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Executive Summary 

The data in this report are the result of activities associated with the Brine Sampling and 
Evaluation Program (BSEP) at the Waste Isolation Pilot Plan (WIPP) during 1992 and 1993. 
This report is the last one that is currently scheduled in the sequence of reports of new data, 
and therefore, also includes summary comments referencing important data obtained by BSEP 
since 1983. These BSEP activities document and investigate the origins, hydraulic 
characteristics, extent, and composition of brine occurrences in the Pennian Salado Formation 
and seepage of that brine into the excavations at the WIPP. A project concern is that enough 
brine might be present after sealing and closure to generate large quantities of hydrogen gas 
by corroding the metal in the waste drums and waste inventory. 

When excavations began at the WIPP in 1982, small brine seepages (weeps) were observed 
on the walls. Brine studies began as part of the Site Validation Program and were formalized 
as the BSEP in 1985. During eleven years of observations (1982-1993). evidence has 
mounted that the amount of brine seeping into the WIPP excavations is limited, local, and 
only a small fraction of that required to produce a maximum amount of hydrogen gas. The 
data collected through 1991 are discussed in detail and are summarized by Deal and others 
(1993). This report describes progress made during the calendar years 1992 and 1993 and 
focuses on four major areas: (1) monitoring of brine inflow, e.g., measuring brines recovered 
from holes drilled downward from the underground drifts (downholes), upward from the 
underground drifts (upholes), and from subhorizontal holes from the underground drifts; 
(2) observations of weeps in the Air Intake Shaft (AIS); (3) further characterization of brine 
geochemistry: and (4) additional characterization of the hydrologic conditions in the fractured 
zone beneath the excavations. 

Damp or Wet Areas on Drift Floors. Seepage into the one persistently wet area on the 
floor of the WIPP excavations in Room G (GSEEP), continued to decline in 1992 and 1993, 
reaching a low value of 0.03 liter (L) per day by December see Comment Section 2.2. 
GSEEP had, for all practical purposes, dried up by December 31, 1993. No evidence was 
found of brine flowing upward out of fractures beneath the drift floors in the northern part of 
the workings. Observations of drillholes penetrating anhydrite Marker Bed (MB) 139 in 
Room G and in Site and Preliminary Design Validation (SPDV) Room 4 showed that the 
anhydrite is fractured; however, no brine was seeping out of either the anhydrite or the 
fractures, providing evidence for no significant flow of brine into the excavations from MB 
139. If far-field flow exists through MB 139, moisture or evidence of moisture should be 
observed at these locations. No evidence of rnolsture was found. (In the context of brine 
flow toward the WIPP excavations, far-field flow refers to flow far enough beyond the 
disturbed rock zone [DRZ] where the salt does not deform in response to the presence of the 
WIPP excavations.) 

Seepage into Drillholes. Seepage into selected vertical downholes in the repository floor 
were monitored. Four of the ten downholes monitored in 1993 showed fairly steady seepage 
rates ranging from 0.008 to 0.1 L per day. Six downholes showed decreasing seepage trends. 
In those downholes where MB 139 could be observed, seepage was not found to be entering 



the hole from. MB 139. Rather, seepage was observed to be from deeper horizons, which will 
not be intersected by waste storage rooms or be subjected to the fracturing expected to occur 
around waste storage rooms. 

None of the monitored upholes continue to produce brine. Eleven subhorizontal observation 
holes (drilled at a slight downward angle) continue to be monitored. Only those four that 
intersect the orange band (Map Unit 1) continue to have measurable seepage, which was 
0.005 to 0.0 1 L per day. 

Seepage into Shaft Sumps. Observations in the shaft sumps show that open fractures in 
MB 139 remain dry. The shaft sumps are, in effect, long-term far-field flow experiments. 

Seepage into the Air Intake Shak The AIS was inspected for evidence of brine inflow 
and only one small moist area was observed. It occurs at the base of MB 103, in the upper 
part of the S;alado Formation not far below the Rustler-Salado contact. Salt encrustations 
(evidence of past brine seepage) occur more commonly below 1,500-fi depth, are clearly 
stratigraphically controlled, and are associated with clay interbeds and argillaceous halite. 
The AIS is, in effect, a long-term far-field flow experiment. The anhydrite exposures are 
typically dty and free of salt encrustations, indicating that no sigmficant amount of brine 
flows through them to the shaft. 

Geochemistry. The general trends of the 1992-1993 geochemistry data are similar to those 
discussed by Deal and others (1991b. Chapter 3, Table 3-5 and 3-3). Long-term trends of 
strontium values have been decreasing for samples collected from drillhole DHP402A. A 
high strontium signature is characteristic of brine that originated as water from the Rustler 
Formation and was spread for dust control. The lowering of strontium values is consistent 
with the hypothesis that there is less dilution from construction water derived from the Rustler 
Formation occurring at the location of DHP402A in Panel 1. 

Data from eleven drillholes that have not been contaminated with construction brine form two 
very similar brine populations. One population are those holes that contain brine derived 
from the repository horizon and the other, holes that contain brine only from horizons below 
the floor of the repository. Brines associated with the repository horizon are slightly higher 
in Mg and IBr and lower in K and B than brines from stratigraphic horizons (probably clay B) 
below the excavations. An average composition for the repository horizon brines that might 
come into contact with the waste after sealing and closure is presented in Table 3-3. 

Hydraulic Tests in the Fractured Part of the DRZ. Fractures are common in the WIPP 
underground, and fracture systems locally connect brine-filled drillholes at some drift 
intersections. Fracturing creates pathways that can greatly alter apparent flow rates to 
individual clownholes. 

Hydrologic tests were performed in the fractured part of the DRZ at the following three 
locations: 
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Intersection of S90 and W620 near the AIS 
Intersection of W170 and S400 at the Underground Core Storage Area 
Intersection of EO and N620. 

The test results confirmed that the width of an excavation influences the development of 
integrated fractures and showed that integrated fracture systems were only found beneath 
intersections. This supports the concept of limited, bounded, fractured fluid reservoirs. Since 
brine stands at different levels in closely spaced drillholes in the floor and is not seeping out 
of fractures observed in the Salt Shaft and Waste Shaft sumps, it can be concluded that large- 
scale hydrologically interconnected fracture systems do not exist below the WIPP 
underground excavation. 

Numerical Modeling of Brine Seepage as a Result of Clay Compaction. It has 
previously been pointed out (Deal and others, 1993, Sections 4 and 5; Deal and Bills, 1994) 
that there appears to be enough moisture present in the clays within the Salado Formation to 
account for all the brine that is observed to seep into the WIPP excavations. The excavation 
of WIPP room result in stress redistribution around those openings that can cause the 
consolidation of thin clays within the stratigraphic sequence. Additionally, the excavations 
(including drillholes) provide a sink at atmospheric pressure allowing brine to flow from the 
consolidating clays. 

A series of order-of-magnitude seepage calculations (Appendix F) were made in order to 
numerically model clay consolidation and estimate the resultant brine seepage into the WIPP. 

These order-of-rnagnitude seepage calculations compare well with the observed seepage into 
Room Q. Calculated seepage rate after 1,600 days is on the order of 0.3 Uday, where the 
actual observed rate is 0.17 Uday. In this case the model is for flow towards the room along 
a thin clay seam. Extending this model to a waste storage room predicts that the total 
seepage into the room will be on the order of 9,000 L, far short of the 220,000 L necessary to 
react anoxically with all the susceptible metal placed in the room (Deal and others, 1991b. 
Section 4.6). Furthermore, seepage into the room will cease after about 100 years. 

The case for seepage into a downhole drilled into the strata below a WIPP excavation 
behaves differently, as flow is radially toward the drillhole rather than parallel to the wall of a 
room. In this case, some seepage continues for a long time, perhaps a thousand years or 
more. It is clear that seepage into drillholes is strikingly different from seepage into a 
repository excavation. Deal and others (1994, Section 2.7.2) pointed out that seepage into 
drillholes probably should not be used to predict long term seepage into a WIPP waste 
storage room. The calculation provides additional support for this caution. 
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1.0 Introduction 

The Waste Isolation Pilot Plant (WIPP), a U.S. Department of Energy (DOE) research 

facility, was established to demonstrate the safe disposal of defense-generated transuranic 

(TRU) waste in the United States. The WIPP facility is 26 miles (42 kilometers) east of 

Carlsbad, New Mexico (Figure 1-1). The surface and underground layout of the facility is 

presented in Figure 1-2. The repository is approximately 2,150 feet (ft) (655 meters [m]) 

below the surface in the Salado Formation. The Salado Formation and underlying Castile 

Formation make up an evaporite sequence over 3,300 ft (1,000 m) thick (Figure 1-3). An 

extensive program of site characterization was initiated in 1976 (Powers and others, 1978; 

Bechtel, 1983) and continued through 1991 (Deal and others, 1993). The hydrogeological 

activities of the Brine Sampling and Evaluation Program (BSEP) are part of a continuing 

effort to refine the understanding of the repository geology. The data in this report update the 

previous studies summarized in Deal and others (1993) and in Deal and Bills (1994). 

Brine studies began in 1982 as part of the Site Validation Program (Black and others, 1983) 

and were formalized in 1985 by Morse and Hassinger (1985). The focus of the BSEP is the 

origin, hydraulic characteristics, extent, and chemical composition of brine in the Salado 

Formation at the repository horizon and seepage of brine into the excavations at the WIPP. 

Although the repository is dry, brine weeps from exposed surfaces, accumulates in drillholes 

and sumps, and forms encrustations on the walls as the brine evaporates over time. The 

chernisuy of the brine may affect chemical reactions in the buried waste, and the volume of 

brine and the hydrologic system that drives the brine seepage need to be known in order to 

assess the long-term performance of the repository after closure. 

Brine inflow systems have been discussed in previous BSEP reports. There are three different 

conceptual models that have been considered: 

Far-field Flow Model: flow from the far-field, either by radial flow to the 
excavation or laterally through stratigraphically-constrained flow. 

* Redistribution Model: movement of interstitial brine within the disturbed rock 
zone (DRZ) toward the excavations by excavation-induced stress redistribution. 
This does not consider displacement of brine from inside the clays, only 
redistribution of brine already in available pore spaces in the salt, polyhalite, and 
anhydrite units. 



Figure 1-1 
WlPP Location in Southeastern New Mexico 

1-2 
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Surface and Underground Layout of the WlPP Facility 
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Clay Compaction Model: brine squeezed from clays within a short distance (a 
few m) of the excavations. 

Additional effects, such as gas exsolution, development of enhanced porosity and permeability 

within the DRZ, and preferential flow along bedding planes, may modify brine inflow. 

However, it is fundamentally important to distinguish between far-field sources and local, 

relatively limited redistribution of brine in the immediate vicinity of the WIPP excavations. 

In both cases, the driving mechanism is the pressure gradient caused by the excavation of the 

underground openings. Row pathways are through permeable interbeds, along stratigraphic 

discontinuities, or through fractures. 

The relative importance of these systems needs to be determined. For example, if there is 

sufficient far-field flow into the repository, enough brine may come into the excavations to 

completely corrode the metal in the waste and the waste drums. In that case, the potential for 

hydrogen generation due to the corrosion would be limited by the total metal inventory. If 

brine seepage is a purely local phenomenon that occurs as a results of redistribution of brine 

in the immediate vicinity of the excavations, there would be insufficient brine available to 

cause much corrosion after closure. In the latter case, gas generation would be limited by 

brine availability and would not be a problem. Evidence suggests that brine is derived from 

clay within a few meters of the excavations, and will not result in the production of large 

quantities of hydrogen gas by anoxic corrosion. 

