pproxlmately 5 xeters higher 
than the facility level. In addition, these exgerimental rooms were cut to a 
height of a.9 meters. The net result is that upholes and downnoles drilled to 
the same length may penetrate different stratigrapnic hcrizons. depending on 
the l~cation sf the coilar of a given drillhoie. 'igures 2-3 and 2-4 show 
these reistionships and the zpproximate s~rarlgrapnic Iccation c f  the end of 
nost of the arillholes discussed in this report. :or preclse stratigrapnic 
information on any given drillhole, reference should be naae to the drilling 
log or core descripticn for that hole. 
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Monitored as part of the BSEP since it uas drilled in 3/85. 
Honitored as part of the BSEP slnce it was drilled in 3/85. 
Monitored as part of the BSEP s i x e  it was drilled in 2/85. 
Monitored as part of the BSEP since it was drl l led in 2/05. A I  ~ h t .  present 1 1 ~ 1  

brine is collected brcause of insuffic rent in1 low. 
Monitored as part of the BSEP since it was drilled in 1/85. Ortl lers did nut 
report any cpuisture whale drilling. hole started producing brlne a few weeks 
later. 
knitored as part of Ule BSEP since it was drl lled 1/85. nril lers did not 
encounter moisture rhile drilling. Hole started producing brtne few weeks 
later. At Ule present no brine is collected because of inruffic~ent inflow. 
Open from 0 to 5.1 ft. Drilled for BSEP study 1/86 and mnitored since 
drilled. 
Cased frum 0 to 5.L It. Open from 5.4 to 9.1 fl. Drilled for BSEP study 1\86 
and mnntoreJ since drilled. 
Cased from 0 to 10.1 ft. Open from 10.3 Lo 14.0 It. Drilled for BSEP 
study//86 and monitored since drilled. 
Open from 0 to 4.6 ft. Drilled for BSLP study 1/86 and monitored sltbce 
drilled. 
Open from 0 to 5.3 ft. Drilled for 8SEP study 1/86 and monitored since 
drilled. 
Open from 0 Lo 5.1 ft. Drilled for BSEP study 1/86 and monitored since 
drllled. 
rased 0 to 5.9 ft. Open from 5.9 to 9.6 fL. Urilled for BSEP study 7/86 and 
mnitnred since dr~lled. 
Cased 0 to 10.0 ft. Open f r ~  10.0 to 11.1 It. Drilled for BSEP study ll8b 
and monitored since drilled. 
Cased 0 Lo 6.8 It. open from 6.8 to 9.15 ft. Drilled for BSEP study 1/86 aid 
monitored since drilled. 
Cased 0 to 6.1 It. Open from 6.1 to 10.3 ft. Drilled for BSEP study 1/86 atld 
monitored since drilled. 
Open from 0 to 5.0 fl. Drilled for BSEP study 1/86 and monitored slnce 
drilled. 
Cased from 0 to 5.5 ft. Open f r m  5.9 to 9.8 it. Drilled for BSEP study H/Hb 
and monitored since drilled. 
Cased from 0 to 10.0 ft. Open f r m  10.0 to 14.4 ft. Ilrilled for BSEP sturly 
8/86 and mnitored since drilled. 
Cased from 0 to 13.9 ft. Open f r m  13.9 to 17.6 11. Drilled lor BSEP r111Jy 
7/86 and lunltored since drilled. 
Cased from 0 to 14.0 ft. Open frcm 14.0 to 18.2 It. Drilled for BSEP sLudy 
1/86 and wnltored since drilled. 
Hole slightly declined below horizontal. Collar above upper clay seam, abut 
L ft. below back. Drilled 6/86 and m i t o r e d  since drllled. 
Hole slightly declined below horizontal. Collar above upper clay seam, ah111 
1 ft bclov back. Drilled 6186 and monitored since drilled. 
Hole slightly declined belm horizontal. Collar a h v e  upper clay s e m ,  abut 
1 ft below back. Drilled 6186 and monitored since drilled. 
Hole slightly declined below horizontal. Collar in halite a b u t  1.5 Il.brlw 
back. Drilled 6/86 and monitored sirlce drilled. 
Hole slightly declined b e l w  horizor~tal. Collar in halite about 3.5 1t.beIow 
back. Drilled 6/86 and monitored since drilled. 
Hole slightly declined below horizor~tal. Collar ir l  halite abut1 1 . 5  1 t . h l w  
back. Drilled 6/86 and monitored slnce drilled. 
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1 151 Ok \INl)€.RL;ROUHD LDCATIONS UHl3UC BRINE OC-ES 
ktBE OBSERVED AND PWNITDRED THRWM M Y ,  1981 

AS PART OF I11E BRINE SAMPLING AND EVALUATION PROGRM AT UlPP 

Hole k t m m  Snbwry North-South hsr-West Lleval  lo l l  0le Depth Direct lon Angle References Reraarks 
Numb r 1111 Accuracy Coord lrutea Coorlllndleb ( 1 1 1 )  ( f t )  

I .It *I l t l l l  5 SUC".YPI~ 
A-Apyrox l6aLe 

Monitored as part of BSEP since 8/85. 
Monitored as part of BSEP 8ince 8/85. 
Monitored aa part of BSEP since BIBS. 
Mnitored as m r t  of BSEP since 8/05. 
MoniLored as jmrt of BSEP since 8/85. 
Monitored as part of BSEP rince 8/05. 
Monitored as port of BSEP since 8/85. 
Drillers reported "found water in hole at 10 ft. 5/13/84", wnttored aa part 
of the BSEP since 10181. 
Monitored irrenularlv as  art of BSEP since 12185. 

LIXOO 

Brine since drilled.-wnkored f r m  10126185 to il23/85. 
Brine since drilled. wnltored f r m  LOI2bI86 Lhroqh 1/23/85. 
Brine since drllled. wnitored from lOI2bIBlr Ulrough 4/23/85. 
Brine since drilled, wnltored f r m  10/26/Bl to 6/29/85. 
Brim rince drilled. wnitored from 10126/8* through SlZIIBS. 
Brlne since drllled, wnitored from 10/26/84 through 4/23/85. 
Brine slnce drllled. vnltored I r a  10/26/Br. Lhrouch 1121185. 
Brine since drilled, wnitored from 10/26/84 t h r o d  (1123185. 
Brine since drilled, vnltored f r m  10/26/IX Ulfov& 1121185. Sandia filled 
hole with Brine A 6130185 and p l ~ e d  with rubber cork. 
Brine since drllled, vnltored f r m  10/26/85 throqh 5/13/85. Sandia 
experiment filled hole uith Brim A 01/20/85 and plugled h ole uith lubber 
cork. 
Brine noted IOIZ6IBL. monitored I r a  10/26/84 throuqh 4/23/.95. 
Brine noted 10126/I(1. monitored I r a  lOltbl84 Uuawh 1/23/85. 
Brlna noted 10/26/81. monitored 101261Br. U l r o u  b/fl/B5, h d ~ a  sxperi.pnt 
added Brine A to hole 4130185 md plumed with ~ b b a r  cork. 
Brine slnce drilled, pilot hole for 36-inch d l m t e r  hole chat was never 
coqleted. Monitored f r s  1/02/85 Uvwgh (1123185. 

, Monitored as part of the BSEP since 11/81. Ihis hole continues to produce 
MS. first rim noticed before lO/8(1. 
Staiactlte ~ r o w ~ h  mnitored as part of the BSEP from 1/85 to 2/86. 
Stalactite arowth monitored as part of tho U E P  from 5/05 LO 1/86. 
Stalactite anltored as &rt of Ur B S U  from 5/85 to 2/86. 
Lrrge horizontal hole on south rib of Nl120 drltt, across f r u  R a r  C I  
Photographically monitored for salt buildup. 

Refrrrnceb: 
A 1  TSC-Il' Ap~~olanla, 19U3s (WIPP.DC)E. I6 I )  
A? Becl~tel Nat loMI, 1904 (UIPP-WE.202) 
A3 Recl~tel NatioMI, 1985 (UIPP-WE-211) 
B Brine S~mpli~~n and B v a l ~ t ~ o n  P r o ~ r m  PI lr 
C Recorrls of spec181 Orill Holes, 91121b3: BSEI' Y l l r s  
D Ah-llulll Stlr~ey IhI~uIat 10. Sheela: BSEP FI lr?r 
E Pinld Moleb. J. (allerani, Bechtel Hatlowal: BSEP FtIes 
F Pleld Notes. D. Deal. IT Corp.: BSeP Files 
C Room I Brine Survey: BSfP Files 
H Roca 1.1 and 1.2 Field Notes: OSEP Fllrs 
J Caot$chni~al Inatnnent I.lst, 111021B3: nstr r11.s 
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TABLE 2- 1 
1. i 5 :  \'I !.!;lltoi;KO(IUT) lOCArIONS UI[ERE BRINE I'Cc':;RRC)(CES 

"i.y.6~ ( ' E S L f t I U )  ANO MONITORED THROUat JULY, 1987 
, 5 i'hnl (!I' ! I@ 6RI .W SAVPLINC hYD E'VALUAIION P R M ; R M  AT U I P P  

hTll:\! 

RTF'A? 

BTP'! 

liTPA4 

I!!'PAS 

BTPBl 

BTi'E2 

BTPB3 

RTPR4 

BTPBS 

b7PC1 

BTI'C2 

BTF'C 1 

BTI'C4 

BTI3(:5 

BTf,: I 

P I K ?  

UTR3 

llH4 

BTX 5 

01 I< t, 

t h  [I1 rrct ion Angle 
I f I )  

Ref erencrs Remarks 

Monitare.l as part cf L!e BSEP s~nce it w a s  drillt.%l in 3/85. 
Monitored as part of the RSFP since it vas drilled ill 3/85. 
Monitored as part of the BSEP since it was drilled in 2/85. 
Hanitored as part of the BSEP since it was drilled in 2/85. .AC  ctld pruaenc nil 
brine is collected because of insufficient inflow. 
Monitored as part of rhe BSEP since tt has drilled In 1/85. Drtllers did nor: 
report an). moisture ch~ie drilling. hole started producing trins a taw weeks 
!ater. 
ronitored as part of the BSEP sincr it was drilled 1 /85 .  Drillers .Jid not 
encounter moisture vhile drilling. Hole started producing brine Ceu weeks 
iater. At the present no brine is collected becruse ~f insufficient inflo~.. 
T e n  from 0 to 5.1 ft. Drilled for BSEP study 1/86 and monitored since 
drilled. 
Cased from 0 to 5 . L  ft. Open from 5.4 to 9.1 ft. Drilled far BSEP study 7/80 
and monltored since drilled. 
Cased from 0 io 10.3 ft. Open from 10.3 KO 14.0 it. Drilled lor BSEP 
study7186 and nonitcred since drilled. 
Open from 0 to -.6 ft. Drilled fcr B S F P  study 7 86 and monitored slncc 
drilled. 
Open from 0 to 5.3 it. Orilled for BSUY studv 7/86 and monitored sincr 
drilled. 
Open from 0 to 5.1 ft. Drilled for BSEP study 7/86 and monitored since 
drilled. 
Cased 0 to 5.9 ft. Open from 5.9 to 9.6 ft. Drilled for BSEP study I I B o  .iud 
monitored since drilled. 
Cased 0 to 10.0 ft. Open from 10.0 Lo 13.3 ft. Drilled For BSEP stlrdy 7/86 
m d  monitored since drilled. 
Cased 0 to 6.8 ft. Open from 6.8 to 9.75 ft. Diilled for BSEP study 7186 ruin 
monitored since drilled. 
Cased 0 to 6.3 ft. Open from 6.3 to 10.3 ft. Drilled for BSEP study 7/86 and 
monitored since drilled. 
Open from 0 to 5.0 ft. Drilled for BSEP study 7/86 and monltored since 
drilled. 
Cased from 0 to 5.5 ft. Open from 5.9 to 9.8 it. Drilled fnr  BSEf' study dltlt. 
and monitored since drilled. 
Cased from 0 to 10.0 ft. Open from 10.0 LO 14.4 It. Drilled lor BSEP st!t.ly 
8/86 and monitored since drilled. 
Cased from 0 to 13.9 ft. Open from 13.9 to 1'7.6 ft. Drilled for BSEP study 
7/86 and monitored sincr drilled. 
Cased from 0 to 14.0 ft. Open from 14.0 to 18.2 ft. Drilled fur BSEP st~lly 
7 '66 and monitored since drilled. 
Hole slightly declined below horizontal. Collar above ltpper clay seam, abortL 
I ft, below back. Orilled 6/86 and monitored sitice drllled. 
Hole slightly declined belov horizontal. Collar above upper clay seam, about 
1 ft below back. Drilled 6/86 and monitored since drilled. 
Hole slightly declined below horizontal. Collar atove upper clay seam. about 
1 ft below back. Drilled 6/86 and monitored since drilled. 
Hole slightly declined below horizontal. Collar ill halite about 3.5 ft.beluw 
back. Drilled 6/86 and monitored sil~ce drilled. 
Hole slightly declined below horizontal. Collar i r l  twlite about 3.5 f t  .below 
back. Drilled 6/86 and monitored since drilled. 
Hole slightly declined below horizontal. Collar in halite about 3.5 ft.below 
back. Drilled 6/86 and monitorad since drilled. 



TABLE 2-1  
LIST OF LNDERGROLM) LOCATIONS WHERE BRINE OCCURRFh .FS 

k'ERE OBSERYD AND WNITORED THROUGH JliLt, 1987 
AS PART OF IHE BRINE SAVLING AND EVAJAATION P R f f i W  ,IT UTPP 

Hole Room 9 m e p  North-South East-Lest  Eleva t ion  Dia. Depth D i r e c t i o n  Angle References Rem~rks 
Nunbrr o  r  Accuracv Coordina tes  Coordina tes  ( i n )  ( f t )  

Locatior. S~Surveyed 
A=Approxins3te 

H?lo s l i g h t l y  declined treloi  h o r i z o n t a l .  C o l l a r  j u s t  above orange barrd. 
llri l led 6/86 and monitored s i n c e  d r i l l e d .  
t lalr  s l i g h t l y  dec l lned  bela'- tx 'r izor. tal .  Col l a r  j u s t  abo\'e crarrge bai>.> 
DL-il led 6/86 and monitored s lnce d r i l l e d .  
Hole s l i g h t l y  dec l ~ n e d  belob h o r i z o n t a l .  C o l l a r  j u s t  s b a v ~  ornnce ban,J. 
I J r i l l e d  6/86 and monitored s i n c e  d r i l l e d .  
Hole s l ~ g h t l v  der l ined  b e l c i  t to r lzonta l .  C o l l a r  about 2.5 f t .  above f l n o r .  
IJr . i i led 6/P6 and monitored s i n c e  d r i l l e d .  
Hole s l i g h t l y  declined t e l o b  har i - ,on ta l .  C o l l a r  about 2.5 f t .  ab?ve f l o n r .  
Dr i l led  6!86 and monitored s i n c e  d r i l l e d .  
Hrlt. s l i g h t l y  decllned belob h o r i z o n t a l .  C o l l a r  about 2 . 5  f t .  above f l . ,o r .  
Dr i l led  6 /86  and monitored s i n c e  d r i l l e d .  
Monitored a s  p a r t  of Lhe BSEP s i n c e  i t  was d r i l l e d  ir. 1 / 8 5 ,  Ccre mist !rom 
l 0 . b  to  11.1 meters in  c o a r s e l y  c r y s t a l l ~ r ~ p  c l e a r  t t a l i t c .  ME119 at ? . I  t o  
7.9  meters.  
Monitcred a s  p a r t  of t h e  BSEP s i n c e  i t  was d r i l l e d  i n  1/85.  A f  th'a p resent  no 
brine i s  c o l l e c t e d  because of i n s u f f i c i e n t  inflow. 
Moi-.ture r ~ o t i c e d  a t  c o l l a r  irr 4 /86 .  C n l l r c t i r ~ g  device  i n s t a l l r r l  5 /86  alrll 
m<r~ritored a s  p a r t  of  the  BSEP srnce  Uren. 
Mrinlcored a s  p a r t  of BSEP s i n c e  2/85. At present  no br ine  i s  r o l l e r t e d  
because of  i n s u f f i c i e n t  i ~ i f  low. 
Monitored a s  p a r t  of  BSEP s i n c e  1 / 8 5 .  
Monitored as p a r t  of BSEP s i n c e  1 / 0 5 .  At UIr presevt  no brirre is r o l l r c t e d  
because of i n s u f f i c i e n t  i ~ ~ f  lob.  
Honitored a s  p a r t  of BSEl' s i n c e  1 /85 .  
Monitored a s  p a r t  of BTP s i n c e  FFR. 1985. At the  p r r s e n t  no brirre i s  
c o l l e c t e d  because of i n s u f f i c i e n t  inflow. 
Honitored a s  p a r t  of BSEP s i n c e  1 /85 .  
Monitored a s  p a r t  of BSEf s i n c e  2 /85 .  At t h r  present  no br ine  i s  cc l la r t . ed  
because of  i n s u f f i c i e n t  i n f  lob.  
Monitored a s  p a r t  of the  BSEP s i n c e  2/85. 
Monitored a s  p a r t  of t h e  BSEP s i n c e  2/85. 
Gas r e l e a s e s  had beel, observed i n  this h o l e .  Honitored a s  p a r t  of t h e  BSEP 
s i n c e  1/85. 
Gas r e l e a s e s  had been observed in  t h i s  h o l e .  Honitored a s  p a r t  of t h r  R'EP 
from 1/85  t o  6 /85  when c o l l a r  bas destroyed and l ~ o l e  p l u ~ g e d  by rnil~il~};. 
S t a l a c t i t e  growth monitoreo a s  p a r t  of BSEP from 5 / 6 5  t o  2/86.  
S t a l a c t i t e  growth m n i t o r e d  a s  p a r t  of BSEP from 5/85 Lo 2186. 
Gas pocket a t  45.91. P r i n e  seeped from h o l e  a f t r r  d r i l l  rods \:..ro l r < ' k r > r l  a t  
end of run a t  depth of 16.3 f t .  Probable source  was a n h y d r i t r  " a " .  
S t a l a c r l t e  growth monitored a s  p a r t  of BSEP from 5/85  t o  2 /86 .  
D r i l l e d  1 / 8 7 ,  observed a s  p a r t  of BSEP s i n c e  3/87. 
DrllYe.3 lZIBb, observe41 a s  p a r t  of BSEP s i n c e  12/86 .  Hole o f f s e t  a t  45 f t .  
Untnp a r e a  on t h e  f l o o r  of Room G ,  near s o t ~ t h  r i b ,  a rproximate ly  1.5 I t  e a s t  of 
DH35. Seep noticed 8 /65 .  Danv a r e a  l a r g e r  in  11/85. Monitored a s  par t  o f  BSEP 
s i n c e  11/85. 

H ,  J Hor~itored a s  p a r t  of BSEP s i n c ~  11/84. 
, H ,  H o ~ ~ i t o r e d  a s  p a r t  of BSEP from 11/84 t o  7/81 when shear  c l o s u r e  pinrhed h o l e  

shut s o  t t m t  sanpler  would not. go t o  hottom. l a s t  BSEP br ine  da ta  rol  lru-t.ed 

DH35 

Dl36 
DH3 1 

DH38 
Dl139 

DH40 
DHLi 

DH4 2 
MC?A 
DHZ 15 

DHZ16 

DH317 
DH3 17A 
DH317R 

N1102 

NllO2 
N l l O l  

NllOl 
N l l O l  

N l l O l  
NllOl 

h'1101 
NllOl 
51960 

Sl960 

S1600 
Sl600 
S1597 

A3, B 
A3, B 
A l ,  B  

A?. B 
A2. B 
A2, B 

DHPLOl S1950/EI3?0 A 51950 El330 1268.0 L  69.5 U 
DIIP*02A S1950lEi330 A 51950 81 3 30 1255.8 b  b9.8 D 
G Seep C A Nl095 W1837 128L 16 4.0 D 

i n  3/81. 
D. F ,  G D r ~ l l e d  R108185, d r i l l e r s  repor ted  water or 7 f r  10 Inches. 
D, C T  R r ~ n e  i n  bottom of p l l o t  ho le  on 8/20185. 
0, H Mc,r~~tored as p a r t  of BSEI' s l n r e  8185. 
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2.3.1 DOWNHOLES 

Fluid was collected from a number of vertical downholes drilled in the floor 
of the underground workings. The collection of brine that has seeped into 
those downholes and the analysis of that data was described by Deal and Case 
(1987) in accordance with Procedure WP 07-410 (WIPP BSEP: Brine Collection 
and Inflow Measurements). The data presented here is part of an ongoing 
project and updates that previous report. 

Plugs inserted below the collar of many of the holes created a restricted 
environment, reducing the amount of moisture lost by evaporation. As a 
result, the observations made in plugged downholes may be more representative 
of inflow conditions in general than those made in upholes or horizontal holes. 

Table 2-2 summarizes the most important data obtained to date from the down- 
holes. Additional information on the holes is contained in Table 2-1. For 
those holes discussed in Deal and Case (1987; Table 3-l), it was noted that 
six of those holes (BXO1, DH38, DH40, DH42A, IG202, LlX00) which had shown 
steady or increasing accumulation trends, now show slightly decreasing 
trends. Three sets of holes, including one set at the east end of the S1950 
drift, one set at S1620 and W170, and one set in Room L1, were not described 
in detail in Deal and Case (1987), but are included in this report and 
discussed in detail below. 

2.3.1.1 Downhole DHP402A at the East End of S1950 Drift 

A pair of 15-meter long stratigraphic observation holes (one up, one down) 
were drilled in the east end of the S1950 drift, at the southeast corner of 
Waste Storage Panel 1. The drift was excavated October 29, 1986, and the 
downhole, DHP402A, was completed on December 5, 1986. Difficulty was en- 
countered in accurately bailing brine from the hole because of an offset at a 
depth of about 13.7 meters which caused the bailer to become wedged in the 
hole. 

.:.pproxirnatelv 33 liters of brine had been removed from this hole by the end of 
this reporting period. Most of that brine, however, originated as spilled 
drilling fluid during the drilling of a horizontal probe hole northward along 
the center of Waste Storage Room 7. As a result, inflow rates and trends are 
indicated as "unknown" or "not applicable" on Table 2-2. 

2.3.1.2 BTP Downholes at S1620/W170 

In September 1985, an aicove was mined to the south at the junction of the 
S1600 and W170 drifts. :line downnoies w e r e  drilled in the alcove in J x l y  
and August 1986, for the express purpose of better defining stratigraphic 
variations in brine seepage. The holes were labeled "BTP" hoies and consist 
of three sets of three holes each. Each set of hoies is open in a differmt 
stratigraphic interval (Table 2-1). 
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TABLE 2-2 
(continued)  

D a t e  
Room 

Ext:avat-ed 

4 / 8 4  
4 / 8 4  
4 / 8 4  
4 / 8 4  
4 / 8 4  
4 / 8 4  
4 / 8 4  
4 / 8 4  
3 / 8 3  

I3R Il'lF; ARCClJMIJLATION SUMMARY FOR DOWNHOLES 

Date 
First 

Observed 

8/85 
8/85 
8/85 
8/85 
8/85 
8/85 
8/85 
5/85 

12 /84 

Approx. 
Maximum 
Inflow 
( l /day 

0 . 8  
0 .08 
0 . 1 8  
0 . 1  
0 
0 
0 . 0 1  
0 . 0 3  
0 . 5  

Approx. 
Inf low 

7/87 
( l /day)  

0 . 1  
0 . 0 1  
0 . 1 5  
0 . 0 5  
0 
0 
0 .005 
0 .017  
0 .25  

Inflow 
Trend 
7/87 

(1 ,S,D)* 

D 
D 
I 
I 

DRY 
DRY 
I 
D 
D 

Approx. 
Tota l  Vol. 
Removed By 

7/87 ( 1 )  

* I -. 111c~ .ens i11g  
S = Steady 
D = Decreas ing  



The shallowest holes (BTPA1, BTPB1, and BTPC1) are open from the surface (floor 
of the drift) to their total depth of about 1.5 meters. This interval is im- 
mediately above, but not in contact with, the anhydrite marker bed MB139 
(Figure 2-3). The next set of holes (BTPA2, BTPB2, and BTPC2) are cased and 
grouted through the shallow interval and are open through MB139, from a depth 
of approximately 1.7 through 3 meters. The deepest set of holes (BTPA3, 
BTPB3, and BTPC3) are cased and grouted through MB139 and open below it, from 
a depth of approximately 3 through 4.3 meters. 

Excavation-induced stress redistributions result in the opening of fractures 
around the drifts, and these effects are exacerbated in the more brittle 
anhydrite beds close to the workings (Deal and Case, 1987; Bechtel National, 
Inc., 1986a). It was, therefore, expected that the interval open through 
MB139 would produce more brine, especially as time went on and the fractures 
continued to open. The data for the BTP holes for the time period before 
December 1986 tend to confirm this (Appendix A). 

The shallow holes (BTPA1, BTPB1, and BTPC1) were all dry. As a group, the 
holes open through the MB139 marker bed (BTPA2, BTPB2, and BTPC2) produced the 
most brine (0.36, 0.42, and 0.26 liters, respectively), although individual 
holes open below MB139 (BTPA3, BTPB3, and BTPC3) produced nearly as much or 
more brine (0.38, 0.19, and 0.21 liters, respectively). 

Brine sampling was suspended between early November 1986 and June 1987 as a 
result of mining activities that extended the W170 drift southward across this 
location. The collars of the observation holes were destroyed when the floor 
of the drift was lowered. In June 1987, when the holes were opened in prepa- 
ration for resumption of sampling as part of the BSEP, brine was found in the 
holes. Part or all of that brine may be derived from construction-related 
water spread on the drift floor to control dust. 

2.3.1.3 LlS Downholes in Boom L1 

An east-west row of twelve dowriholes numbered L l S 2 5  through LlS36, each about 
3.6 meters deep, were drilled near the north end of Room L1 (Figuro 2-5) in 
June and July 1985. This line of holes is about 4.4 meters south of drillhole 
LlXOO (monitored as part of the BSEP since October 26, 1984). individual holes 
are sgaced approximately 0.6 meters apart in two sroups of six (Figure 2-5). 
Deal and Case (1987) described situations in which clcsely-spaced drillholes 
(notabiy the MIIT holes in Room J and hoies DH42 2nd 42A in Room G )  dispiayea 
dramatically differing brine accumulation data which lead them to csution that 
"the great variation in inflow characteristics between iocations oniy a short 
distance (a few meters, or in some instances, less than a meter) epart inake 
the discussion of 'averzges' or 'typical OCC-drrences' difficuit or "isleading." 

The L1S holes have been monitored as part of the SSEP since Augusc 20 ,  1985 
and show striking local variations in brine seepage between closely-spaced 
locations. Figure 2-5-D shows the liters of brine that were renovea from each 
of these holes on December 10, 1985. 1-Ioie LlXOO is also shown on this figure 
for reference purposes, but the "fiters r~moved" flgure is not csmparabie t3 
those obtained f;om the L1S holes because brine had been ccllected seven days 
eariier from LlXOO and the hole completely evacua~ed, ~nerezs the S1S holes 
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had not been previously evacuated and brine had been accumulating in them for 
a longer period of time. Comparing the amount of brine removed from the L1S 
holes on December 10, 1985 (Figure 2-5-D), it is apparent that dry holes are 
interspersed with holes that contained nearly 3 liters of brine. 

Figure 2-5-C shows the volume of brine removed from these holes on November 5, 
1986. The relative wetness or dryness is different than that shown in Fig- 
ure 2-5-D, but again the variation between holes less than a meter apart and 
penetrating the same stratigraphic units is striking. Hole LlXOO is shown 
for reference purposes even though the volume figures may not be strictly 
comparable to those from the L1S holes. 

Figure 2-5-B shows the total amount of brine removed from these holes during 
the BSEP monitoring through this reporting period. Two holes (LlS34 and 
LlS35) have not produced enough to measure using the standard BSEP techniques, 
while nearby holes have produced up to 119 liters (LlS29). Holes LlS28 and 
LlS30, which are 0.6 meters on either side of LlS29, have produced 0.2 and 
62.4 liters, respectively. 

It is unlikely that these variations are the result of unknown water or brine 
spills near the holes. Wet areas have not been noticed in this vicinity during 
monitoring activities. Additionally, some of these holes (Table 2-2 and Appen- 
dix A )  have shown increasing accumulation trends during the later part of this 
reporting period, adding confidence that these figures reflect actual increased 
seepage rates of brine into these holes. The fact that the holes with the 
higher production figures and greater increases in accumulation rate tend to 
be near the center of the room, suggest that increased permeability (perhaps 
opening of fractures in anhydrite MB139) similar to that documented elsewhere 
at WIPP (Deal and Case, 1987; Bechtel National, Inc., 1986a) are playing an 
important role. Such increased permeability is expected to develop both more 
quickly and to a greater extent near the center of the room. Room L1 was 
excavated in April 1984. increased seepage rstes began to be noticed about 
2.5 years later, in August and September 1986. 

2.3.2 UPHOLES 

If the brine seepage into upholes is sufficient to flow down the sides of the 
hole, noist areas may form on the back (roof). Eighly visible salt crust 
buildups and salt stalactites can also form at the collar o f  the hole (Deal 
and Case, 1987). 

Many of the upholes are now inaccessible, usually because they coritain in- 
stalled instruments, and it is not possible to determine the extenc of salt 
buildup within them. If there is enougn brine entering the upholes to run 
down u he sides, it will usually flow around the instrments and be evident e t  
the collar. Moisture entering open upholes tends to evaporate readily. Deai 
and Case (1987) discuss the collection anci data analysis techniques used for 
the upholes, and although a variety of techniques have been used to eliminate 
the circulation of drying zir into the hoies, zone have Seen compietely 
successful. Although some of the irregularity and lower seepage rates 
measured for the upholes (Table 2-3; Appendices A and 5 )  reflect the loss of 
moisture by dispersion from the hole collar, evaporation into the repository 



TABLE 2-3 

BRlNE ACCUMULATION SUMMARY FOR UPHOLES 

Hole Room Date 
o r  Room 

Locat ion Excavated 

Date 
Hole 

Dri l l ed  

Date 
F i r s t  

Observed 

Data summarized and rounded from Appe~idices A and B. 

Approx. 
Maximum 
I ~ l f   OW 
( l /day) 

0.04 
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 

7/87 
( l /day)  

Inflow 
Trend 

7/87 
( I ,S ,D)*  

I 
DRY 
DRY 
DRY 
DRY 
DRY 
DRY 

D 
DRY 
DRY 

D 
DRY 
DRY 
DRY 
DRY 
I 
I 

Approx. 
Total  Vol. 

Removed By 
7/87 (1)  

* 1 = Illcreasing 
S = Steady 
D = Decreasing 



atmosphere, and temporary blockage of the brine collecting systems, the data 
collected through this reporting period indicate that the upholes typically 
produce less brine than do the downholes. 

Most of the upholes monitored are dry, but three (AlX02, DH215, and DHP401) 
have increasing seepage rates. Although most of these holes have been dis- 
cussed in detail by Deal and Case (1987), several have been added to the BSEP 
monitoring program since the period discussed in that report. 