The predicted consequences of human-intrusion events, the fate of the waste-generated gases, 

and the migration of the hazardous constituents during undisturbed performance are all 

sensitive to brine inflow assumptions. If the far-field model is valid, a human-intrusion event 

(i.e., drilling into the sealed repository at a future date) will lower fluid pressure in the waste 

storage rooms, create pressure gradients toward the rooms, and reinstate far-field flow. This 

will lead to a greater release of radionuclides from the repository, because the inflowing brine 

would infiltrate through the waste and flow up the drillhole. Alternatively, if a near-field 

model is valid, the only brine available for transport of radionuclides is the volume of brine 

that is trapped in the room at the time of sealing. 

Collection techniques and certain general observations should be kept in mind when 

evaluating the BSEP data. These are listed in Table 1-1. Care should also be exercised when 
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Table 1-1 
Points to be Considered When Evaluating BSEP Data -- 

Many of ttm downholes and sumps are contaminated with water spread on the floor for construction 
purposes or saltdust control (Deal and others, 1989). 

Redistribution of stress around the WlPP excavations as the ooeninas aae can cause significant - - - 
changes in inflow rates, as observable in upholes and downhoies. 

All downholes were orioinallv ~ u m ~ e d  with a bailer on a two-week interval. During 1989. Dressure- 
suction moisturecollect~on deiice; were installed in the holes. These devices have a capacrty of 
less than one liter. and the sampling frequency was increased to once a week. The limited capacity 
of the collection device requires sampling on the following day for quantities of a half liter or more. 
after whicn the twoday volume measurements are then summed (see Appendix A). 

Brine seepages in the Salado Formation (Deal and others. 1989) are small and chemically distinct 
from brines in the Rustler Formation. The Salado brines are also chemically distinct from brines in 
the Castile Formation. 

Brine occurrences. particularly those evidenced as halite efflorescences or Salt encrustations, are 
ubiquitous on walls but not on the roof in recently mined areas throughout the WlPP underground. 

Brine seepage rates into test drillholes are low, usually on the order of a few hundredths of a liter per 
day or less. 

Although small when measured in terms of liters per day at any given location, cumulative seepage 
volumes may be significant when measured in terms of the entire repository over many years. 

Brine seepage into downholes can vary several orders of magnitude between locations, even when 
locations are less than one meter apart. 

Uoholes imd downholes show a oanem of an initial. maximum flow rate that declines to a steadier 
flow rate during the observation period. Many uphdles dried up completely. 

Vertical orillholes vield inconsistent data. but horizontal drillholes orovide consistent and cornoarable 
data sets. 

Flow in these very low-permeability units is quite complex, has vety low velocities, appears to involve 
small volumes of brine, and requires testing over long periods of time during which the very 
properties being tested change; therefore, the flow parameters are difficult to quantify. -- 
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interpreting the various diagrams of drillhole lengths and stratigraphic thicknesses. Although 

the strata at the WIPP are quite uniform in both composition and thickness, some variation 

occurs. 

Activities in 1992 and 1993 provided additional information on the brine seepage in the 

repository (Chapter 2.0), geochemical properties of the brine (Chapter 3.0). and additional 

hydrologic testing (Chapter 4.0). This report supplements the summary of data through 1991 

reported and discussed by Deal and others (1993). 

Appendix A provides detailed information of the brine seepage into drillholes monitored for 

this program. The information includes the name of the drillhole; the date and time of brine 

collection or sampling; the volume (in liters) removed; the number of days since January 1, 

1985 (an arbitrary reference date); the cumulative volume (L) collected; the inflow rates in L 
per day, and specific remarks. Appendix B contains graphs of the data from Appendix A, 

presented as an 11-point moving average of the data. This averaging reduces variation 

introduced by collection techniques and presents a more realistic picture of the real variations 

in brine seepage rates than would be presented by plots of raw data. Appendix C documents 

brine weeps observed in the M S .  Appendix D shows the results of the chemical analyses, 

including ion concentrations in milligrams per liter (mg/L), pH, specific conductivity, and 

alkalinity. Appendix E documents additional hydrologic testing of the fractured zone beneath 

the floor of the WIPP excavations. 
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2.0 Monitoring of Brine Inflow Parameters 

2.1 Introduction 
Brine seepage observations have been made at underground locations at the WIF'P from 1982 

to December 31, 1993. Information regarding the inflow of brine was derived from 

observations and mapping of moist areas and measurements of brine seeping into downholes, 

upholes, and subhorizontal holes drilled from the underground excavation. The locations of 

the 1992-1993 BSEP observation holes, along with other reference locations, are shown in 

Figure 2- 1. Descriptions and the underground locations of these boreholes are listed in Table 

A-1 of Appendix A. Part II of Appendix A lists the quantity of brine removed, calculated 

inflow rates in liters per day, and cumulative volume in liters for all of the boreholes 

monitored in 1992 and 1993. 

2.2 Damp or Wet Areas on Drift floors 
A brine seep, GSEEP, on the floor of Room G, at approximately N1100-W1140, has been the 

only persistently moist area in the WIPP excavations. Inflow data for GSEEP are contained 

in Appendix A, with a smoothed, moving-average graph of the data presented in Appendix B. 

A description of the location and a discussion of the brine chemistry and seepage history 

through December 1990 are contained in Deal and others (1991b, Section 2.5), who conclude 

that the brine from GSEEP has a component from brine spread in the G Access drift for salt- 

dust control. Note that although no construction water was spread at the location of GSEEP 

in Room G, water was spread in the G Access Drift which is topographically higher (uphill) 

of GSEEP. The seepage rate reached a maximum of 0.75 L per day in April 1989 but 

declined to 0.03 L per day by December 1993. GSEEP had, for all practical purposes, dried 

up by December 31, 1993. A total of 1,099 L have been collected, and a thick salt 

encrustation on the floor indicates that more has evaporated into the air circulated through the 

WIPP workings for ventilation. 

2.3 Downholes and Brine Beneath the Floor 

2.3.1 Downholes 
Downholes are drilled vertically downward into the repository floor. Deal and Case (1987, 

Table 3-1) discussed brine inflow in 13 downholes, with observations beginning in late 1984 

and early 1985. A detailed discussion of sampling, data scattering, and inflow rates through 
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Observation Locations as of December 31,1993 



the end of 1990 is presented in Deal and others (1991b). Five of the ten downholes 

monitored in 1993 showed steady inflow (A3X01, BXOI, DH36, DH38, and DH40). 

Downholes DH42 and DH42A showed a decrease in inflow rate as did DHP402A in Panel 1 

and OH46 neither of which were included in the original 13 downholes drilled in 1984. Five 

of the original 13 holes (AlXOl, IG201, IG202, LlX00, and NG252) could no longer be 

observed. Table 2-1 summarizes the data obtained from the downholes, with additional 

infoxmation presented in Appendix A. 

Contamination with non-Salado water used for construction purposes has been confirmed in 

most downholes by the chemical composition of the brine, which clearly indicates the mixing 

of waters with discrete and different chemical signatures (Deal and others, 1989; 1991b; 

1993). In some cases, inflow rates vary directly with known water-spreading practices. The 

first seven downholes in Table 2-1 are located in the northern part of the repository 

(Figure 2-1). where water was not spread during construction; therefore, the brine collected 

from these downholes was derived from within the Salado Formation. Brine chemistries from 

these holes differ from chemical signatures associated with construction brines. 

These seven downholes have a similar nine-year seepage pattern (Appendix B), although these 

holes penetrate different stratigraphic horizons (Figure 2-2) and the seepage rates vary more 

than two orders of magnitude. These holes were drilled into relatively undisturbed salt 

shortly after excavation and then monitored. The following observations, first made in 1986 

(Deal and Case, 1987). have been confirmed: 

After drilling a hole, a few days elapse where little or no brine seeps into the 
hole. 

After the initial no-flow or low-flow period, brine seepage quickly reaches a 
maximum and then begins to decline. 

Seepage rates decrease over a period of several months to steadier, long-term 
trends. 

Five of the downholes demonstrated a steady flow (within the scatter of the data points) 

through 1993, though slightly decreased from past years, and four showed a decrease in 

inflow. 
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Table 2-1 
Brine Accumulation Summary 

)Ir Downholes 
Appmx. Appmx. Appmx. Total 

~aximurn inflow Inflow Vd. 
Date Area Dale Hole Dale First lnllow lue3 Trend Remwed by 

Location Excavated Drllled Obselved ( m y ) '  (may)  12/9+ 12/93 iL) 

Rwm 0 
Rowno 
Rwm G 
Room0 
Room G 
RoomG 
S195M1330 
538am320 Yaa 6/Bg 7/89 0.04 

Upholes 

Locauon 

AIX02 Rwm A1 
NIlMIE1688 
Rwm G 
Room G 

DH39 Room G 
Room0 

DH215 S19601E153 
DHP401 S19501E1330 
OH47 S39WW320 

Dale Area 
Excavated 

l o r n  
3/84 
12/84 
12/84 
12/84 
12/84 
1/83 
10186 
5/89 

De& Hole 
Drilled 

3/85 
3/84 
1/85 
1/85 
1135 
1/85 
2183 
1/87 
7/89 

0.09 
0.01 
0.02 
0.01 

Trace 
Trace 
0.09 
0.008 
0.030 

Approx. 
Innow 

Appmx. Total 
InMow Vol. 

1ue3 Trend 
(may)  12/93~ 

0 DRY 
0 DRY 
0 DRY 
0 DRY 
0 DRY 
0 DRY 
0 DRY 
0 DRY 
0 DRY 

Subhorizontal Holes 
Approx. Approx. Approx. Total 

Maximum Inflow Inflow VoI. 
Dale Area Date Hole Dale Firsl l&ow 12/93 Trend Removed bv 

Hole ~ocabon Excavated Dnlled Observed (may)  12/93' 12/93 (L) ' 11 OH20 S1600NJ170 9/95 3/89 3/89 0 02 0 005 S 16 
S1600~170 9/85 12188 2/89 0 0 DRY 0 
S 1 W 1 7 0  9/85 42/88 2/89 0.006 0 DRY 1 
SlSSWW170 12/85 2/89 2/89 0.06 0.01 D 28 
S1950IW170 12/85 3/89 3/89 0.002 0 DRY 1 
SlB5WWI 70 12/85 3/89 3/89 0.001 0 DRY 0.1 
S2150IW170 8/86 3/89 3/89 0.04 0.01 D 27 

OH28 S2150ffl170 8/86 4/09 4/89 0.008 0 DRY 2 
OH45 S3901W325 5/89 6/89 6/89 0.03 0.003 S 7 

9.ners (L) per day. 
?rend derivcd from data presented in Appendices A and B-Dfy: Decreasing (D); Steady (S). 
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2.3.2 Shaft Sumps 
Deal and others (1991b. Section 2.7.1) discuss observations made in the Salt Shaft and Waste 
Shaft sumps. where MB 139 and open fractures can be seen. The sumps were inspected 

again in 1991 (Deal and others, 1993) and again in 1993. The fractures and h4B 139 were 

found to be dry and did not contain large quantities of salt encrustations. The shaft sumps 

are, in effect, long-term far-field brine inflow experiments. If significant amounts of brine 

were flowing toward the repository through h4B 139, brine should be found in the shaft 

sumps. Thte fact that brine is not observed seeping from MB 139 in the shafts is evidence 

that significant far-field flow does not exist. 