2.3.2.1 Uphole DHP401 at the East End of ,51950 Drift 

This uphole is a 15-meter-long observation hole drilled in the southeastern 
corner of Waste Storage Panel 1, above previously-described downhole DHP402A. 
This hole was completed in January 1987. Data continues to be obtained and 
the seepage into this hole will be discussed more fully in a later BSEP report. 

2.3.2.2 BTP Upholes at S1620/W170 

In addition to the nine downholes drilled in 1986 (described in Section 2.2.1.2 
of this report), six upholes were drilled at the same time in the same alcove 
(Tables 2-1 and 2-3). They were also designed to evaluate relative variations 
in brine seepage from different stratigraphic horizons and were drilled as two 
sets of three holes. The shallow holes (BTPA4 and BTPA5) are open for the 
first 1.4 to 1.6 meters above the back and penetrate the halite units below, 
but not including, anhydrite "b" and clay G. Two holes with intermediate 
lengths (BTPB4 and BTPB5) are cased and grouted to about 2 meters and are open 
from there to about 3 meters, through the zone that contains anhydrite "b" and 
clay G. The deepest holes (BTPC4 and BTPC5) are cased and grouted through the 
anhydrite and clay zone and are open from about 4.2 to 5.5 meters in the clear 
halite between anhydrites "a" and "b" . All of the holes, except for one of 
the two longest (BTPCS), are dry. These holes were sealed at the coilar, and 
it is unlikely that evaporation into the repository atmosphere was significant 
in reducing apparent brine voiumes accumulated by the collecting system. 

2.3.2.3 U~hole DH15 in NllOO at the South End of Room D 

Uphole DH15 was drilled in March 1985. In May 1986, i t  was noticed that this 
hole was producing small amounts of brine. It is located near, but not in, 
the heated experimental rooms, It does not contain any instrumentetion and 
has not been grouted. This is, therefore, s desirable location for the 
collection of brine for chemical analysis. A coilecring device was installed 
t o  facilitate sampling, and the hole was added to those routineiy monitored as 
part of the SSEP. 

2.3.3 HORIZONTAL HOLES 

An array of horizontal holes were 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 variabiiity in seepage from t he  different stratigraphic kori- 
zons exposed in the facility-level excavations. Figure 2-5  is a sketch 
showing the location of the holes and their reiacicnship to the stratigraphy. 
The cietailed stratigr~phy o r  the facility i ~ v e i  is shown in Figure 2-2. The 
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holes, numbered BTRl through BTR12, are inclined siightly below horizontal so 
that the end of the hole is lower than the collar, and are drilled to either 
0.3 or 0.9 meter depths. 

The holes were instrumented with suction soil moisture collecting devices 
(Deal and Case, 19871, and the opening of the holes were sealed to prevent 
evaporation and loss of brine. Summary data is presented in both Figure 2-6 
and Table 2-4. All of the shallow holes remained dry and did not produce 
measurable quantities of brine. The amount of brine seeping into the deeper 
holes appears to be related to the stratigraphy. Holes BTR8 and BTR9 both 
produce much more brine than any of the other holes, and both penetrate the 
orange marker band and the clay seam above it. The sketch shown as Figure 2-6 
shows the collar of these holes as located above the orange band. This is 
correct, but since the holes are slightly tilted, the length of the holes 
penetrate the orange band as well as the clay seam. The next largest brine 
production is from holes that are drilled in the argillaceous halite near the 
back. The clear halite above the orange band produces much less brine, and 
the holes drilled near the floor are essentially dry. 

A 36-inch diameter horizontal hole, WWC1, located on the south side of 
the N1420 drift, across from Room C1 at the experimental room level, was 
pnotographically nonitored to document the deveiopment of sait crusts. 
Observations made at WWCl will be reported in a later BSEP document. 

2.4 DAMP OR WET AREAS ON FLOORS 

Moist areas have been observed on the floor of the WIPP workings and have 
previously been discussed by Deal and Case (1987). Presently, the WIPP 
excavations exceed 14 kilometers in length (Figure 2-I), but r! sizeable, 
persistent, moist area has been observed in only one location. 

Room G was excavated in November 1984. In August i 9 8 5 ,  2 small ere2 of damp 
ei~ck aiong NllOO was noticed on the floor at ~pproximately E1140! zdjacent to 
:he south rib. In November 1 9 5 5 ,  the damp area had expanded in size to abouc 
5 meters east-west and 4 meters north-sou~h on tine floor of the drift. The 
bedrock salt floor at this location is covered with several inches of 
partially-consolidated salt muck, xhich had beccne saturated with brine. The 
brine was evaporating into the repository atr.osphere? forming a salt crust, 
and cementing the muck. On November 25, l 9 8 5 ,  2 mail pit vas excavated by 
hand thrcugn the sait nuck, down to the ievei sf the bearcck. 3rine inflow 
aeasurenents were aade by evacua~ing this snail szmp and resuited in oniy 
partiai dewatering of the saturated XUCK on c n e  fioor o f  the crift. The 
resulting numbers caicvlatec for inflow in terns o f  liters aer cay (Appendix 
A )  are qtlite irregular 2 s  a resuit of incompiete and inconsistent dewatering 
of the muck, but do provide minirrium figures f o r  t h e  seepage et this locaticn. 
It appears that the total seepage into the crifL at chis iocscion is on eke 
order of 0.5 liters per day. 



TABLE 2-4 

Hole 

BTRl 
BTR2 
BTR3 
BTR4 
BTR5 
BTR 6 
BTR7 
BTR8 
BTR9 
BTRlO 
BTRll 
BTR12 

BRINE ACCUMULATION SUMMARY FOR 
HORIZONTAL HOLES AT S1950/E100 

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

HOLES FIRST OBSERVED: 3/86 

Approx. Approx. Inflow Approx. Total 
Maximum Inflow Trend Vol. Removed 
Inflow 7/87 7/87 By 7/87 
(l/day ( l/day) (I,S,D)* (liters) 

DRY 
S 
S 
DRY 
S 
S 
DRY 
D 
D 
DRY 
DRY 
DRY 

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

* I = Increasing 
S = Steady 
D = Decreasing 



3.0 PRELIMINARY GEOCHEMICAL AMLYSES O F  WIPP UlPDERGROURD B R I N E S  

The following discussion of the chemistry of the WIPP brines and the geochem- 
ical implications of that chemistry is preliminary in nature. There are 
difficulties inherent in working with saturated, high-ionic strength brines. 
Additionally, it has not been easy to obtain samples that are clearly chem- 
ically representative of naturally occurring Salado Formation brines. The 
introduction of fresh water, brines of other composition (as drilling fluids 
and from the overlying Rustler Formation), and soluble materials (a variety of 
grouting compounds and materials involved with many types of instrumentation) 
has occurred both intentionally and unintentionally as part of construction 
and experimental activities (Deal and Case, 1987). 

Most of the previous geochemical work pertinent to the WIPP brines have 
concentrated on fluid inclusions in the halite (summarized in Deal and Case, 
1987, Section 4.1.2). Stein and Krumhansl (1986) have previously investigated 
some non-inclusion WIPP brines. 

Some of the brine occurrences monitored as part of the BSEP studies have been 
repeatedly bailed over a sufficiently long period of time so that any contami- 
nation resulting from compounds introduced during drilling is considered 
minimal. Some of these locations remain open holes and have never had instru- 
mentation or grout introduced into them. Additionally, some locations have 
remained free from construction and experimental activities that are likely to 
have introduced other foreign materials or fluids into the collecting loca- 
tions. We think that the brines collected as part of the BSEP from these 
locations reasonably represent the brines that occur in the Salado Formation 
in the near-field environment of the WIPP facility excavations. In most 
instances, the brines collected from drillholes (most less than i5 meters in 
length) are the result of mixing brine from discrete sources (i.e., the brine 
collected from the boctorn of a 15-mecer drillhole may have come from several 
different stratigraphic horizons). They are likely to be representative of 
the composition of brine that night come iri contact with wzste em~iaced in the 
facility. The iocations ccnsidered ts be chemically rs2resentative cf such 
brines include the uphoies and downholes xonitcred durlng the SSEP in Rooms 
Al, A 2 ,  A 3 ,  B, and G. 

Brine from other lccations, such as drillhoie D H 2 1 5 ,  have been monitored as 
part c i  the BSEP but may have unrepresen~ative chezicai compositions because 
tney have instruments (such as sonic-probe exte~someters) instailed in then 
vhich may be a source of contaminatian, esDeclally o: iron. #:rout is a major 
source of actuai and pctentlei concamination, cieariy affecring tne chemistry 
=f the brines accu~uiating In  inclinmeter hoies iG201 zna I2702 (see tke 
detailed discussion cf the history sf thcse holes in Deal ar,a Case, 1987, 
Appendix D). 

Some brine samples were collected previously as part of the BSEP. They were 
oniy analyzed for cajor constituents and ha*~e c3t 3een re?ortec. The data that 
, -., ,. presences In Table 2-1 cre for sarncies coilecced in April and Jxne 1987, 

chat yere analyzed both for major eiemects ana some rrace eiements. This data 
represents the first of severai pianned 6ata releases. Sample collection, 
snaiysis, and interpretztian ere on-going accivicies chat ~ i i l  be presented in 



subsequent reports and data releases. Planned activities will initially focus 
on defining processes that are controlling brine conposition, ana the identi- 
fication and interpretation of spatial trends in the data. 







4.0 PBELIMIHABY EVALUATION OF MOISTURE CORLXNT 
OF ROCKS EXPOSED IN TBE WIPP FACILITY EXCAVATIOIW 

Moisture does occur in the Salado Formation at the WIPP site. Deal and Case 
(1987) discuss those occurrences and conclude that moisture is present in the 
WIPP facility horizon rocks principally in: 

Hydrous minerals (mostly gypsum and clays) 
Fluid inclusions in bedded salt 
Intergranular porosity 
Open fractures 

The focus of the BSEP is on the moisture that migrates into the underground 
openings (excavations and drillholes), which are at atmospheric pressure and 
approximately 27OC.  Deal and Case (1987) cited previous studies and used the 
figures of 0.1 to 0.5 weight percent as the approximate range of values for 
the moisture content of the Salado Formation at WIPP. Most of these previous 
studies involved heating samples to elevated temperatures and measuring the 
resultant weight loss. 

The present study was undertaken to refine those numbers and to determine what 
measurable variations there are in the moisture content of the Salado in and 
near the WIPP excavations. Issues raised during Phase I of the BSEP (Deal and 
Case, 1987) include: 

What is the aerial and stratigraphic variation in moisture content? 

Are there distinct locations of some brine sources and are they 
correlated with the stratigraphy of the Salado Formation? 

Characterizing the moisture content of the rocks exposed in and near the WIPP 
excavations is ongoing and may provide answers t? these questions. Samples 
taken from the facility may be subject to moisture changes due co dilation and 
airflow during drilling and xining. Xoisture loss after sampling, during the 
present study, was minimized by careful handling procedures. 

4.1 PREVIOUS WORX 

The Zeological Characterization Study (Powers st a l . ,  1978) and the Site 
Validation Program [(SVP) Elacic et al., 19831 zctlvities o f  the Site and 
Preliminary Design Validation (SPDV) program Yere the preliminary studies 
evaluating the n?oisture content of the WIPP facility host rock. They have 
invescigated the brine content in the facility i~terval strata by addressing 
the WIPP site qualification criteria (Black e t  ai., 1983). Samples for 
these studies were collected at t h e  facility korizon from both surface and 
subsurface exploration core holes. 

4.1.1 GEOLOGICAL CHARACTERIZATION 

The Geological Characterization Studies (Powers e t  a:.. 1078)  included 
differential thermai anaiyses (DTA) znd thernograyiirnerric analyses of samples 
ground to snaller than 100 mesh. DTA is a neth3d used to define the temper- 
;cure a c  which thermal reactions take place I n  2 naterial vhen  it is heated 



continuously to an elevated temperature (Grim, 1978). Clay macerials will 
show endothermic reactions due to dehydration and to loss of crystal struc- 
ture, and exothermic reactions due to new-phase development. The results are 
usually plotted in the form of a continuous curve, with the thermal reaction, 
in this case, resulting in weight loss, presented as a function of temperature. 

Thermogravimetric analysis is a method of determining the differential weight 
loss as a sample is heated at a uniformly increasing temperature. The heat is 
increased at a predetermined rate over time. Discrete ranges of sample weight 
reactions may be observed. It is less sensitive than the DTA method, but is 
generally felt to be more reproducible (Grim, 1978). 

Powers et al. (1978) described a number of different responses to heating by 
samples from coreholes AEC No. 7 and No. 8. Depending on sample constituents, 
moisture loss at 70°C ranged from zero 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" +5"C was from zero to 3.5 percent, with the majority of samples showing 
less than 0.5 percent weight loss. Heating to 70°C was designed to measure 
absorbed water, recognizing that gypsum dehydrates at this temperature (Powers 
et al., 1978). Most samples showed very little water loss between 200 and 
300°C. 

Thermogravimetric analyses were conducted on 35 selected samples from core- 
hole ERDA No. 9. Figure 4-1 illustrates the weight losses experienced for 
these samples. Approximately half the specimens are represented by Curve A 
(0.5 percent weight loss). Two samples are represented by Curve C. The 
range of moisture content in percent by weight was 0.1 to 1.7 percent with 
an average of 0.36 percent (Powers, et al., i978) as calculated from fluid 
inclusion volume determinations using petrographic anaiyses. A certain bias 
nay be expected in these analyses due to substantial and unpreventable loss of 
fluid in the corir,g and disking process. In aidition, petrographic techniques 
%re insensitive to thin lryers of intergranular brines. 

1 .  SITE VALI3ATION PmGRAM 

m. ~ n e  S7JP was initiated, in part, ~3 address the %I?? site quaiifice~iox criteria 
.> f :  1) the h ~ s t  r ~ c k  I-,aving a relativeiy low brine concent determined to 
an adequate larrel of satisfaction for heat-producing k'aste ex?erinents; and 
2) verifying thar the disposal stratum aid not contain more than 3 percent 
zoiscure. The measurement of noisture content In the facility iccerval strata 
;as specified in the program pian guidelines ( V . S .  DOE, 1982). Yo eadress 
rhese criteria, samplin4 and testing was conducted o n  the rock sait in the 
faciiitjr exploratory hna ventilation shafts: zr.a the access and expioratory 
lirif ts. 

In November and December 1582, and January iS53. a rotai c f  2 4  samples were 
collected from the facility horizon (Figure 4-2). A wide spatial distribution 
of samples were ootained in the underground fron the mined faces and horizon- 
:;i coreholes. >? objecrive of the anaiyses of these samples viis zo provide 
the baseiine ~rir,e ccntenE data for the facility norizon host rgcii and t:, 
satisfy the site cr~teriz (black e c  a l . ,  1983). 



BSEP 11 



BSEP I1 

r 2 

1 
: 
f 
; 

LEGEND 

- - COMPLETED EXCAVATION ( 121311081  

- - - -  ---- PLANNED EXCAVATION 
4 0 0  r o o  FEET 

I ZYP SAMPLE LOCATIONS A 

I Z O O  ' C O  9 2 0 0  METERS 

1 
i 

I 
i 

I t F 8 O H  BLACK E T  AL., ! 1 8 3 J  

1 
I 

I I 

Figure  4-2.  

S i t e  Va l i da t i on  Programs Saapie Loca t ions  
T. ,benty-Six . Sampies Col l ec t ed  11/82. 12 /82 .  and 1 /83  

(From Elack e t  a i . ,  1933) 



The principal analytical method for brine content determination was by thenno- 
gravimetric analysis (TGA). The primary limitations of the TGA were felt to 
be (Black et al., 1983): 

The reported relative mass loss represents discrete volatilization 
events in the specimen and may not be used directly to indicate free 
moisture content. 

The sensitivity of the thermogravimetric balance is approximately 
1 microgram. Reproducibility of results is 10 micrograms. The 
hardware for these low limits is designed to accommodate samples no 
greater than a few tens of milligrams. 

The larger grain sizes can lead to omission of one or more volatile 
phases in discrete grains. However, the omission is generally of 
phases containing bound water and not water in free solution in the 
specimen. 

Rupturing of fluid inclusions may blow solid material off the scale 
pan during decrepitation, biasing the mass loss values. 

Preparing granulated samples may account for a loss of some inter- 
granular and intragranular free aqueous solution depending on the 
fraction size of the crushed specimen. 

The thermogravimetric analyses in the SVP studies have indicated most of the 
free water is liberated from the rock salt in the range of 25 to 250°C (Black 
et al., 1983). Table 4-1 summarizes the results for the 26 specimens tested. 
Rupture of the intragranular fluid inclusions occurs in the range of 250 to 
400°C. Dehydration of illite and of the smectftes also occurs between 25 and 
250°C. 

Yater releases by the dehydration of polyhalite and illite in the range of 250 
to 400°C, as well as rupturing of fluid inclusions, was considered as part of 
the free water content in this analysis. It was felt that any experimental 
heating of the rock salt during in situ testing would likely mobilize water 
from the clay minerals and polyhalite and should be considered in the baseline 
data. The average mass loss for each of the ternperarure ranges ~vaiuated 
follows (Black et al., 1983): 

3.1.3 OTHER ANALYSES 

Hohlfelder (1981) took samples from the Upper Salado Formation (McNutt Potash 
Zone) with the objective of heating larger specimens in the range of 250 to 
4 2 5 ° C .  The samples were approximately 400 grams and were comprises predomi- 
nantly of haiite, kainite, polyhalite, and sylvite. The average percentage 
weight loss for the nine specimens to 424°C was determined to be 0.51 per- 
cent. These resuits are similar to the ranse experienced for 20-graii samples 
hezted above 240°C in a study aiso conducted by Eohlfelder (l979). Both 



TABLE 4-1 

RELATIVE WEIGHT LOSS IN DISCRETE TEMPERATURE INTERVALS 
(From Black et al., 1983, Supporting Documentation, Table 2) 

Percentape Mass Loss 
S~ecimen No. 25°C to 250°C 250°C to 400°C 400°C to 600°C 

ni 1 

0.02 

0.04 

0.19 

0.03 

0.04 

0.08 

ni 1 

0.03 

0.15 

0.02 

0.01 

0.04 

0.22 

0.13 

0.22 

13.22 dec. 

0.08 

0.01 

0.07 

0.26 

0.04 

ail 

0.27 

0.11 

0.20 

0.17 dec.* 

0.18 

0.33 

nil 

0.03 

0.03 

ni 1 

0.11 dec. 

ni 1 

0.08 

0.09 

0.02 

0.19 

0.27 

0.53 

0.09 

0.08 

0.06 

ni 1 

0.05 

3.11 dec. 

0.13 dec. 

0.37 

3.li 

0.14 dec. 

0.05 

0.40 dec. 

0.21 

0.08 

0.32 

0.45 

1.40 dec. 

0.05 

0.15 

0.33 

0.12 

0.53 

3.28 

o . l a  
0.04 

0.06 

0.39 

3.25 dec. 

,.49 

1.08 

@.I9 dec. 

0.60 

*dec .  = decrepitation 



studies indicated a weight loss of less than 0.08 percent for temperatures 
below 230°C; however, the larger samples lost mucn less than the smaller 
samples for the same temperature range. 

Sandia National Laboratories, in their ongoing heated room experiments, con- 
tinues to make in situ brine observations and conduct laboratory analyses of 
moisture content on samples collected in and near the repository horizon. 
Recent laboratory analyses of samples collected from experimental room A-1 
indicate a free water content in the range of 0.1 to 3.0 percent by weight. 
Water content was reported to be directly related to the ciay minerais in the 
specimens and the total insoluble residue (Progress Report, April 30, 1987; 
SNL report in progress). 

BSEP MOISTURE CONTENT ANALYSES 

The Brine Sampling and Evaluation Program (BSEP) initiated a study in 
June 1986 (expanded in January 1987) that, in some respects, is a continuation 
of the previously described brine content evaluations. The physical sample 
collection plan is an attempt to quantify whether a stratigraphic and/or 
lateral variation exists in the in situ salt moisture, and to document, to a 
reasonable degree of certainty, the moisture content at various iocations in 
the waste panel area of the WIPP underground. 

The moisture content measurements of the host rock salt are based on the 
easily moved fluid content in the low range of temperatures (25 to 2 5 0 ° C )  
defined in the previous studies (Powers et al., 1978; Black et al., 1983). 
The "easily moved" fluid, defined as "that fluid contained in the rock which 
can flow through interconnected pore spaces and existing fractures," is not 
bound as intragranular inclusions, is easily driven off 5y heat, and is not 
chemically bound in the specimen. it is tlhis easiiy moved flcid that is 
likely t3 flow toward the excavation undermining-inducea, transient pressure 
gradients. 

This section provides the method cf  znaiysis aca a prelizinary evaiustion o f  
the cn-going sampling. 

Initial core samples were collected from vertical holes drilled frcm the 
facility horizon in june and July 1086. In January, February, 2nd April 1987, 
ten sets of six samples each were coilectea at shallow depths (15 cnj from the 
2xcavztion at the facility horizon in the waste p n e i  areas. Figure 4-3 shows 
rhe locations of these sampies. Sampie locations f;r borizc~tai ccrenoles at 
the facility horizon were placed so as c o  obtain representative samples of the 
rocks exposeci in the vicinity of the facility wasre panels. Tigure 4-4 shows 
:he relationship of individuai samples ~3 the scr~rigrlpny for ezcn of the 
moisture content rib (MCR) iocations. 

Samples from :he rib corehoies uere cbrained by dry Crillifig with e single 
chin-wailed diamond core barrel. The c3res were 4.13 ca in c;iarneter, and 
approximztely 15 cn: long. Specimens uere  placed in moisture-tig'nr containers - - -  dL,til the acaiyses were conauctea, as per NIPP Procedure K? 07-411 "Pock 

Sample Sollec~ian at the WIPP Facility." 
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Moisture determinations to-date have been conducted on samples tkat are as 
intact as possible, as obtained from the coring process. They nave been 
heated to 95 and 150°C, as per WIPP Procedure WP 07-412 "Measurement of Fluid 
Content in Samples Taken from the WIPP Facility Level Rocks." As snown from 
the previous studies, this temperature range was considered to be within the 
range from which most intergranular free water is liberated, but well below 
the temperature necessary to cause decrepitation of the sample and rupture of 
intragranular fluid inclusions. 

A rock containing free and bound water will loose water at discrete temper- 
atures depending on how tightly bound the water is in the specimen. Thus, 
free interstitial water will be lost at low temperatures; water of hydration 
will be lost at higher temperatures. Specific hydrous minerals, such as clays 
and gypsum, will have characteristic dehydration temperatures. In this in- 
stance, we are attempting to measure "easily moved" moisture, not to drive off 
water of hydration or to identify unknown minerals. 

The complication encountered in applying this method to specimens containing 
fluid inclusions is that water loss is observed over a vide range of temper- 
atures depending on sample preparation techniques (i.e., fraction size of 
sample). Thus, it may not be possible to accurately separate the effects of 
weight loss due to free water, and weight loss due to bound wacer. Eowever, 
in the temperature range selected (95 to 150°C) we believe the measured weight 
loss is representative of the free water that is lost. 

4.2.2 RESULTS 

In the current BSEP investigation, 101 samples were analyzed. Sixty of these 
samples came from rib locations, the rernainder from vertical coreholes drilled 
from the facility excavation. As was shown in Figure 4-4, rib szmples were 
sel~cted to represent correiatea lithologies at various facility lscations. 
For example, the sarnple designated "C" aiways represented the "cranqe zarker 
.-. and M at mid-height in the excavaticn and "!I" tk-e argillaceous naiite irtervai 

J2st above the marker band. I t  uas expecced thzt san~ies r;,=;sc l i k s i y  to vary 
in moisture content were A, E, 2nd F due co c2e  more vnriajle xiture of the 
ypper ana lower stratigraphic boundaries and because the moisture concent may 
be directiy relatzd to the occurrence of clay In  che sanpie. 

Table 4-2 sumarizes :he percent \?eight xoisture rancent for the sixty ri5 
zamples chat were analyzed. The variztion expec~ed i n  specimens X,  3, and F 
c a n  be seen in both Table 4-2 and Figure a-5. X porcion of specinen NCR-6C 
intercepted the thin clay sean above the grar,ge marker band, :!;?icn accouncs -. for the crder of magnitude higher moiscnre contenc shocm. :~nail:i, Table L - 2  

i~aicaces that additional heati~g tc 152°C resuits in a O to 23 percent in- 
crease in the measured weight loss ~ b o v e  che rzoiscure I ~ s t  vile3 t h e  samples 
..- ,,=re heated t~ 9 5 ° C .  I:lis r; . .~y b 2  2.n i?iciicaticn that t h e  c l a y  n i z z r a i s  w e r e  

dehydrating. 

.. . ::gure 4-6 shows che range of the moisture contenc dcterxined for each lithol- 
ygy sarnpied (A through F). The upper limits &re ~'~picaiiy s k e w ~ a  by singie 
sanples, ~s indiczred by the Lgw average for r3ch range. If the clay-rich 
sample MCR-6C is ignored, there is a very narrow mgisture-content range for 
:: sarnpies. This s-ilggests a nigh confidence in ~reiicting rzoiscure fcr tb.e 



TABLE 4-2. 

MOISTURE CONTENT O F  S I X T Y  R I B  SAMPLES 
COLLECTED I N  JANUARY, FEBRUARY, AND A P R I L  1987 

(CUMULATIVE PERCENT WEIGHT LOSS) 

MCR MCR MCR MCR MCR MCR MCR MCR MCR MCR 
1 -- 5 7 10 2 3 4 6 8 9 -  



~.:3isEuie . .  C o n t e n t  Ciscribut~cn icr 

Sixty PiCR Sarnuies I iss ted t o  C S ° C  
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orange marker band. However, the lithologic inconsistencies mentioned above 
do not allow similar correlations for all stratigraphic units (Figure 4-5). 
Stratigraphic levels A, B, and F show the greatest scatter over the largest 
range, most likely due to the more variable clay content. Specimens C, D, 
and E are predominantly halite and show the most consistency. In addition to 
the original in situ moisture content, other influences that might affect the 
pre-sampling moisture content of the samples may be the excavation exposure 
time (the time interval) between mining and sampling, and whether the sampling 
location has been exposed dominantly to intake or exhaust ventilation. 

Several vertical coreholes drilled from the facility excavation have been 
sampled and analyzed for moisture content as part of the BSEP. Table 4-3 
summarizes the results of analysis for the 41 such samples that are designated 
by BTP sample numbers. The results are also shown in Figures 4-7 and 4-8. 
Figure 4-7 shows a zone corresponding in two downholes at a depth of approxi- 
mately 3 meters with a moisture content of approximately 1.5 percent. Both 
specimens are below Marker Bed 139 and are comprised of argillaceous halite. 
The single uphole (Figure 4-8) shows two zones with a moisture content greater 
than 0.5 percent. One is an argillaceous halite at a depth of 6 feet and the 
second is anhydrite bed "a" at 15 feet of depth. Caution must be exercised in 
interpreting this limited, preliminary data until additional information can 
be collected. It does, however, appear that there are zones within the salt 
that contain more moisture than do the anhydrite interbeds. 

4.2.3 FUTURE ACTIVITIES 

Future BSEP activities to determine the moisture content of Salado Formation 
rocks exposed in and near the WIPP excavations are planned to include: 

* Continued rib sampling of facility excavations to develop an adequate 
statistical base GI' noisture content distribution. Yoistare varia- 
tions will be c~mpared to the age of an excavated c n t .  

Conducting moisture determinaticns cn crnshed samples to evaluate the 
contribution from intragranular brine inciusicns. 

* Sampling ribs to depth ( 3  metersj in selected locations to evaluate 
the moisture variation at a locacion reaovea fr2n the influence of the 
excava~ed room and ventilation system. 

3 S~mpie drift areas in conjunction uith geophysical survelrs conducted 
- .- 
Z ! i  IT or ochers co provide grc!dr:a-truth i n  e:7aiuatizq the geophysical 
response. 

The data presented here suggest strongly that the clay content of a  given 
specimen hes a significa~~t l-fluence on  t h e  e n a i y z e 5  moisture content. For 
samples sf ?.esrly pure halite, :he moistcre vsriations xere mall 2nd the 
gx.-era11 zverage ~,oisture content -,?as approximetely 0.5 perccnc cr less. Rocks 
;ith a higher clay content h2d a greater rendency far L a r g e ,  l e s s  predictable 
ranges and were generaily more ~.oist (up to 3.0 percenc b y  weight). 



TABLE 4-3. 

Hole 

BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPA3 
BTPC3 
BTPC3 
BTPC3 
BTPC 3 
3TPC3 
BTPC? 
STPC3 
8TPC3 
BTPC3 
BTPC3 
BTPC3 
BTPC5 
BTPC5 
BTPC5 
BTPC5 
BTPC5 
BTPC5 
BTPC5 
BTPC5 
BTPC5 
BTPC5 
BTPC5 
BTPC 5 
BTPC 5 
BTPC5 

MOISTURE CONTENT OF 41 UPHOLE AND DOWNHOLE SAMPLES 
COLLECTED I N  JUNE, JULY, AND AUGUST 1 9 8 6  AT S1620/W170 

Direction 
and Percent 

Sample Distance Date Weight Lost 
Number (Meters) S a m ~ l e d  @ 95°C 

BTP 18 
BTP 19 
BTP 20 
BTP 21 
BTP 22 
BTP 23 
ETP 24 
BTP 25 
BTP 26 
BTP 27 
ETP 2 8  
BTP 29 
BTP 39 
BTP 40 
BTP 41 
BTP 42 
BTP 30 
BTP 31 
BTP 3 2  
BTP 33 
BTP 3 4  
BTP 35 
BTP 36 
BTP 37 
3TP 3 8  
BTP 4 3  
BTP 44 
BTP 01 
BTP 02 
EJTP 03 
BTP 04 
BTP 05 
BTP 09 
BTP 05 
BTP 07 
BTP 08 
BTP 10 
BTP 11 
BTP 13 
BTP 4 5  
BTP 45 

Down 0.09 
Down 0.27 
Down 0.55 
Down 0.88 
Down 0.98 
Down 1.34 
Down 1.68 
Down 1.92 
Down 2.19 
Down 2.26 
Down 2.71 
Down 3.05 
Down 3.51 
Down 3.57 
Down 4.02 
Down 4.11 
Down 0.21 
Down 0.52 
Down 0.91 
Down 1.28 
Down 1.43 
Down 1.95 
Down 2.55 
Down 2.56 
Down 2.57 
Down 3.41 
Down 3.66 
U p  0.34 
U p  0 .67  
U p  1.13 
Up 1.83 
U p  2.07 
U p  2 . 1 3  
U p  2.38 
Up 2.56 
U p  2.83 
up 3 .20  
Up 3.41 
U p  3.96 
U p  4.66 
ITp 4.88  

Cumulative 
Percent 

Weight Lost 
@ 150°C 

0.26 
0 . 2 5  
0.51 
1.20 
0.23 
0.10 
0.20 
0.11 
0.24 
0.12 
1.66 
0.71 
0.27 
0.13 
0.11 
0.10 
0.27 
0.13 
0.16 
0.15 
0.19 
0.16 
0.18 
0 .34  
1.57 
0.62 
0.13 
0.07 
0.07 
0.04 
1 . 2 3  
0.k4 
0.46 
0 .42  
0.32 
0.03 
0.07 
0.07 
0.05 
0.61 
0.12 
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It appears that most of the free water present in the samples will be liberated 
from the rock salt below 250°C. While this range may encompass one episode of 
the dehydration of illite and of the smectites, it is still considered to most 
represent the easily moved fluids present in a specimen. Any heating of the 
rock salt is likely to mobilize some of the water in these clay minerals and 
should be considered in the baseline data. 