2.4 Upholes and Brine Above the Roof 
Upholes an: drilled vertically upward inw the repository roof. Upholes characteristically 

produce less brine for shorter periods of time than downholes. Part of this can be attributed 

to greater e:vaporation caused by less effective sealing of upholes (Deal and Case, 1987) and 

loss of moisture by dispersion from the hole collar into the salt. Loss of moisture by 

evaporation is evident from salt-crust buildup in and around most of the upholes. Chemical 

data (Chapter 3.0 of this report; Deal and others. 1989, 1991% and 1991b; Abitz and others, 

1990) confirm compositional differences between brine samples from upholes and downholes, 

which can be explained by the partial evaporation of a brine with typical downhole 

composition to produce the uphole brine. Although the stratigraphy exposed in the upholes 

(Figure 2-3) is slightly different from the stratigraphy exposed in the downholes, it is unclear 

whether this contributes significantly to the differences in either brine quantity or chemistry 

(Deal and others, 1989). 

Summary data for selected upholes are presented in Table 2-1. None of the nine upholes 

listed in 1'385 continue to produce brine (upholes A2X02, A3X02, and BXOZ are no longer 

monitored). As discussed in Deal and others (1991b). A1X02 is longer than any of the other 

upholes (59 ft [I8 m]) and intersects an additional anhydrite unit not penetrated by any other 

uphole. No associated clay was observed in the core, but clay commonly occurs below 

anhydrite stringers and may be discont~nuous at this horizon. Additional data are presented in 

Appendix A. During 1992 and 1993, inflow data for AlX02 continues to be sporadic. The 

hole is in Room Al,  which is inaccessible. AlX02 has not been monitored since August 19, 

1993. 
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Drillholes in the roof that intersect overlying clay layers (clays J and K and argillaceous halite 

between the two clays), includmg those for the placement of rock bolts, commonly drip brine 

for a period of several months, often forming halite stalactites. Seepage is particularly 

notable when the drifts are allowed to age for several years, allowing bed separations to form 

prior to drilling. 

The undisturbed roof of the workings at the WIPP rarely shows evidence of brine seeps or 

weeps (Deiil and others, 1987, Section 2.2). Drill holes provide a route for brine to move 

across effectively impermeable clear halite beds, and seepage from drillholes in the roof is a 

common occurrence at the WIPP. Typically upholes start to show evidence of brine seepage 

a month or so after drilIing, exhibit their most active seepage for the following year or so, 

and then gradually dry up. Rooms C1 and C2 show this very typical behavior (Deal and 

others, 199'lb. Section 2.8.1). 

2.5 Subihorizontal Holes 
Subhorizontal brine sampling holes are drilled at a slight downward angle. During 1989, 

11 subhorizontal holes were drilled to investigate brine seepage from the WIPP facility 

stratigraphic horizon. The holes were oriented slightly downward from the 0 p e ~ n g  to 

accumulate: brine at the end of the hole where it could be collected and measured without loss 

to fractures near the surface of excavations. Ten of the eleven holes were drilled westward 

from the TY 170 drift at the location of future entries to Panels 7 and 8 at S1600, S 1950, and 

S2180 (Figure 2-1). These portions of the W170 were excavated in September 1985 at 

S1600, in December 1985 at S1950, and in August 1986 at S2180 and are considered to have 

a mature DRZ around them. Three of the holes (OH20, OH23, and OH26). which are 150 ft 

(46 m) long and 3 in. (7.6 centimeters [cm]) in diameter, started in the clayey halite (Map 

Unit 4) above the orange band (Map Unit 1) and are deflected slightly downward (Deal and 

others, 1993, Figures 2-18, 2-19, and 2-20), so that they end in the clear halite (Map Unit 0) 

below the orange band. The 15043 (46-m) holes reached the orange band about 50 ft (15 m) 

into the holes. Hole OH27A was started at the initial location for OH27 but was terminated 

at a depth of 4 A (1.2 m) because of drilling problems. The six remaining 50-ft (15-m) holes 

were drilled either above or below the orange band. One 50-ft (15-m) hole (OH45). which 

cuts the same stratigraphic interval as the three 15043 (46-m) holes, was drilled in a newer 

excavation in May 1989 at S400, 
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Several of these holes have produced measurable quantities of brine (Table 2-1, Appendix A). 

The 150-ft (46-m) holes provide the most uniform and comparable set of measurements yet 

obtained in the BSEP and have all produced several orders of magnitude more brine than the 

50-ft (15-m) holes. The longer holes are still producing, while the shorter holes are 

essentially dry (i.e., they have not produced enough brine to be measured by the equipment 

and techniques used), with the exception of OH45. OH45 is a 5 0 4  (15-m) hole that cuts the 

same stratigraphic interval as the 1 5 0 4  (46-m) longer holes but that was drilled in a more 

recently mined area at S400, over 1,000 ft (300 m) north of OH20, OH23, and OH26. 

Lateral variation may play a minor role in the difference in brine seepage. This is considered 

to be unlikely, as Deal and others (1989) found no significant lateral variation in moisture 

content for any of the stratigraphic units exposed in the excavations. 

Two explanations have been offered for the brine seepage observations (Deal and others, 

1991b, Section 2.9): (1) The longer holes are tapping an area that is not dewatered, because 

they extend past the relatively old W170 drift DRZ. As a result, they may only tap about 

100 ft (30 m) of undisturbed salt (in this case, the one 50-A (15-m) hole would still produce 

brine, because it was drilled from a young excavation where a significant DRZ had not yet 

developed), and (2) Brine flows preferentially from the clay units, so the clay at the top and 

bottom of the orange band may be the only significant source of brine. Therefore, only the 

four holes (OH20, OH23, OH26, and OH45) that cut the orange band accumulate brine. 

Evidence presented in this report suggests that the second explanation is the more likely one. 

2.6 Air Intake Shaft 
The Air lntake Shaft (AIS) was inspected for evidence of brine inflow. The entire length of 

the shaft was viewed from the man cage, and photographs were taken of various intervals. 

Evidence of weep was noted, mainly in the form of salt encrustations. Appendix C provides 

details of the AIS inspection and includes photographs of some of the weep surfaces. 

Salt encrustations, or weeps, are more common at depths below 1,500 ft, about the midpoint 

of the Salado Formation exposed within the AIS. Many of the weeps are stratigraphically 

controlled by bedding plains, as indicated by encrustations at single horizons. Most of the 

zones of weeping are associated with argillaceous halite; however, some weeps occur at the 

claystones underlying sulfate marker beds. There are few weeps within the purer halite beds 

deposited subaqueously, and only one wet surface (MI3 103) was observed. 
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The anhydrite surfaces are typically dry and free of salt encrustations, indicating that no 

significant amount of brine flows through them to the shaft. 

2.7 Discussion of Data Acquisition and Analysis 
Several different sampling techniques have been used in an attempt to uniformly collect the 

very small amounts of brine that seep into the hole between sampling rounds; each technique 

has unique problems. The change in sampling methods and difficulties in sampling 

techniques was discussed in detail by Deal and others (1991b) and is sometimes reflected as 
apparent mriations in seepage rates (Appendix B). 

To compensate for sampling-induced apparent variations in seepage rates, the graphs of the 

seepage data presented in Appendix B have been smoothed using an 1 1-point moving average 

(the average of the data point and the five points on each side of the data point). At the 

beginning and end of each curve, the trend is distorted by the smoothing function, because the 

eleven point moving average reduces to a 9, 7, 5, 3 average and actual data point on both 

ends of th(e curve for a more accurate graphical representation of the seepage trends. There 

are slight differences between the curves presented in this report and in previous BSEP 

reports, because a different software package was used to create the plots. 



3.0 Statistical Analysis of the BSEP Brines 

3.1 Introduction 
A major objective of the BSEP has been to characterize the composition of brine that seeps 

into the WIPP excavations from the Salado Formation. Statistical analysis of BSEP 

geochemical data has been used to approximate the chemistry of typical Salado Formation 

brine that may come into contact with waste after closure of the WIPP repository. The 

analysis of BSEP brine compositions contained here updates previously analysis (Deal and 

others 1989, 1991a 1991b. and 1993). 

The geochemistry of brines recovered from the WlPP repository horizon have been the 

subject of numerous studies (Stein and Krumhansl, 1986; Krumhansl and Stockman, 1987; 

Stein and Krumhansl, 1988; Deal and others 1989; Abitz and others, 1990; Krumhansl and 

others, 1991; Deal and others, 199lb; Deal and others, 1993). Both the major and trace- 

element compositions of the WIPP brines suggest that the brine originated from evaporating 

seawater, as substantiated by the high magnesium, potassium, and bromine content of the 

brines, which differs from the composition of a brine formed by dissolving the Salado 

evaporites in infiltrating groundwater (Deal and others, 1991b). The brine chemistry indicates 

that seawater has precipitated carbonate minerals, anhydrite, and halite and has been further 

modified by diagenetic reactions with gypsum, magnesite, polyhalite, and clay minerals. The 

major-element compositions of brines recovered from BSEP holes are distinct from fluid 

inclusion in WIPP halite (Stein and Krumhansl, 1988). implying that the brine recovered from 

the drillholes is mostly intergranular fluid, rather than fluid released by migration of fluid 

inclusions to grain boundaries in response to stress relief. 

During 1992, 40 brine samples were recovered from 18 drillholes in the Salado Formation at 

the repository horizon. These brine samples were analyzed for up to 27 chemical parameters 

by Rust Geotech (formerly UNC Geotech of Grand Junction, Colorado). Brine chemistry data 

for all samples collected from 1987 to 1992 are tabulated in Appendix D. 

The statistical analysis of BSEP brine compositions includes a measure of the central 

tendency of each measured parameter for each drillhole. In order to calculate a central 

tendency, such as a mean or a median, the following issues were considered: 



Evaluation of data sources 
Analysis of data for the presence of temporal fxends 
Handling of duplicate analysis 
Detennhation of the type of statistical distributions 
Handling of values less than the detection limit of the laboratory equipment 
Rejection of outliers. 

The statistkal analysis also includes the calculation of an average brine chemistry for the 

repository horizon. This average brine chemistry was determined by grouping data together 

from drillhloles that sample brine from below and within the repository horizon. Data were 

tested using an analysis-of-variance calculation to determine if it is statistically valid to group 

the analyses from different drillholes together. 

3.2 Sources of Data 
BSEP brine samples have been collected over five years from several drillholes at various 

locations in the underground. Many of the drillholes discussed in previous BSEP reports are 

no longer producing brine, and some new holes were added to sampling locations. Only 

drillholes that produced a significant volume of brine since sampling began in 1987 are 
considered in these calculations. Additionally, some BSEP drillholes have been contaminated 

by water spread for dust control and floor consolidation. This report only discusses data from 

those drillholes that were not considered to have been contaminated with waters used for dust 

control (spread waters), drilling fluids, or synthetic brine used in Room J. These drillholes, 

sampled in 1992, are located in areas where contaminating brines have not been spread 

(Rooms A l ,  A2, A3, B, and G) or in subhorizontal holes located where water spread on 

floors could not enter them (Table 3-1). 

Only geochemical data from Rust Geotech were used in the statistical analysis. Previous 

sampling rounds were analyzed by both Rust Geotech and IT analytical Iaboratories. 

Comparisons of geochemical data analyzed by these two laboratories are misleading, because 

differences in laboratory technique produce slightly different values for parameters analyzed 

(Deal and others, 1991b). 

3.3 Temporal Trends 
In order to perform a statistical analysis of the brine compositions, it was necessary to fmt  

determine if brine chemistry changes as a function of time. Changes in brine chemistry with 



Table 3-1 
BSEP Drillholes Sampled for Brine between 1987 and 1993 

'Suspect holes may be contaminated with water spread on drift floor for construction purposes. 
'Drillholes used for statistical analysis. 

DH40 
DH42' 

DH42A' 
NG252 

time may indicate that physical processes such as evaporation or mixing are occurring. Brine 

chemistry affected by these processes may not be reflective of in situ conditions. 