The data available for evaluating the areal variation of moisture is limited. 
Complicating factors such as the age of cut and relation to the ventilating 
system are still unknown variables. Given the lithologic considerations of 
the drift excavation, it may be assumed the upper and lower sections will 
contribute the majority of moisture in a given volume of rock. Concentrating 
analyses in these areas is expected to improve the moisture content interpre- 
tations, which will be presented in a later BSEP report. 



5.0 EVALUATIOU OF GEOPHYSICAL PETHODS OF ASSESSING 
THE UOISTUBE COIiTERT-OF ROCKS*EWOSED IN 

THE WIPP FACILITY EXCAVATIONS 

This section presents an evaluation of the application of geophysical methods 
to measure brine content of rocks adjacent to the WIPP facility excavations. 
The objective of the evaluation was to review existing geophysical methods 
suitable for detecting the relative moisture content in the evaporite rocks 
exposed in the WIPP underground facility, summarize previous measurements and 
future planned work, determine the application of these methods to the WIPP 
BSEP, and determine how geophysical measurements could be used to characterize 
brine content underground in conjunction with direct physical moisture 
measurements. This section focuses on the usability of proven, documented, 
"off-the-shelf", non-destructive techniques that might be able to provide 
rapid and cost-effective estimations of in situ moisture content of the host 
rock during the excavation of the repository storage panels. Experimental 
approaches that seem to offer merit are mentioned. Section 5-1 reviews 
lateral survey methods that may have application. Section 5-2 reviews recent 
experience in conducting electromagnetic and DC resistivity surveys at WIPP by 
the Colorado School of Mines (CSM) and IT Corporation. Section 5-3 presents 
conclusions and recommendations in the application of geophysics. 

5.1 LATERAL SURVEY METHODS 

The methods evaluated for lateral geophysical surveys include radar, electro- 
magnetics, resistivity, and nuclear-source techniques. The primary focus has 
been on electrical techniques such as resistivity, since these methods are 
well-established and are known to be successful in detecting brine in ground- 
water studies (Todd, 1980, p. 420). Electrical prospecting is based on a 
variety of techniques, each measuring a different electrical property of the 
geologic material. All of the methods discussed are capable of providing a 
cornpiete survey of the repository horizon within one to two weeks. 

5.i.l GROUND PENETK4TING RADAR 

Ground-penetrating radar techniques produce a continuous, kigh-resolution 
eleccromagnetic profile of reflections from subsurface (Kelsail et al., 1982). 
The depth of penetration is a function of the eiectrical properties of the 
materiais, che frequency used, and the radar encenna design. Zoundaries, 
between bodies of rock that have concrastlng electricai properties, will 
reflect wave energy bacjr ;o the receiving antenna. Thus, rxisr nay be a 
promising tec-nniaue fcr characterizations of t h e  disturbed zane that deveiops 
sajacenc to the repository excavations (Deal and Case, 1987). 

The transmitter typicaily emits a short pulse of ~lectrcmaqnetic mergy vich 
is cou~led to the formations Seinq investigated through the ancenna (Fowier, 
1983). Discontinuities in the eiectrical proper~ies of the fcrmation cause 
portions of the energy to reflect Sack to the receiver, which converts the 
high-frequency eieccromagcetic mergy into a low-ireauency signal. A 
contioiler provides che ~ininq signal to both zhe cransmitter end receiver. 



Fowler (1983), reviewed the application of ground-penetrating radar to potash 
mines, a geological environment very similar to that at WIPP. Fowler con- 
cluded that accurate reflection maps of shallow geologic features in potash or 
salt mines could be obtained from the mine horizons. Features that produce 
high resolution include large brine- or air-filled cavities or cracks that 
might pose a production or safety problem. The use of impulse radar in scan- 
ning underground salt deposits for possible application at WIPP was reported 
by Unterberger (1981) and Cook (1980), who conducted surveys in potash mines 
near Carlsbad, New Mexico, and at the Avery Island salt mine near Lafayette, 
Louisiana. The surveys had several objectives; these included an attempt to 
outline a breccia pipe that penetrates the Salado Formation salt and is par- 
tially exposed in the workings at the Mississippi Chemical potash mine, an 
attempt to locate a simulated waste canister at Avery Island, and the detec- 
tion of brine in three-inch diameter drillholes at Avery Island. 

Unterberger (1981) found that reverberations in the electromagnetic reflec- 
tions in the Mississippi Chemical Company potash mine, due to high reflection 
coefficients, reduced the ability to image shallow reflections. Cook 
concluded that clay seams and other absorptive materials made it impossible to 
obtain sufficient penetration to define the flanks of the breccia pipe. In 
the simulated waste canister experiments, there was some success in obtaining 
sufficient floor penetration to outline waste canisters. In the brine target 
experiments, the test targets included a dry hole, a hole containing a short 
piece of drillrod, and holes with varying amounts of brine. The attempts at 
locating the brine-filled holes did not give clear results, probably because 
of large surface reflections. Cook concluded that the location of steel 
canisters after long periods of burial is possible and that adequate 
penetration can be obtained in clean bedded salt, but that clay seams and 
other conductive inclusions limit penetration. 

5.1.2 ELECTROMAGNETICS 

Zlectromagnetic ( E X )  techniques nave been used successfully in expioration for 
:netailic niinerals and have also been applied t? exploraeion fcr fresh ground- -. ;later es veil as contaminant plumes. ~ i . 1  techniques rr.easure the resuiting 
magnetic fieid from an electric current induced in a conductor (the rock under 
investigation) by a magnetic field generated from a portable source. The 
induced currents vary as a result of variations in conductance within the 
rock. Since variations in brine content within the rock strongly affect 
conductance, the EI? mechod should have application to the WIPP studies. Based 
upon ex~erience in the exploration for netallic minerals, successful use of 
che ZM rnechod requires that the metallic target zone be electricaily inter- 
connected sl~ch thzt the entire ore body acts es a conductive unit (Klein and 
LeJoie, 1950). '?I techniques thererore appear LO be well suited f3r the 
lateral mapping of c3neinuous saturated zones. juch interconnections nay nor: 
slways be Recessary for successful use of EM tec~iques. McNeiil (1980) 
states that in the case of the small brine inciusions isolated in salt, 
intercavity connections are not necessary and an appreciable EM response may 
come from r:he fluid in each separate cavity. 

A major difference between eiectrornagnetic 2nd conventional resistivity 
techrliques is that for the latter, it is easier to calcuiate the apparent 
conauctivit!r for lsyering through vertical sounding techniques (GcNeill, 



1983). For EM surveys, the local current is determined primarily by the local 
conductivity; changes in any given layer usually do not appreciably affect the 
current flow in other layers. It is thus possible to generate "response" 
curves with depth (McNeill, 1983). These curves may then be used to generate 
a cumulative sensitivity to ground depth as shown in Figure 5-1 that may be 
used in conjunction with the following equation for a three-layer model: 

where 

01, 021 03 = Conductivities of layers 1, 2, and 3, 
respectively; and 

R(Zl), R(Z2), R(Z3) = Cumulative sensitivity at layer boundary 
points Z1, Z2, and Z3, respectively. 

Calculation of the layered earth response allows determination of the con- 
ductivities of individual layers, assuming layer depths are known, layer 
thicknesses are consistent, and conductivity response is linearly related to 
moisture content. 

The operational advantage of electromagnetic conductivity measurement are 
(McNeill, 1983): 

The current concentration in the ground is highest near the transmit- 
ter coil, suggesting probable sensitivity to nearby inhomogeneities. 
The high amplitude current loops have small radii and their effect on 
the distant receiver is negligible. The result is a system insensi- 
tive to small, local variations in conductivity but accurate in the 
measurement of bulk conductivity. 

A hignly resistive upper layer does not preclude applying the EM 
technique. 

r Depth of exploration is theoretically 1.5 intercoii spaclcgs without 
large amounts of wire on the grouna. 

Lightweight and portable equiprnen~. 

The instrunental disadvantages of eiectromagne~ic ccnductivity measurements 
are (McNeill, 1983): 

At conductivities beiow i rollhosim there is nor: enough response to 
obtain accurate measurements. 

At high conductivities the "low inductive number" approxization Sreaits 
down and the response becomes nonlinear. 

r The instrument zeroing is affected by all conductive aaterial (includ- 
ing the earth). It is difficuit Co establish and naintain zero to 
better than a few tenths c i  a rmhosim over the range of temperatures, 
humidity, and rnechanicai shock to which the equipnent is exposed. 
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* Conductivity sounding with depth can be carried out using a method 
analogous to conventional resistivity, however, the depths are 
restricted to the switch-selectable spacings. 

Additionally, the presence of highly conductive materials or other sources 
of magnetic fields (wires, power cables, or high-voltage transformers) may 
dominate the responses measured by the EM equipment and render the results 
unusable for the assessment of relative brine content of near-by rocks. 

5.1.3 RESISTIVITY 

In the resistivity technique, a direct current or low-frequency alternating 
current is applied to the material through two electrodes and the developed 
potential is measured across two other electrodes. By varying the electrode 
spacing and configuration, the vertical profile of the electrical resistivity 
and its lateral variations in the material can be determined. Since elec- 
trical resistivity is reduced in the presence of brine, relative variations in 
moisture content throughout the repository can, in principle, be determined. 
Kessels and others (1985) have used a DC electromagnetic method to determine 
the water content of domal salt in a diapir at the ASSE Mine in Germany, but 
the water content of that salt is appreciably lower than the WIPP salts. 

The success of the technique is dependent on the naturai variability of 
formation resistivities throughout the repository. It is likely that changes 
in resistivity due to the presence of brine are significant in comparison to 
the natural variation of formation resistivity, and that resistivity is a 
sensitive indicator. Mapping the anhydrite bed where it is saturated should 
also be possible. However, satisfactory results may be difficult in areas 
of electrical interference (i.e., the experimental and heavily instrumented 
areas). 

Besistivity, like some of the other electrical methods, is likely to detect 
krine in clay interbeds and fracture zones 7ithi.n the arhyarite marker beds. 
m. Lne apparent resistivity will primarily b e  a ixnc~i2n of the interconnected 
?ore fracture space and the presence of brine. Ernail isoiatea inciusions 
may not be recognizable if the resistivicy is cominatfd 5y dry rocK salt. 

5.1.4 NUCLEAR METHODS 

,$ varia~ion of a borehole technique is the cuciear oensmeter (ASTM D2922-81, 
1982), typically 2sed in soli density/nois:ure determina~ions. This nuciear- 
gauge  device cperates o n  the same principie as the aolmnoie neutrcn-absorption 
device, but with a much smailer nuclear source. :he mailer source limits the 
penetration to something on the order of 15 centi~ecers. 

The zeutron-absorption technique responcs prirzril:~ to the emounc of hydrogen 
in the formation. The device continuously emits nigh-energy neutrons from a 
radioacti7/e source. J.s the neutrons collide with h:;drogen nuclei, they slow 
down tc thermal velocities. :hey diffuse ranaoxly until thzy &re captured by 
various nuclei, chlorine being che most ixpor:anc. 3uring capture, they emit 
a hign energy gamma ray. 3epenaing on t:;e sp~cific techicue, either the 
gamma rays emitted during capture or the neucrons themselves are counted. 



This method does not distinguish either the source of the hydrogen or the 
relative interconnection of pore spaces. Hydrogen in any form, whether 
present in interstitial water or chemically bound in some mineral (i.e., 
polyhalite), results in the same response. Only the total amount of hydrogen 
present is important. The instrument is calibrated based on counts measured 
versus the actual moisture determined from oven drying samples. In theory, if 
the other constituents can be assumed to be constanc, the counts measured may 
then be related to percent moisture present in the rock. Calibration of the 
tool may be difficult in the salt environment, because other elements than 
hydrogen may slow the neutrons and the high content of chlorine ensures the 
very rapid capture of the slowed neutrons (Bateman, 1985). 

5.2 USE OF APPLICABLE GEOPHYSICAL TECHNIOUES AT WIPP 

Various geophysical techniques have been attempted at WIPP for different 
programs and purposes. These include ground-penetrating radar, nuclear 
densometers, electromagnetic techniques, and resistivity surveys. Many of 
these efforts were undertaken by other organizations and subcontractors 
and are described briefly here only in the context of approximating the 
practicality of using similar techniques for the purposes of the ESEP. 

5.2.1 GROUND-PENETRATING RADAR 

Attempts have been made to use ground-penetrating radar to map fracture zones 
at WIPP. The unpublished results indicate that the clay interbeds attenuated 
the signal rapidly. Void spaces were also found to attenuate signals rapidly. 
This effect could prove to be an advantage in detecting large void spaces full 
of brine near the repository. However, the existing evidence obtained from 
the BSEP (Deal and Case, 1987) does not support the iikelihooa that iarge 
voids exist in the inmediate vicinity of the nIPP excavations. Since gra- 
dational variations in moisture context may nor: 'oe recognizable, the radar 
eethod is judged to have linitea applications although It may c e  possible tc 
:.ppiy the method if lsrge fractures develop. 

5,. 2.2 YJCLEAR MOISTURE-DEKS ITY GAUGE 

.A Seaman Hodel C-200 nuciear moisturz-density gauge was previously utilized 
at the HIPP size to deternin~ the compacted Censity 2nd noisture content 
of a crusned sair foundation pad in a n  una~rground constr-ccrion 2rojecr 
(VandeKraats,1986). The nuclear moisture-density gauge consistenr:iy indi- 
cated low (beiow 1%) or zero moisture contenc, even when the p e a  felt damp t= 
the touch. Sam~ies sere collected and were determined in the izb to have a 
xoisture c,>ntenc that r~nqenl between 2.5 to 5 percent by weight. :::is error 
is iarge in comparison c c  the cuantity being mezsuied. Consequently, on the 

- - ;:sability c l  a standarci. r-r i-the-shelf? r!.:cieer soisture-density gsuge to ,r..ake 
accurate noisture aecerminations in tne sait envircrinenr- at '<!IF? is ~rcbably 
not appropriate. 

3n February 18 and 19, 1987 ,  IT' C~rporstion used 2 Geonics EM-31 electromag- 
zetic probe to conduct a survey through several Tarts c f  the VIP? excavations 
(Figure 5-2). The EM-31 instrunent cansists c f  transmitter 2nd receiver coils 
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at a fixed distance of about 3.6 meters. The transmitter coil induces eddy 
current loops in the ground. The instrnment is designed so that the magnitude 
of any one of these current loops is directly proportional to the conductivity 
of the terrain in the vicinity of that loop. Each of the loops generates a 
magnetic field which is proportional to the current flowing in the loop. Part 
of the magnetic field from each loop is intercepted by the receiver coil and 
induces a current in that coil. The voltage of the induced current is linearly 
related to the conductivity of the terrain (Geonics, 1979). The instrument 
measures the induced voltage and returns a value for the ground conductivity 
in mmho/m. 

The volume of rock influenced and the depth to which conductivity is measured 
is roughly equal to the coil spacing (3.7 meters in this preliminary survey). 
The fact that the coils are at fixed distances constrains the usefulness of 
this particular instrument. Variable depths could be investigated with 
detachable coil models such as the Geonics EM-34. 

The initial test was designed to survey the ribs (walls) of the excavations. 
The factors considered to potentially influence the survey results included 
the end effects of the excavation (the position and relationship of the roof, 
floor, and cross-drifts) and the cultural features of the mining operation 
(power supplies, cables, piping networks, and ligntingj. Several initial 
tests were performed with the instrument to evaluate the influence of the end 
effects and cultural features. It was determined that a mid-point on the rib 
roughly 1.5 to 2 meters above the floor minimized the roof and floor interac- 
tion. The effects of cross-drifts and the drift face (end of the excavation) 
had an influence to distances of approximately 3 to 5 meters, but were not 
large enough to pose a problem. 

The influence of cuiturai features was reizted to the degree that they domi- 
~ a t e d  the elecrrical regime of the excavation. Xiqh-voltage cables created 
interference a-rass the e2tire drift x-herever :hey r~ccurrzi. .*-tiereas rnetal 
signs cr ~ine-?none lines a f f e c r ~ d  reaciings cniy -,:ken tne i?str-sent -.;as i n  
.:lose proxinit? :a ciiea. - -  nore subtic interrerence was ; h a t  c f  r=ois ar ia 

. . . .- 5quiprnent xarn 'zy c5.e c.peracors :k.en?seives. ~ . : e  found thar I r  a survey tr,emDer . - (3tner than t>,s acr-~ai s p e r a t o r j  wezring a nine i m p  znd tcoi r e l r  vas closer 
than about 5 ;r,erers to the Instrument, shere wouid be e n  incresse in the 
zpparent csnaucrivit;: ar that iocaticn. Interference 5y t z e  cperzror himseif 
:.a -as minixized B y  rerioving aii extraneous equiprnenr 5 u r i n g  c 5 e  s,drvey and 5:~ 

t h e  operator standink; in a consistenr reiztive positi3n for sii the rneasure- 
-:ents. ?ace reco; l .nizeri ,  ~ o s t  cr' t h e s e  i::fi~ences n~~cideci O; CCXD~.~PU~:EC 

. . 
f o r  and are 2 9 ~  ieit tc haq:e c~xpromises zeasure9ects ~ 2 3 . e ~  csr:nz the i l L  2 =-. . 

. . 
. horizantai Sipcie survey ;-as csnauczei 2s reccrrzer.aea 5': - 5 e  i::strumer.c - .  - . . . , -iznufac:~rer. < ? o n i c s :  ; c z .  - 3  zccsnpiish Enis. ;:.2 inszrczenc is heid T ' z t ~  

. .  he zeter fsce ~eraiiel ~9 ~ n e  r : ~  face. ::-.is parcirulzr r::nYig::rari~n .zilows 
fcr the greares~ d e 2 ~ n  of ~enetration. 

-. - - -;lree ~raverses :;ere cede in iengrhs rar.qir.g frcm a-out j.= t; 130 rzeters, as 
- ,. indicated in F i g u r e  2-1. ?he zreas, .?;;?ici! -$ere seiect~b to h e  2s free sf 

cuitural In~erfprence zs  possibie, represent recent eXczT4aticns (survey 1) 
sad older excavaticns (survey 3), and inclucie some c ? r  L?,e near-surface 

, -. ?i-,ysiczi r~isture szn~le lccations (section 4 :  ;~gure 4-3.  su rvey  3). 93e 



second traverse was rerun on a subsequent day to evaluate reproducibility of 
measurements. It was found that values could be reproduced very closely for 
the same instrument locations and that variability did not exceed the operator 
error inherent in reading the instrument meter. 

The range of conductivity for the three traverses was three to five millisie- 
mens/m (mmhos/m) (Figure 5-3). This is considerably less than what might 
be expected for a brine-bearing rock, but is in fact reasonable for a very 
resistive rock type such as rock salt (Kessels, et al., 1985). Within this 
range, the instrument is very sensitive, and a variation of several mmhos/m 
may not hold particular significance for measurements of brine content. The 
variations observed in the survey plots (Figure 5-3) may reflect a response 
to localized conductivity variations caused by variations in mineralogy as 
well as by moisture increases. 

Preliminary correlations with existing near-surface physical samples were 
limited. One sample location (designated MCR-2) on the second traverse 
appears to correlate to a general rise in conductivity. The samples in this 
location, however, did not indicate a particularly moist zone (Table 4-2). 
Additional moisture content measurements are being made and will be reported 
at a later date. 

Electromagnetic surveys have also been conducted by the Colorado School of 
Mines under contract with Sandia National Laboratories (Pfeifer, 1987). The 
two instruments used include the Geonics, Ltd., EM-31 and EM-34. The EM-31 
had a fixed intercoil spacing of 3.7 meters. The EM-34 had a variable coil 
separation of up to 40 meters and was used with a 20-meter separation. In 
performing surveys, station separations of 6.1 meters and 7.6 meters were 
utilized for the EM-31 and 20 meters for the EM-34. The depth of investiga- 
tion was on the order of 1 to 2 meters for the EM-31 and 10 to 20 meters for 
the EM-34. 

The results of an EM-31 survey in drift Nl100 are il1us:rated in Figure 5-4. 
The results erhibit scatter between c;ro end five .mbos/m and indicate a 
general decrease with distance to the east. Pfeifer indicared two potential 
reasons for the observed behavior; it nay be iue to the ramping up to the 
higher horizon in this area and measurement of a diffsrent stratigraphic 
interval, or it may also be due t3 a reduc~lisn in moisture content due to 
evaporation of water by the heating in Rooms A 1  through X3. 

Similar results were obtain using the EM-34 probe (figure 5-5) .  Sowever, i c  
is interesting t a  note that values rangea fron 7.9 to 10.0 rr*~hos/m acd showed 
an increase with distance to the easc. The resuits may aisa snow less scatter 
:han in the EM-31 survey. Thus the scztter cay relate c o  cifi Lerence~ in sarn- 
? l i n g  vclume. >.s sampling volume i~creases ;as in the EX-24 sxrvey), :here is 
a reduction in variabiiity of the conductivity rceasuremencs. 

Pfeifer (1987) reports on a relationship of resistivity versus moisture con- 
Yent as derived frcm Archie's Law for zhe rock salt (Kessels, et zl., 1985). 
Archie's Law states :hat the ratio of the fcr~acisn resistivity to the brine 
resistivity is inverseiy reiated to the porosicy raised to the power of a 
constant (Archie, 1942). Lessels et a i .  < 1 9 8 5 )  used a DC resistivity tech- 
nique ir: sait in the ASSE mine in Germany. Fsing an empiric~l t~chnique, 
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they reached the conclusion that Archie's Law applied to the salt beds in the 
ASSE mine and water content could be estimated based upon formation and 
formation brine resistivity. Pfeifer (1987), (Figure 5-6), used that rela- 
tionship with her resistivity data from WIPP to estimate the water content in 
the immediate vicinity of the east part of the NllOO drift (the exhaust air 
drift south of the heated experimental rooms). She estimated that within 1 to 
2 meters (from Figure 5-4) the water content was on the order of 0.8 to 1.0 
percent by weight and that at distances of 10 to 20 meters (from Figure 5-5) 
the water content was on the order of 2.0 percent by weight. These values 
fall within the range of actual moisture measurements made at WIPP (Section 4, 
this report; Deal and Case, 1987). 

An innovative DC resistivity survey and analysis was also conducted by the 
Colorado School of Mines (Pfeifer, 1987). Two water wells each containing 
about 300 meters of steel casing and spaced 1.8 km apart were connected to 
create a fixed dipole source. The dipole was energized with a current of 
approximately 200 amperes at 300 V DC. The resulting potential difference was 
measured between closely-spaced points at various locations in the WIPP 
excavations (Figure 5-7) and apparent resistivities were calculated using a 
three-layer model. 

It was found that resistivity surveys could be performed successfully in a 
high noise environment at small receiver spacings provided a unique current 
signature was applied and signal stacking procedures utilized. It was also 
found that the usual uniform-earth model was not adequate in calculating 
apparent resistivities. This half-space model requires that the current 
entering the salt layer (second layer) must be equal to the current entering 
the uniform earth. With a highly resistive salt, this is not the case. The 
current density in the salt is very low. However, :he three-layer model did 
provide meaningful results. The electric field and potential at the surface 
is the same as at the top of the second layer if tke resistivity of the second 
layer is greater than the first. Assun,inq that the ~otential at the bottom of 
:he sait is approxinateiy zero because of the iow conductivitv of the salt, a 
linear potencia1 dcca'j can be ~ssumed and the eiertric field r~agnitude 
2redicted. Eleccric field curves are computeci and integrated to determine the 
potential at the surface. T r c m  these curves, En zpparent resistivity was 
computed which was in general agreement with EM-31 resuits (Pfeifer, i987). 

5 .3  CONCLUSIONS AND R E C O l r I M E N D A T I O ~  

The review of lateral survey nethods and recent 6iI?P experience ?rovides z 
basis for assessixig the applicability of geoprlysicai ~ethods co the S E P .  
Previous x o r ~  indicates that ccrnductivity measureaencs wouid ccrreiate wich 
moisture content measurements, 3ut they are not viewed as a substitute for 
direct xcisture content measurenencs. The major conclusioxs E r e :  

The most appiicable methods are eiectromagnetic or resis:ivity surveys 
since moisture content can be directly reizted to conductivity. 

9 Radar is noc appiicable because the brine occurrences d o  not invoive 
void spaces. 
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The nuclear methods using moisture-density gauges are restricted to a 
thin layer at the excavation surface. Calibration of the instrument 
appears to be difficult. 

In comparing the EM surveys performed by the Colorado School of Mines, 
there are important differences between the Geonics EM-31 and EM-34 
survey results which reflect differences in the volume sampled and 
moisture content gradients in the rock. This suggests that the media 
must be modeled as nonhomogeneous. 

The assumption of a nonhomogeneous media is further substantiated by 
comparing the fit of a semi-infinite layer and a three-layer earth 
model with the large-scale DC resistivity survey. A three-layer model 
was required to adequately model the data. 

Cultural effects are additional complications in conducting EM or 
resistivity surveys. It is not possible to completely eliminate these 
effects and to zero out the instrument. Thus the conductivity results 
from EM or resistivity surveys should be viewed as an index to 
moisture incidence in the underground facility. 

It is recommended that electromagnetic geophysical surveys with variable 
spacing of dipoles be performed to aid in determining the lateral extent of 
brine occurrences at periodic intervals (one year) and in areas where cultural 
effects are minimal. In performing the surveys and reducing the conductivity 
data, it is recommended that the experimental design utilize a variable 
spacing of the dipoles to solve for conductivities in three layers as 
illustrated in Figure 5-8. 

The results of the repository surveys may indicate that there is no systematic 
variation of conductivity throughout the underground facility. The effects of 
drying ~t the repository surface may in fact be the most significant phenomena 
and may be ubiquitous throughout the underground. On the other hand, the 
prospecring results may indicace a systematic variation and the need to inten- 
sify physical sampling efforts in selected areas of the underground facility. 

The advantages of geophysical techniques include: 1) they provide data that 
is averaged over a volume of rock and 2 )  they receive their response from 
different distances into the rock using non-destructive techniques. Although 
geophysical methods are not subject to the rcoisture loss rshich aay occur 
during the collection of physicai sanpies due to dilation aurixg coring or 
after mining, :he overall conclusion is that geopnysical nethods do not seem 
to offer sny adequate substitute for in situ moisture content neasurements. 
Such measurements are necessary to calibrate the geophysicai data. The 
averaging innerenr in the geopnysicai techniques may be nseful in dfterminicg 
generai trends toward more moist or less moist areas in new excavaticns, But 
we have not made any analyses to determine the relative cost-effectiveness of 
geophysical techniques over ~,ultiple moisture-content neasurements made of 
samples obtained from the e:<cavations. 
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6.0  PRELIMINARY RESULTS OF A 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 drill- 
holes. 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 encrustations 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 holes were selected for observation from those used in the BSEP 
(Deal and Case, 1987, Appendix B) . Eleven of these were downholes and ten 
upholes. Six of these were logged prior to a malfunctioning of the drillhole 
camera and the observations made are reported here (Table 6-1). The other 
fifteen holes will be examined at a later date (Table 6-2). Most of the holes 
are located in Room G and the heated A Rooms (Figure 2-1). 

EOUI PMEN'T 

The first part of this survey was conducted in February and March 1987 using a 
Circon color drillhole camera fitted with a wide-angle lens which looked 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 mani- 
pulate the camera in the drillholes. The camera was attached to a Circon 
color video control unit by a cable 15.2 meters long. The cable for this 
particular camera could not be lengthened without also redesigning the cir- 
cuitry. This limited the usefulness of the camera as this configuration only 
allowed the camera to be lowered 13.4 meters into a drillhole. As a result, 
the bottom part of most holes could not be observed with this equipment. 

The control unit was connected to a video recorder and TV monitor (Figure 6-1). 
The unit is powered by 120V AC current or a i2V 'JC battery pack. 3 e  battery 
pack was not used during this survey. A Solinst electric sonnaing tape was 
used to check the depch to the cop of the brine in the boreholes. 

6.2 METHOD 

Only downholes were examined in this first part sr the survey. A few days 
prior t3 the survey, :he drillholes had Seen evacuated as part of routine 
BSEP sampling. A.lthougn only smail amounts of brine had accumulated since 
that sampling,  he holes were sounded with the Solirist tape +,o determine the 
levei of the brine prior to the insertion o f  t h e  camera. This was to ensure 
that the camera was noc inadvertently i.mersea in brine. Cnce ?he level of 
the brine was determined, :he c~nera was slowly lowered into the hole by a 
technician using  he aluminum rods xniie the ot:?er inemoer of the ceam watched 
the TV monitor. The depth of the camera was determined by adding the length 
of the camera and the length of the aluminun rods attached to it. If an exact 
depth was neeaed to record a particuizr feature, eke distance from the top of 
t he  r,3a sticking out of the hole to the collar c f  the hole was measured and 
:.Flat distance was subtracted from the totai length of the rods and the 
camera. Interesting zones noted on the monltor vere examined on all sides of 
the hole by turning the camera a full 360 degrees. The czmera was lowered to 



TABLE 6-i 

DRILLHOLES INVESTIGATED WITH A VIDEO CAMERA 
IN FEBRUARY AND APRIL 1987 AS PART OF THE BSEP 

Location (Mine Date Depth 
Hole Room Coordinates) Direction Investigated {Meters) 

LlXOO L1 N1538.5 W225.0 DOWN 02/12/87 3.8 

DH-38 G N1lO1.O W2182.0 DOWN 02/12/87 14.5 

DH-40 G N1lO1.O W2482.0 DOWN 02/12/87 15.5 

DH-42 G N1lO1.O W2782.0 DOWN 02/12/87 15.6 

DH-42A G N1lO1.O W2789.0 DOWN 02/12/87 12.3 

A2X01 A2 N1393.7 E1338.9 DOWN 04/28/87 15.3 



Hole - 
BXO 1 

AlXOl 

A3X01 

DH-36 

DHP-402A* 

BX0 2 

AlX02 

A2X02 

A3X02 

DH-15 

DH-35 

DH-37 

DH-39 

DH-41 

DHP-401* 

TABLE 6-2 

DRILLHOLES TO BE INVESTIGATED AT A FUTURE DATE 
WITH A VIDEO CAMERA AS PART OF THE BSEP 

Room - 

Panel 1 

Panel 1 

Location (Mine 
Coordinates) 

N1384.6 E982.3 

N1147.0 E1254.4 

N1125.0 E1408.0 

N1102.0 W1882.0 

S1950 El320 

N1384.4 E982.9 

N1146.9 E1254.2 

N1393.6 E1338.9 

N1125.0 E1408.0 

N1104.0 E1688.5 

N1102.0 W1882.0 

N1lO1.O W2182.0 

N1lO1.O W2482.0 

N1lO1.O W2782.0 

S1950 El320 

Direction 

DOWN 

DOWN 

DOWN 

DOWN 

DOWN 

UP 

UP 

UP 

UP 

UP 

UP 

UP 

UP 

UP 

UP 

Depth 
(Meters 

*Locations are approximate. 
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within 15 cm of the brine level or to the end of the cable, whichever was 
shorter. The camera was then retrieved from the hole. All observations and 
camera depths were recorded on borehole video survey logs. 