GSEEP 
H O W  

Ll XOO 

OH62 

Chemical parameters that are nonsolubility-constrained (i.e., not controlled by precipitation of 

evaporite minerals) will behave similarly when evaporation occurs and will become 

concentrated in the brine. Likewise, mixing of brine with spread waters will also change the 

concentration of the nonsolubility constrained parameters with time. These include boron, 

bromide, magnesium, and potassium. Parameters that are controlled by solubility and 

precipitate with evaporite minerals included sodium, chloride, calcium, and sulfate. 

Temporal trends were analyzed by plotting the concentration data against the sampling date 

for the downholes, upholes, and subhorizontal holes. No temporal trends were evident for 

nonsolubility-constrained parameters from the downholes and the subhorizontal holes. Thus, 

brine from downholes and subhorizontal holes have not been evaporated or mixed with other 
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waters. However, Figure 3-1 shows that uphole AlX02 is affected by evaporation. 

Magnesium, boron, and bromine display similar changes in concentration with time. 

Concentrations for these elements in uphole A2X01 aU increase and decrease in the same 

samples. Concentrations of potassium, however, are not similar to magnesium, boron, and 

bromine in, the latest sampling rounds. This suggests that perhaps some potassium is 

substituting into halite, which is precipitating from the brine during evaporation. Because 

magnesium, boron, and bromine have similar changes in concentrations with time and because 

the ratio of these parameters with each other is constant with time, brine from uphole AlX02 

has undergone various amounts of evaporation betwan sampliig events. It has been 

previously suspected that partial evaporation has altered the concentrations in the upholes 

(Deal and others, 1991b). 

3.4 Duplicate Analysis 
In order to measure the concentration of dissolved constituents in brine samples from the 

repository horizon, it was necessary for the analytical laboratories to dilute the samples. 

Because dilution factors were high for the BSEP brines, measurement errors sometimes 

occurred, particularly in earlier sampling rounds. Consequently, duplicate analyses were 

performed on the brine samples. Duplicate analyses were used to identify analytical errors 

and to indicate how precisely the concentrations can be measured. 

For the purposes of the statistical analysis, the concentration values for duplicate analyses 

were averaged. If one of the duplicate samples was obviously erroneous (i.e., an obvious data 

outlier), then only the single best value of the duplicates was included. Additionally, if one 

of the duplicates had a value below detection limits and the other duplicate had a detectable 

concentration, then only the detected value was chosen for statistics. 

3.5 Determination of Statistical Distributions 
The first step in data analysis is to determine the distribution of each data set. In this case, a 

data set would consist of all data collected for a particular parameter in a particular drillhole. 

The specific statistical procedure used to analyze the data and the methods used to identify 

outIiers zre dependent on the assumed distributions of the data sets. If a data set was 

determine:d to be normally distributed, then a mean and a standard deviation were calculated. 

If a data set was not normal, then nonparameuic techniques were used. For the purposes of 

this report, the tern "nonparametric techniques" refer to statistical procedures that do not 
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require the data to fit any particular distribution. Only a median was reported for a 

nonparameluic data set. 

For each drillhole. 27 parameters were analyzed. Thus, there are 27 data sets for each 

Mlhole, and there are 11 drillholes that were considered in this statistical analysis 

(Table 3-111 for a total of 297 data sets. Because there are so many data sets, it was 

impractical to test each one for normaiity. Consequently, only the nonsolubility-constrained 

parameters (boron, bromine, magnesium, and potassium) were tested for normality. 

A Kolrnog~orov-Smimov statistical test (Kennedy and Neville, 1986) for the 95 percent 

confidence level was applied to the data from each drillhole (Table 3-1) for each 

nonsolubility-constrained parameter to test for normality. This statistical test determines how 

well a set of observations fit a theoretical normal distribution by calculating the maximum 

distance between the cumulative distribution functions of the sample and the theoretical 

normal distribution. If the distance is too large, the hypothesis that the theoretical distribution 

fits the ob!$erved distribution is rejected. In all cases, the geochemical data collected from 

1987 to 1993 for each nonsolubility-constrained parameter in each drillhole were nonnally 

distributed. After it was determined that the data from nonsolubility-constrained parameters 

were norm~ally distributed, it was assumed that data sets for other parameters were also 

normally distributed. 

Because e,ach data set was not rigorously tested to determine if it was normally distributed, 

the coefficient of variation was also calculated for each data set assumed to be normal. 

The coefficient of variation (V) is defined by Kennedy and Neville (1986) as: 

V = S / X *  100 

where 

S = Population standard deviation 

X = Population mean. 

The coefficient of variation expresses the dispersion of samples on a percentage basis. If the 

coefficient-of variation is larger than approximately 10 percent, the assumption of normality 

for that p;uticular data set is questionable. Thus, data sets with a coefficient of variation 

larger than 10 percent were tested for normality using the Kolmogorov-Smirnov test described 

above. If a data set had a large coefficient of variation and did not pass the Kolmogorov- 
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Smirnov test at the 95 percent confidence level, the distribution was assumed to be 

nonparametric, and only a median was reported. 

3.6 Handling of Values 
A certain proportion of the values presented in this report were reported as being below the 

detection limits of the analytical equipment. The U.S. Environmental Protection Agency 

(EPA) guidance @PA, 1989 [EPA/530-SW-89-0261) for dealing with such values was used for 

this report. If the data set was normal and if less than 15 percent of the values were below 

detection limits, the nondetected values were replaced with a value equal to one half of the 

detection limit, and a mean and a standard deviation were calculated. This approach should 

not have introduced a large bias, because the proportion of nondetected values was low, and 

the difference between the detection limit and zero is small using modern analytical methods. 

If the percentage of nondetected values were greater than 15 percent of the data set, those 

values were replaced with one half of the detection limit, and a median was calculated. The 

percentage of those values below the detection limit was also reported. Some of the data sets 

contain older data points that have considerably higher detection limits than more recent data. 

In fact, the detection limits for some older below-detection-limit data points are higher than 

the median of the population. These "high nondetect" data points were deleted from the data 

sets because they did not add any additional information and because including them with an 

arbitrarily assigned value of one half the detection limit would have added a bias to the 

calculated median. 

3.7 Rejection of Outliers 
Outliers are data points whose values are anomalously high or low in relation to the rest of 

the data set. The following are possible reasons for outliers: 

Improper sampling, analytical error, or laboratory contamination 
Errors in transcription of data values, decimal points, or units 
The presence of foreign substances or contamination in the sample 
A true natural value that is unusually high. 

Each data set that was assumed to be normally distributed was screened for outliers using the 

EPA-recommended technique (EPA, 1989 [EPA/530-SW-89-026n, which is based on 

American Society for Testing and Materials (ASTM) Procedure E178-80. This procedure 
determines if there is statistical evidence that an observation which appears extreme does not 
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fit the distribution of the rest of the data. The procedure calculates the statistic T,, which is 

defined as: 

T, = (x" - X)/S 

where 

X,, = Observation 

X = Population mean 

S = Population standard deviation. 

The calculated Tn value is then compared to a table of one-sided critical values for the 

appropriate significance level (upper 5 percent) and sample size (a suitable table is provided 

in EPA, 1989 [EPA/530-SW-89-0261). The Tn statistic differs from the standard "t" critical 

value distribution in that the Tn statistic is calculated from the entire population, including the 

suspected outliers. The standard "t" critical values are used to determine if a new sample 

value (not yet included in the population statistics) is an outlier. 

If the T,, value for the suspect data is greater than the critical value from the table, then there 

is evidence that the value is a statistical outlier. Because of symmetry considerations, the 

above equation can be applied to a suspected minimum outlier value by taking the absolute 

value of Tn equation and comparing it with the tabulated values. Both minimum and 

maximurn suspected outliers can be screened from the data sets. 

The specific procedure used in this investigation for the identification of outliers is as follows: 

Normal data sets. Calculate a mean and standard deviation. Calculate a Tn 
statistic and compare to the table. If outlier are confirmed, delete them from 
the data set and recalculate the mean standax deviation. 

Non~arametric data sets. The screening using the T, statistic is not applied. 
The Tn procedure described above is based on an assumption of a normal 
disuibution in which one can calculate the probability of a given value being a 
member of a population. Nonparametric data sets are not predictable in this 
sense. 

For all d(ata sets that were assumed to be normal, outliers (if present) were removed from the 

data sets.. and the average and the standard deviation for each parameter were calculated. If a 

data set was nonparametric, the median, the number of nondetects, and the percentage of 



nondetects was determined. Values of the mean or median and standard deviation for each 

drillhole are given in Table 3-2. 

3.8 Average Brine Chemistry 
An average brine chemistry was determined by grouping data together from drillholes used to 

sample brine from the repository horizon. To check the validity of grouping these drillholes 

together, a one-way analysis of variance (ANOVA) calculation was performed. 

Drillholes were separated into two different groupings, based upon whether or not they 

sampled stratigraphy within the repository horizon. One group consisted of drillholes DH36, 
DH38, DH42, and DH42A. These drillholes are used to sample brine encountered only in 

stratigraphy beneath the repository horizon. The second group consisted of drillholes AlXO1, 

A2X01, A3X01, BXOl, OH23, OH26, and OH45. These drillholes are used to sample brine 

encountered in stratigraphy witbin and below the repository horizon and are the most 

representative of overall repository brine chemistry. Figure 2-3 shows the stratigraphic 

locations of the down holes. The subhorizontal holes start just above the orange band 

(Figure 2-2, Detail 2) and end below it, just above the floor of the drift. The subhorizontal 

holes are primarily to sample brine from the clays above and below the orange band. 

A one-way ANOVA was performed for each of the nonsolubility-limited parameters (boron, 

bromine, potassium, and magnesium) to determine if the data for a particular parameter from 

the drillholes in their respective groupings were part of the same statistical population. 

ANOVA 1s a general method in which the total statistical variation in a set of data is 

considered in order to simultaneously test the differences between subpopulation means at a 

certain confidence level to determine if the subpopulations can be grouped. In this case, the 

subpopulation means consisted of a given parameter from each evaluated drillhole (listed in 

Table 3-2). The ANOVA calculation was performed for the 95 percent confidence level. 

ANOVA calculations performed on the combined data from drillholes AIXO1, A2X01, 
A3X01, BXO1, OH23, OH26, and OH45 showed that analyses for boron, bromine, and 

potassium are members of the same population (i.e., they have significance at the 95 percent 

confidence level). Magnesium analyses for these drillholes did not have significance at the 

95 percent confidence level. It is unclear why magnesium failed the ANOVA test for 
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Table 3-2 

Simple Statistics for BSEP Analyses 
(in mgR) 

'Outlier values omitted in stafistical calculations. 
N - Number of samples. 
X r Mean. 
S r Standard deviation. 

ND = Not detected. 
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Table 3-2 (Continued) 
Simple Statistics for BSEP Analyses 

(in mqR) 

'Outlier values omitted in statistical caiculations. 
N . Number of samples. 
x = Mean. 
S = Standard deviation. 

ND = NO1 detected. 
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Table 3-2 (Continued) 
Simple Statistics for BSEP Analyses 

(in m@) 

'Outlier values omilted in statiacal calculations 
N I Number of samples. 
X = MeM. 
S = Stanclam deviation. 

NO = Not detected. 
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Table 3-2 (Continued) 

Simple Statistics for BSEP Analyses 
(in m@L) 

'Outlier values omitted In statistical calculations, 
N = Number of samples. 
X = Mean. 
S = Standard deviation. 