During this phase of the survey, six drillholes were examined in Room G, 
Room A2, and Room L1 (Table 6-1). The four holes examined in Room G and one 
in Room L1 were examined on February 12, 1987, as a trial run to see if the 
camera would be an effective tool 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 to see if a difference could be observed between 
a wet borehole wall and one that was reflecting the camera light from dry 
crystal faces. Water was poured down the wall of a 36 inch borehole that was 
dry and the camera was moved back and forth from the dry area to the wet 
area. We thought that we could observe a slight difference between the 
wet and dry areas. Hole A2X01 in Room A2 was then examined to see if the 
difference could be detected in a hole where the wet and the dry zones were 
not side by side. After looking at Hole A2X01, it was determined that the 
difference between wet areas and areas where dry halite was reflecting the 
camera lights was not distinctly discernable and could not be defined 
sufficiently to be used in logging drillholes with this drillhole camera. 

6.3 RESULTS 

Even though wet and dry areas could not be defined with certainty using the 
drillhole video camera, we were able to identify other features (Table 6-3). 
Salt crusts and knobs were observed in all of the holes except DH-38 and an 
anhydrite bed was identifiable in Holes DH-38, DH-40, and DH-42. In all of 
the downholes which have a salt crust buildup, the solid 360 degree buildup 
starts either at the top of or within the polyhalitic anhydrite of MB-139 
(Figure 2-3) and ends near the bottom of the unit. Even in Hole A2X01 where 
the top of MB-139 is 6.9 meters below the collar of the hole, there is a salt 
crust buildup at the top or the unit. The a~ydrite encountered in the three 
holes in Room G is e~ydrite C and in ail three holes, it eppearec to be wet. 
hdditionaily, in one of the three hoies, DH-40, a buildup of salt knobs and 
crusts is formed at the top of the unit and extends 5 to iO cencizeters below 
the bottom of the unit. Salt knobs and crusts are seen at other stratigraphic 
horizons but they are not usually as big or as continuous as those associated 
with P1B-139. 

The buildup of salt crust around KB-139 indicates .chat it is a source for 
some of the brines in the arillholes. llahydrite C, located approximately 
10.6 meters below MB-139, is another possible source for brine, as evidenced 
S y  the wet appearance of tke unit and the buildup of sait crust zrouna it. 
Another source of brine may 5e fractures in the rocks as evidenced by the 
salt buildups between 2.0 and 2.2 meters in Hole A2X01 which occur just 
below a fracture which was identified in the core when the hole was drilled 
(Gallerani, 1985). 



TABLE 6-3 

FEATURES OBSERVED WITH THE VIDEO CAMERA 
CORRELATED WITH THE DRILL LOG FOR SELECTED DRILLHOLES 

DH-4 2 2 . 7  rn Solid S a l t  Crust I 2 . 2  m ---- 
Starts I 

3.0 rn Solid Salt Crust Ends I :%-I39 
-2oom G 13.7 x 3op ox -6.nhyarite :,I is ---- 

10.8 m 3ottcm cf Xnhyarir~ 
I 

2 . 6  m Unabie to iog/See 
1.3 n 2nd cf Survey 1 12 . 1 ::. Log for DH-42A 

Hole No. 

DH-42A 0.9 m Salt Crust Starts, 0 Plot Logged/See 
2i0 I 

Sharp End, Gone Ey ; L o g  for DH-42 
i Zoom G 1.1 n 5 . 1  rn ---- 

2.4 m Salt Crust Starts 1 i 10.7 m Anhydrite C 
2.7 n Salt Crust Ends I 10.9 m ---- 
11.9 m End of Hale 

- I 
2 x 0  1 1 . 6  rn Salt Knobs on V e s ~  ! 1.4 m ---- I 

2nd Mortnwest Sides I :<alite, Crack at 
i Coon 8 2  2.0 m Salt Knobs - Appears i 3.5 n 3.55 Ft. 

Vet - Crxst i:ot 
! 

i 5 . 8  m ---- 
2 . 2  rn Continuous All Around I MB-139 
6.7 n I Calt Crust Starts - 7.6 m ---- 

?lo Abrup~ Srid: j u s ~  j 
Fades Out Ey 8.0 n I 

l 3 . 4  m End of Survey 1 

Location C) 
LlXOO 1.7 rn Salt Buildup Starts 

2.0m LooksWet 
RoomL1 3.5m EndofHoleSalt 

Crust Extends to 
Bottom 

DH-38 10.48 m Top of Anhydrite C 
10.55 m Bottom of Anhydrite C 

Room G 13.4 m End of Survey 

DH-40 1.9 m Small Salt Knobs 
2.7 m Salt Crust Begins 

Room G 3.1 m End Salt Crust 
3.3 m Begin Salt Crust 
3 . 7  m End Salt Crust 
4.3 m Salt Knobs Built Up 
10.4111 TopofAnhydrite 
10.5m BottomofAnhydrite 

Salt Knobs 3 to 6 cm 
Below Anhydrite 

13.4 m End of Survey 

1.7 rn ---- 
2.3 m MB-139 
3.7m Endof Hole 

2.3 m ---- 
MB-139 

2.9 m ---- 
10.45 m ---- 

Anhydrite C 
10.55 m 
1.6 m ---- 

Polyhalitic Halite 
2.1 n ---- 

MB-139 
3 . 3  m ---- 

Halite 
4.6 m ---- 
10.7 m ---- 

Anhydrite C 
10.81~ ---- 



6 . 5  CONTINUING WORK 

The drillhole survey work was suspended due to failure of the camera. A 
substitute device is presently being acquired, and we plan to survey the 
additional five downholes and ten upholes listed on Table 6-2. The results 
will be released in a future BSEP report. 





This is an interim report which updates the data released in the BSEP Phase I 
Report (Deal and Case, 1987). The data contained herein extends those ob- 
servations through the period from August 1986 through July 1987, which, 
for some locations, cover periods on the order of 900 days in length. Brine 
observations at 87 locations are listed in this report. 

The data confirm the previous observations that weeps are pervasive throughout 
the underground workings at WIPP, that they occur on the surfaces of all ex- 
posed lithologic units, and that where there are no drillholes, more brine 
seeps through the ribs (walls) than through the back (roof) of the workings. 
Weeps develop more quickly on units containing clay, but clear halite and 
clear polyhalitic halite units also produce weeps, although the initial de- 
velopment of weeps on clay-poor units takes place more slowly. Preliminary 
observations suggest that more brine may actually seep from clear halite than 
from argillaceous halite units in some locations over sufficiently long per- 
iods of time. 

Enough observations have been made as of July 1987 of the amount of brine 
seeping into and accumulating within 34 downholes to be able to indicate the 
general accumulation trends as of that date. For those downholes that have 
been observed for a period of time in excess of 800 days, six that had shown 
steady or increasing accumulation trends in August 1986 now show slightly de- 
creasing accumulation trends. At the end of July 1987, the trends exhibited 
by 34 observed downholes were: 15 increasing, 5 steady, 12 decreasing, and 
2 dry. 

Deal and Case (1987) described situations in which closely-spaced drillholes 
(notably the MIIT holes in Room J and holes DH42 and 4 2 A  in Room G) displayed 
dramatically differing brine accumulation data which lead them to caution 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' difficuit or misleading." 
Observations during this reporting period of 13 downholes in Room L1 also show 
striking local variations in brine seepage between closely-spaced locations 
(most 0.6 meters apart) additionally documenting that caution. 

Observations of upholes drilled from the WIPP excavations also confirm the 
preliminary data presented by Deal and Case (1987). Generally, the upholes 
produce much less brine than do the downholes. 3espite difficulties in in- 
strumentation which may have allowed the loss of some brine from the upholes 
by lateral niovement of brine zway from the hole coilar, evaporaricn into the 
repository atmosphere, and leaks in the collecticg systezst the data collected 
during this reporting period indicate that the upnoles typically produce less 
brine than do the downholes. Zufiicient data exists for i 7  uphoies to observe 
general accumulation trends as of July i987. The trends were (Tabie 2-3): 
3 increasing, 2 decreasing, and 12 dry. In contrast, of the 35 downholes 
(Table 2-2), onlv 2 are dry. 



At one iocation in the approximately 14 kilometers of WIPP workings excavated 
by the end of July 1987 sufficient brine spontaneously seeps into a drift to 
moisten the floor. This location in Room G has been monitored since November 
1985 and is producing approximately 0.5 liters of brine per day at the end of 
this reporting period. 

A major objective identified by the preliminary data (Deal and Case, 1987) was 
the need to better define the relationship between the stratigraphy and the 
amount of brine that seeps into the workings and drillholes. A series of 12 
nearly horizontal drillholes were made in the north wall of the S1950 drift at 
E100. The data from these holes document that brine seepage, at least in 
part, correlates with the stratigraphy of the Salado Formation. For those 
units exposed at the facility level, most brine seeped from the units near the 
horizon of the "orange band", a slightly polyhalitic halite used as a 
reference horizon during excavation. 

A drillhole video camera was also used to observe suspected damp areas or zones 
of salt accumulation on the sides of six drillholes. It was not possible to 
distinguish with certainty those zones that were wet due to the presence of 
moisture from those zones that appeared "shiny" through the video camera as a 
result of the camera lights being reflected from crystal surfaces. If, how- 
ever, evaporation had occurred and salt deposits formed, those salt buildups 
could be observed. Such occurrences were observed where drillholes penetrated 
anhydrite MB139 and anhydrite "c". Salt knobs and crusts were also seen at 
other stratigraphic horizons and, in one case, were associated with a fracture 
that had been identified in the core when the hole was drilled. The video 
survey of drillholes was suspended due to failure of the camera and will be 
continued when a substitute or repaired device is available. 

Ten brine samples collected as part of the BSEP, from four locztions, have 
Seen chemicaily anaiyzed to aate. They are ail saturated, magnesium-rich 
sodium chloride brines with a specific gravity in excess of 1.2 grams per 
cubic centimeter. 

.loisture content neasurements have been made c;f sampies of the rocks exposed 
in the WIPP esca;ratlons cnci drillhoies rnacie ircm the workings. 3ata on 
136 samples is presentea ir, this report. Sixty of these are fron ribs and 
shcw a distinct correlation between moisture content ana stratigraphy. This 
~nvesti- gacion concentratea cn deternining the "easily moved" xoisture 
avaiiable, i ~ d ,  therefore, r.easurements of the amount of nolsture driven off 
aK 95°C vere made. :leasurements were aiso r.ade of the mount c f  moisture 
eriven cff at 150GC, and the results indicated that oniy 0 to 20 percent 
zaditicnal aoisture was driven off at the higher cemperacure. 

Xoiscure ccntent of facility-horizon rccks ~easurea by the veight lost when 
heated to 95°C ranged 5etween U.03 and 2.53 percent by  weight. Sampies f r c a  
c l a y - r i c h  stratigraphic horizons were ?;ore coist tS.an clear naiitf horizons 
and were also more variable in moisture content from iocacion to location 
xithin a given horizon. Zpecimens from :he "orange ?,ma" vere csnsistently 
c i LL,e least moist. 



Preliminary data from cores taken from drillholes also indicate that some 
stratigraphic horizons are more moist than others. Only a few samples exist 
from some horizons, so caution should be used in drawing any conciusions from 
the data included in this report. It does, however, appear that there are 
zones within the salt that contain more moisture than do the anhydrite inter- 
beds. This contrasts with the observation that in many places more moisture 
appears to seep from the anhydrite beds than from the salt. Additional 
moisture content measurements are presently being made, and it will be possi- 
ble to better define the variation in moisture content in a later report. 

For samples comprised predominantly of halite, the analyzed moisture content 
was approximately 0.5 percent by weight or less. Rocks with a higher clay 
content had a greater tendency for large, less predictable ranges and were 
generally more moist. Some samples were almost 3.0 percent by weight water. 

The BSEP evaluated a variety of "off-the-shelf", nondestructive, geophysical 
techniques that might be able to provide rapid and cost-effective estimations 
of in situ moisture content of the host rock during the excavation of the 
repository storage panels. Radar, electromagnetics, resistivity, and nuclear- 
source techniques were evaluated. 

The ground-penetrating radar techniques obtain a continuous high-resolution 
electromagnetic profile of the subsurface. Boundaries between bodies of rock 
that have contrasting electrical properties will reflect wave energy back to 
the receiving antenna. Field tests, at other sites, indicated that existing 
techniques are successful in locating areas that strongly contrast to the host 
rock, such as steel waste containers buried in clear salt. The presence of 
clay and void spaces limit penetration and attempts to distinguish between 
open drillholes and brine-filled drillholes were unsuccessful. Gradational 
variations in moisture content do not appear to be easily recognizzble in the 
field. Radar methods are judged to have limited applicability in the WIPP 
BSEP investigations at this time. 

Slectromasnetic (9) techniques neasure the resulting nagnetic field from an 
eiectric current induced in a conductor (the rcck ucder Invescigatlon) by a 
magnetic fleid generated by z portabie source. Several field tesrs, at the 
WIPP site, were made using EM techniques. Cultural interference (cables, 
pipes, transformers, etc.) was a problem at many locations, and  aithough it 
qas not possible LO ccmpieteiy eliminate those effects, the EI.1 method gave 
promise as providing an index to relative moisture concent of the rocks near 
the fsciliiy norizon. 

r.7 Lhe electrical r e s i s t i t r i t y  of rocks can be xeasured k:r 5r;plying a direct 
current Letween c-.;o electrodes and zeasuring m e  zesuiting poter,ci?i betwee" 
two other electroes. .In sxperiz~ntal 2irect ccrronr, r?sistivir:; rscl-niaue 
sffers some rromise, tut neither t h e  equipment ncr t h e  Czta analysis re::?- 
ciques are "cff-che-shelf . "  - i t  IS, ' therefore, not 2eezea z?proprizte for use 
by the BSEP at tnis time. 

Neutron-absorption techniques are routinely used t o  deterxine s o i i  xoisture 
ccntent fcr a variety o f  er?glneering 2nd constru:tion p3Jrposes. .: standard 
instrument vas used undergrouna at WIPP, ana althsugh caiibraced and operated 
by manufacturer-trained psrsonnei, it ~roducez rezgings with errors that vere 



large enough to cast doubts on the applicability of a standard, off-the-shelf, 
nuclear moisture-density gauge to make accurate moisture determinations in the 
salt environment at WIPP. 

It is concluded that as far as geophysical techniques are concerned, electro- 
magnetic or resistivity surveys are the most applicable for the BSEP. The 
advantage of these techniques is that they provide data that is averaged over 
a volume of rock and receive their response from different distances into 
the surroundings using a nondestructive technique. Geophysical techniques 
require, however, that they be calibrated by taking in situ moisture content 
measurements, and do not seem to offer any adequate substitute for taking 
those measurements. As far as the immediate needs of the BSEP are concerned, 
it appears appropriate to obtain those moisture content measurements directly. 

The following activities are continuing as part of the BSEP: 

Measurement of brine seepage accumulations and rates 
Chemical analyses of WIPP underground brines 
Measurement of moisture content of Salado Formation rocks 
Photographic documentation of slow changes related to brine seepage 
that take place at selected locations in the WIPP excavations 

That data will be presented in later BSEP reports. 
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APPENDIX A 
Page 1 of 86 

BRINE ACCUMULATION DATA TABLES 

This appendix contains copies of the brine accumulation data collected by the 
WIPP Brine Sampling and Evaluation Program through August 12, 1987. The brine 
measurements were made in accordance with WIPP Procedure WP 07-410. 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. 
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BSEP DATA FOR HOLE A l X O l  

U IPP  BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i te rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

0.000 Room A1 completed. 
0.000 Dounhole d r i  l l e d  2/21 /85 t o  2/26/85. 
0.000 F i r s t  time collected. 
0.047 Brine plus some muck. 
0.039 Muck i n  hole, valved Leaked, some brine drained 

back down hole. 
0.055 
0.041 

A1 X O l  
A1 XO1 
A1 X O l  
A1 XO1 
A1 X O l  
A l X O l  
A1 XO1 
A1 XO1 
A1 XO1 
A1 XO1 
A1 X O l  
A1 X O l  
A1 xo1 
A1 XO1 
A1 XO1 
A1 XO1 
A1 X O l  
A1 XO1 
A1 X O l  
A1 XO1 
A1 XO1 
A1 X O l  
A1 XO1 
A1 X O l  
A1 XO1 
A1 X O l  
AlXO1 
A1 X O l  
A1 XO1 

0.030 
0.028 Room A1 heaters turned on 10/02/85. 

A1 XO1 
A1 X O l  
AlXO1 
A1 XO1 
A 1  XO1 
A 1  X01 
A1 X O l  
A1 191 
A1 X O l  
A I X O I  
AI XC: 
A ?  XO1 

A1 101 
A ?  XO1 
A1 X O l  
A l X O l  
AIXO1 
A1 X01 
A !  XO1 
A1 X O l  
A1 XO1 
A1 X O l  
A1 XO1 
41x01 



BSEP DATA FOR HOLE A 1 X O l  

YIPP BRINE SAMPLING AN0 EYALUAT~OH PROGRAM 

oat8 through Augutt 12, 1987 

Location Data T i n  L i t e r s  Days Days Cumulative L i t e r s  R w r k r  
R-cd Since Used Llters per 

l/m/8s For co l lec ted  Day 
cr tc .  

APPENDIX A 
Page 3 of 86 



8SEP DATA FOR HOLE AlXO2 APPENDIX A 
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Data through August 12, 1387 

Location Date T i n  L i t e r s  Days Days c u u l a t l v e  ~ i t e r s  R t u r k r  
Remved Slnce Used L i t e r s  Per 

1/01/85 For Col lected Day 
Calc. 

0.000 Room A1 completed. 
0.000 Upnole d r i l l e d  2/27/85 t o  3/07/85. tilt b r ine  rr 

f t . on 2/27/85. 
0.000 Trace br ine,  deepened ho le  t o  c lay seam. Mo is tu r~  

on back 1 f t  radius. 
0.000 Trace br ine,  d r i p  miss ing funnel.  
0.000 Repositioned funnel,  coLlected one cup o f  s a l t  

c r y s t a l s  w i t h  r r a c e  of br ine.  
0.008 Some d r i p s  miss lng funnel.  
0.027 C o l l e c t i n g  conta iner  hed Leak. 
0.017 Sow d r i p s  missing funnel.  
0.020 s o w  d r i p s  missing funnel. 

A1 XOZ 
A1 XOZ 
A1 XOZ 
A 1  XO2 
AlXOZ 
A1 XOZ 
A l X U  
AlXO2 
A1 XO2 
A1 X02 
A1 XO2 
A1 XO2 
A1 X02 
A1 XO2 
A1 x02 
A: x02 
A1 XO2 
A1 XO2 
AlXO2 
A1 XO2 
A1 XO2 
A1 XO2 
A1 XO2 

0.017 Some d r l p s  missing funnel.  
0.023 
0.027 
0.018 Some d r i p s  misslng funnel.  
0.026 
0.028 
0.007 
0.011 Some d r i p s  missing +unnel, b i g  s t a l a c r - r e  fee-- 
0.023 
0.01 4 
0.022 
0.034 
0.030 
0.025 
0.020 
0.006 
0.015 
0.008 
0.010 

~ 1 x 0 2  ~ / 1 0 / 8 5  09:24 00.12 252.392 5.986 3.35 0.020 
AlXO2 09/17/85 W:08 00.13 259.381 6.989 3.48 0.019 Some d r i p s  missing funnel. 
AlXO2 09/24/85 09:07 M3.17 266.380 6.399 3.65 C.024 
~ 1 x 0 2  !o /o i /as  &:21 ~ 3 . 1 4  273.390 7.010 3.79 0 . ~ 2 0  
AlX02 10/08/85 12:19 00.16 280.513 7.123 3.95 3.322 ? m m  A1 heaters turn- on 10/02/85. 

A1 Xo2 
A1 XOZ 
A 1 XO2 
A 1 X02 
r 1 x02 
A1 XO2 
A1 X02 
11x02 
A1 X02 
AlxOZ 
AlXW 
A1 X a  
A ?  KO2 
A1 X02 
r l  xO2 
A ? X a  
A1 XOZ 
~ 1 x 0 2  
4: XOZ 
4lXm 
A1 X&! 
AlXOZ 
A1 Xf&? 
s1 x02 
ilKOZ 
A1 X u  
A1 KO2 
A1 
A1 XO2 
41 X02 
A1 XO2 
A: X02 

" 223 
C.3" 
1.3 '6 Some a r : s s  n i s s ! r g  runneL. 
i ;'S jcme o r ! ~ s  a ! s s ? c g  fcnnei .  
5 . 2 . .  
" ?- r 
' L . 4 . .  

3 . X c  
0.321 Some ar-3s mlss:7q funnel.  
O.X3 hew, l a r g e r  f - r n e i  slnce 01/17. 
S .  C Z 3  



BSEP D R l A  FOR M)LE A1XW APPENDIX A 
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U l P P  BRINE SABPLIffi AND EVALUATIO)( PROGRAM 

Data through Auqurt 12, :987 

Location Date T i n  L i t e r r  Days Oays Cumlativ. L l t e r r  R N r k r  
R8mv.d Sine. Urad L l t r r r  per 

1 /1 /85 For Collrctad 08y 
Calc. 

A 1 x02 
A l X O Z  
A1 X U  
A 1 XO2 
A1 X U  
A1 xa2 
A1 x u  
A1 X u  
A1 XOZ 
A1 XOZ 
AlXW 
AlXOt 
A1 XOZ 
A1 X02 

7.010 8.22 0.031 
5.985 8.50 0 . W  
7.028 8.76 0.037 
6.979 9.00 0.034 
8.995 9.35 0.039 
5.017 9.52 0.054 
6. %5 9.79 0.039 

10.0s 0.037 
7.003 10.29 0.030 8.083 
6.954 10.16 0.024 
6.014 10.59 0.022 

21.985 10.89 0.014 
15.050 11.00 0.007 
41.019 11.14 0.003 LOU readings from 11/20/86 to  6/20/87 aey be due 

t o  blockage I n  collecting system. 
A lXOZ 02/03/8712:16NA 763.000 33.493 11.14 0.000 
AlX02 03/06/8711:550.05 794.497 66.990 11.19 0.001 
AlXW 03/30/87 ?1:55 0.01 818.497 24.000 11.20 0.000 Tubing pluggad, unable to open. 
AlXO2 S/07/8710:450.01 8 5 6 . U  1.000 11.21 0.000 Tubing plugged, unable to open. 
A l x O Z  06/30187 12:00 1.58 910.500 92.0(33 12.79 0.017 Reuovea metal funnel, which was nlugged. Yost of 

tne brine collectecl was In  the tunnel. Installea a 
Large plast ic funnel. 

41x02 07/28/87 17:LS 0.85 938.490 27.990 13.64 0.030 



BSEP DATA FOR HOLE U X O l  APPEriDIX A 
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Data throuqh August 12, 1987 

Locat ion Date Tlw L i t e r s  Days Days CuruLat 1 ~ 8  L l t e r s  R w r k s  
Pcoved  Since i lsed L l t e r s  x r  

1/01/85 For C o l i e c t a d  Day 
Calc. 

e x 0 1  
U X O l  
UX01 
UX01 
UX01 
U X O l  
UX01 
U X O l  
U X O l  
U X O l  
UXM 
a x 0 1  
e x 0 1  
AZXOl 
U X O l  
e x 0 1  
e x 0 1  
A2XOl 
A2101 
AZXOl 
U X O l  
AZXOl 
AZX01 
a x 0 1  
A2XOl 
a x 0 1  
U X O l  
A2XO1 
A2X0l 
A2X01 
A2XOl 
A2X01 
A2XO1 
A2X01 
A2XOf 

0.000 Room completed. 
0.000 Downhole d r i  1 1 4  2/01/85 t o  2/09/85 
0 . m  Mois t  muck. F i r s t  e n t r y .  
0.017 Lots  o f  muck, some 011. 
0.122 B r i n e  and muck. 
0.- 

0.015 Some muck included. 
0.039 

0.032 
0.033 B r i n e  e f fervesces.  
0.030 

0.026 Valved Leaked, s o w  b r i n e  dra ined W c r  dobn no 
0.036 

G .330 
0.229 Room A2 heaters  turned on 10/C2/85. 

A2XOl 
A2X01 
U X O l  
42x01 
A2X01 
42x01 
A2XO1 
AZXO1 
42x01 
42x01 
U X O l  
A2X01 
A2XO1 
A2XC1 
A2Xm 
42x01 
A i X o l  

0.331 
0.228 
3.077 Suct lcn  S O I L  s rcoe was used, some f !u ia  was ~e 

- n  note .  
0.022 S o i l  suct??r !  orooe was used, s o n  fLu ia  I.e?t ' 

.?!Ole. 
C .  OLO 
0.225 iw aavs a c c m L a t l m .  
0.321 
C . C : l  P a r r l a ~  evacuat ion, o r l n e  l e f t  'n  , h ~ e  
0.346 
0.032 
0.019 
3.030 llemoved s u c t i o r  oroce. 
C 333 ite3~mca 3amollng r l :n M l l e r .  



BSEP DATA FOR HOLE U X O l  

ulpp BRINE SAHPLING AND EVALUATION PROCRAM 

Data through Aupurt 12, 1987 

L o u t ~ o n  Dlte  Tim Li tera  ow) 0 8 ~ )  C U U L ~ I ~ V I  L i t e r s  R I Y ~ ~ S  
RnovM Since Us& L f r I r *  Per 

7/01/85 for CoLlIctrd Day 
C.LC. 

U X O l  
ax01 
U X M  
rzxm 
U X M  

. 

U X M  
uxm 
ax01 
uxm 
uxm 
U X O l  
uxm 
uxm 
u x u l  
urn 
uxm 
U X M  
A 2 X O l  
A 2 X O l  
U X O l  
uxm 
U X O l  

U X O l  
M X O l  

APPErCDIX A 
Page 7 of 86 
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BSEP DATA FOR HOLE A2XO2 

UIPP BRINE SAMPLING AND EVALUATION PROCRAM 

Data through August 12, 1987 

Location Date Time L i t e rs  Days Days Cumulative L i te rs  Remarks 
Removed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

0.000 Room A2 completed. 
0.000 Uphole d r i l l e d  2/11/85 t o  2/20/85, ins ta l led  

co l lec t ing  device. 
0.020 Moist area 1.5 f t .  around the co l la r .  
0.041 Back wet, 5 f t  diameter. 
0.038 
0.024 
0.017 Signi f icant  sa l t  buildup. 4' dia. wet spot on 

back. 
0.014 Reset co l lec t ing  device. 
0.001 
0.000 Some dr ips  missing funnel. 
0.000 Some dr ips  missing funnel. 
0.001 

0.000 Some dr ips missing funnel. 
0.011 
0.003 
0.003 
0.001 Room A2 heaters turned on 10/02/85. 
0.000 
0.002 
0.000 
0.005 
0.014 High reading probably due t o  unplugging temporary 

blockaae i n  col lect ina tube on 3/26/86. 

0.663 
0.000 Trace collected. 
0.000 Trace coilectea. 
0.000 T-ace coilected. 
0 . W  Trace co~lected.  
0.000 
0.050 Very h u ~ i a  a i r .  vlgn reaaing prooably aue t o  

-1oiuog1ng or :emDorarv oiockage i n  co~1ec::ng 
?,be on c/i7/86. 

3.033 
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UIPP BRINE S~IlPLlffi AN0 EVALUATION PROGIAII 

Data through August 12, 1987 

Location Date :rm Liters 3ays ~ a y s  c ~ w r l a t l v e  L i ter r  Remrrs 
Remvcd Slnce Jscd Llters per 

1/01/85 For CollectaQ DaY 
Calc. 

0.000 Room A3 com~leted. 
0.000 Downnote d r i l l e a  12/20/85 to 1/14/85. 
0.000 Hoist mcr. at  the mrtom. 
0.020 Some o i l .  First  time collecred. 
0.033 Brine rna O I L .  
0.029 
0.033 
0.024 Valved leaked, some brine drained back dovn hole. ,. a-.. 

010t6 6 r ~ n e  effervesces. 
0.026 
0.025 

5.82 0.025 
5.98 0.023 
6.15 0.324 
5.33 3.326 
6.31 0.025 Roan A3 heaters turned on 1(?/02/85. 



BSEP OATA FOR MLE UX01 

ulPP MlNE SAMPLING AN0 EVALUATICN P S ~ R A M  

Data through August 12, 1987 

Location Date Tiw L i t e r s  Days Days Cumulatrve ~ i t e r s  Remarks 
Remved Since used L l t e r s  per 

1/01/85 For Col lected Day 
Calc. 

A3X01 
A3X01 
A3X01 
A3X01 
A3X01 
A3X01 
A3X01 
A3XOl 
U X O l  
A3X01 
U X O l  

~ 3 x 0 1  
U X O l  
A3X01 
~ 3 x 0 1  
U X O l  
A3XOl 

3 X01 
A3X01 
A3X01 
A3X01 
A3X01 
63x01 
A3X01 
A3X01 

APPENDIX A 
Page 10 of 8 6  
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BSEP DATA FOR HOLE A3X02 

UIPP BRINE SAflPLlNG AND EVALUATION PROGRAM 

Data through August 12, 7987 

Location Date T j m e  L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
ta lc .  

3.00 0.000 Roan A3 completed. 
0.W 0 . W  Uphole d r i l l e d  1/15/85 t o  1/22/85. 
0.00 0 . W  No dr ips  noticed. 
0.11 0.007 F i r s t  time collected. 
0.22 0.016 Net scat w i th in  1.5 f t .  radius. 
0.43 0.024 Hoist area on back, approxlmateLy 7 ft radius. 
0.54 0.022 Vet spot on w c k  3 f t  diameter. 
0.55 0.001 
0.83 0.047 Tube found pluggcd. Brine i n  tubing. 
0.91 0.011 
0.96 0.006 Tube ~ luaaed.  

A3X02 07/16/85 10:46 00.02 196.449 7.043 2.43 0.003 
A3X02 07/24/85 09:45 00.19 204.406 7.957 2.62 0.024 High volume probably due t o  unplugging temporary 

blockage i n  co l lect ing tube on 7/76/85. 
A3X02 07/30/85 09:25 00.08 210.392 5.986 2.70 0.013 

A3X02 09/24/85 09:03 69.68 266.3f i  6.999 3.39 0.011 
A3X02 10/01 185 09: 15 00. C7 273.385 7.008 3.46 0.010 
43x02 ?Ci/OS/8512:3300.07 280.523 7.138 3.55 0.073 R m m  A3 hearers turned on 10/02/85. 
~ 3 x 0 2  :0/15/~5 09:31 XI.M ~a7.397 &.a74 5.61 0 . 0 ~ 9  

4.32 0.0% 
4.33 0.951 Trace  <00.01 L i te rs  o f  brine.  
: 34 0.000 
L 3 6  O.OG2 
i 36 0.000 T r a c e .  

A3X02 !?6/03/86 09:20 00.03 518.399 27.& 4.39 O.OGl 
A3X02 &/I0186 10:42 NA 525.646 7.057 4.39 O.OW Trace. 
A3X02 C4/17/56 B : 5 1  NA 532.410 71.027 G.39 0 . W  Trace .  

A3X02 98/12/86 09:50 NA 588.470 34.945 i . 4 3  O.COi l  Dry. 
13X02 c?8/19/56 10:33 t iA  595.440 62.025 L.43 0.000 Dry. 
;3X02 29/04/86 09:50 NA bil.4;O 57.995 L.L3 C.OW3 Trace. 
43x02 3 /23 /56  59:33 30.00 530.338 76.983 L.43 0.000 Drv. 
A3X02 '0/01/86 11:28 NA -58.478 5.080 A.L3 O.LW Drv.  
~ 3 x 0 2  :0/08/86 10:22 NA 645.432 6.954 ; . L 3  0.000 Drr .  
43x02 ?0/14/86 10144 G0.W 651.4i7 0.015 4.43 0 . E B  Dr./. 
43x02 :7/05/8J 10:25 N A  573.455 27.999, L.43 0.000 Drv. 
;3X02 1:!20/86 11 :30 NA t88.479 L3.047 L .43  0.000 D - v .  
~ 3 x 0 2  ;2!31/86 11:45 NA 729.490 84.058 L . 1 3  0 . m  Drv. 



BSEP DATA FOR HOLE GX02 

UIPP BRINE SAHPLIHG AND EVALUATION PROGRAM 

Data through August 12, 1987 

Locatla7 Date T i n  L i t e r s  Days 0.7s Cum~Latlve i i t e r s  Remrrs 
Remved Since usod L : te rs  Per 

1/01/85 For Collected Day 
CaLc. 

OX= 02/03/87 12:02 NA 763.000 117.568 4.43 0.000 Dry. 
OX&? 03/06/87 11:45 NA 796.490 169.0511 4.43 0.000 Dry. 
A3X02 03/30/87 12:W 0.00 8111.500 24.010 k . W  0.000 Dry. 
A3X02 05/07/87 10:39 0 . W  8 5 6 . U  61.956 4.43 0.000 Dry. 
dX02 07/28/87 12 : 02 0.  M) 938.501 144.01 1 4.43 0.000 Dry. 

APPERDIX A 
Page 12 of 8 6  



U I P P  8RINE SAMPLING AN0 EVALUATION PROCRAM 
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Data through August 12. 1987 

Locatrcm Data T l r  L l t r r s  Days Days cu *~La t i ve  L l t e r s  Remarks 
Rcll~ved Slncr used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

BTPAl 
BTPA1 
8TPA1 
BTPAl 
BTPAl  
BTPAl 
BTPAl 
BTPAl 
BTPAl 
BTPAl 
BTPA1 
BTPAl 
BTPA1 
BTPAl 
8TPAl 

8TPA1 
8TPA1 
BTPAl 

09/01/85 00:00 NA 
07/16/86 00:m NA 
08/12/86 12:W MA 
06/19/86 12: 12 MA 
OB/26/86 11:27 MA 
09/[W/86 11:33' MA 
09/09/86 13:22 NA 
09/16/86 11:01 MA 
09/23/86 11:06 MA 
10/M/86 08:49 NA 
10/06/86 13:26 NA 
10/1U86 13:OS NA 
11/05/84 12:30 MA 
ll/X1/86NA: NA 
12/12/86 M):m NA 

12/30/86 MA: NA 
03/06/87 10:10 NA 
&/18/87 09:bS 1.33 

0.00 0.000 Alcove a t  ~1620/VlM excavated. 
0.00 0.000 Downhole drr l led,  open from 0 t o  5.1 f t .  
0.00 0.000 Ory. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Ory. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Drv. 
0.00 0.000 prbbe removed, not saq led .  
0.00 0.000 
0.00 0.000 U l M  d r i f t  extended southward from th i s  alcove on 

12/12/86. D r i f t  conplrted t o  S1%0 an 1110/87. 
0.00 0.000 
0.00 0.000 Covered with muck, not able t o  samte. 
1.53 O.WS Floor may nave been watered t o r  dust con t ro t .  



SSEP DATA FOR HOLE B T P ~  

UIPP BRINE SAMPLING AN0 EVALUATICN PROCRAM 

Data through August 12, '987 

Location Date Tlw L i t e r s  Days 3 ry r  Cumulat?ve L i t e r s  RemarKs 
bemved Slnce Used L l t e r s  per 

1/01/85 For Col lected Day 
Calc. 

APPENDIX A 
Page 14 o f  8 6  

0.000 A L C O V ~  a t  S1620/~170 excavated. 
0.000 Downnoie a r i L l e a  7/16/86 t o  7/29/86, open from 5 . C  

t o  9.1 t t .  
0.000 F i r s t  t?me col lected.  Probe d l d  not keeo Jacuua, 

Sr lne remined  i n  nole. 
0.014 
0.- 
0.004 
0.006 
0.004 
0.004 
0.004 
0.003 
0.005 
0.000 Probe removed, no t  sampled. 
0.000 
0.000 ~ 1 7 0  d r i f t  extended southward f-om r h i s  alcove on 

12/12/86. D r i f t  coapieted t o  S1950 on 1/10/87. 
0 . m  
0 . m  Covered w i th  muck, not ao ie r c  s a m i e .  
0.002 Floor my nave been watered f o r  oust con t ro l .  dole 

contaainated w i th  PVC pieces. 



BSEP DATA FOR HOLE BTPA3 

UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarrs 
Remved Since Used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

08/12/86 12:05 NA 
08/19/86 12:12 Trace 
08/26/86 11:29 00.03 
09/04/86 11:35 00.13 
09/09/06 13:24 00.03 
09/16/86 11:Ol 00.04 

11/20/86 NA: NA 
12/12/86 00:m NA 

12/30/86 NA: NA 
03/06/87 10: 10 NA 
06/18/87 09:15 0.62 

APPENDIX A 
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0.00 0.000 Alcove a t  Sl62O/U170 excavated. 
0.00 0.000 Downhole d r i l l e d  7/15/86 t o  7/30/86, open from 

10.3 t o  74.0 f t .  
0.00 0.000 Dry. 
0.00 0.000 Lysimeter ins ta l led  8/20/86. 
0.03 0.000 F i r s t  time collected, some f l u i d  Left i n  hole. 
0.16 0.014 
0.19 0.006 
0.23 0.006 

0.38 0.000 Probe removed, not sampled. 
0.38 0.000 
0.00 0.000 U170 d r i f t  extended southward from t h i s  alcove on 

12/12/86. Drift completed t o  S1950 an 1/10/87. 
0.38 0.000 
0.38 0.000 Covered with muck, not able t o  sample. 
1.00 0.003 Floor may have been watered f o r  dust control. Hole 

commmmntaminated wi th PVC pieces. 



8SEP DATA FOR HOLE BTPA4 

APPENDIX A 
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UlPP BRINE SAHPLING AND EVALUATlON PROGRAM 

Data through August 12, 1987 

Location Date Time ~ i t e r s  Days Days Cumulative L i t e r s  Remarrs 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
Calc. 

0.00 0 . m  Alcove a t  S1620/U170 excavated. 
0.00 0.000 Uphole d r i l l e d ,  open from 0 t o  4.6 f t .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 
0.00 0.000 U770 d r i f t  extended southward from t h i s  alcove on 

12/12/86. D r i f t  com~le ted  t o  51950 on 1/10/87. 
BTPA4 12/30/86 NA: NA 728.000 140.497 0.00 0.000 
BTPA4 03/06/87 10:15 NA 794.427 206.924 0.00 0.000 Dry. 
BTPA4 03/30/87 10:35 0.00 818.441 90.441 0.00 0.000 Dry. 
BTPA4 05/07/87 12:46 0.00 856.532 128.532 0.00 0.000 Dry. 
BTPA4 06/17/8709:300.00 897.396169.396 0.00 0.000 Dry. 
BTPA4 07/28/87 09:39 0.00 938.402 210.402 0.00 0.000 Dry. 
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UIPP BRINE SARPLIffi AND EvALuATla PRffiR*R 

Data through A q u r t  12, 1987 

Location Date Tim L i t e r r  Days ~ a y r  Cuula t ive  L i te rs  Rhlvrks 
Ammod Slncr usad L i te rs  per 

1/M/85 For Collected Oay 
C 8 l C .  

BTPIS 
BTPAS 
QTPA5 
BTPAS 
8TPA5 
BTPAS 
BTPAS 
BTPA5 
a v r s  
e v r s  
eTPr5 
BTPAS 
eTpr5 
BTP A5 
BTPAS 

eTPI5 
BTPAS 
BTPAS 
BTPAS 
BTPAS 
BTPAS 

l t / m / 8 6  NA: MA 
05/06/87 10:15 NA 
03/50/87 10035 0.00 
05/01/87 ?2:47 0.00 
06/17/87 W:31 0.00 
07/28/87 W:39 0.00 

0.00 0.000 Alcove a t  S16M/Ul70 excavated. 
0.00 0 . m  Uphole d r i l l ed ,  opm from 0 to 5.3 ft. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Drv. 
0.M 0.orx, D r i .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 
0.00 0.000 Id170 d r i f t  extcndsd southward troll t h i s  alcove on 

12/12/86. O r i f t  caq le tcd t o  S1950 on 1/10/87. 
0.00 0.000 

0.d 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 



U I P P  BRINE SAUPLING AND EVALUATION PROCRAU 

Data through August 12, 1987 

Location Date Time L i t e rs  Days Days Cumulative L i t e rs  Remarrs 
Removed Since Used L i t e rs  per 

1/01/85 For Collectea Day 
Calc. 

BTPBl 
BTPBI 
BTPBl 
BTPBI 
BTPBl 
BTPBI 
BTPBl 
BTPBI 
BTPBl 
BTPB? 
BTPBl 
BTPBI 
BTPBl 
BTPBI 
BTPBl 

BTPBl 
9TPB1 
BTPBI 

09/04/85 00:m NA 
07/17/86 00:W NA 
08/12/86 12:IO NA 
08/19/86 12:16 NA 
08/26/86 11 : 27 NA 
09/04/86 11 :33 NA 
09/09/86 13:27 NA 
09/16/86 11 :01 NA 
09/23/86 11 : 06 NA 
10/01/86 08:48 NA 
10/08/86 13:26 NA 
10/14/86 13:05 NA 
11/05/86 12:42 NA 
11/20/86 NA: NA 
12/12/86 W:w NA 

12/30/86 NA: NA 
03/06/87 10:15 NA 
06/18/87 10:oO 0.42 

APPENDIX A 
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0.00 0.000 Alcove a t  S1620/U170 excavated. 
0.00 0.000 Downhole d r i l l e d  7/17/86, open from 0 t o  5.1 f t .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Drv. 
0.00 0.ooo or$. 
0.00 0.000 Dry. 
0.00 0.000 Drv. 
0.00 0.000 ~ r i .  
0.00 0.000 Dry. 
0.00 0.000 Probe removed, not sampled. 
0.00 0.000 
0.00 0.000 U170 d r i f t  extended southward from th i s  alcove on 

12/12/86. D r i f t  completed t o  S1950 on 1/10/87. 
0.00 0.000 
0.00 0.000 Covered wi th muck, not able t o  sampLe. 
0.42 0.002 Floor may have been watered fo r  dust control.  
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BSEP DATA FOR HOLE BTPBZ 

UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

BTPW 
BTPW 

BTPBZ 
BTPBZ 
BTPBZ 
BTP 62 
BTPU 
BTPB2 
BTPBZ 
BTPB2 
BTPW 
BTPBZ 
BTPB2 
BTPW 
BTPBZ 

08/12/86 12:lO Trace 
08/19/86 l2:16 00.03 
08/26/86 11:25 00.13 
09/04/86 11:45 00.01 
09/09/86 13:28 00.01 

10/14/86 13:15 00.03 
11/05/86 12:42 NA 
11 /20/86 NA: NA 
12/12/06 00:00 NA 

12/30/06 HA: NA 
03/06/87 10:15 MA 
06/18/87 09: 00 0.56 

0.00 0.000 Alcove a t  S1620/U170 excavated. 
0.00 0.000 Downhole d r i l l e d  7/18/86 t o  7/30/86, open from 5.9 

t o  9.6 f t .  
0.00 0.000 Not evacuated, ins ta l led  L y s i r t e r .  
0.03 0.000 F i r s t  time collected, soae br ine  Lef t  i n  hole. 
0.16 0.019 
0.17 0.001 Soae br ine Left i n  hole. 
0.18 0.002 -~ ~- 
0.26 0.012 
0.27 0.001 Some br ine  Lef t  i n  hole. 
0.29 0.003 
0.39 0.014 
0.42 0.005 
0.42 0.000 Probe removed, not saqled.  
0.42 0.000 
0.00 0.000 U170 d r i f t  extended southward f r oa  t h i s  alcove on 

12/12/86. Drift completed t o  S1950 on 1/10/87. 
0.42 0.000 
0.42 0.000 Covered u i t h  muck, not able t o  sample. 
0.98 0.002 Floor may have been uatered f o r  dust control. Hole 

i s  contaminated wi th PVC pieces. 



BSEP D A T A  FOR HOLE BTPB3 

WIPP BRINE SAHPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Gate Time L i t e r s  3 a ~ s  Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
Calc. 

08/12/86 12:15 NA 
08/19/86 12:lO Trace 
08/26/86 11 :25 NA 

11/05/86 12:42 NA 
11/20/86 NA: NA 
12/12/86 W:00 MA 

12/30/86 NA: NA 
03/06/87 10:15 NA 
06/78/87 08:50 0.22 
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0.000 Alcove a t  S1620/U170 excavated. 
0.000 ~ounho le  d r i l l &  7/17/86 t o  8/01/86, open from 

10.0 t o  13.3 f t .  
0.000 Drv. 
0.000 ' 
0.000 Could not keep vacuum, b r i n e  present and l e f t  i n  

hole. 

0.003 
0.003 
0.001 
0.003 
0.003 
0.000 Probe removed, not sampled. 
0.000 Not sampled. 
0.000 U170 d r i f t  extended southward from t h i s  alcove on 

12/12/86. Dri f t  completed t o  S1950 on 1/10/87. 
0.000 Not samplw. 
0.000 Covered w i t h  muck, not  sampled. 
0.001 Floor may have been watered f o r  dust con t ro l .  Hole 

i s  contam~nated w i t h  PVC pieces. 



9SEP DATA FOR HQLE B T P W  APPErnIX A 
Page 21 o f  86 

UIPP BRINE SAMPLING mo E v r L u r r r o n  ~noctua 

Data through August 12, 1987 

Location Date fir Liters  Days Days c w l a t i v e  l i t e r s  R c v r k r  
R - d  Since Usad L i ters  p.r 

1/01/85 For Collected Day 
C I L C .  

e t ~ w  09/06/85 00:m NA 0.000 0.000 0.00 0.0#1 A L C O V ~  a t  s140/ulm excavated. 
B T P W  08/05/86 W:W MA 0.000 0.000 0.00 0.000 Uphole d r i l l e d  7/02/06 to 8/05/86, open from 6 .8  

to 9.75 t t .  
B f P W  
B T P W  
BTPBS 
BtPBS 
B T P W  
BTPe4 
0 r m 4  
BTPBS 
B T P W  
BTP 8 4  
B T P W  
BTPe4 
B T P W  

BTP% 
e f P W  
B T P W  
BTPe4 
B T P W  
0 1  PBC 

06/12/86 12:15 NA 
06/19/86 12:lO MA 
08/26/86 11 :25 MA 
09/04/86 11 : 32 MA 
09/09/86 13:17 MA 
09/16/86 10:59 MA 
09/23/86 11 :01 MA 
10/01/86 08:41 MA 
10/W/86 13:21 MA 
10/14/86 13:00 NA 
11/05/86 12:U NA 
l i / a / 8 6  MA: MA 
12/12/86 00:00 MA 

0.000 Dry. 
0.000 Salt  crystals formiq, dry. 

0.000 S& droplets a t  collar.  
0.000 Dry. 

0.000 Dry. 
0.000 Dry. 
0 . m  
0.000 Dry. 
0.000 Dry. 
0.000 
0.000 UlTo d r i f t  extended w t h u a r d  from this alcove cn 

12/12/86. D r i f t  corpleted to S1950 on 1/10/87. 
0.000 

0.000 ~ r y ,  moisture i n  caring. 
0.000 Dry. 
0.000 Dam. 
0 . W  Trace, not coilected. 



SSEP DATA FOR WLE BTP85 

U lPP  BRINE SAMPLIHC AND EVALUATION PROCRAM 

Data through August 12, 1987 

Location Date T i n  L i t e r s  Days Day8 C u u t r t i v e  L i t e r s  ReMrkr  
R.aved Since :red L i t e r s  per 

1/01/85 For ~ o l l e c t e d  Dry 
cr1c. 

BTP85 
01 PBS 
BTPB5 
BTPBS 
ETPB5 
BTPBS 

06/12/86 12:15 MA 
08/19/86 12:IO MA 
06/26/66 11:25 M 
09/04/86 11:32 M 
09/09/86 13:18 MA 
09/16/86 10:59 MA 
09/23/86 11:U MA 
l0/01/86 w:42 NA 
10/OB'/86 13:21 MA 
10/10/86 13:00 MA 
17/05/86 12:U MA 
11/20/86 NA: MA 
12/12/86 00:00 MA 

12/M/86 n*: NA 

XPPERDIX A 
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0.000 Alcove a t  S1620/U170 excavated. 
0.000 Uphale d r i l l e d  7/02/86 t o  8/05/06, open from 6.3 

t o  10.3 f t .  
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 
0.000 Dry. 
0.000 Ory. 
0.000 
0.000 ul7U d r i f t  extended m t h u m r d  t r o a  t h i s  alcove on 

12/12/86. Drift completed t o  $1950 on 1/10/87. 
0.000 
0.000 Damp, s a l t  s t a l a c t ? t e  on c o l l a r .  
0.000 Dry, m i r t u r e  i n  caring. 
0.000 Damp. 
0.000 Dry. 
0.000 Trace, not  co l lected.  14" s t a l a c t i t e  formed from 

c o l l a r .  
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UIPP  BRINE SAHPLING AND EVALUATION PROCRAM 

Data through August 72, :987 

Location Date Time L i te rs  Days Days Cumulative L i te rs  RemrKs 
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
talc. 

BTPCI 
BTPCl 
BTPCl 
BTPCl 
BTPC1 
BTPC? 
BTPCl 
BTPCI 
BTPCI 
BTPCl 
BTPCl 
BTPCl 
BTPCl 
BTPCl 
BTPCl 

BTPCl 
BTPCl 
BTPCl 

12/30/86 MA: NA 
03/06/87 10:IO NA 
06/78/87 10:15 0.28 

0.00 0.000 Alcove a t  516t?O/U170 excavated. 
0.00 0.000 Dowhole d r i l l e d  7/18/86, open from 0 to  5.0 f t .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 
0.00 0.000 Dry. 
0.00 0.000 Probe removed, not collected. 
0.00 0.000 Not collected. 
0.00 0.000 ~ 1 7 0  d r i f t  extended southward from th i s  alcove on 

12/12/86. D r i f t  completed t o  51950 on 1/10/87. 
0.00 0.000 not collected. 
0.00 0.000 Covertd with muck, not collected. 
0.28 0.001 Floor may have been watered for  dust control. 
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~ ~ p p  BRINE SAMPLING AND EVALUATION PROGRAM 

APPENDIX A 
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Data t h r a q h  August 12, 1987 

Location Date T i w  L i t e r s  0 . y ~  Oays Cumulative L i t e r s  R c u r k s  
Removed Since Used L i t e r s  Per 

1/01/85 For Co l lec ted  Day 
calc. 

BTPCZ 09/04/85 00:m HA 0.000 0.000 0.00 0.000 Alcove a t  S1620/U170 excevated. 
BTPC2 08/01/86 00:00 MA 0.000 0.000 0.00 0.000 Dcunhole d r i l l e d  7/18/86 t o  8/07/86, open from 5 . 5  

08/12/86 12:M Trace 
08/19/86 12:10 MA 

08/26/86 11:29 00.03 
03/04/86 11:33 00.01 
09/03/86 13:35 00.04 
09/16/86 11 :08 00.04 
09/23/86 l l : l 8  00.03 
1o/m/86 03~04 00.02 
10/08/86 13:36 00.01 
10/14/86 13:20 00.02 
11/05/M 12:U MA 
11/20/86 HA: HA 
12/12/86 W:00 HA 

121'30/86 HA: MA 
03/06/87 10:10 HA 
06/18/87 08:U 0.42 

t o  9.8 tt. 
0.000 Not evacuated, i n s t a l l e d  L y s i w t e r .  
0.000 L y r i w t e r  d i d  not h o l d  vacuum, s o w  b r i n e  l e f t  i n  

hole. 
0.000 F i r s t  t ime sanaled. 

0.006 
0.004 
0.003 
0.001 
O.m 
0.000 P r o k  r o v e d ,  not  co l lected.  
0.000 Not co l lected.  
0.000 U170 d r i f t  extended southward from t h ~ s  alcove on 

12/12/86. D r i f t  coapleted t o  S1950 on 1/10/87. 
0.000 Hot co i lected.  
0.000 Covercd w i t h  muck, not collected. 
0.002 Floor  my have been watercd t o r  dust con t ro l .  Hole 

1s cootar inated w i t h  PVC pieces. 
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UlPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

08/12/86 12:20 NA 
08/19/86 l2:lO Trace 
08/26/86 11:27 NA 
09/04/86 11 :30 NA 
09/09/86 13:38 NA 
09/16/86 11:10 NA 
09/23/86 11:25 00.18 
10/01/06 09:06 Trace 
10/08/86 13:38 00.01 
10/14/86 13:21 00.02 
11/05/86 12:45 NA 
11/20/86 NA: NA 
12/12/86 00:W NA 

12/30/86 NA: NA 
03/06/87 10: 10 NA 
06/18/87 08:30 0.15 

0.000 Alcove a t  S1620/U170 excavated. 
0.000 Ownhole d r i l l e d  7/18/86 t o  8/01/86, opcn from 

10.0 t o  14.4 ft. 
0.000 Dry. 
0.000 
0.000 I ns ta l l ed  suction probe. 
0.000 No vacuum, some br ine Left i n  hole. 
0.000 Dry. 
0.000 Dry. 
0.000 F i r s t  time collected. 
0.000 
0.001 
0.003 
0.000 Probe removed, not collected. 
0.000 Not collected. 
0.000 U170 d r i f t  extended southward from t h i s  alcove on 

12/12/86. D r i f t  completed t o  S1950 on 1/10/87. 
0.000 Not collected. 
0.000 Covered wi th muck, not collected. 
0.001 Floor may have been watered f o r  dust control.  Hoke 

contaminated wi th PVC pieces. 
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VIPP BRINE SAMPLIMi AND EVALUATIO)( PROGRAM 

Data through A q u r t  12, 1987 

Location Date Tiw L i te rs  Days ~ a y r  C u ~ L r t i v e  L i t e rs  R r v r k s  
R o w v d  Since u s d  L i t e rs  per 

1/01/85 For C o l l e c t d  Day 
Calc. 

0.000 Alcove a t  S1620/U170 excavatd. 
0.000 uphole a r l l L d  7/02/86 t o  8/05/86, open from 13.9 

t o  17.6 f t .  
0.000 Ins ta l l ed  funnel. 
0.029 
0.016 

BTPC4 
BTPCC 
BTPCC 
BTPC4 
BTPC4 
BTPC4 
BTPCl 
BTPC4 
BTPC4 
BTPC4 
BTPC4 
BTPC4 
BTPC4 

BTPC4 
8TPC4 
BTPCC 
BTPC4 
BTPCC 
BTPCC 
BTPCC 
BTPCC 

-- 
11/M/66 MA: MA 
12/12/86 00:00 NA 

0.ooo 
0.000 U170 d r i f t  extended southward from t h i s  alcove on 

;2/12/86. D r i f t  comoletm to  51950 on 1110187. 
0.010 Many s a l t  c rys ta ls  i n  sample. 
0.006 
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U I P P  BRINE SAHPLING AND EVALUATION PROCRAR 

Data through August 12, 1987 

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. 

BTPC5 09/W/85 00:W NA 0.000 0.000 0.00 0.000 Alcove a t  S1620/U170 excavated. 
BTPC5 08/05/86 00:W NA 0.000 0.000 0.00 0.000 Uphole d r i  l l ed  6/30/86 to  8/05/86, open from 14.0 

BTPCS 
BTPCS 
BTPC5 
BTPC5 
0TPCS 
BTPCS 
BTPC5 
BTPC5 

BTPCS 

BTPCS 
BTPC5 
BTPCS 
BTPC5 

BTPC5 
BTPCS 
BTPCS 
BTPCS 
BTPC5 
BTPCS 

08/12/86 12:25 NA 
08/19/86 12:lO NA 
08/26/86 11 :25 NA 
09/01/86 11 :30 NA 
09/09/86 13:21 NA 
09/16/86 10:58 Trace 
09/23/86 10:58 NA 
10/01/86 08:45 Trace 

10/14/86 13:W Trace 
11/05/86 12:41 Trace 
11 /20/86 NA: NA 
12/12/86 00:W NA 

12/30/86 NA: NA 

t o  18.2 f t .  
1.000 0.00 0.000 Dry. 
7.990 0.00 0.000 Dry. 

14.959. 0.00 0.000 Dry. 
23.962 0.00 0.000 Hole i s  dripping. 
29.039 0.00 0.000 Dry. 
35.940 0.00 0.000 
42.940 0.00 0.000 Drops missing cup. 
50.848 0.00 0.000 4" s ta lac t i te  on SE c ;orner of  col lar  - from 

outside casing. 
0.00 0.000 Stalact i te on outside of casing, damp inside of 

casing. 
0.00 0.000 fuo 1/4 m drops. 
0.00 0.000 Feu drops i n  cup. Stalactite on cup bottom. 
0.00 0.000 
0.00 0.000 U170 d r i f t  extended southward from th is  alcove on 

12/12/86. D r i f t  completed t o  S195O on 1/10/87. 
0.00 0.000 
0.00 0.000 Dry, sa l t  buildup outside cup. 
0.00 0.000 Dry, moisture i n  casing. 
0.00 0.000 Damp. 
0.00 0.000 Damp. 
0.00 0.000 Trace, not collected. 
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UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i t e rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

BTROI 01 /31/86 00:00 NA 0.000 0.000 0.00 0.000 D r i f t  excavated. 
BTROI 02/27/86 00:W NA 0.000 0.000 0.00 0.000 Hole d r i l l e d  i n  north r ib, 1 f t  deep, above clay 

BTROI 
BTROI 
BTROI 
BTROI 
BTROI 
BTROI 
BTROI 
BTROI 
BTROI 
BTROI 
BTROI 
BTROI 
BTRM 
BTROI 
6TR01 
BTROI 
BTROI 
BTROI 
BTROI 
ETR01 
BTROI 
BTROI 
ETROI 
BTROI 
BTROI 
BTROI 
BTROI 
ETR01 
BTROl 
BTROl  
BTROl 
ETR01 
aTROl  
ETROI 
3TR01 
2TR01 
ETROI 
3iR01 
STROl 
5TR01 
BTROI 

02/28/86 00:m NA 
03/04/86 09:35 NA 
03/06/86 11:40 NA 
03/13/86 11:00 NA 
03/26/86 11:15 NA 
04/02/86 10:35 NA 
04/08/86 10:45 MA 
04/16/86 13:00 NA 
04/24/86 11:05 NA 
04/30/86 11 : 40 NA 
05/06/86 11:00 NA 
05/13/86 10:20 NA 
05/20/86 11 :30 NA 
05/27/86 12:15 NA 
06/03/86 11 : 05 NA 
06/10/86 12:15 NA 
06/17/86 11:25 NA 
06/24/86 11 : 50 NA 
07/01/86 11:30 NA 
07/08/86 11 : 30 NA 
07/16/86 11:48 Trace 
07/22/86 11:W NA 
07/29/86 11 :30 NA 
08/05/86 12:01 NA 
08/12/86 09: 00 NA 
08/19/86 12:27 NA 
08/26/86 12:00 NA 
09/04/86 12:08 NA 
09/09/06 12:30 NA 
09/16/86 11:16 NA 
G9/23/86 11:35 NA 
10/01/86 08:25 NA 
10/08/06 13:47 NA 
10/14/86 1 0 : a  NA 
11/05/86 12:55 NA 
:?/20/86 14:49 NA 
;2/30/e6 G9:38 NA 
33/06/87 09:45 NA 
G3/30/87 1O:GO 0.W 
06/17/87 09:W 0.23 
07/28/87 E : 4 7  0.30 

sear near back. 
0.000 Ins ta l led  suction probe and sealed opening. 
0.000 Dry. 
0.000 ~1;ght ly  wet. 
0.000 uet. 
0.000 Uet. 

0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Sal t  crust developing i n  bottom o f  hole. 
0 . W  Damp. 
0.000 Dry. 
0.000 Dry. 
0.000 Noist. 
0.000 Dry. 
0.000 ~ e t  c lay i n  hole. 
0.000 
0.000  dam^. 
0.000 ~ r y :  
0.000 Dry. 
0.000 Drv. 
0.000 ~ r i .  
0.000 Dry. 
0.000  dam^. 
0 . m  ~ r ~ :  
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Not pumped Last week. 
0.000 Pumcea only, no col lecrlon. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry, no vacuum. 
3.033 Dry, s a ~ r  DUIL~UD oursice CUD. ho vacuum. 
0 . W  Drv. 
O.OOG 3 ~ .  
0 . W  Dry. 
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BSEP DATA FOR HOLE BTRO2 

UIPP BRINE SAMPLING AND EVALUATION PROCRAH 

Data through August 12, 1987 

Location Date Time L i te rs  Days Days Cumulative L i t e rs  Rnsrks 
Removed Since Used L i t e rs  per 

1/01/85 For Collecttd Oay 
Calc. 