ND = Not detected. 
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Table 3-2 (Continued) 
Simple Statistics for BSEP Analyses 

(in rng/L) 

'OuUier values omitted in statistical calculations. 
N = Numbe~r of samples. 
X = Mean. 
S = Standard deviation. 
ND = Not d13teCted. 
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Table 3-2 (Continued) 
Simple Statistics for BSEP Analyses 

(in mg/L) 

.Outlier values omitted in statistical calculations 
N = Number of samples. 
X =Mean. 
S = Standard deviation. 
ND = Not detected. 
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these drillholes since the accuracy and precision for the magnesium measurements are similar 

to the othe~. nonsolubility-constrained parameters. 

ANOVA caiculations were also performed on the data from drillholes DH36, DH38, DH42, 
and DH42A that sampled the lower stratigraphic units below the repository horizon. ANOVA 

calculation!; indicated that geochemical analyses for boron, bromine, and potassium may be 

grouped together for these drillholes. Again, magnesium analyses for these drillholes did not 

have significance at the 95 percent confidence level. In addition to the ANOVA calculation, 

means plots were also produced. Means plots were created using a Tukey's honest significant 

differences method at a 95 percent confidence level. Means plots showed the mean of each 

data set as well as the upper and lower 95th confidence interval of each individual population. 

Means plots for the nonsolubility-limited parameters indicated the two distinct groupings of 

drillholes mentioned above (Figure 3-2). Means plots for bromine, potassium, and 

magnesium show the greatest differences between the two groups of drillholes (Figure 3-2). 

Because data from drillholes AlXOl, A2X01, A3X01, BXO1, OH23, OH26, and OH45 for the 

nonsolubi1:ity-limited parameters (boron, bromine, and potassium) comprise a statistically 

significant population, it is reasonable to assume that data for other parameters in these 

drillholes can also fonn a statistically significant population. As mentioned previously, data 

from drillholes AIXO1, A2X01, A3X01, BXOl, OH23, OH26, and OH45 are most 

representative of the repository brine chemistry because these drillholes sample brine 

encountered in the stratigraphy within and below the repository horizon. Since data from 

these drilllnoles can be grouped together, a measure of the central tendency for each parameter 

can be calculated; however, it was necessary to determine which type of data distribution each 

parameter possesses. The data was normally distributed for the nonsolubility-limited 

parameters. This was achieved by again applying the Kolmogorov-Smirnov test for normality 

to the combined data from each of the drillholes mentioned above. It was then assumed that 

other parameters were also normally distributed, as long as the data distributions for each 

drillhole were also normal. With this assumption, a mean and a standard deviation were 

calculated for each parameter. If the data distributions for individual drillholes were 

nonparametric, then only a median was calculated. The average representative brine 
chemistry is given in Table 3-3. 
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Table 3-3 

Average Composition of Salado Formation Brine 

N = Number of samples 
M = Mean 
S = Standard deviation. 

ND = Not detected. 
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3.9 Composition of Non-Salado Brine from the WlPP Underground 
The BSEP Brine Chemistry database also contains data on some non-Salado brines that have 

been encountered in the WlPP excavations. The most important of these are water from the 

Culebra Dolomite that has been piped to the repository horizon through temporary drains in 

the shafts, the brine in the AIS sump, and artificial brine produced commercially (B&E 
Artificial Brine). 

Previously unreported data are included in Part II of Appendix D and summarized in 

Table 3-4,. 

The sample for the Culebra brine was collected on March 3, 1990, at the discharge of the AIS 

drain on the north side of the AIS station. The Sr concentration was found to be 11 mg/l in 

this sample, which is considered a low value for Culebra water. The data collected for the 

Culebra in the vicinity of the WIPP site by the Water Quality Sampling Program show that 

there is quite a variation in the Sr values. Data from an individual location (well H-03b3) 

range between 12 and 30 mg/l as sampling is repeated (DOEIWIPP 92-007, 1992). 

Underground brine samples with a relatively high (more than 3 mgA) suggest the possibility 

of contamination by Culebra water or of partial evaporation of the sample prior to laboratory 

analysis. 

The water from the Culebra is collected in a sump at the AIS, where it dissolved additional 

salt from the Salado. The AIS sump brine was often used for construction purposes and has 

been the main source of underground brine contamination. The salinity of the water in the 

sump vanes considerable from time to time. ranging from nearly unaltered Culebra water to a 

saturated brine. As a result, it is not appropriate to average the analyses for the sump brines, 

but rather to show great variations in the chemistry as is done in Table 3-4. The only way to 

determine: a mixing curve for any given sample that is suspected of being contaminated would 

be to have performed an analyses of the actual batch of brine that was spread to cause that 

contamination. Such analyses was performed in August 1988 and reported in Deal and others 

(1989). Section 3.1.1.3. 

3.10 Conclusions 
Temporal trends for geochemical data collected as part of the BSEP were determined for 

uphole AlX02. Simultaneous changes in nonsolubility-constrained parameters indicated that 

evaporation had occurred in this drillhole. No temporal trends were evident in other 
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Table 3-4 

Composition of Salado and Nonsalado Brines 

Culebra from AIS Sump 
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drillholes. Data distributions were assumed for each parameter in each drillhole, duplicate 

analyses were averaged, outliers were removed, and simple statistics were calculated for each 

drillhole (Table 3-2). 

Data from different drillholes were then grouped together. One group consisted of drillholes 

AIXOI, A2X01, A3X01, BXOI, OH23, OH26, and OH45 These drillholes are used to 

sample brine from stratigraphy located within and below the WIPP repository. A second 

group consisted of data from drillholes DH36, DH38, DH42, and DH42A. These drillholes 

are used to sample brine from stratigraphy located beneath the repository. An ANOVA 

calculation indicated two separate populations for the nonsolubility-limited geochemical 

parameters. Because brine recovered from drillholes AlXO1, A2X01, A3X01. BXO1, OH23, 

OH26, and OH45 are more representative of the repository horizon conditions, an average 

geochemical composition for brine from these drillholes was calculated (Table 3-3). This 

brine composition was the average representative brine composition for the repository 

horizon. 
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4.0 Hydrologic Testing of the Fractured Part of the 
Disturbed Rock Zone Beneath the WIPP Excavations 

The main objective of the Hydrologic Testing of the Fractured Part of the Disturbed Rock 

Zone Beneath the WIPP Excavations Program is to characterize the fracture system beneath 

the floor of the repository. The data resulting from this program will be used by Waste 

Isolation Division personnel to develop operational plans for predicting brine and gas 

movement through the fracture system. Additionally, the data obtained may be useful in 

refining the design of seals to be used within the repository and in assessing the long-term 

behavior of flow through the fractured zone. 

As salt creeps into the WlPP underground excavations, macrofractures develop in the DRZ 

beneath the excavations (Bechtel, 1986; also, see review by Deal and Roggenthen, 1991). 

The fractures tend to concentrate in, but are not limited to, MB 139, which is about 1 m 

thick, lying 1 to 2 m below the floor of most of the WIPP excavations. The developing 

fracture systems may provide pathways for rapid movement of brine and gas (Deal and Case, 

1987; Deal and others, 1989; Deal and others, 1991b) and are considered to be one of the 

most likely pathways for migration of constituents away from the waste storage panels. The 

hydrologic characteristics of the fractured zone must be understood to predict and, if 

necessary, modify the movement of fluids and constituents within MB 139 if a release 

occurred during operation of the facility. 

In 1989, a hydraulic test of short duration was conducted in the DRZ beneath the floor of the 

intersection of the S90 and W620 drifts (Deal and others, 1991b). The results indicated that 

drawdown-type pump testing in the underlying fracture system could be performed 

successfully and could yield useful hydrologic data about the DRZ. After evaluating the 

results from the preliminary testing effort, a more comprehensive field testing program was 

developed, and hydraulic testing was implemented at two additional underground test sites. 

This section summarizes the results of short-duration hydraulic tests conducted at the two 

additional sites. The original file report (Crawley and others, 1992) without the test 

appendices, is edited and presented as Appendix E. 

The hydrologic testing areas were selected to evaluate various room and drift dimensions, 

excavation ages, areas where water was introduced for construction purposes, and areas 
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isolated from construction fluids. Three sites were selected for drilling and testing as part of 

this prograrn because of their age, their physical characteristics, their relationship to other 

excavations, the existence of fractures, and exposure to long periods of water spread for 

construction purposes. 

Test Site No. 1 is at the intersection of the S90 and W620 drifts near the AIS. 
This site consists of 20 test holes drilled at the intersection and along the length 
of the S90 drift (Appendix E, Figure E-2-2). This test site was not accessible 
during this field investigation period, but was described in detail by Deal and 
others (1991a. Section 4). 

Test Site No. 2 is located in the EO drift in the general area of N620. The site 
includes nine test holes drilled along the EO drift (Appendix E, Figure E-2-2). 

Test Site No. 3 is located in the W170 drift immediately in front of the 
underground core storage room at S400. This site consists of 11 test holes 
drilled along the W170 drift and into the core storage room (Appendix E, 
Figure E-2-2). 

Test result!; indicate that the significant fracture systems that yield water to test holes are 

restricted to MB 139. For the two sites tested during this reporting period, there appears to 

be separate:, saturated, unconnected fracture systems of fairly low transmissivity. At the EO 

test site, fracture systems that are connected are confined to the immediate intersection of the 

drift and allcove. For the W170 site, the intersection did not contain significant connected 

fractures. Based on the observed drawdown response to pumping, the area within the core 

storage room appeared to be underlain by a somewhat more connected fracture system. This 

condition could be influenced by the width of the individual excavations. The W170 drift, 

though much older, has a relatively narrow opening in comparison to the core storage room. 

These data. indicate that excavation dimensions may have a more important role than age in 

fracture de:velopment. 

The post-tlest fluid-level recovery observed at the test sites suggests that the fracture systems 

beneath these areas are limited, and the available fluid reservoirs are small. Although long- 

term fluid-level monitoring was not conducted as part of this field program, the data gathered 

indicate tbat pumping at these sites was dewatering the fracture systems. 

The results of the pumping tests support the concept of limited, bounded fractured fluid 

reservoir that was developed during the 1989 testing program (Deal and others, 1991a). Data 
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analysis from the EO test site showed clear changes in the slope of the plotted drawdown 

curves for some test holes, indicating the presence of nearby no-flow or low-permeability 

boundaries. Testing at the W170 site did not produce adequate data for aquifer test analysis. 

The Jacob and Theis methods (Lohrnan, 1972) were used to determine transmissivity and 

storage coefficients for the first test at the EO site. The calculated transmissivities for all 

holes were 0.7 to 9.9 ft2/day. Storage coefficients ranged from 0.00038 to 0.0034, indicating 

that the fracture system at the EO site is partially confined. 

Additional test sites should be developed to better define the nature of fracturing in areas 

other than the intersections of drifts and rooms. The EO test site could be expanded to both 

the north and south of the present site to allow comparative testing. If the test site was 

expanded, the results of pump testing away from the drift and alcove intersection could be 

compared to the results produced by this study, and the effects of excavation geometry could 

be quantified. Additional testing should be conducted at the lowest possible flow rates for the 

longest time achievable, and fluid-level recovery should be monitored long-term. 
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5.0 Numerical Modeling of Brine Seepage as a Result of 
Clay Compaction 

5.1 introduction 
There appears to be enough moisture present in the clays within the Salado Formation to 

account for all the brine that is observed to seep into the WIPP excavations (Deal and others, 

1993, Section 5; Deal and Bills, 1994). The excavation of WIPP rooms result in stress 

redistribution around those openings that can cause the consolidation of thin clays within the 

stratigraphic sequence. Additionally, the excavations (including drillholes) provide a sink at 

atmospheric pressure allowing brine to flow from the consolidating clays. 

A series of order-of-magnitude calculations were made for this report (Appendix F) in order 

to numerically model clay consolidation and estimate the resultant brine seepage into the 

repository horizon. 