0.000 D r i f t  excavated. 
0 . m  Hole d r i l l e d  i n  north r ib, 3.2 f t  deep, above clay 

seam near back. 
0.000 Ins ta l led  suction probe and sealed opening. 
0.000 Uet a t  bottom. 
0.000 Sl ight  br ine accumulation. 
0.001 Clay squeezing i n to  hole. 
0 . W  Lots o f  clay squeezing i n to  hole. 
0.001 Clay squeezing i n to  hole. 
0.015 

BTR02 
BTR02 
BTR02 
BTR02 
BTRO2 
BTROZ 
BTRO2 
BTRO2 
BTR02 
BTRO2 
BTRO2 
BTR02 
BTR02 
BTR02 
BTRO2 
BTROZ 
BTR02 
BTRO2 
BTR02 
BTR02 
BTRO2 

02/28/86 00:W NA 
03/04/86 @:35 HA 
03/06/86 11:M HA 
03/13/86 11:W 00.01 
03/26/86 11:30 00.05 
04/02/86 10:35 00.01 
04/08/86 10:45 00.09 
04/16/86 13:W 00.01 
04/24/86 11:05 00.01 
04/30/86 11:40 Trace 
OS/W/86 11:W Trace 
05/13/86 10:20 Trace 
05/20/86 11 :30 Trace 
05/27/86 12: 15 00.01 
06/03/86 11:05 Trace 
06/10/86 12:15 Trace 
06/1 7/86 I? : 25 Trace 
06/24/86 11 : 50 NA 
07/01/86 11:30 00.01 
07/08/86 11 :32 00.01 
07/16/86 11:49 00.01 

0.000 
0 . m  
O.OW Awroxilpate 0.005 Liters. 

c ,  

0.000 
0.000 Clay squeezing in to  hole. 
0.000 
-.--- 

0. 000 
0.000 Approximate 0.05 l i te rs .  . . 
0.000 
0.001 Vet clay. 
0.001 

BTRO2 
BTRO2 
BTR02 
BTROZ 
BTROZ 
BTR02 
BTROZ 
BTROZ 
BTRO2 
BTRO2 
BTR02 
BTROZ 
~ T R O Z  
STRE2 
BTRO2 

07/22/86 11 : 00 00.01 
07/29/86 11 :31 00.01 
08/05/86 12:02 00.01 
08/12/86 09:W Trace 
08/19/86 12:28 00.01 
08/26/86 12:Ol 00.01 
09/04/86 12:M Trace 
09/09/86 12:30 00.01 
09/16/86 11:17 Trace 
09/23/86 11:36 Trace 
'0/01/86 03:26 00.01 
lu"/OB/86 13:47 Trace 
10/14/86 10:W NA 
;i/05/86 12:56 0.01 
:1/20/86 14:29 NA 

0.26 0.001 
0.27 0.001 
0.27 0.000 0 .05  l i t e r s ,  Lots of clay. 
0.28 0.001 

0.28 0.000 Up t o  0.005 l i t e r s .  
0.29 0.000 
0.29 0.000 S m L l  amount of brine pcured out. 
0.29 0.000 Pum~ea only, no collection. 
0.30 0.000 B l cc~ed  by' venr pipe, not samoled. 
0.30 0.000 Blocrea by vent pipe, not carnoled. 
0.32 0.000 Vacuum. E f  FiO2 

ETRO2 
BTROZ 

0.33 0 . W  
0.33 0.000 Trace. 
0.34 0.000 BTROZ 

an02 



BSEP DATA FOR HOLE BTR03 

U I P P  BRINE SAflPLING AND EVALUATION PROGRAfl 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
Calc. 

0.00 0.000 D r i f t  excavated. 
0.00 0.000 Hole d r i l l e d  i n  nor th r ib ,  3.3 f t  deep, above c lay 

seam near back. 
0.00 0.000 Br ine accumulation a t  the bottom. 
0.00 0.000 Br ine accumulation. 
0.00 0.000 Br ine and cLay. 
0.00 0.000 Br ine and clay i n  hole. 
0.00 0.000 Br ine Le f t  i n  hole. 
0.00 0.000 Trace. 
0.00 0.000 I ns ta l l ed  suct ion probe. 
0.00 0.000 No vacuum. 
0.00 0.000 
0.00 0.000 
0.00 0.000 Approximate 0.005 L i te rs .  
0.00 0.000 Dry. 
0.02 0.000 
0.37 0.007 
0.07 0.000 
0.07 0.000 

03/04/86 09:35 NA 
03/06/86 11:40 NA 
03/13/86 11:00 NA 
03/26/86 11 :30 NA 
04/02/86 10:35 NA 
04/08/86 10:45 NA 
04/16/86 13:00 NA 
04/24/86 11 :05 NA 
04/30/86 11:40 Trace 
05/06/86 11:00 Trace 
05/13/86 10:20 Trace 
05/20/86 11 : 30 NA 
05/27/86 12:15 00.02 
06/03/86 11:lO 00.05 
C6/10/86 12: 15 Trace 
06/17/86 11 :30 Trace 

BTR03 06/24/86 11:55 Trace 539.497 21.032 0.07 0.000 A feu drops. 
BTR03 07/01/86 11:30 Trace 546.479 28.014 0.07 0.000 
ETR03 37/08/86 11:34 00.01 553.482 7.003 0.08 0.001 

07/16/86 11 :50 00.01 
07/22/86 11:OO Trace 
07/29/86 11:32 NA 

0.001 
0.000 
0.000 A feu drops. 
0.000 08/05/86 12:03 00.01 

08/12/86 09:00 Trace 
08/19/86 12:29 Trace 
08/26/86 12:02 Trace 

0.000 A feu drops. 
0.000 
0.000 
0.000 A feu  drops. 
0.000 
0.000 Clay squeezed i n t o  hole. 
0 . m  
0.000 
0.000 Ins ide o f  tube i s  damo. 
0.000 Pumoed only, no coLlect ion. 
0.000 Pumped onLv, no co l iec t lon .  
O.GOO D ~ D ,  olocked by venr c 7 0 e ,  nor samoled. 
C.OOO 6 l o c ~ e d  bv venr pipe, not samolea. 
0.000 Damo, vacuum. Hole aDpears ary, c ~ a y  squeezing 

: r ~ t o  i t .  
3. om 
0.000 
9.om 
0. GOO 

09/04/86 12:09  race 
09/09/86 12:30 Trace 
09/16/86 11:18 Trace 
09/23/86 11:37 Trace 
?0/01/86 08:26 00.01 
i0/08/86 :3:48 Trace 
10/14/86 10:00 NA 
10/14;86 10:OO NA 
:?/05/86 12:57 NA 
:1!20/86 i3:29 NA 
'2:3C)/B6 09:LO NA 

B T RO? 
BTR03 
BTR03 
BTRCI3 
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UIPP BRINE SAHPLING AND EVALUATION PROGRAM 

Data through August 12. 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
Calc. 

BTRo4 
BTRM 
BTRW 
BTRW 
BTRW 
BTR04 
BTR04 
BTR04 
BTR04 
B T r n  
BTRW 
BTROl 
BTR04 
B T W  
BTRW 
BTRW 
8TR04 
BTRW 
BTRW 
BTRW 
BTRW 
BTR04 
BTR04 
BTRW 
BTR04 
BTRW 
BTRW 
BTR04 
BTR04 
BTR04 
BTRW 
BTRW 
BTR04 
6TR04 
ETR04 
aTR04 
B T R X  
ETRO4 
3TR04 
B T R 0 4  

0.00 0.000 D r i f t  excavated. 
0.00 0.000 Hole d r i l l e d  i n  nor th r ib ,  0.95 f t  deep, i n  h a l i t e  

i n  upper t h i r d  o f  r i b .  
0.00 0.000 I ns ta l l ed  suct ion probe and sealed opening. 
3.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry, s a l t  incrustat ions forming. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 
0.00 0.000 
0.00 0 . m  Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Damp ins ide o f  Lysimeter. 
0.00 0.000 Dry. 
0.00 0 . m  Drv. 
- . - - - . - - - 
0.00 0.000 
0.00 0.000 Damp. 
0.00 0.000 Dry. 
0.00 0.000 ~ r i .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 
0.00 0.000 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.W Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 O.OCCl Dry. 
0.00 0.W Dry. 
0.00 0.W Not cumed las t  week. 
0.00 0.000 No clamo. 
0.00 0.WO No ciano, ins ta l led  new clam0 tway .  
9.00 C.W Dr.;, no vacuum. 
9.00 0 . W  3rv, no vacuum. 
C . 0 0  0 OW Drv. 
3.00 @.W30Dry. 
6.00 C.300 Dry. 
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BSEP DATA FOR HOLE BTR05 

UIPP BRINE SAMPLING AND EVALUATION PROCRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
Ca lc. 

0.000 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  h a l i t e  

i n  upper t h i r d  o f  r i b .  
0.000 Salt knobs forming 1.6' from col lar ,  s l i g h t l y  wet. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Salt knobs. 
0.000 L i t t l e  accumulation. 
0.000 Ins ta l l ed  suction probe. 
0.000 

BTR05 
BTR05 
BTR05 
BTR05 
BTROS 
BTR05 
BTR05 
BTROS 
BTR05 
BTR05 
BTROS 
BTR05 
BTR05 
BTR05 
BTR05 

03/04/86 09:35 NA 
03/06/86 11:40 NA 
03/13/86 11:W NA 
03/26/86 11 :30 NA 
04/02/86 10:35 NA 
04/08/86 10:45 NA 
04/16/86 13:W NA 
04/24/86 11 :05 NA 
04/30/86 11 :40 Trace 
05/06/86 11:W Trace 
05/13/86 10:25 Trace 
05/20/86 11 :30 Trace 
05/27/86 12:15 Trace 
W/03/86 11:20 Trace 

0.00 0.000 
0.00 0.000 
0.00 0.000 A feu drops. 
0.00 0.000 
0.00 0.000 
0.00 0.000 

06/10/86 12:20 Trace 
BTR05 
BTROS 
BTR05 

-. . - . - . . - . - - . - . - 
06/17/86 11 :30 Trace 
06/24/66 12:00 Trace 
07/01/86 11:30 00.01 
07/08/86 11 :38 Trace 
07/16/86 11:54 00.01 
07/22/86 11:W Trace 
07/29/86 11 :34 00.01 
08/05/86 12:05 Trace 
08/12/86 W:W Trace 
08/19/86 12:31 Trace 
08/26/86 12:04 Trace 
09/04/66 12:09 Trace 
09/09/66 12:30 Trace 
09/16/86 11 :19 Trace 
09/23/86 11:38 Trace 
10/01 /E6 08:27 Trace 
:0/08/86 13:49 Trace 
19/14/86 10:(XJ NA 
11/05/86 1i :59 0.02 
11 /20/86 14: 30 NA 
:2/30/86 W:42 00.01 
03/06/87 C9:50 0.01 

0.03 0.000 
0.03 0.000 A feu drops. 
0.03 0.000 A feu drops. 
0.03 0.000 A feu drops. 
0.03 0.000 
0.03 0.000 

0.03 0.000 
0.03 0.000 Inside tube s l i g h t l y  damp. 
0.03 0.000 Pumoea only, no collection. 
0.05 0 . m  
0.03 0.000 Trace. 
O.06 3.lEO tio vacuum. 
0.07 0.000 
0.07 0 . W  Trace. 
0 . m  0.000 
0.10 0.000 
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BSEP DATA FOR HOLE BTRM 

UIPP BRINE SAHPLING AND EVALUATION PROCRAH 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days CumuLative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
Calc. 

BTR06 
BTR06 

BTR06 
BTR06 
BTR06 
BTRW 
BTRW 
BTRW 
BTRW 
BTR06 
BTR06 
BTRW 
BTRW 
BTRW 
BTR06 
BTR06 
BTRM 
BTRW 
BTR06 
BTRM 
BTRW 
BTR06 
BTRM 

BTRW 
BTRW 
BTRM 
BTR06 
BTRW 
BTRW 
GTRM 
BTRW 
E T R 0 6  
5TRW 
2TRM 
E T R M  
6TRM 
eTR06 
6TR06 

03/04/86 09:35 NA 
03/06/86 11 :40 NA 
03/13/86 1l:W NA 
03/26/86 11:30 00.01 
04/02/86 10:45 NA 
04/08/86 10:45 W.O1 
04/16/86 13:W Trace 
04/24/86 11:05 Trace 
04/30/86 11:40 Trace 
05/06/86 ll:W Trace 
05/13/86 10:25 Trace 
05/20/86 11 :30 Trace 
05/27/86 12:15 Trace 
06/03/86 11 :20 Trace 
06/10/86 12:20 Trace 
06/17/86 11:35 Trace 
06/24/86 12:05 Trace 
07/01/86 11 :30 Trace 
07/08/86 11 :40 Trace 
07/16/86 11 :55 Trace 
07/22/86 11:W Trace 
07/29/86 11 :35 00.01 
08/05/86 12:W 00.01 
08/12/86 09:00 Trace 
08/19/86 12:32 Trace 
08/26/86 12:05 Trace 
09/04/86 12:09 Trace 
09/09/86 12:30 Trace 
09/16/86 11:20 Trace 
09/23/86 11 :39 Trace 
10/01/86 08:28 Trace 
10/08/86 13:50 Trace 
10/14/86 10:W NA 
71/05/86 13:OO 0.01 
7!/20/86 14:30 NA 
12!30/86 09:L3 Trace 
~3/06/87 09:50 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  nor th r ib ,  3.0 f t  deep, i n  h a l i t e  

i n  uppcr t h i r d  o f  r i b .  
0.00 0.000 Salt ~nc rus ta t i on  forming 0.6' fron co l la r .  
0.00 0.000 Uet a t  the bottom. 
0.00 0.000 Brine, i n s ta l l ed  suct ion probe. 
0.01 0.000 Trace. 
0.01 0.000 Trace, estimated 0.005 Li ter .  

0.02 0.000 
0.02 0.000 
0.02 0.000 A few drops. 
0.02 0.000 
0.02 0.000 Sal t  knobs on s ide of hole. -~ ~- 

0.02 0.000 A few drops. 
0.02 0.000 
0.02 0.000 
0.02 0.000 A feu d r o ~ l e t s .  

-~ ~- 

0.02 0.000 A feu drops. 
0.02 0.000 
0.02 0.000 

0 . ~ 1  
0.000 
0,000 A few drops. 
0.000 
0.000 
0.WI A few drops. 

0.000 Small amount toured out. 
0.000 Pumpw only, no col lect ion. 
0.000 
0.000 Trace. 
0.CDO No vacuum. 
O . L ~  
5.GW Inside of tube uer .  
0 . W  Trace i n  tube. 
G . ,300 
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BSEP DATA FOR HOLE BTR07 

UIPP BRINE SAMPLING AND EVALUATION PROCRAM 

Data through August 12, 1987 

Location Date Time L i te rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

0.000 D r i f t  excavated. 
0.000 Hole d r i l l e d  i n  north r ib,  1.1 f t  deep, just  above 

the orange band. 
0.000 Ins ta l led  suction probe and sealed opening. 
0.000 Uet. 
0.000 Uet, some br ine a t  the bottom. 
0.000 Brine a t  the end of  hole. 
0.000 Brine i n  small hole i n  end. 
0.000 Trace i n  hole. 
0.000 Salt knobs. 
0.000 uet. 
0.000 wet. 
0.000 uet, l o t s  of  sa l t  knobs. 
0.000 uet: 
0.000 noist .  
0.000 Moist. 
0.000 Damp inside of  lysimeter. 
0.000 Salt knobs. 
0.000 Dry. 
0.000 Damp. 
0.000 
0.000 Damp. 
0.000 Two drops i n  probe. 
0.000 Trace. 
0.000 Damp. 
0.000 no is t  ins ide probe. 
0.000 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Drv. 

07/01 /86 11 : 30 NA 
07/08/86 11 :42 Trac 
07/16/86 11 :58 NA 
07/22/86 11 : 00 NA 
07/29/86 11 : 40 NA 
08/05/86 12:07 NA 
08/12/86 09:30 NA 
08/19/86 12 : 33 NA 
08/26/86 12: 06 NA 
09/04/86 12:09 NA 
09/09/86 12~30 Trace 
09/16/86 11 :25 Trace 
09/23/86 11 :44 NA 
10/01/86 08:29 NA 
iO/OB/86 13:54 NA 
:0/14/86 10:W NA 
11/05/86 13:01 NA 
11/20/86 i4:35 NA 
?2/30/86 09:44 NA 

616.521 190.122 0.00 0.000 A iew drops. 
623.476 197.077 0.00 0.000 
630.489 204.090 0.00 0.000 Moisture i n  lvs~meter. 
638.353 21 1 .954 0.00 0.000 Damo. 
645.579 219.180 3.00 0.000 Damp, nothlng pours out. 
651.417 225.018 3.00 0.000 Pumoed only, no co~ lec t l on .  
673.542 247.1 43 0.00 0 . W  Damp. 
688.608 262.209 Q.00 0 . W  Damo. 
728.406 302.007 0.00 0 . W  Drv, no vacuum. 
794.410 368.011 0.00 0 . W  Drv. 
818.421 i4.011 0.00 0.000 ~ r i .  
897.379 102.969 0.00 0 . m  Dry. 
938.406 143.996 0.00 3.000  dam^, none collectea. 



asEP DATA FOR HOLE BTR08 

UIPP BRINE SAMPLING AND EVALUATION PROCRAH 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Rewrks 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
Calc. 

0.00 0.000 D r i f t  excavated. 
0.00 0.000 Hole d r i l l e d  i n  north r ib, 3.1 f t  deep, jus t  above 

the orange band. 
0.00 0.000 I ns ta l l ed  suction probe and sealed opening. 02/28/86 00:W NA 

03/04/86 09:35 NA 
03/06/86 11:40 00.12 
03/13/86 11:00 00.04 
03/26/86 11:30 00.05 
04/02/86 10:45 00.02 
04/08/86 10:53 00.02 
04/16/86 13:00 Trace 

- ~ ~ - -  

0.00 0.000 Trace removed. 
0.12 0.039 
0.16 0.006 BTR08 

BTRM 
erROg 
BTROB 
RTROS 
BTROS 
BTR08 
BTROS 
BTR08 
BTROS 
BTROB 
BTROB 
BTROB 
BTROB 
8TROS 
BTROB 
BTRM 
BTR08 
BTROS 
BTROS 
BTROS 
BTR08 
BTROB 
BTROB 
BTR08 
BTR08 
BTR08 
aTR08 
BTR08 
BTR08 
2TR08 
BiR08. 
2TR08 
9TR08 
6TR08 
BTRM 

1.37 0.011 
1.37 0.000 P u ~ D M  only, na col lect ion.  
1.69 0.011 
1.a 0.0'70 
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UIPP BRINE SAMPLING AND EVALUATION PROCRAH 

Data through August 12, 1987 

Location Date Time L i t e rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
ta lc.  

BTR09 
BTR09 
BTRW 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTRW 
BTR09 
BTR09 
BTROP 
BTRG9 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTR09 
BTRG9 
BTR09 
8TR09 
CTROS 
BTR09 
3TR09 
BTRW 
BTRW 
BTRW 
STR09 

08/05/86 12:09 00.08 
08/12/86 09:30 00.07 
08/19/86 12:35 Trace 

0.000 D r i f t  excavated. 
0.000 Hole d r i l l e d  i n  north r ib, 3.1 f t  deep, just above 

the orange band. 
0 . m  Ins ta l led  suction probe and sealed opening. 
0.000 F i r s t  time sampled. Some br ine l e f t  i n  hole. 
0.010 Sal t  crusts, some br ine Lef t  i n  hole. 
0.011 Some br ine Left i n  hole. 
0.015 
0.010 
0.010 
0.010 Some br ine  Lef t  i n  hole. 
0.010 
0.012 
0.012 

0.011 
0.010 
0.000 Brine l e f t  i n  hole. 
0.009 One weeks col lection. 
0.001 Brine Left i n  nole. 
0.018 
0.019 

- . -  - 

O.MW) Pumped only, no col?ecrion. 
@.rn 
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UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

ion Date Time L i te rs  Days Days Cumulative Li ters Reiaarks 
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
talc. 

BTRIO 
BTRlO 

0.00 0.000 D r i f t  excavated. 
0.00 0.000 Hale d r i l l e d  i n  north r ib, 1.2 f t  deep, 

awroximatelv 2.5 f t  above f loor.  
BTR10 
BTRlO 
BTRlO 
BTRlO 
BTRlO 
BTRlO 
BTRlO 
BTRlO 
BTRIO 
BTRlO 
BTRIO 
BTRlO 
BTRlO 
BTRIO 
BTRIO 
BTRIO 
BTRlO 
BTRlO 
BTRlO 
BTRI 0 
BTRlO 
BTRIO 
BTRIO 
BTRlO 
BTR10 
BTRIO 
BTRIO 
BTRlO 
BTRlO 
BTRlO 
BTRlO 
BTRlO 
BTRIO 
BTR10 
BTR10 
BTRIO 
6TR10 
BTR10 
BTRIO 
BTRlO 
BTRIO 

0.00 0.000 1h;talled sui t ion probe and sealed opening. 
0.00 0.000 Dry. 

0.00 0 . m  Drv. - - - - -  ~ 

0.00 0.000 ~ r i .  
0.00 0.000 
0.00 0.000 Drv. 

. . ~  

0.00 0.000 
0.00 0.000 Dry. 

- . - - - . - - 

0.00 0.000 ~ r i  
0.00 0.000 Dry. 
0.00 0.000 Dry. 

0.00 0.000 Trice. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 

0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Inside tube dry. 
0.000 Pum~ed only, no collection. 
0.000 Dry. 
0.004 Dry. 
C.000 Dry, no vacuum. 

09/23/86 11:47 NA 
10/01/86 08:32 NA 
10/08/86 13:57 Dry. 
"0/14/86 10:W NA 
??/05/86 13:04 NA 
11/20/86 14:36 NA 
12/30/86 W:47 NA 

0.00 G.000 ~r;: no vacuum. .~ ~. 

9.00 0.m ~r;: 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
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VIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

BTRl I 
BTRll 

BTRl I 
BTRl I 
BTRll 
BTRl I 
BTRl I 
BTRl I 
BTRll 
BTRll 
BTRI I 
BTRll 
BTRl I 
BTRl 1 
BTR11 
BTR11 
BTRl I 
BTRI 1 
BTR11 
BTR11 
6TRll 
BTRll 
BTRll 
BTRl I 
BTRl I 
BTRI I 
BTRll 
BTRll 
BTRI 1 
BTRII 
6TRl I 
B T R I  1 
6TRll 
BTR11 
3TR11 
5TR11 

01 /31/86 00: 00 NA 
02/27/86 00:W NA 

02/28/86 00:W NA 
03/06/86 09:35 NA 
03/06/66 11:40 NA 
03/13/86 11:00 00.01 
03/26/86 11 :30 00.01 
06/02/86 11:00 NA 
06/08/86 10:59 00.01 
06/16/86 13:W Trace 
04/24/86 11:30 Trace 
06/30/86 12:20 NA 
05/06/86 11:37 Trace 
05/13/86 10:40 Trace 
05/20/a6 11 :30 Trace 
05/27/86 12:lS W.05 
06/03/86 11 :35 Trace 
06/10/86 12:30 Trace 
06/17/86 11 :40 Trace 
36/24/86 12:lO Trace 
C17/01/86 11 :40 Trace 
07/08/86 11:So NA 
07/16/86 12:02 Trace 
07/22/86 11:W Trace 
07/29/86 11 : 44 00.01 
08/05/86 12 : l l  Trace 
08/12/86 09:30 Trace 
58/19/86 12:37 Trace 
28/26/86 12:lO Trace 
09/04/86 12:OS 00.01 
55/09/86 12:30 Trace 
09/16/86 11:28 Trace 
59/23/86 11:48 Trace 
10/01/86 08:33 Trace 
70/08/86 13:58 Trace 
'C/14/86 10:OO NA 

0.00 0.000 D r i f t  excavated. 
0.00 0.000 Hole d r i l l e d  i n  north r ib,  3.05 f t  deep, 

approximately 2.5 f t  above f loor .  
0.00 0.000 Ins ta l l ed  suction prooe and seaLed opening. 
0.00 0.000 Some br ine  accumulation a t  bottom. 
0.00 0.000 Trace, estimated 0.005 Liters. 
0.01 0.001 F i r s t  time sampled. 
0.02 0.001 Trace. 

0.000 SwLL accumulation o f  br ine a t  bottom. 
0.001 

0.000 
0.000 A few drops. 
0.000 
0.001 
0.000 
0.000 
0 . m  

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 Trace. 
0 . m  
0.000 
0.000 A feu eroos. 
0 . m  
0.000 Ins ide tube i s  aamo. 
0 . W  Puxoea o r l~v ,  no ccLLection. 

5TF171 ': i05/86 13:OS Trace 673.545 c2.042 12.10 0.XG Estiaareo O.W5 Liters. 
ST21 1 ' 1 /20/84 i L :  37 NA c88.M)9 77.106 9.10 0.003 Trace. 
e T R l l  :2/30/86 09:48 NA 729.408 116.905 3.10 0.000 Dam, no vacuum. 
8 T R l l  23/06/87 09:55 NA 734.413 182.910 O . ; C  0.000 Drv, nc vacuum. 
2TRll 03/30/87 10:lO O.CO Ei8.424 24.011 5.10 0.000 Dry. 
STRll %/17/87 09:lO 0.00 397.382 102.569 0.10 0.000 Dry. 
ETR11 07/28/87 10:W 0.00 c38.417 164.004 0.10 0.000 Drv. 
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UIPP  BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Tine Li ters Days Days Cumulative L i te rs  Remarks 
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
ta lc.  

03/26/86 11 : 30 00.01 
04/02/86 11 :00 NA 
04/08/86 10:53 NA 
04/16/86 13:35 NA 
04/24/86 11 :30 NA 
04/30/86 12:20 NA 
05/06/86 11 :20 Trace 
05/13/86 10:40 Trace 
05/20/86 11:30 Trace 
05/27/86 12:15 Trace 
06/03/86 11:35 Trace 
06/10/86 12:30 NA 
06/17/86 11:40 Trace 
06/24/86 12:10 Trace 
07/01/86 11 :a  NA 
07/08/86 11 : 52 NA 
07/16/86 12:03 Trace 
07/22/86 11:00 NA 
07/29/86 11 :45 NA 
08/05/86 12:12 NA 
08/12/86 09:30 NA 
08/19/86 12:38 NA 
08/26/86 12:11 NA 
09/04/86 12:05 Trace 
09/09/86 12:30 Trace 
09/16/86 11 :29 Trace 
09/23/86 11:48 Trace 
10/01/86 08:34 Trace 
10/08/86 13:59 Trace 
10/14/86 10:00 NA 
71/05/86 13:W Trace 
71/20/86 14:38 00.00 
12/30/86 09~47 NA 
03/06/87 10:W NA 

0.00 0.000 D r i f t  excavated. 
0.00 0.000 Hole d r i l l e d  i n  north rib, 3.05 f t  deep, 

approxlmtely 2.5 f t  above f loor. 
0.00 0.000 Ins ta l led  suction probe a d  sealed opening. 
0.00 0.000 Some br ine accumulation a t  bottom of hole. 
0.00 0.000 SOH br ine accumulation. 
0.00 0.000 Suction probe instal led a d  seated opming. Some 

brrne rn bottom of hole. 
0.01 0.000 F i rs t  time sampled. Trace. 
0.01 0.000 Small accumulation a t  bottom. 
0.01 0.000 Brine at the bottom. 
0I0l  o I ~  Left br ine i n  hole. 
0.01 0.000 
0.01 0.000 Vet. 

0 I 0 l  0 ; s  Three droplets only. 
0.01 0.000 
0.01 0.000 
0.01 0.000 A few drops. 

0.000 Dry, plug' had been removed. 
0.000 
0.000 A few drops. 
0.000 Dry. 
0.000 Yet. 
0.000 Small pool at end of hole. 
0.000 Damp. 
0.000 Smell pool at back. 
0.000 Smell pool at back. 
0.000 Dry, not sealed. 
0.000 Dry, no vacuum. 
0.000 Not sealed, dry. 
0.000 A few droos. 

0.01 0.000 
0.01 0.000 
0.01 0.000 A few arops. 
0.01 0 . m  
0.01 0.000 Inside of tube i s  damp. 
3.01 0.000 Pumpes oniy, no ccilection. 
0.01 0.000 Estimateu O.W)1 Liters. 
0.01 0.000 Trace. 
0.01 0.000 Damo, nc vacuum. 
0.01 0.000 Drv, r,c vacuum. 

61~12 03/30/87 10:11 0.00 818.424 24.007 3.01 0.000 ~ r y :  
BTR12 06/17/8709:11O.W) 897.583102.966 0.01 0.000 Dry. 
BTR12 07/28/8710:010.00 938.417144.000 0.01 0.000 Dry. 
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UIPP BRINE SAMPLING AND EVALUATION PROSRAM 

Data through August 12, 1987 

, Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
Calc. 

BXOl 
0x01 

0x01 
0x01 
0x01 
BXOl 
0x01 
0x01 
ex01 
0x01 
0x01 
0x01 
0x01 
BXOI 
9x31 
ax01 

0.00 0.000 Room 0 completed. 
0.00 0.000 Downhole d r i l l e d  1/24/85 t o  1/27/85. Vet core and 

b r i n e  encountered 1/26/85 a t  35 t o  36.5 fee t .  -~ . -~ - -  

0.39 0.035 F i r s t  t ime co l lected.  
1.11 0.119 

5.10 0.072 
5.65 0.069 
6.10 0.065 
6.48 0.064 Room 0 heaters turned on 4/23/85. 
6.94 0.057 
8.94 0.059 F i r s t  check i n  several weeks. 

0x01 07/16/85 10:15 02.34 196.427 42.031 11.28 0.056 Br ine  effervesces. 
0x01 08/26/85 13:56 02.38 237.581 41 .I54 13.66 0.058 Room temp. 98 degrees F. a t  c o l l a r ,  103 F.  i n  

center o f  room. 
BXOl 10/08/85 12:00 02.27 280.500 42.919 15.93 0.053 
0x01 11 /21/85 10: 05 02.42 324.420 43.920 18.35 0.055 
8x01 12/04/85 13:35 00.69 337.566 13.146 19.04 0.052 

0x01 08/19/86 10:50 03.21 595.451 70.020 32.33 0.046 
BXOl 09/09/86 11:W 01.30 616.458 21.007 33.63 0.062 
8x01 10/01/86 11:08 01.16 638.464 22.006 34.79 0.053 
0x01 71/05/86 10:00 NA 673.417 34.953 34.79 0.000 Not co i lected.  
0x01 11/20/8610:3902.40 688.444 49.980 37.19 0.048 
9x01 12/30/8614:1001.75 728.590 40.146 38.94 0.044 
8x01 02/03/87 I::OO 01.67 763.458 54.868 40.61 0.048 
2x01 33/06/87 11 :50 NA 794.493 31.035 40.61 0.000 Roam closed, h a  back, nor samoled. 
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U I P P  BRINE SARPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i ters  Days Days Cumlatiwe L i ters  Remarks 
Renoved Since Used L i ters  per 

1/01/85 For Collected bay 
Calc. 

11/05/86 10:00 NA 
11/20/86 10:37 NA 
12/30/86 14:05 NA 
02/03/87 NA: NA 
03/06/87 11:50 NA 

0.00 0.000 Room 8 conpleted. 
0.00 0.000 Uphole d r i l l e d  1/29/85 to  2/01/85. 
0.00 0.000 No dr ips noticed. 
0.00 0.000 Tubing plugged. 
0.00 0.000 Trace, few drops i n  jug. 
0.10 0.002 
0.22 0.020 
0.32 0.014 
0;s 0.026 
0.66 0.019 
0.67 0.002 Room 0 heaters turned on 4/23/85. Low reading 

probably due t o  par t ia l  blockage of  collecti6g 
tube- .---- 

0.79 0.015 
1.29 0.015 F i rs t  check i n  several weeks. 
1.45 0.004 Changed funnel. 
1.49 0.000 
1.75 0.003 Changed funnel. 
1.75 0.000 
1.75 0.000 Trace i n  plast ic tube, sa l t  buildup i n  tube and 

container. 
1.75 0.000 Dry. 
1.75 0.000 Drv. 
1.75 0.000 bry. 
1.75 0.000 Dry. 
1.75 0.000 Dry. 
1.75 0.000 
1.75 0.000 Room closed, bad back, not sampled. 
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BSEP DATA FOR HOLE DH15 

U I P P  BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i te rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
ta lc .  