5.2 Modeling Assumptions 
The modeling assumptions are as follows: 

Stress redistribution results in a localized increase in stress that is far more 
significant in generating excess pore pressure than in near ground surface 
consolidation. The stress redistribution deforms the clay plastically generating 
an excess pore pressure of several megapascals (MPa) within the DRZ. 

Transient flow to the excavation or boundary dissipates the excess pore pressure 
within the clay layer. 

The rate of flow depends on the consolidation properties of the clay (hydraulic 
conductivity, compressibility, and porosity), the cross sectional area of the clay 
seams intercepting the excavation, and the extent of the DRZ. 

The tributary method predicts the resulting increase in total stress of 3 MPa. 
Consider that after 1,000 days (Deal and others, 1989, Section 5).  the stress 
abutment zone extends out about 5 excavation diameters. The average diameter 
for the room is about 3 m. 

The compressibility of the clay is lo-' pa-' corresponding to a clay of medium 
compressibility. The hydraulic conductivity of the clay is crnls. Under a 
change in effective stress of 3 MPa after consolidation is complete, the change 
in porosity is 30 percent. 



5.3 Room Q 
For the casl: of Room Q, the room has a radius of 1.5 m and a length of 100 m. Two thin 

clay seams occur, above and below the orange band. Both are about 3.5 mm thick (Deal and 

others, 1993, Table 4-3) and are modeled as a single clay 7 mm thick, centered in the room. 

In this case: flow occurs linearly along the clay seams toward the room. From previous 

modeling analyses (Deal and others, 1989, Section 5). the stress abutment zone around Room 

Q will affect the clay seams out to a distance of about 9 m No brine was collected from 

Room Q fcw the first 800 days (Howarth and others, 1994, Section 4.2.2.3). For this 

calculation,, brine inflow was assumed to have begun as soon as Room Q was excavated, but 

because no records of brine volume were made for the fmt  800 days, the first 800 days of 

predicted seepage were subtracted from these calculations so that the plot (Appendix F, 

Fig. F-2-2) shows calculated inflow from 800 days to 25 years after excavation. The 

cumulative inflow 1,600 days after excavation was calculated to be about 300 L, slightly 

more than the 200 L that was observed (Howarth and others, 1994, Fig. 2). Calculated inflow 

rates after 1600 days are on the order of 0.3 Uday (Appendix F, Fig. F-2-2). close to the 

observed value of 0.17 Uday (Howarth and others, 1994, Fig. 3). The calculation shows that 

seepage ceases after about 25 years (Appendix F, Fig. F-2-2). 

5.4 Standard WIPP Waste Storage Room 
In order tc~ estimate the amount of brine that might come in contact with waste stored at the 

WIPP after sealing and closure, a similar calculation was made for a standard waste storage 

room. A ,waste storage room was approximated as a circular opening 3.6 m in radius and 

91.4 m long with an abutment zone extending 20 m into the salt from the wall of the room. 

Three clay layers are observed in the walls of the rooms, the two clays associated with the 

orange band that are exposed in Room Q (each about 3.5 mm thick), and clay F, which is 

about 10 mm thick (Deal and others, 1993, Table 4-3). For this calculation, the three clays 

were combined as a single clay 17 mm thick occurring at the mid-point of the room. This 

model predicts rapid initial inflow of about 2 Uday rapidly dropping to less than 0.5 Uday 

after about 10 years (Appendix F, Fig. F-3-2). This calculation shows that the pore pressure 

is completely depleted after about 100 years (Appendix F, Fig. F-3-2) and inflow then ceases. 

The total inflow would be about 9,000 L, much of which would be evaporated during 

excavation and emplacement of waste into the air circulated for ventilation. 



5.5 Axial Consolidation Around a Borehole 
Brine seepage occurs into drillholes drilled vertically downward from WIPP excavations. 

This calculation was performed to estimate inflow into 15 m-deep downholes drilled from 

Room G. Tbe vertical drillhole has a radius of 8.9 cm and intersects the clay B layer about 

10 m below the floor of the room. Clay B is about 1 cm thick (Deal and others, 1991b, 

Section 2.7.3.2). Stress redistribution around Room G will result in compaction of clay B for 

a distance of about 20 m from the borehole. Brine flow is radially to the borehole along the 

thin clay seam. As a result, complete compaction will take a fairly long time, over 

1,000 years, and would ultimately yield about 340 L of brine. Over a period of 60 to 

100 years, approximately 100 to 150 L of brine will seep into the borehole (Appendix F, 
Fig. F-4-21. After about 10 years, inflow rate is calculated to be about .006 Uday, an order 

of magnitude lower than the observed inflow below Room G (Table 5-1). The only other 

Table 5-1 
Seepage Rate in Drillholes Penetrating Clay B 

Drillhole Location 1 DH16 1 Room G I 0.1 

DH42A Room G 0.02 

OH46 S3901W320 0.005 

DH38 
DH40 

DH42 

drillhole that penetrates the same stratigraphy and is probably not contaminated with 

construction brines is OH46, which is drilled from the underground core storage area. 

Consolidation response should be about the same for OH46 as for the holes in Room G. 

All of the drillholes listed in Table 5-1 also intersect clay E and clay D, which are potential 

sources for additional brine. Clay D is thin and discontinuous and was not considered in the 

above calculation. The intersection with clay E can be observed from the drillhole collars 

and is not providing brine to the downholes in Room G. 

Room G 

Room G 

Room G 

0.03 - 
0.008 

- 

0.01 
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5.6 Sunmary 
These order-of-magnitude seepage calculations compare well with the observed seepage into 

Room Q. Calculated seepage rate after 1.600 days is on the order of 0.3 Uday. where the 

actual observed rate is 0.17 Uday. In this case the model is for flow towards the room along 

a thin clay seam. Extending this model to a waste storage room predicts that the total 

seepage into the room will be on the order of 9,000 liters, far short of the 220,000 L 

necessary to react anoxically with all the susceptible metal placed in the room (Deal and 

others, 1991b. Section 4.6). Furthermore, seepage into the room will cease after about 

100 years. 

The case for seepage into a downhole drilled into the strata below an excavation behaves 

differently, as flow is radially toward the drillhole. In this case, some seepage continues for a 

long time, perhaps a thousand years or more. It is clear that seepage into drillholes is 

strikingly different from seepage into a repository excavation. Deal and others (1994, Section 

2.7.2) pointed out that seepage into drillholes probably should not be used to predict long- 

term seepage into a WIPP waste storage room. This calculation provides additional support 

for this c,aution. 
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6.0 Summary and Conclusions 

During eleven years of observations (1982 to 1993) the amount of brine seeping into the 

WIPP excavations is local, limited, and fmite. Even a small amount of brine may produce 

hydrogen gas by anoxic corrosion of the metal in the CH-TRU waste dnuns and waste 

inventory. However, the amount of brine that will be available will be only a small 

percentage of that necessary to corrode all of the metal. The data through 1990 are discussed 

in detail by Deal and others (1991b). It was concluded that it will take on the order of 

220,000 L of brine to corrode all the susceptible metal (iron and aluminum) and that there is 

probably less than 10 percent available (20,000 L), unless it can be proven that far-field flow 

does occur at the WIPP. Far-field flow is theoretically unlikely or impossible (Deal and 

Roggenthen, 1991). and evidence so far c o n f m  that significant seepage of brine ceases 

about three years after the excavation of an opening. although small seeps can continue for a 

longer period of time (Deal and others, 1993, Section 5; Deal and Bills, 1994). Calculations 

presented in Chapter 5 of this report indicate that less than 9,000 L will be available from 

clay consolidation. 

Data gathered in 1992 and 1993 additionally support those conclusions. Continued 

observations of downholes and Salt Shaft and Waste Shaft sumps where fractured MB 139 

can be observed c o n f m  that the exposed surfaces are still dry and show very little evidence 

of moisture. Inspection of the AIS showed that there was little evidence of moisture or past 

seepage. Salt encrustations are more common below a depth of 1,500 ft, are clearly 

stratigraphically controlled, and are associated with clay interbeds and argillaceous halite. 

Anhydrite exposures are typically dry and free of salt encrustations, indicating that no 

significant amount of brine flows through them to the shaft. 

Both the shaft sumps and the AIS are, in effect, long-term far-field flow experiments. There 

is no evidence confirming that enough flow exists to supply the needed volume of brine for 

complete anoxic corrosion of the susceptible metal waste and waste containers that will be 

emplaced at the WIPP. 

Hydrolog~c testing was performed during this reporting period at two additional areas in order 

to obtain data on the hydrologic properties of the fractured part of the DRZ that has formed 
beneath the WIPP excavations. The test results confirmed that the width of an excavation 
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influences the development of integrated fractures and showed that, in the tested areas in the 
EO drift and near the AIS, integrated fracture systems only exist beneath intersections. This 

supports the concept of limited, bounded, fractured fluid reservoirs. Additional evidence that 

extensive, large-scale hydrologically interconnected fracture system apparently do not exist 

under much of the W P  excavation is supplied by the fact that brine stands at different 

levels in closely spaced drillholes in the floor and that brine is not seeping out of fractures 

observed in the Salt Shaft and Waste Shaft sumps. 

Long-term observations of the salt encrustations (Deal and others, 1993, Section 2.2) contii-m 

and semiquantify that the brine weeps cease about three years (1,000 days) after excavation. 

Calculations estimate total seepage into a full-sized waste storage mom from wall weeps 

between 43 and 604 L, with an average of less than 300 L (Deal and others, 1993; Table 2-4 
and Figure 2-14), much less than 1 percent of the 220,000 L of brine needed to corrode all 

the susceptible metal in the CH-TRU waste and waste storage drums. 

Previous efforts to calculate the amount of moisture that might be released to the repository 

by clay co:nsolidation (Deal and others. 1993, Section 4) to a full-sized waste storage room 

was on the: order of 400 L of brine. In order to provide a somewhat more rigorous estimate, 

numerical calculations were performed for this report in order to provide order-of-magnitude 

estimates of brine seepage that might result from clay compaction. The calculations compare 

well with  the observed seepage into Room Q. Calculated seepage rate after 1,600 days is on 

the order of 0.3 Uday, where the actual observed rate is 0.17 Uday. In this case the model is 

for flow towards the room along a thin clay seam. Extending this model to a waste storage 

room predicts that the total seepage into the room will be on the order of 9,000 L, much of 

which will evaporate during operations. Funhermore, seepage into the room will cease after 

about 100 years. 

The case for seepage into a downhole drilled into the strata below a WIPP excavation 

behaves differently, as flow is radially toward the drillhole. In this case, some seepage 

continues for a long time, perhaps a thousand years or more. It is clear that seepage into 

drillholes is smkingly different from seepage :ro a repository excavation. Deal and others 

(1994, Section 2.7.2) pointed out that seepage Into drillholes probably should not be used to 

predict long term seepage into a WIPP waste storage room. This calculation provides 

additional suppon for this caution. 
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Although there is no observed evidence from the WIPP excavations that brine will seep into 

the workings from the underlying anhydrite MB 139 (Deal and Bills, 1994). Deal and others 

(1994) calculated that even if far-field flow occurred in the anhydrite, only about 6,000 L 

could flow into a WIPP storage room over a 200-year period of time. They point out that 

due to evaporation during the period of time the excavations are open for waste storage, and 

because creep closure will repressurize the room even in the absence of gas generation, a 

more realistic figure may be on the order of 1,700 L. 