0.000 D r i f t  excavated a t  N1104/E1688.5. 
0.000 Uphole d r i  LLed 3/20/86 t o  3/21/84. 
0.000 Collecting funnel and container insta l led.  
0.000 Trace of  brine. F i r s t  time collected. 
0.003 
0.006 
0.004 
0.007 Lots o f  clay has f a l l e n  down hole and accumulated 

i n  co l lec t ing  container. 
0.007 

0.008 Clay i n  co l lec t ing  container 
0.007 
0.007 



BSEP DATA FOR HOLE OH35 

UIPP BRINE SAHPLING AND EVALUATION PROCRAH 

Data through August 12, 1987 

i on  Date Tine L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
CaLc. 

Locat 

0.000 Approximate date t h i s  par t  of Room G was 
excavated. 

0.000 Uphole d r i l l e d  1/26/85 t o  1/27/65. 
0.000 Started t o  drip. 
0.007 Sal t  crysta ls  j n  container. F i r s t  ti= col lected. 
0.024 Sal t  crysta ls  I n  container. 
0.024 
0.022 
0.021 Sal t  crysta ls  i n  container. 
0.024 
0.009 
0.023 Clay i n  container. 

07/24/85 10137 wi15 i041442 7i950 2;23 0.015 
07/30/85 10:17 00.08 210.428 5.986 2.31 0.013 Clay i n  container. 
08/06/85 10:37 00.08 217.442 7.014 2.39 0.011 Clay chunks i n  container. 

3 : M )  0.009 
3.65 0.010 Chanaea co l lec t ing  container. 
3.71 0.001 c iay - in  co l lec t ing  container. Entry has been 

res t r i c ted  since 12/10/85 due t o  mining 
a c t i v i t i e s .  

3.77 0.007 
2186 0.008 
3.93 0.010 
3.99 0.007 
4.02 0.005 
4.09 0.010 
4 . 0 9  0.000 Funnei broken, 5 inch s t a l ac t i t e  formed from 

co i  tar.  
4.09 0.000 installed new tunnel. 
41% 0 . ~ 3 0  Trace ot brine. 
4.10 0.000 
4.12 0.003 

0.W4 
0.000 Trace of br lne. Clraneu so f t  clay out of  funnel. 

0.001 
0.000 Trace collected. 
0.001 
0.003 Trace cot Lected. 
0 . W  Trace co l i ec tw .  
0 . W  Trace. 
0 . W  irace, none collected. 
0 . W  Smll amunt not collected. 
0 . W  Damo, not co~lected.  
G.DC0 Not samoled, Locjred dry. :1/20/86 NA: N.4 



SSEP DATA FOR HOLE DH35 

Y I P P  BRINE SAMPLING AND EVALUATION PROGRAH 

Data through August 12, 1987 

Location Date Time Li ters Days Days Cumulative L i ters  Remarks 
Removed Since Used L i ters  per 

7/01/85 For Collected Day 
Calc. 

DH35 12130186 12:15 NA 728.510 83.046 4.31 0.000 
DH35 02/03/87 HA: NA 763.000 117.536 4.31 0.000 
DH35 03/W/87 11 :25 NA 794.476 149.012 4.31 0.000 Dry. 
DH35 03/30/87 l l :20 0.00 818.172 23.996 4.31 0.000 Dry. 
DH35 05/07/87 11:35 0.00 856.483 62.007 4.31 0.000 Dry. 
DH35 W/18/87 12:10 0.00 898.507 104.031 4.31 0.000 Dry. 
DH35 07/28/87 11:15 0.00 938.469 143.993 4.31 0.000 Dry. 
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BSEP DATA FOR HOLE DM36 

UIPP BRINE SAHPLIMG AND EVALUATION PROGRAH 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
Calc. 

DH36 
DH36 
DH36 
DHM 

DH36 
DH36 
DH36 
DH36 
DM36 
DHM 
DH36 
DH36 
DH36 
DH36 
DH36 
DH36 
DH36 
DH36 

0.000 A p p r o x i ~ t e  date t h i s  par t  of R c m  G excavated. 
0.m Dounhole d r i l l e d  1/26/85. 
0.000 m i s t  muck a t  the bottoc. 
0.275 About 1 ft. muck, b r ine  and hydraul ic f l u i d .  

F i r s t  time bailed. 
0.252 Brine, muck, hydraul ic f l u i d .  
0.221 Some wck .  
0.213 Brine and muck. 
0.253 
0.221 
0.198 
0.226 
0.225 
0.214 
0.209 
0.245 
0.213 
0.223 
0.251 

DH36 
OH36 
OH36 
DH36 
DH36 
DHM 
OH36 
DH36 
DH36 
DH36 
DH36 
OH36 
OH36 
DH36 
DH36 
DM36 
DH36 
DH36 
OH36 
DH36 
OH36 
DH36 
OH36 
DH36 
DH36 
DH36 
OH36 
OH36 
OH36 
DH36 
DH36 

on36 
DH36 
DY36 
OM36 
~ n 3 6  
OH36 
3936 
bH36 
DH36 

33.63 0.206 
35.22 0.227 
36.76 0.220 
38.34 0.225 Brine effervesces. 
-. .- 

41.51 0.232 
43.21 0.242 
44.79 0.197 Valve leaked, some br ine drained back down hole. 

0.219 
0.212 Entry res t r i c ted  since 12/10/85 due t o  mining 

0.204 
0.221 Volume was est imard.  
0.215 
0.197 
0.251 
0.162 
0.203 

:08.58 0.204 
?C9.82 0.176 Valve leaked, come br lne drain& back down hole. 
111.47 C.237 
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BSEP DATA FOR HOLE DH36 

UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i t e rs  Days Days Cumulative L i t e rs  R-rks 
Renwed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

0.214 s t a t i c  Level not measured. 
0.189 
0.241 
0.1% 
0.200 
0.218 
0.207 Brine efferveces as i t  i s  poured i n to  beaker. 
0.201 Sta t ic  Level not measured. 
0.195 
0.207 
0.000 P a r t i a l  evacuation. No calculation. Do not p lo t  o r  

use zero value. 
41.002 151.94 0.201 Calculated using 8.26 l i t e r s  i n  41.002 days (1.72 

1. 12/30/86 plus 6.54 1. 12/31/86). 
34.040 158.78 0.201 

38.004 182.03 0.174 
0.000 189.28 0.000 Some br ine Lef t  i n  hole, no calculation. 

42.026 189.77 0.184 Or ig inal  L/day calculation 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 6/18/87). 

39.970 197.53 0.194 
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VIPP BRINE SAMPLING AND EVALUATION PROCRAM 

Data through August 12, 1987 

ion Date Time Li ters Days Days Cuaulstive Li ters Remarxs 
Removed Since Used Li ters  per 

1/01/85 For Collected Day 
Calc. 

02/03/67 NA: N 1  

0.00 0.000 Approximate date th is  part of Rooa G excavated. 
0.00 0.000 Uphole d r i l l e d  1/25/85 t o  1/26/85. 
0.00 0.000 Started t o  drip. 
0.06 0.002 StaLactite in collecting~container. 
0.12 0.009 Salt crystals i n  collecting container. 
0.12 0.000 Trace, none collected. 
0.18 0.002 
0.22 0.007 
0.25 0.004 
0.31 0.009 
0.38 0.010 

0.a 0.007 
0.68 0.011 Stalacti tes i n  col lecting container. 
0.73 0.007 
o.n 0.006 
0.80 0.004 
0.86 0.- 

1.21 0 . m  Drv. 
l.il 0.000 ~ r ~ ,  not collected. 
1.21 0.000 

1.21 0.000 Drv. 
1.21 0 . b  D r y .  
1.21 0.0(j0 Dry. 
1.21 0.MjODrv. 
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BSEP DATA FOR HOLE DH38 

UIPP BRINE SAHPLING AND EVALUATION PROGRAII 

Data through August 12, 1987 

Location Date Time L i te rs  Days Days Cumulative L i te rs  Rewrks 
Renmved Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

0.000 Approximote date t h i s  par t  of  Room G excavated. 
0.000 Downhole d r i l l e d  1/25/85 t o  1/26/85. 
0.000 Dry. 
0.000 Yet a t  bottom. 
0.035 Brine and f i n e  wck.  
0.182 Brine and f i n e  wck. 
0.065 
0.056 
0.656 
0.060 
0.058 Some wck. 

0.061 
0.061 Brine effervesces. 

~ ~ 3 8  il/26/8511:2000.33 329.472 4.934 18.61 0.066 
DH38 12/03/85 13:30 00.42 336.562 7.090 19.03 0.059 
OH38 i2/10/85 12:30 00.41 313.521 6.959 19.44 0.059 
3~3a 01 /23/86 11 :20 02.70 367.412 43.951 22.?4 0.1261 E n t r y  r e s r r i c t e d  s ince  12/10/85 due t o  min:ng 

a c t i v i t i e s .  
0.066 
0.063 
0.061 
0.019 L o s ~  s u o s t a n t i a l  volume aue t o  b r e a ~  i n  suction 

l i n e .  a r i n e  i l o u e a  back dawn r n r o  hoLe. 
C.110 
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BSEP DATA FOR HOLE DH38 

U l P P  BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time Li ters Days Days Cumulative L i te rs  Remarks 
Removed Since Used Li ters  per 

1/01/85 For Collected Day 
CaLc. 

49.42 0.000 Some brine l e f t  i n  hole, no caLcuLation. 
49.58 0.049 Calculated using 2.07 l i t e r s  (1.91 1. 6/17/87 plus 

0.16 1. 6/18/87). 
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BSEP DATA FOR HOLE OH39 

UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i te rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

01 /24/85 00:W NA 
02/05/85 11:15 NA 
02/26/85 10:25 NA 
03/12/85 10:00 NA 
03/26/85 09: 55 NA 
05/07/85 09:37 00.01 
05/29/85 11 : 30 00.03 
11/05/86 11:10 NA 
11/20/86 NA: NA 
12/30/86 11 :45 NA 
02/03/87 NA: NA 

0.000 Approximate date tha t  part  of  Room G was 
excavated. 

0.000 Uphole d r i l l ed .  
0.000 Hoist, no sta lact i tes.  
0.000 Vet, none collected, back uet i n  1.5 f t  c i rc le .  
0.000 Trace, s a l t  crystals i n  container. 
0.000 Trace, none collected. 
0.000 
O.m1 Stalact i tes i n  sample. 
0.000 Dry. 
0.000 D r i ,  not collected. 
0.000 
0.000 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
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U I P P  BRINE SAMPLING AND EVALUATION PROCRAM 

Data through August 12, 7987 

Location Date Time Li ters Days Days Cumulative Li ters Remarks 
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
Calc. 

0.000 Approximate date th i s  part of R a o m  G excavated. 
0.000 Dounhole d r i l l e a  1/24/85 to 1/25/85. 
0.000 Dry. 
0.000 Hoist a t  bottom. 
0.000 Hoist ruck. 
0.000 Moist MUCK. 
0.012 Brine, muck, and o i l .  
0.044 Brine and muck. 
0.016 Feel something spongy i n  bottom of hole. 
0.014 
0.013 
0.010 
0.010 

~ - - . - . - . - 
1.79 0.017 Contained a Lot of  sa l t  muck. 
1.84 0.007 
1.93 0.013 

3.30 0.002 
3.3a 0.007 
3.42 O.M)6 
3.66 0.13)s Entry resrricted since 72/10/85 due to rnIn1ng 

DHLO 1)9/16/8610:0500.34 t23.420105.DO5 L . 6 6  G.003 Did no1 ccl lec? f o r  severa l  months. 
9 ~ 4 0  77/05/a6 11:la 0.27 573.471 5 0 . ~ 5 1  4193 0.0~5 
CH40 :?/20!86 NA: N A  688.000 7L.529 b.93 0.000 Not samoiea. 
D H L O  ?2/30!86 12:~W 00.25 728.5CC 55.029 5.78 0.005 
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UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i t e rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

12/30/84 00: 00 NA 0.000 0.000 0.00 0.000 Approximate date t h i s  part o f  Rooa G excavated. 
01 /24/85 00: 00 NA 0.000 0.000 0.00 0.000 Uphole d r i l l e d  1/23/85 t o  1/24/85. 
02/05/85 11:15 NA 35.469 1 -000 0.00 0.000 Moist, no sta lact i tes.  
03/26/85 10:M NA 84.420 49.951 0.00 0.000 Trace, none collected. 
05/07/85 09:21 00.01 126.390 91.921 0.01 0.000 
05/29/85 10:00 00.01 148.417 22.027 0.02 0.000 Trace. 
07/24/85 10:13 00.01 204.426 56.009 0.03 0.000 
08/20/85 12:0000.01 231.500 27.074 0.04 0.000 Trace. 

6/17/85 &:20 00.07- 259.389 19.990 0.07 0.001 
02/19/86 l l : 2 0  00.05 414.472 155.083 0.12 0.000 Lots of  sa l t  crystals and Lumps o f  clay i n  

container. 
DH4l 11/05/8611:00NA 673.458 258.986 0.12 0.000 Dry. Funnel has been removed, sa l t  crust on 

coi  l a r  . 
DHLl 11/20/86 12:07 NA 688.505 274.033 0.12 0.000 Drv. 
DHLl 12/30/86 12:50 NA $28.535 314.063 0.12 0.000 
DHL1 02/03/87 NA: NA 763.000 348.528 0.12 0 . m  
OH41 03/05/8710:55NA 793.455 378.983 0.12 0.000 Crusty. 
DH41 03/30/8711:000.00 818.458 25.003 0.12 0.000 Dry. 
OH41 05/07/87 11 :09 0.00 856.465 63.010 0.12 0.000 Dry. 
DH41 06/18/8711:560.00 898.497105.042 0.12 0.000 Dry. 
DH41 07/28/87 11 :03 0.00 938.460 145.005 0.12 0.000 Dry. 
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UIPP BRINE SAHPLING AND EVALUATION PRM;RAH 

Data through August 12, 1987 

Location Date Tine L i te rs  Days Days Cumulative Li ters Remarks 
Remved Since Used Li ters  per 

1/01/85 For Collected Day 
talc. 

0.000 Approximate date th is  part of Room G excavated. 
0.000 Dovnhole d r i  114. 
0.000 Hoist w c k  a t  the bottoa. 
0.030 F i rs t  time collected. 
0.050 
0.041 
0.038 
0.040 
0.036 
0.031 Valve Leakcd, sow brine drained back down hole. 
0.047 
0.037 

0.034 
0.007 siqni f icant  volume of brine drained back down 

5.29 0.036 
5.54 0.035 
5.78 0.034 
6.03 0.036 
6.28 0.036 Brine effervesces. 
6.56 0.035 
6.78 0.037 
7.04 0.037 

10.21 0.031 
10.47 0.032 
10.73 0.032 
70.89 0.032 
11.09 0.C28 
11.31 0.031 
12.63 6.030 Entry restr ic ted since !2/10/85 due to  mining 

a c t i v i t i e s .  
12.33 0.037 
13.31 0.032 



BSEP DATA FOR HOLE DH42 

APPENDIX A 
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UIPP BRINE SAMPLING AND EVALUATION PROCRAN 

Data through August 12, 1987 

Location Date Time L i t e rs  Days Days Culaulative L i t e rs  Remarks 
Removed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

0.024 
0.022 
0.021 
0.024 Brine effervesces. 
0.000 Uood fragments i n  hole. Some br ine Left i n  hole, 

no calculation. 
0.024 Calculated using 1.01 l i t e r s  (0.91 1. 6/17/87 plus 

0.10 1. 6/18/87). 
0.024 



BSEP DATA FOR HOLE DH42.A 
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U I P P  BRINE SAMPLING AND EVALUATION PROCRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
CaLc. 

DH42A 12/30/84 W:M3 NA 0.000 0.000 0.00 0.000 Approximate date t h i s  par t  of Room G excavated. 
DH42A 01/25/85 00:m NA 0.000 0.000 0.00 0.000 bawnhole d r i l l e d  ( r e - d r i l l  o f  DHU) t o  recover 

core from 20 t o  40 f t. 
D W A  01/28/85 09: W NA 27.375 1.000 0.00 0.000 Br ine i n  hole. 
DH42A 02/05/85 11:15 00.85 35.469 9.094 0.85 0.093 F i r s t  time collected. 
DH42A 02/11/85 11:00 00.99 41.458 5.989 1.84 0.165 
DH42A 02/19/85 12:10 01 .45 49.507 8.049 3.29 0.180 

25.72 0.166 
26.84 0.160 
27.W 0.161 Gas effervescing from sample. 
29.07 0.158 Br ine effervesces. 

0.123 
0.117 Entry r e s t r i c t w  s ince 12110/85 due t o  minina 

a c t i v i t i e s .  
0.115 
0.114 



BSEP DATA FOR HOLE O W  APPENDIX A 
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UIPP BRINE SAMPLIffi AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Datr Tiw L i te rs  Days Days C u u l a t i v r  L i t r r r  Remarks 
R-rd Sincr Used L l t e r s  mr 

1/01/85 For Col l rcted Day 
catc. 

D H l U  
DHCZA 
D W A  
D W A  
DnCZA 
D W  
o w  
o w  
O W  
DnCZA 
D W  

O W  
O W  
D W A  
G W A  
D H U A  
D W  
D W A  
D W A  
D W A  
DHCZA 
D W A  
D W A  
DH42A 
D H U A  

O.m 
0.100 
0.092 
0.083 
0.102 
0.101 
0.094 
0.090 
0.097 
0.098 Stat ic  leve l  not m s u r e d .  
0.079 valve broke o f t  and l e f t  i n  hole a f t e r  co l lec t ing  

-st o f  brine. Soam br ine  Lef t  i n  hole. 
0.011 Bottoa obstructed by object i n  hole. 
0.135 

I 

I Approx. 0.01 L i t e r  sp i l led .  Some br ine Left i n  
hole, no calc. 

DHUA 06/18/87 11:SC 0.11 898.4% 12.031 100.36 0.On Calculated using 3.05 L i te rs  (2.94 1. 6/17/87 plus 
0.11 1. 6/18/87). 

DHUA 07/28/8711:033.07 938 .W 39.96 103.43 0.077 
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UlPP BRINE sAMPL1ffi AND EVALUATION PROCRAM 

Data thrargh August 12, 19117 

Location Date T i n  L i t e r s  Dlyr  Days cu.ulat iv@ ~ i t m  R-rks 
~~.ov.d S i n e  u s d  L i t e r a  p.r 

1/41/85 For ~ o l 1 e c t . d  D l y  
c.1c. 

,000 A~proximiire date €140 d r i f t  mar excavated a t  
51950. 

,000 Uphole d r i l l e d  1/05/83 t o  1/06/83. 
,000 Experimental br ine c o l l e c t ~ o n  device ins ta l led .  
,000 F i r s t  data entry i n  BSEP Phae I col lec t ing  

program. 
0.011 
0.011 
0 . a  
0.010 
0.010 Replaced co l lec t ing  device. 
0-Olk 

Dn215 
DH2lS 
On215 
DWlS 
On21 5 
Dl4215 
DHZlS 
on21 5 
Dl4215 
D R l  5 
OH21 5 
Dl4215 
DHZ15 
Dl421 5 

0.011 
0.- Dr ip  missing funnel. 
0.017 

I Salt  crysta ls  i n  container. 
1 

i Sal t  crysta ls  in  container. 
I 

Salt crysta ls  i n  container. 

0.017 
6.018 
0.017 Salt  c tysra is  rn conrriner. 

0.020 
O.Gl2 Floor ~ouercd !n E1CO nortn of r h i s  locarion. 
0 . m  CLmr o f  E!40 d r i t t  excavarea, csLLar or aounnoie 

W216 desrrcvea. 
C . 3 0 0  C icssar i f r  excavation at S1950 i n i r i a rea  tavara 

east. 
0.017 
0.019 
0.657 
G.G59 Brine overf iovina c=niarmf. uninovn amount -or 

COL 1ecrm. 
0.072 
0. OBB 
0 . B 9  
0 . D  Crcsaarit: excavarion a t  S1950 i n l t i a t c d  touard 

west. 
OHt15 01 /31 /e6 13: 50 0 . 4 5  395.576 8.C76 8.64 0.056 
3P215 C2/12/€?$ 72:25 00.27 G7.517 11.941 8.91 0.023 S t a ~ a c t i t e s  remvea f rcn CMtalner. 
>HZ15 G2/19/8j13:1500.26 614.552 7.935 9.17 0.037 
J"215 C2/28/& a : 0 0  MA 3 . w 0  0 . m  0.00 0.000 Floor louerm i n  i 1 d  s w r n  of t h i s  locat ion. 
W 1 5  C3/W/M l 2 : M  00.96 G9.514 14.962 '10.13 0 . W  
:++215 C3/13/% 11:30 W.G L36.479 6.%5 ?0.53 0.057 
>HZ15 C3/26/86;;::5ffi.n 4~9.469 12.990 y7.25 O.GS5 



LOO'S SZ'LL 659':s 7?7'8E6 BS'O 1i:LIL L8/QZlLC SLZHO 
W . 3  L6'9- 9CQ.C7 SQSL6E EL'OSL:~?LBI'LL/~PJ SLZHO 
ZOO'O 6L.9; E7L'Qi 675'953 6C'O O L  : E L  L8/LO/S0 SLZHO 
ELO'G 
O L O ' O  

ales bo aJnaxtw e sen w n l o A  s ~ q a  40 2 1 ,  anoqv ~ 0 0 . 0  
m - 0  

W S ' S L  
W'SL 
W'SL 
82'SL 
82'SL 
BZ'SL 
92'Sl 
9Z'SL 

7L.W LS:60 98/0E/ZL 
Vti :VN W/OZ/LL 

91'0 0S:ZL 98/SO/LL 
00'00 L7:fL 98/31/01 

VN L7:fL W/W/OL 
20'00 fz:m W/LO/OL 
W ' W  S f : l L  W/f2/60 

VN S S : l L  W/10/60 
20'00 S S : L L  W/92180 
70'00 W:ZL W/6L/W 
fL 'W m:LL W/ZL/OO 

OZO'O 
8LO'O 
OLO'O 
2 LC'O 

'9Q/LO/L uo l"-"Jnb 
~ O J J  p A w o ~  u o ~ a r a s n ~ 3 u a  ales &o ' q l  anoqv w 0 - 0  

LZO '0 
3L0'0 
f f 0 '0  
L10.0 
070'0 
820' 0 
B20.0 
270'0 
S f O ' O  
LM'O 

U 8 ' 9  
f LL'L 
ZOO'L 
986'9 
SW'L 

E67 ' 655 
167 ' Zf S 
LOS ' SZS 
291'8LS 
L99'LLS 
067'10s 

YV1Imd NOllVfllVA3 ONV WTldYVS 3NTY0 ddlh 



BSEP D A T A  FOR HOLE OH216 

Data through August 12, 1987 

i o c r t l m  Oat8 ilw L i t e r s  Days Days C u u L l t l v e  L l t e r l  R-rCs 
R m e d  Since Used Liters per 

1/01/85 For CoLLecttd Day 
ca LC. 

APPERDIX A 
Page 59 of 86 

3.00 0.000 Aooroximate date E l 4 0  d r i f t  was excavate0 a t  
SlPZO~ - .  

0.00 0 . m  Downhole d r i  LLed 1/m/83 to 1/10/83. 
0.06 0 . m  8r ine  c o ~ l e t e l y  t i l l e d  the 54.2 f t  deep hole and 

covered the tor, o f  the instrument head. Brine . .  - . 

above ~ n s t r u k t  hi Led and r a r u r e d .  
0.13 0.010 
0.18 0.007 
0.19 0.000 
0.19 0.000 Dry. 
0.22 0 . m  Gas bubbling around instrument head. 
0.26 0.006 Gas bubbling around i n s t r u m t  head. 
0.28 0.003 
0.29 0.001 Tracr o f  b r ine  above i n a t r u m t  head. 

0.se 0I020 
0.79 0.016 co l l a r  mined out 11/19/85. Hole plugca u i t h  ruclr. 



BSEP DATA FOR HOLE DHPU)1 APPENDIX A 
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Data through August 12, 1987 

Location 0.t. T iy L i t e r r  Days Days CuDulativ* L i t e r s  Rcwrks 
R . r w c d  Since Used L i t e rs  per 

1/01/85 For Collecfed Day 
catc. 

DHPU)l 10/29/M W:00 MA 0.000 0.000 0.00 0.000 D r l f t  excavated a t  51950/E1320. 
DHPU)~ 01 /06/87 W: 00 MA 0.000 0.000 0.00 0.000 U W L e  dr lLLinq ? n i t i a t e d  12/08/86, s t o m  on 

72/09/84 a t  27.9 f t .  DriLLlnq resumed 1/02/87 and 
coapletea 1/06/87. 

DHPU)l 03/06/8709:150.12 796.385 1.000 0.12 0.000 f i r s t  time col lected. 
DHPU)1 03/30/87 W:15 0.06 818.385 26.000 0.18 0.002 
DHPU)~ 04/22/8711:100.17 BC1.C65 23.080 0.35 0.007 Sta lac t i te  g r w t h  beside funnel. 
0HPU)l 06/11/8710:000.38 891.617 69.952 0 . n  0.- 
DHP401 07/28/87 10:15 0.27 938.427 67.010 1 . W  0.006 Clay accuaulation i n  container. 



BSEP DATA FOR HOLE DHPaA 
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UlPP BRIIIE SAUPLING AND EVALUATICN PUCKRAM 

Data through Aqus t  ?2, 7987 

Location Date Tim L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Remved Slnce Used L l t e r r  per 

1/01/85 For C01LCctcd Day 
Calc. 

OHPCOZA 10/29/84 00:W HA 0 . m  0.000 0.00 0.000 D r i f t  excavared a t  51950/E1320. 
DHPCOZA 12/05/84 00:W HA 0 . m  0.000 0.00 0.000 D o w n ~ l e  conpletcd. 
DHPc(3211 03/06/8709:400.14 794.403 1.m 0.14 0 . m  F i r s t  rime saao~ed. - .-- - - 

on~coz~  o ~ / a i 8 t m : i s o . w  818.385 23I982 0 . 7 ~  0.000 
DHPc(3211 06/22/87 11 :2C 0.03 U1 .475 47.072 0.17 0.001 b i l e r  stuck i n  hole. Hole o f fse t  a t  the 45 foot 

~ - 

level, can hear and see br ine k l w  the of fset .  
D ~ P ~ O Z A  07/08/87 W:OO MA 0 -am 0.OLX) 0.00 0.000 H o r i r m t a l  p i l o t  hole t o r  R a w  7 o f  the f i r s t  

uaste S t o r q e  Panal started just  north o f  thrs 
location, d r i l l e d  w i t h  br ine. 

DMUL?A 07/16/87 03:M 0.00 926.389 0.000 0.17 0.000 Hole en t i r e l y  f i l l e d  wi th br ine from d r i l l i n g  the 
p i l o t  /gas release hole fo r  the Last r o w  o f  the 
f i r s t  Gne l .  

DHPUEA 07/28/87 10:20 17.50 938.431 0.000 17.67 0.000 Remvcd 17.5 l i t e r s  o f  br ine from hole, m s t l y  
d r i l l i n g  f l u i d .  No c a ~ ~ I J l a t l 0 n .  

OIIPU~ZA 07/29/87 09:10 15.00 939.382 0 . m  32.67 0.000 D r i l l ~ n g  br ine  removed from hole. pa r t i a l  
evacwtlon, br lne Left i n  hole, no raLcuLatlon 

D ~ P ~ O Z A  10/01 /87 W: 00 NA 0 . m  0.000 0 . a  0.000 Aoproximate date the sa l t  muck ~ t o c k p ~ l t  m a s  
piactd a t  The east end of 51950, covcrlng rne 
co l la r  o f  r h i s  hole. 



aSEP DATA FOR MOLE EESl28 

ulpP BRINE SAHPLING AND EVALUATION PROCRAH 

Data through August 12, 1987 

Location Date l ime L i t e r s  Days Days Cumulative L i t e r s  R e w r t ~  
Rcaoved Since Used L i t e r s  per 

1/01/85 For Col lected Day 
C.LC. 

10/08/& l 4 : U  01.31 
10/14/86 10:26 02.29 
11/05/86 09:# 8.18 
11/20/86 HA: YA 
:2/31 /86 10:22 HA 

APPENDIX A 
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0.00 0.000 Approximate date d r r f t  a t  M1420/ElCO excavated. 
0.00 0 . m  Excavation e f f e c t s  downhole a r 7 l l e d  t o  9.3 f t . .  

10.00 0.019 
11.50 60.000 High l i t e r s  per  day r e s u l t s  from h i g h  r n r t l a l  

i n f l w  r a t e  through f rac tu res  a f t e r  bar l lng .  
22.00 0.374 
23.60 177.80 See above, h i gh  l i t e r r  per day. 
24.60 125.00 See above, h igh  l i t e r s  per day. 
25.10 83.330 See above, h igh  L i t e r s  per day. 
25.50 12.900 Sea above, h igh  l i t e r s  per day. 
35.25 0.516 
U.Q 1.019 
L8.42 0.862 
53.82 0.768 P u w  t o  a.0' Level ( t o t a l  length of suct ion 

nose). 
58.66 0.694 
64.05 0.600 
63.55 0.877 
72.88 0.631 
77.66 0.654 
85.36 0.979 Br ine  l e f t  i n  hole although more evacuated than 

usual.  B r ine  l eve l  a t  7.95, top o f  muck a t  8 . a .  
90.50 0.739 A f t e r  t o t a l  evcuatron - raprd b r i ne  rnf low w i th  

gar. Connects w i t h  holes 3.8' U and 4.3' E. Hole 
8.9' deep. 0.64 C taken 5 min. Later. 

91.14 160.W nigh L i t e r s  per day r esu l t s  from high i n i t i a l  
inf!or r a t e  a f t e r  ba i l i ng .  

92.45 6.L85 See aoove. 
94.74 0.393 Camoiete evacuation. 

;02.92 0.372 
102.92 0.000 
:02.92 0 . X O  



BSEP DATA FOR HOLE EES218 
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UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12. 1987 

LOCat7m Date Tim L i t e r r  Days Days Cumulative L r te rs  Renarks 
R c r ~ v d  Since Used L i t e r s  per 

1/01/85 For Collected Oay 
Calc. 

10/08/86 1&:3L 00.36 
l0/1&/86 12~55 04.94 
?1/05/86 12:28 4.98 
7 1  /20/86 NA: NA 
12/30/86 MA: MA 

0.M) 0.000 Approximate date d r r f t  a t  S700/E66 excavated. 
0.00 0.000 Excavation e f fec ts  dounnole d r t l l e d  7/08/86 t o  

7/09/86. 
4.50 11.630 High l i t e r s  per day resukts from high i n r t r a l  

l n f l ou  through tractures a f t e r  M lL lng .  
6.10 13,330 See above, high L i te rs  per day. 
10.70 0.661 

'11.700 s e  above. hrgh l i t e r s  Per day. 
2.357 
1.055 
0.813 
3.297 
0.670 
0.680 Pulnced to 8'!eveL ( t o t a l  length of sucr:on hose:. 
0.684 Bottom o f  mucx. 
0.685 
0.539 
0.963 
0.698 
0.703 F U L L  to  battom o f  muck. 
0.553 Full ,  moisture overflournq, oubb1:nq v i o l e n t ~ y  at  

bottom. Approximately 1 f t .  br ine st111 i n  note. 
0.768 Brrne level r i g h t  o f  salt-muck lnterface 0.20 feet 

beiou f loor .  
n . 3 4  5.070 



BSEP DATA FOR HOLE GSEEP 
XPPERDIX A 
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Data througn August 12, 1987 

Location Date Tima Liters bays Days Cumulative L l t e r s  Remarks 
Removed Since used L i t e r s  Per 

1/01/85 For co l lec ted  Day 
t a l c .  