All of these estimates and calculations are far short of the 220,000 L required to corrode all 

of the metal and cause maximum gas generation by anoxic corrosion. 
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APPENDIX A 
BRINE ACCUMULATION 

PART I-LIST OF UNDERGROUND LOCATIONS WHERE BRINE 
OCCURRENCESWEREOBSERVEDANDMONITORED 

APPENDIX A 



Table A-1 
List of Underground Locations Where Brine Occurrences 

> 
5 Were Observed and Monitored Through December, 1993 
A 

2 As Part of the Brine Sampling and Evaluation Program at WlPP 

3 r Survey Direction 

El u r n  hcuracy U=Up Angle - 
.a Hole or S=Surveyed Nonh-South Easl-West Elevation Dia. Length D=Down in 2 Number Location A=Approximale Coordinates' Coordinates' m cm m H=Horiz. Degrees References" Remarks 
r 

AlXOl 

A1X02 

A2xo1 

A2X02 

A3XOl 

> 
c.l - 

A3X02 

BTPAI 

BTPA2 

BTPA3 

BTPA4 

BTPA5 

Monitored as pall of the BSEP from 3/85 to 2191. 

Monitored as part of the BSEP since it was drilled In 
3/85, to 6/93 when dect ing device malfunctianed 
and became erralic. 

Monitored as pan of the BSEP from 2/05 to 10/90. 

Monitored as pan of the BSEP from 2l05 to 9/89. 

Monitored as part of the BSEP from when it was 
drilled in 1/85 m 6/93. Drilen did not repod any 
molshrre while drilling. Hole started producing brine 
a few weeks later. 

Monitored from 1/85 to 9189. Drillers did not 
enunmter moisture whlle drHUng. Hde statled 
producing brine a few wenks later. 

Open horn 0 to 1.6 m. Drilled for the BSEP study 
7/86 and m i t o r e d  until 12/02/88. 

Cased hom 0 to 1.6 m. Open from 1.6 to 2.8 m. 
Chiled f u  the BSEP st* 7/86 and monitored until 
12m2/88. 

Cased hom 0 to 3.1 m. Open from 3.1 to 4.1 m. 
DrHM for the BSEP study 7/86 and m i to red  until 
12/M/B8. 

Open from 0 to 1.4 m. Drilled for the BSEP sludy 
7/86 and m i t o r e d  until 9/27/88. Dry. 

Open horn 0 lo 1.6 m. Drilled lor the BSEP study 
71% and monitored until 9/27/88. Dry. 

'The repository is referenced in feel; therelore, the North-South and East-West coordinates are presented In feet. 
"For references, see footnote at end of table. 
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Table A-1 (Continued) 
List of Underground Locations Where Brine Occurrences 
Were Observed and Monitored Through December, 1993 

As Part of the Brine Sampling and Evaluation Program at WlPP 

survey Direction 
Room Accuranl U=Up Angle 

Hole or S=Surveyed North-South East-West Elevation Dla. Length D=Down in 
Number Location A=Appmximate Coordinates' Coordinates' rn an m H=Horiz. Degrees References" Remarks 

BTRI 

BTR2 

BTR3 

? BTR4 - 
W 

BTR5 

BTR6 

BTR7 

BTRB 

BTR9 

:: 
E 
B 

E98 

ElOO 

El01 

E98 

ElOO 

ElOI 

E98 

ElOO 

ElOI 

Hde slighlly declined below horizontal. Collar above 
upper clay seam, about 0.3 rn below back. Dniled 
6/86 and inonltotored until 9/27/88. Dry. 

Hde slightly dedined below horizontal. Coliar above 
upper day seam, about 0.3 rn below back Drilled 
6/86 and monltomd until 12/02/88. 

Hole slighlly declined below horizontal. Collar above 
upper day seam, about 0.3 rn below back. Drilled 
6\86 and wonnored until 12/02/88. 

Hole slightly dedined below horizontal. Collar in 
halite about 1.1 m below back. Driled 6/86 and 
monitored untfli2/02/8~. 

Hde slightly declned below hwlzontal. Cdlar In 
halite abwt 1.1 rn below back. Drilled 6/86 and 
monnored unlil 12/02/88. 

Hole slightly dedlned below hwlzontal. Cdlar In 
halite about 1.1 m below back. Drilled 6/86 and 
monitored until 12/02/88. 

Hde slightly dedined below horizontal. Collar just 
above A g e  band. Drilled 6/86 and monllored until 
12/02/88. Dry. 

Hde slightly declined below horizontal. Collar just 
abwe orange band. Drilled 6/86 and monitored until 
im2m. 

Hole slightly dedined below horizontal. Collar just 
above orange band. Drilled 6/86 and monitored until 
12/02/88. 

'The repository is referenced in feet; therefore, the North-Swth and East-West coordinates are presented In feet. 
"For references, see footnote at end of table. 



BRINE SAMPLING AND EVALUATlON PROORAM REWRT 1992-1993 



Table A-1 (Continued) 
List of Underground Locations Where Brine Occurrences 
Were Observed and Monitored Through December, 1993 

As Part of the Brine Sampling and Evaluation Program at WlPP 

!! Suwey Direction 
a Room Accuracy U=Up Angle 2 Hde or S=Sumryed Norlh-South East-West Elevatim Dia. Length D=Down in 

?i 
D 

Number Location A=Approximate Cmrdinates' Coordinates' m an m H=Horiz. Degrees References" Remarks 
t 

DH39 G A Nl lOl  W2482 395 8.9 14.5 U 90 A3, B 
> 

Monitored as part of the BTP slnce 2/85, At the 
present M brine is collected because of insufkient q 
inflow. I! 

NllOI 

N l lO l  

Monitored as part of h e  BSEP slnce 1/85. 
fi 
E 

Monitored as part of the BSEP since 2/85. At the 

inllmv. - 4 

Monitored as part of the BSEP since 2/85. 8 z NIlOI 

NI lOl  

S1960 

- 
Monitored as part of the BSEP since 2/85. 

Gas releases had been obselved in this hole. 
M t o r e d  as part ol h BSEP horn 1/85 to 11RO. At 
Uw present no b h e  is collected due to lnsufflcient 
innow. 

Gas releases had been observed In this hole. 
Monitored as pml of the BSEP hwn 1/85 to 6/85 
when d a r  was destroyed and hde plugged by 
mining. 

Stalactite growth m i t o r e d  as part of the BSEP fmm 
5/85 to 2/86. 

Stalactite growth monitored as part of the BSEP from 
5/85 to 2/86. 

Gas pocket at 14.0 m. Brine seeped fmm hole aner 
drill rods were broken at end of Nn at depth of 5 m. 
Probable source was anhydrite 'a'. Stalactite growth b 
m i t o r e d  as part of the BSEP lmm 5/85 to 2/86. $ 

E 
? - 

'The repositoty is referenced in feet; therefore, the North-South and East-West coordinates are presented in feet. 
"For references, see footnote at end of table. 
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List of Underground Locations Where Brine Occurrences 
Were Observed and Monitored Through December, 1993 

As Part of the Brine Sampling and Evaluation Program at WlPP 

Survey Cirectlon 
Room h C Y  U=Up Angle 

Hole or S=Su~eyed North-South East-West Elevation Cia. Length D=Down In 
Nwnber Location A=Approximate Coordinates' Gmdinates' rn an m H=Horiz. Degrees References" Remarks 

DHP401 S19501E1330 A S1950 El330 387 10 15.1 U 90 B Drilled 1/87, observed as part of the BSEP since 
3187. At the presenl rm brlne is collected due to 
lnsfldent inlow. 

DHP402A S1950/E1330 A St950 El330 383 10 15.2 D 90 B Drilled 12/86, observed as part of lhe BSEP since 
12/86. Hde oflset at 13.7 rn. There may be a rock 
bolt or piece of steel in hole. 

90 K EES12B N1430/E0140 A N1430 El40 398 4.7 3 D Drilled 6/86 as part of the Excavatbn E l l e ~ t ~  Sttidy. 
Observed as part ol the BSEP horn date of hmhg 3 
until 12/86. Rapid brine and gas InAow through open 

2. fractures. 
z 

I 

EES21B S0700E0066 A 5700 E66 381 4.7 2.7 D 90 K ~r i l led  7/66 as part of the ExcavaW EH~IS  Study. 
Observed as part of the BSEP since drilhg until 
12/86. Rapid brine and gas inflow thmgh haclures. 

GSEEP G A N1095 W1837 391 B Damp area on the floor of Room G, near south rib. 
appmanately 13.7 m anst of DH35. Seep mliced 
m 5 .  Damp area larger In 11185. Monftored as part 
of lhe BSEP since 11/85. 40 cm diameter collecting 
sump drilled glB7. 

iG201 2 S N1275.54 W379.51 394.71 7.3 16.4 D 90 W ,  B, H, J Monitored as p u l  of the BSEP from 11/84 to 9/87 
when ahear doslre pinched hole shul so lhat samplal 
would nof go to Mom. 

IG202 1 S N1264.79 W246.11 395.17 7.3 14.7 D 90 A3. 8. H, J Monitored as part of We BSEP horn 11/84 to 7/87 
when shear dosure pinched hde shut so that sampler 
wwld not go to bottom. Last BSEP brine data 
cdlected in 3/87. 

JV8 J S N1067 W374 393 91 2.5 D 90 0, F. G Drilled BX)B/BS; drillers reporled water at 2.4 m. Not 
%A 
o monitored after Initial observation. 

E 

'The repository is referenced in feet; therefore, the North-South and East-West coordinates are presented in feet. 
"For references, see footnote at end of table. 
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Table A-1 (Continued) 
List of Underground Locations Where Brine Occurrences 
Were observed and Monitored Through December, 1993 

As Part of the Brine Sampling and Evaluation Program at WIPP 

' Survey Direction 
Accuracy U=Up Angle 

S=Surveyed North-South East-West Elevation Dia. Length D=Down In 
A=Aaoroximate Ooordinales' Coordinates' m cm m H=Horiz. Deorees References" Remarks 

S N1067 W378 393.3 91 2.5 D 90 D. G Brine in bottom of pilot hde on 8120185. Not 
monnored after lnhial Observalirm. 

A N1524 W218 400 10 3.6 D 90 B. H Monitored as part of the BSEP from 8/85 to 6/89. 

A N1524 W220 400 10 3.6 D 90 B,H Monilored as part of the BSEP from 8/85 to 6/89. 

Monitored as part oi the BSEP from 8/85 to 6/89. 8 
Monitored as part of the BSEP from 8/85 to 6/89. 

r: 
i4 

Monitored as part of the BSEP from 8/85 to 6/89. 5 w 

Monitored as part of the BSEP han 8185 lo 6/89. 

Monitored as part of the BSEP horn 8/85 to 6/89. 

Monitored as part of the BSEP from 8/85 to 6/89. 

Monitored as part of the BSEP from 8/85 to 6/89. 

Monitored as part ol the BSEP from 8/85 to 6/89. 

Mmitored as part of the BSEP hom 8/85 to 6/89. 

Monitored as pad of the BSEP hom 8/85 to 6/89 

Drillers found water in hole at 3 m. 5/13/84 
Monitored as part of the BSEP f r m  10184 to 4/89. 

Drilled 4/85 overcoring and destroying L2C25. Brine 
and gas enters hole quickly Umugh open fraclures. 
Monitored intermittently as part of the BSEP from b 

12/85 thrwgh 12/86. 
$ 
.5 

'The repository is referenced in feet: therefore, the North-South and Eesl-West coordinates are presented In feet. 
"For references, see fcmtrwte at end of table. 