GSEEP 
GSEEP 
GSEEP 

0.000 Approximate date t h i s  p s r t  of Room t excavated. 
0.000 Noticed a r m  area on f l o o r  a t  t h i s  Location. O.m Damp area on f l o o r  near S. r i b  aporox. E l l a  (45 

f t .  E .  3f  0 ~ 3 5 )  and a t  €1149, Crustea n o l s t  area 
Ir a o w t  4 t t .  by 6 f t . ,  has increased 

0.000 not iceably  i n  r l z e  over l a s t  two months. Dam area 
covers 16 f t .  E-U, 13 f t .  N-S across width o f  R m m  
G.  

0.000 Many w-s on lower 3 ft. of S. r i b .  B r ine  i s  
seeping out o f  a i r  p ipe s u w r t  hole. 

0.000 F i r s t  t iw  co l lec t ion .  Dug out  s a l t .  
0.214 P a r t i a l  removal. 
1.130 
0.300 
0.011 Lots o f  s a l t  i n  pool.  
0.117 
0.186 Pumped twice. 
0.306 
0.217 P a r t i a l  removal. No pump, scoooed w i t h  oearer. 
0.66Q 
1 .w 
0.659 Collecrccr three times. 
0.232 
0.304 
0.41 7 
0.277 
0.2% 
0.399 

GSEEP 

GSEEP 

GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
;SEE? 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
;SEE? 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEE? 
GSEE ? 
GSEEP 
CSEEP 
GSEEP 
GSEEP 
:SEEP 
:SEEP 
5 S E E P  

G.f i  3.416 
43.43 0.378 
L5.87 9.349 
L8.98 0.634 
52.29 0.487 
55.50 0.656 
58.61 0 . G 5  
53.21 0.552 Verv -um:3 a i r  :n worKinqs. 
58.64 2.762 Yerv l b n ~ d  l a s t  ieerr, r a l n  cn sirrtace. 

;SEEP G7:M/86 10:5Ci C4.:4 553.451 6.- 7Z.78 G . 9 3  
Sfii? '27/16/&6 10: 55 33.32 561 .451 5 . m  76.70 3 . 4 7 5  
S i t ?  57!22/Mi0:15 -2.29 567.427 5.976 73.39 2.383 

;SEEP 
;SEE? 
5 E E P  
;SEEP 
?SEEP 
;SEE? 
-,.-- 2 J t t P  - --- 3 3 t c P  
SSEEP 
S E E P  
;SEE? 
?SEE? 
S E E P  
:SEEP 
;SEE? 
;SEE? 

0.535 
C.572 Last -ceK nas been numio ana ra inv .  

~ - ~ 

c . ?G3 
9.537 
;.LC2 F ? r s r  :.ae 3.7; ;::trs, secona KiCCs 5.70 :::ers 

S E E ?  15/07/87 1 :  .L.3 3.3i 356 692 33.01C 'L9 72 3 3 7  
;SEE? 36/30/87 :?m : 2  26 '70.6;7 53.325 '41 9-5 5.227 



BSEP DATA FOR HOLE IG201 

VlPP BRINE SAHPLING AND EVALUATION PROtRAH 

Data through August 12, 1987 

Location Date Time Li 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 Approximate date the west side of SPDV Test Room 2 
excavated. 

0.00 0.000 Approximte date hole dr i l led,  inclinometer guide 
tube pa r t i a l l y  grouted i n to  hole 3/28/83. 

63.10 0.000 F i rs t  time collected, 63.10 Ltters removed. 
64.62 0.000 Part ia ly evacuated, some brine l e f t  i n  hole. 
67.10 2.704 Soae f l u i d  was lost. Should add 1.52 Liters from 

p s r t i a l  evacuation day before t o  t h i s  volume for 
Liters/day calculation. Volume high 

67.43 0.055 f o r  1/09/85 because some brine was stored behind 
the Liner and drained i n to  hole a f te r  i n i t i a l  
draining. 

67.81 0.054 
68.06 0.036 
68.36 0.043 
68.60 0.040 
68.92 0.040 
69.18 0.037 
69.43 0.036 
69.68 0.036 
69.85 0.021 
70.12 0.045 
70.36 0.034 
70.62 0.033 
70.88 0.036 
71.11 0.039 

It201 '1 i21/85 I!: L8 W.25 324.452 8.0L8 77.49 0.031 
:5251 :ii26/65 10:35 00.15 329.441 i . 9 i 9  77.64 0.030 
IG2O1 -2!10/85 1!:10 00.35 Z43.465 l i .224  '7.99 0.025 Two reeks. 
:G23? 12/17/85 1L:!0 CG.23 350.590 7.125 73.22 C.C32 
:G201 31/03/86 10:20 W.42 367.431 16.841 72.64 0.025 
:t201 S'iiGB/B6 1C:30 W.20 372.438 5.%7 78.84 0.040 
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Data through A u g u s t  12, 1987 

Location Date T i -  L i t e r s  ~ a y s  Days Cumulative ~ i t e r s  Remarks 
Reaved Since Used L i t e r s  per 

1/01/85 For Col lected Day 
CaLc. 

02/28/86 13:45 00.30 
03/06/86 11 :00 00.19 
03/13/86 10:27 00.20 
03/26/86 10:25 a0.31 
04/02/86 10:m 00.16 
04/08/86 10:15 00.13 
04/16/86 12:m 00.15 
04/24/86 10:35 00.13 
04/m/a6 11:14 00.10 
05/06/86 1 0 : a  N A  
05/M/86 11 : 30 N A  
05/27/86 16:lO NA 
06/03/86 10:45 MA 
c6110/86 1::45 N A  
06/17/86 11 : 22 N A  
06/24/86 11 :a H A  
07/01/86 14:M N A  
07/08/86 10: 55 MA 
07/16/86 11 : 00 NA 
07/22/86 10:20 N A  
07/29/86 10:55 N A  
09/01/86 11 :00 H A  
09/09/06 09:15 N A  
09/16/86 10:28 MA 
10/01/86 12:31 N A  
10/08/86 11:25 02.57 

10/14/86 12:14 W.19 
11/05/86 11:55 HA 
11/20/86 NA:  MA 
! 2/30/86 01 : 13 W. 53 

0.019 
0.016 
0.017 
0.000 Not co l lected,  sampler L e f t  i n  hole. 
0. 000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.016 Solve-r odor, f l u i d  " f ro thy"  i n  conta iner .  F i r s t  

evacuar:on i n  161 days. 
0.031 
0.000 urona c a l l e r ,  nor co i lec ted  



APPElfDlX A 
Page 67 of 8 6 ,  

6SEP DATA FOR HOLE It202 

UIPP BRINE SAMPLING AND EVALUATION PROGRAn 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
talc. 

IG202 04/08/83 0.m 0 . W  0.M) 0 . m  Approximate date uest side of SPDV Test Room 1 
excavated. 

It202 04/10/83 0 . m  0 . m  0.00 0.000 Approximate date hole d r i l l ed ,  inclinometer guide 
tube p a r t i a l l y  grouted i n t o  hole 4/21/83. 

IG202 11/M/8412:0052.00 -31.500 1.000 52.00 O.M30 F i r s t  t ime collected. 
16202 01/08/85 12:m 12.58 7.500 39.000 66-58 0.323 Volume high because some br ine  was stored behind 

the  l i n e r  and drained i n t o  hole a f t e r  i n i t i a l  
dra in ing.  

It202 01/15/85 09:25 00.59 14.392 6.892 65.17 0.086 
It202 01/22/8512:0000.34 21.500 7.108 65.51 0.048 
It202 01/29/85 12:00 00.33 28.500 7.000 65.84 0.047 

0.018 
9.077 Hole e n t r y  becomrng t i g n t  due t o  snear closure of  

guiae tube. 
0.017 
9.076 
0.076 
0.013 i3r:ne eifervesces. 
0.C1.2 Br ine  etiervesces. 
0.0:L 
0.074 Kot samoied LasT ueeK. 
0.011 

0. LC32 
0 . X 3  
0. XJ 
0.000 
C. OW 
G.003 hat :=iiecreo. 
0.014 F l r s t  :-ne co:tecred i n  a Year. 
C 325 
0.c;i ';:05/a6 12:70 0.24 

'1/28/86 NA: ::A 
*2/30/& r i ~ :  ::A 

O.Cl2 
8.3.X Hole cincnea s r i l t  bv  snear ccosure. lnaole t o  get 

s a w i e r  covn noLe. 
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BSEP DATA FOR HOLE JPILOT 

U I P P  BRINE SAMPLING AND EVALUATION PROCRAM 

Data through August 12, 1987 

Location Date Time L i te rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

JPILOT 04/14/84 0.000 0.000 0.00 0.000 Room J Excavated 4/11/84 t o  4/14/84. N1100 d r i f t  
north o f  Room J excavated 3/09/83. SPDV Test Room 
2 excavated 3/10/83 t o  3/20/83. 

JPILOT 04/02/85 11:35 00.02 91.024 1.000 0.02 0.000 Pi lo t  hole d r i l l e d  f o r  36' dia. hole, f i r s t  time 
collected. 

JPILOT 04/10/85 11:30 00.02 99.479 8.455 0.04 0.002 
JPILOT 04/17/85 10:W 00.02 106.417 6.938 0.06 0.003 
JPILOT 04/23/85 13:05 00.05 112.545 6.128 0.11 0.008 
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VIPP BRINE SAHPLING AND EVALUATION PROCRAM 

Data tnrough August 12, 1987 

Locatlon Date Time L l t e r j  3.y~ Days CuauL.tlve L l r c r s  Remrks 
Rcaoved Since Used L i t e r s  Per 

1/01/85 For C o l l e c t d  3ay 
CaLc. 

JRmPIT 04/14/84 0 . m  3 . a  0 . a  0 . m  Room J Excevarca 4/11/8C t o  Li lL/&. ~ l l W  d r i f t  
nor th of  R a n  1 excavated 3/09/85. SPDW Test Rooa 
2 excavated 3/10/85 to  3/20/83. 

JRWfPIT 11/29/84 10:W 75.00 -32.583 1.000 75.00 0.000 Cver 20 gal lons of b r lne  ano s a l t  crysta ls  
snove ld  out. Pit blown d r y  w i t h  a i r  hose. F i r s t  
time b r r i d .  
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BSEP DATA FOR HOLE LlS25 

WIPP BRINE SAHPLING AND EVALUATION PROGRAH 

Data through August 12, 1987 

Location Date Time L i t e rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

0.000 Room L1 excavated 4/19/84 to  4/21/84. 
0.000 Dounhole d r i  Lled. 
0.000 Uet. 
0.000 Uet. 
0.000 F i r s t  time collected. 

0.016 
0.017 Suction probe instal led.  

c.012 
0.010 Sucticn ~ysimeter removed. 
0.009 
O.KO Dry. 
0.005 



BSEP DATA FOR HOLE L1S26 

UIPP ERIN€ SAUPLING AND EVALUATION PROGRAN 

Data through August 12, 1987 

Location Date Time 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 0.000 Downhole dr i l led .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.09 0.000 Fi rs t  time wllected. 
0.14 0.002 
0.19 0.002 
0.24 0.002 
0.29 0.004 

0.64 0.000 Orv. 
0.69 0.@%1 ' 
0.69 0.000 Dry. 
0.71 0.000 
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BSEP DATA FOR HOLE LlS27 

UIPP BRINE SAMPLING AND EVALUATION PROCRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Rcararks 
Removed Since Used L i t e r s  per 

1 /01/85 For Col lected Day 
Calc. 

0.000 Rom L1 excavated 4/19/84 t o  4/21/84. 
0.000 Downhole d r i l l e d .  
0.000 Vet. 
0.000 Vet. 
0.000 F i r s t  t ime co l lected.  
0.000 Vet, p a r t i a l  pool  i n  b o t t w ,  none co l lected.  
0.004 
0.004 

0.006 Two weeks co l lec t ion .  
0.005 

0.006 
0.006 
0.006 
0.005 
0.005 
0.004 
0.007 
0.006 
0.006 
0.008 
0.006 
0.004 
0.004 
0.002 
0.003 
0.000 Wet. cur not enough t 
0.002 
0.000 Crv. 



BSEP DATA FOR HOLE LYS28 

UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date T i n  Li te rs  Days Days Cumulative L i te rs  R e ~ r K s  
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
t a l c .  

12/10/85 
12/17/85 
11/05/86 09:M 0.11 
11 /20/86 NA: NA 
12/31/86 10:42 MA 
03/06/87 12:30 MA 
03/31 I87 10:31 0.00 
05/07/87 M:39 0.00 
06/18/87 12:35 0.00 
07/28/87 13:24 0.09 
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0.00 0 . m  R m m  LI excavated 4/19/84 to  4/21/84. 
0.00 0.000 Downhole d r i l l e d .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0:6d 0.000 ~ r y .  
0.11 0.000 
0.11 0.000 Dry. 

0.11 0.000 ~ r i .  
0.11 0.000 Dry. 
0.11 0.000 Dry. 
0.11 0.000 Dry. 
0.20 0.001 



2SEP DATA FOR HOLE LlS29 

UIPP BRINE SAMPLING AND EVALUATION PROCRAM 

Cata through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Col lected Day 
Calc. 

0.000 Room LI excavated 4/19/84 t o  4/21/84. 
0.000 Oounhole d r i l l e d .  
0.000 uet. 
0.000 uet. 
0.000 F i r s t  t ime col lected. 
0.043 
0.042 
0.048 
0.050 
0.046 
0.043 
0.034 
0.0345 
0.026 
0.022 
0.023 
0.021 
0.021 
0.018 
0.016 
0.015 
0.020 
0.020 Sucrion probe ins ta l led .  
0.017 
0.016 
0.018 
0.019 
0.020 
0.019 
0.020 
0.021 

0.036 
0.372 0.70 l i t e r s  I n  orooe. ioenea hole ana found 

suct!on rube i i o a t l n q  on orine. 5 3 1 1 ~  note dry. 
0.158 Suction LysImerer r,P!WVed. 
0.159 
0.162 
3.510 
0.000 Hot pumoea dry, o r lne  l e f t  i n  hole. r o  

ca icu iar lon.  
0 . m  Par t ja r  r emvs i ,  r,c ca i cu l a t~on .  
0.790 Usea 33.32 l ~ t e r s  i n  ~ 2 . 1 6  cabs Tor caLculat1on 

(5/08/87, 6/i7/87, zna 6/18/87). 
0.283 



BSEP DATA FOR HOLE LIS30 

UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i te rs  Remarks 
Remved Since Used L i t e r s  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 0.000 Dounhole d r i l l e d .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.07 0.000 F i r s t  t ime collected. 
0.16 0.004 
0.48 0.008 
0.61 0.010 
0.71 0.006 
0.76 0.004 
0.81 0.007 
0.89 0.006 
O.% 0.003 
1.01 0.004 

1.22 0.Okl Dry. 
1.22 0.000 Dry. 
1.22 0 . m  

24.29 0.619 
40.57 0.000 Brlne left l n  hole, no calculat lon. 
57.99 0.000 Br ine l e i t  l n  hole, no calculat lon. 
58.57 C.814 Usea 34.38 l l t e r s  I n  62.127 davs f o r  caicuLat1on 

(5/08/87, 5/17/87, ana bi18/87). 
62.39 0.095 



BSEP DATA FOR HOLE LlS31 

UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

9ata through August 12, 1987 

Location Date Time L i t e rs  Days Days Cumulative L i te rs  Remarks 
Removed Since Used L i t e rs  per 

1/01/85 For Collected Day 
Calc. 

11/20/86 NA: NA 
12/31/86 10:08 NA 
03/06/87 12:50 NA 
03/31/87 10:33 0.00 

APPENDIX A 
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0.00 0.000 Room L1 excavated 4/19/84 t o  4/21/84. Hole d r i l l e d  
before 12/85. 

0.00 0.000 Dwnhole d r i l l ed .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 ~ r y .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Ins ta l led  vacuum probe. 
0.00 0.000 Dry. 
0.00 0.000 Dry. 
0.00 0.000 Drv. 
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BSEP DATA FOR HOLE LlS32 

WIPP BRINE SAHPLING AND EVALUATION PRMiRAn 

Data through August 12, 1987 

Location Date Time Liters Days Days Cumlative Liters Remarks 
Removed Since Used Liters per 

1/01/85 For to1 lectcd Day 
Calc. 

0.00 0.000 Room LI excavated 4/19/84 to 4/21/84. 
0.00 0.000 Downhole dri l led.  
0.00 0.000 Dry. 
0.00 0.000 noist. 
0.00 0.000 Dry. 
0.00 0.000 Drv. 
0.07 0.000 f ikst  cottection. 
0.09 0.001 
0.14 0.004 
0.19 0.002 
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BSEP DATA FOR HOLE LlS33 

UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Oata through August 12, 1987 

Locatlon Date Time L i te rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
Calc. 

0.000 Room L1 excavated 4/19/84 t o  4/21/81. 
0.000 Downhole d r i l l ed .  
0.000 Wet. 
0.000 uet. 
0.000 F i r s t  time collected. 
O.M6 

0.012 Estimated, Lost some during collection. 
0.015 



BSEP DATA FOR HOLE LIS34 

UIPP BRlNE SAMPLING AND EVALUATION PROGRAH 

Data through August 12, 1987 

Location Date Time Liters Days Days Cumulative Li ters Remarks 
Removed Since Used L i ters  per 

1/01/85 For Collected Day 
CaLc. 

~ 1 ~ 3 4  11 /20/86 NA: NA 688.000 15.615 
L1S34 12/31/8610:17NA 729.428 57.043 
LlS34 03/06/87 13:00 NA 794.542 122.157 
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0.000 Room L1 excavated 4/19/W t o  4/21 /84. 
0.000 Dounhole dr i l led .  
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
0.000 Dry. 
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BSEP DATA FOR HOLE LlS35 

UlPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

04/21 /84 
07/17/85 
08/20/85 
09/17/85 
12/10/85 
1211 7/85 
11/05/86 w:20 0.09 
11 /20/86 NA: NA 
12/31/86 10:17 NA 
03/06/87 13:00 NA 
03/31 /87 10:40 0.00 
05/07/87 09:46 0.00 
06/18/87 12:52 0.00 
07/28/87 13:38 0.00 

0.M 0.000 Rooa L1 excavated 4/19/84 t o  4/21/84. 
0.00 0.000 Downhole d r i l l e d .  
0.00 0.000 Dry. 
0.00 0.000 Dry. 

0.09 0.000 Drv. 
0.69 0.000 ~ r b .  
0.09 0.000 Dry. 
0.09 0.000 Dry. 
0.09 0.000 Dry. 
0.09 0.000 Dry. 



BSEP DATA FOR HOLE LlS36 

YIPP BRINE SAHPLING AND EVALUATION PROGRAN 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remarks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

0.000 Room L1 excavated 4/19/84 t o  4/21/84. 
0.000 Darnhole d r i l l ed .  
0.000 Vet. 
0.000 wet. 
0.000 F i r s t  time coltected. 
0.013 
0.W7 

0.005 
0.006 ~ e l l o v  color. 
0.006 
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BSEP DATA FOR HOLE L1Xm 

UlPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location 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 
ta lc.  

0.000 Room L1 excavated 4/19/84 t o  4/21/84. 
0.000 Downhole d r i l l e d  5/10/84 t o  5/13/84. Brine entered 

hole over weekend during d r i l l i n g .  
0.000 F i r s t  t ime collected. Brine and sa l t  muck. 
0.000 Hole Looked dry due t o  f loa t ing  sa l t  dust on 

surface of brine. Sal t  muck removed wi th  brine. 
Volume high due t o  near-hole storage. 

0.044 
0.029 Removed 1 Lb. o f  s a l t  muck wi th brine. 

L1 X00 
L1 X00 
L1 X00 
L1 X00 
L1 X00 
L1 X00 
L1 XCO 
L1 XCO 
L1 X00 
L1 XOO 
L1 X00 
L1 X00 
L l  XOO 
LlX00 
L1 X00 
L1 X00 
LIX00 
LlX00 
LlX00 
LlX00 
LlX00 
L: X00 
L1 XM) 
L1 X o o  
L' XOO 
,1 XW 
L: xm 
C? X a l  

0.028 
0.033 2 lbs. sa l t  removed wi th br ine  during ba i l ing .  

72/03/85 14:35 00.74 
12/10/65 '12:55 00.14  
.2/17/85 13:02 00.75 
01/03i'86 09:05 W.38 
07/03/86 09:25 00.7: 
51/16/86 G9:W m . 1 8  
37/23/36 S : ? 5  m . 1 4  
C1/3?/86 09:45 00.18 
32/12/86 08:50 00.30 
32/19/86 09:LO 00.16 
3i/28/86 11:20 00.24 
33/06/66 09:lO G3.12 
03/13i% m : 3 0  00.16 
33/26/86 08:35 00.29 
3~102186 oa: 15 m. 17 
'34/08/86 %:25 W.15 
2L/16/86 i 0 : i O  W . 1 9  
i;4/24i86 08:50 00.16 
04/30/86 09:20 00.16 
05/06/84 08:50 0 . 1 5  
05/13/86 08:48 50.18 
55/20/86 09:20 00.18 

LlXW 
L1 X00 
L!XM 
,1 X00 
L! XM 
-: xm 
,1 XCX) 

.: XW 
L;Xw 
L1 XM) 
L1 XCO 

;1X00 t&5/10/86 8 : 2 0  00.21 525.399 7.326 32.55 0.030 
L:XCO %/17/86 09:12 00.14 532.383 5.994 32.69 0.020 
LlXW :6/24/86 09:15 00.22 539.385 7 .  GO2 32.91 0.031 
L ~ X M )  ;7/01/56 11:53 00.22 546.495 7.110 33.13 0.031 
L:XM !37/09/86 G9:10 m . 2 2  553.322 6.587 33.35 0.032 
::XM) c7/16/86 03:M 00.21 561.375 7 .593  33.56 G.025 
LlXW 07/22/8608:4500.17 567.365 5 . 9 9 0  33.73 0.028 



UIPP BRINE SAMPLING AM0 EVALUATIOH P R b t R A M  

Data through August 12, 1987 

Location Oate T i n  L i t e r s  Days Days C u u l a t i v c  L i t e r s  R e ~ r k s  
Removed Since used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

LlX00 
LlXW 
L: XCQ 
L1 xw 
L1 XW 
L1 xm 

L'XCQ 
L1 XCQ 
L1 xw 

0.026 
0.029 
0.029 
0.028 
0.027 
0.028 
0.031 
0.028 
0.029 
0.027 
0.026 
0.023 
0.024 
0.024 
0.021 
0.018 
0.019 Hole tared dry due to f l w t l n g  salt dust on 

surface of brine. 
0.0'3 
0.332 Brlne L e i y  ln nole, no caicuiatlon. 
O.Cl8 C a l c u ~ a t M  using 1.92 L!ters in  1W.'51 days 

(61  17/87 ana 7/28/87). 
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BSEP DATA FOR HOLE UC03 

UIPP BRINE SAMPLING AND EVALUATION PROGRAM 

Data through August 12, 1987 

Location Date T i m e  L i te rs  Days Days Cumulative L i t e rs  Remarks 
Removed Since Used L i te rs  per 

1/01/85 For Collected Day 
ta lc.  

L2C03 04/25/84 0.000 0.000 0.00 0.000 Room U excavated 4/22/84 t o  4/25/84. 
UC03 03/26/85 0.000 0.000 0.00 0.000 Hole UC25, a 5" overcore of  a previously grouted 

hole, d r i l l e d  a t  t h i s  Location. Brine blew i n t o  
hole LZC29, 4 f t .  t o  the north. 

KC03 04/02/85 0.000 0.000 0.00 0.000 Approximate date hole UC03 dr i l led ,  a 16" 
overcore of  UC25. 

UC03 12/17/85 12:39 05.15 350.527 1.000 5.15 0.000 F i r s t  time collected. Brine enters through 
fracture, connects t o  L2C29, 4 f t .  north. 

UC03 01/03/86 08:55 00.24 367.372 16.845 5.39 0.014 
UC03 01 /08/86 09:M 00.01 372.389 5.017 5.40 0.002 
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BSEP DATA FOR HOLE NG252 

UIPP BRINE SAHPLING AND EVALUATION PROCRAM 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Rewrks 
Removed Since Used L i t e r s  per 

1/01/85 For Collected Day 
Calc. 

0.00 0.000 Vest side of SPDV Test Room 2 excavated. (Room 
excavated 3/09/83 t o  3/20/83). 

0.00 0.000 A p p r o x i ~ t e  date dwnhole d r i l l ed .  
0.00 0.000 Overcored non-functional stress meter wi th 6" hole 

( t o  1.5 ft.). 
0.00 0.000 Brine 7" below vest edge o f  col lar .  Cleaned hole. 
0.00 0.000 Ins ta l led  PVC casing for BSEP observations. 
4.60 0.000 P a r t i a l  removal. F i r s t  time collected. 
8.95 O.OM) Puapcd dry. Inf low rate about 2 cc/hr. 

17.14 0.430 Puapcd dry. 
25.62 0.303 Gas bubbles observed r i s i ng  through br ine i n  hole. 
29.76 0.458 

.- -- 
0.403 
0.430 Brine degassing i n  col lect ing container. 
0.434 
o. 477 
0.438 
0.405 
0.479 
0.497 
0.493 Brine effervesces. 
0.488 Brine effervesces. 
0. $81 

NG252 29/17/85 70:10 02.68 259.428 6.954 127.03 0.385 
NG252 39/24/85 1C:20 02.98 266.431 7.003 130.01 0.426 
NG252 lci /r~1/8510:2503.19 273.434 7.003 133.20 0.456 
NG252 !0/08/85 11:05 03.36 233.462 7.028 736.56 0.478 
NG252 '0/15/85 10:46 G2.64 287.449 6.987 139.20 0.378 
MG252 70/23/85 10:58 02.93 295.457 3.008 142.13 0.366 
NG252 !D/29/85 70:45 02.64 3 0 1 . 4  5.991 :L4.77 0.441 
VG252 1?/05/8509:4002.16 508.403 6.955 146.93 0 . 3 1 1 I L l d a v s a r : t e r b r i n e  w a s r e m o v e d f r o m 3 6 " ' I c l e ~ n  

SPDV Tesr Room 5. 

NG252 !2/10/65 13:41 02.34 343.570 6.976 :59.& 0.335 
sG252 '2!17/85 14:15 02.73 250.594 7.024 $52.33 0.389 
NG252 C7/03/% i3 :30 04.03 357.438 16.EJ.4 466.3C 0.239 P a r t i a l  r*nlova~ o n l y .  
VG252 "/a/& 1C::O C3.53 272.444 5..m "59.36 6.599 High vo iune  o t  brine age ro  oniv parriai re.mvak 

Jn 1/03/86. 
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BSEP DATA FOR HOLE NG252 

UIPP BRINE SAnPLING AND EVALUATION PROCRAN 

Data through August 12, 1987 

Location Date Time L i t e r s  Days Days Cumulative L i t e r s  Remrks 
Removed Since Used L i t e r s  per 

1/01/85 ~ o r l  ColLected Day 
CaLc. 

0.101 
0.281 Low l i t e r s / day  values f o r  some periods between 

11/05/66 ana 6/16/87 m y  be the resu l t  i n  par t  o f  
the long time berueen coLlectlons. 

C.000 Some or ine  Lef t  i n  h o ~ e ,  no caLc. 
0.162 Caiculat lon usea 8.73 L i t e r s  I n  53.932 days 

i6/17/87 end 6/30/87). 
3.235 
0.334 
0.344 
0.211 
0.254 
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GRAPHS OF BRINE ACCUMULATION 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 which implies varia- 
tions 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 curve. An eleven-point moving average was used for the graphs. 
The smoothed result reflects trends that are representative of the brine 
seepage rates while still showing variations that are probably the result of 
collecting techniques. Additional discussion of the collection and data 
handling is provided in Deal and Case (1987). 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

400 SO0 

CAYS SINCE C! /D l /ES  

FIGURE 3-1. AlXOl Icflow Rates 
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S1W.E ELEVEN-POINT MOVING AVERAGE 

DAYS SINCE 01/01/85 

FIGURE B-2. A l X 0 2  I n f l o w  Rates 
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APXO 1 

SIMPLE ELEVEN-POINT MOVING AVERAGE 

400 690 

DAYS SINCE 01/01/85 

FIGURE B-3. A2X01 Inflow Rates 
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SIMPLE ELEVEN-POINT MOVIN6 A V W G E  

0.08 

0.06 , . .  

aoo 1000 

BAYS SINCE 01/01/85 

FIGURE B-4. -42x02 Inf low Rates 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

' I '  I ' I  ' I ' 1 '  I ' I '  I ' I l  
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i 
1 

DAYS SINCE 01/01/85 

FIGURE B-5. A3X01 Inflow Rates 
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SIMPLE UEVEN-POItJT MOVING AVERAGE 

DAYS SINCE 01/01/85 

FIGURE B-6 .  BXOl Inflow Rates 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

0 200 400 600 k300 1000 

DAYS SINCE Gi/Ol/@S 

FIGURE B-7. BX02 Inflow Rates 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

DAYS SINCE 01/01/85 

FIGURE B-8. DH15 Inflow Rates 
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S I R E  ELEYEN-POINT MOVIN6 AVERAGE 

3AYS SINCE 01/0i/B5 

FIGURE B-9. DH35 Inf low Rates 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

DAYS SINCE 01/01/65 

FIGURE B-10. DH36 Inf low Rates 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

o 200 400 600 eoo too0 

DAYS SINCE 01/01/05 

FIGURE B-11. DH38 Inflow Rates 
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OH40 

SIMPLE ELEVEN-POINT MOVIN6 AVERAGE 

OAYS SINCE Oi/Oi/85 

FIGURE B-12. DH40 I n f l o w  Rates 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

FIGURE B-13. DH42 Inflow Rates 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

400 600 

D A Y S  SINCE 01/01/85 

eoo 1000 

FIGURE B-14. DH42A Inflow Rates 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

DAYS S INCE 01/01/85 

FIGURE B-15. DH215 Inflow Rates 
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SIMPLE ELEVEN-POINT MOVIN6 AVERAGE 

400 600 

DAYS SINCE 01/01/05 

FIGURE B-16. IG201 Inf low Rates 
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16202 

SIMPLE ELEVEN-POINT MOVIN6 AVERAGE 

DAYS SINCE 01/01/85 

FIGURE B-17. IG202 Inflow Rates 
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SIMPLE ELEVEN-POINT MOVING AVERAGE 

DAYS SINCE 0?/01/85 

FIGURE B-18.  LlXOO I n f l ow  Rates 
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SEEP ON THE FLOOR OF ROOM G 

S I R E  ELEVEN-POINT MOVING AVERAGE 

400 600 

D A Y S  SINCE 01/01/07 

FIGURE B-19. Room G Floor Seep Inflow Rates 
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NGZSZ 

S I R E  ELEVEN POINT MOVIN6 AVERAGE 

400 600 

DAYS SINCE 01/01/05 

aoo 1000 

F I G U R E  B - 2 0 .  N G 2 5 2  I n f l o w  R a t e s  