Table A-1 (Continued) 
List of Underground Locations Where Brine Occurrences 
Were Observed and Monitored Through December, 1993 

As Part of the Brine Sampling and Evaluation Program at WlPP 

? . survey Olrec!inn 
?! Room A c m a c ~  &Up Angle 

a 

Hole or S=Surveyed North-South East-West Elevation Dla. Length CkDown In 
Number Location A=Approximale Coordinates' Coordinates' m on m H=Horiz. Degrees References" Remarks m 

L2C25 L1 A N1510 W365 400 12.7 3.5 D 90 8, H 
8 

LX25  Is a 12.7 can overwre of a previoudy gmuted 
SNLMM test M e .  The eve- was drilled 365 and 
a t  and brlne was blown h m q h  haclum Into W e  
L2C29.1.2 m to the north. In 4/85. a 40 cm overmre 
was made destqing this M e .  The larger M e  is 
des imed  L2C03. 

i 
E 

MllT2 J S N1088.03 W377.02 393.44 8.3 0.9 D 90 B. D, G ~ r i n e  since drilled; m i l w e d  hom 10184 to 4/85. 5 
S N1086.05 W377.13 393.44 8.3 1.0 D 90 B. D. G Brine since drilled, monitored horn 10184 to 4185. 

2 
WIT4 J 5 

'? 
MllT6 J S N1084.16 W377.15 393.36 8.3 1.0 D 90 B. D. G Brine since drilled; monitored hom 10184 lo 4185. 

P i 
7 MllT8 J S N1082.08 W377.24 393.34 8.3 1.0 D 90 8. D. G Brine since drilled; monitored fmm 10184 to 4/85. 
00 

MllTIO J S N1079.98 W377.23 393.31 8.3 1.0 D 90 B. D. G Brine since drilled; monitored hom 10184 to 4/85. 

MllT12 J S N1078.11 W377.21 393.25 8.3 1.0 D 90 8. D. G Brine s h e  drilled, monitored from 10/84 to 4/85. 

MllT14 J S N1076.18 W377.30 393.14 7.6 1.0 D 90 8. D. G Brine slnce drilled; monitored hom 1W84 to 4/05, 

MllT16 J S N1074.17 W377.18 392.95 7.6 1.0 D 80 8. D, G Brine slnce drilled; monilored from 10184 to 4/85. 

MllT17 J S N1072.03 W379.10 393.29 7.6 1.0 D 90 B, D. G Brine since drilled; monitored from 10184 to 4105. 
SNLMM faled hole with Brine A 4130185 and plugged 
wlh tubbar cork. 

MilTI8 J S N1071.91 W377.18 393.27 7.6 1.0 D 90 8, D. G Brine since drilled; monitored from tW84 through 
4/85. SNLMM experiment filled hole with Brine A 
4/20/85 and plugged hole with rubber cork. 

MllT20 J S N1069.84 W377.22 393.30 7.6 1.0 D 90 B. D. G Brine noted 1W84; monitored from 10184 through 
4/85. 

MIIT22 J 5 S N1067.93 W377.23 393.30 7.6 1.8 D 90 8. D. G Brine noted 1WW, monitored from 10184 hrcugh - 4/85. E 
P ? - 

'The repository Is referenced in feel; theref010, the North-South and East-West cowdlnates are presented in feet 
"For references, see foohwle at end of table. 



Table A-1 (Continued) 

S 

3 a g 
.a Room 
w Hole or - Number Location 

LlS35 L1 

L1S36 L1 

LIXOO L1 

List of Underground Locations Where Brine Occurrences 
Were Observed and Monitored Through December, 1993 

As Part of the Brine Sampling and Evaluation Program at WlPP i rn 

Direction 
i 
5 

U=Up Angle n 
North-South East-West Elevation Dia. Length D=Down in 
Coordinates' Coordinates' rn an m H=Horiz. Degrees References" Remarks 

z 
m 

i 
N1067 W378 393.3 91 2.5 D 90 D. G Brine in bottom of pilot hde on 8120185. Not ' 

monitored alter lnltial oboe~ation. 3 
2 

N1524 W218 400 10 3.6 D 90 0. H Monitored as part of the BSEP from 8/85 lo 6/89. 

N1524 W220 400 10 3.6 D 90 0. H Manitored as part of the BSEP from 8/85 to 6/89. E 
N1524 W222 400 10 3.6 D 90 0. H Monitored as part d the BSEP f r m  8/85 to H89. 

D N1524 W224 400 10 3.7 90 0. H Monitored as part of the BSEP hom 8/85 to 6/89. - 
5 

N1524 W226 400 10 3.7 D 90 0, H Monitored as part of the BSEP horn 8/85 to 6/69. 
- i w 

N 1524 W228 400 10 3.7 D 90 0. H Monitored as part of the BSEP lrom 8/85 to 6/89. 

N1524 W235 400 10 3.6 D 90 0. H Monitored as part of the BSEP hom 8/85 lo 6/89. 

N1524 W237 400 10 3.6 D 90 0, H Monitored as part of the BSEP from 8185 to 6/89 

N1524 W239 400 10 3.6 D 90 0. H Monitored as part of the BSEP from 8/85 to 6189. 

N1524 W241 400 10 3.7 D 90 0. H Monitored as part of the BSEP from 8/85 to 6/89. 

N1524 W243 400 10 3.8 D 90 0. H Monitored as part of the BSEP hom 8/85 to 6/89. 

N1524 W245 400 10 3.7 D 90 0. H Monitored as part of the BSEP hom 8/85 to 6/89. 

N1538.5 W225 400 10 3.8 D 90 0. H Drillers found water in hole at 3 m. 5/13/84 
Monitored as part of the BSEP from 10/84 to 4/89. 

N1510 W365 400 41 3.7 D 90 0, H Drilled 4/85 overcoring and destroying L2C25. Brine 
and gas enters hde quickly thmugh open fraclures. 
Monitored intermittently as part of the BSEP from $ 

12/85 thmugh 12/86. D 9 z 
'The repository is referenced in feet; therefore. the North-South and East-West Wrdinates are presented in feet 
"For references, see foolnote at end of table. 
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Table A-1 (Continued) 

List of Underground Locations Where Brine Occurrences 
Were 0bsewid and Monitored Through December, 1993 

As Part of the Brine Sampling and Evaluation Program at WlPP 

. Survey Direction 
Room Accuracy U=Up Angle 

Hole M S=Su~eyed North-South East-West Elevation Dia. Length D=Down in 
Number Location A=Approximate Coordinates. Coordinates' rn cm m H=Horiz. Degrees References'' Remarks 

AISlS9O S 

AIS/S9O S 

Core Library S 

Core Library S 

Core Library S 

SPDV Room4 A 

S1600/E140 A 

512821E140 A 

5274WE140 A 

Room C1 A 

Drilled for hydrologic tesling of fractures beneath the 
flwr. Not a part of m u h  BSEP sampling. 

Drilled for hydrologic lesting of fractures beneath the 
floor. Not a part ol mutlne BSEP samplmg. 

Monitored lor the BSEP since it was drilled 6/89 

Monitored for the BSEP since it was drilled 6/89 

Monitored for the BSEP since I was drilled 7189. Hole 
dry. 

Large diameter downhde in south end of Rwrn 4 
o h  shorn, to vlsltors. MB 139 and lrach~rm 
beneath the floor am well exposed, both of vrMch are 
dry. This is good evidence that no far-field fbw 
exlsts. 

Staiacllle growlh nhxitwed as part of the BSEP from 
5/85 to 2/86. 

Stalacfite g r a m  monitored as part of the BSEP from 
5/85 to 2/86. 

SlalacUte growlh monitored as part of the BSEP from 
5/85 to 2/86. 

Large horizontal hole on south rib of N1420 drilt. 
acms horn Room C1. Photographically monitored 
for sell buildup. 

'The repository is referenced in feet; lherelore, h e  North-South and East-West coordinates are presented In feet. 
"For references, see footnote at end d table. 



Table A-1 (Continued) 
List of Underground Locations Where Brine Occurrences 
Were observed and Monitored Through December, 1993 

As Part of the Brine Sampling and Evaluation Program at WIPP 

. S u ~ e y  Direction 
Room m U=Up Angle 

Hole or S=Su~eyed North-South East-West Elevation Dia. Len@ D=Down in 
Number Location A=Awroximate Coordinates' Coordinates' m cm m H=Horiz. Degrees References" Remarks 

AISlS9O S 

AiS/S9O S 

Core Library S 

Core Library S 

Core Library S 

SPDV Room 4 A 

Drilled for hydrdogk testing of fractures beneath the k 
floor. Not a part of rouline BSEP sampling. 

Drilled for hydrdogk testing of fractures beneath the 
@ 

noor. Not a part of d n e  BSEP sampling. 

Monitored for the BSEP since it was drilled 6/89. 
ii 

Monitored for the BSEP since it was drilled 6/89. i 
E; 

Monitored for the BSEP since It was drilled 7/89. Hde 3 
dry. s 

w 

Large diameter downhole in south end of Room 4 
often sham to visitors. ME 139 and haclures 
beneath the tlm are well exposed, both of whlch are 
dry. TMs Is good evidence that no far-field How 
eX1stS. 

StalacW gmwlh nmltored as part of the BSEP from 
5/85 to 2/86, 

ShlecMe gmwih monitored es part of the BSEP from 
5185 to 2/88. 

Stalactite grovdh monitored as part of the BSEP from 
W 5  to 2/86, 

Large horizontal hole on swth rib of N1420 drill, 
across from Room C1. Pholographkally monitored 
for salt buildup. 

'The repository is referenced in feet therefore, the North-Swlh and Easl-West &lnates are presented in feet. 
"For references, see footrote at end of table. 



APPENDIX A 
BRINE ACCUMULATION 

PART II-BRINE ACCUMULATION DATA TABLES 



TABLE A-2 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS CUULATIVE 
LITERS SINCE USED FCU LITERS LITERS 

LOC*TIOY DATE T I M  R E K M D  1/1/85 CALCULATIOY PER DAY COLLECTED REWRKS 

Room A1 CqpICted. 
Uphole d r i  1 led 2/27/85 t o  3/07/85. n i t  
brim m t  12 f t .  m 2/27/85. 
T r u e  b r i m ,  dnpr*d hole t o  clay sen. 
Moisture on bnct 1 f t  rdiw. 
T r u e  b r i m ,  d r i p  uiesing f-I. 
Rapositiomd f m l ,  collected om cy, of 
s a l t  c ~ t m l s  with trace of br im.  
for dr ip .  missing fumel. 
Collecting cmtmimr h d  Lnk. 
S m  drip. missing fvrr l .  
S a  d r i p  miminp fund. 
S o r  dr ip .  missinp f w l .  

S w  dr ip .  missing f u n d .  

S m  d r i p  missing f u n e l ,  b ip stelaet i te 
f o r d .  

Some drips missing f u n e l .  

R o a n  A1 heaters turned m 10102185. 

Sane d r i p  missing fumel. 
S a m  d r i p  missing funel. 
Swple for chemical 8n lys i s .  X12. 

S a n e  d r i p  missing f v m l .  



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS CUUUTIVE 
LITERS SINCE USED FOR LITERS LITERS 

LOCATlCU DATE TIHE REMOVE0 111185 CALCULATION PER DAY COLLECTED REWRKS 

collected for  chn is t r y ,  s m l e  el59 W. 

Collected for chemistry, s n p l e  226. 

Collected for chemistry, s.lple XZPP, KSOO, 
n o 1  r n o 2 .  
Collected for  c h r i r t r y ,  s r p h  YJ13 - 
U352. 
CoLL.cted for  chemiatry. s n p l e  SO2 - 
U406. R.no*.d t o  provid. rrm for further 

collection. 
Collected for  chemistry, s m l e  a 5 8  L 
n459. 
Not f u l l y  evacwtcd. Do not use for  
calculation. 

Collected for  chemistry, s.nple -14 - 
XS19. Used 3.18 l i t e r s  for ca lcu la t im 

(0.18 m 9/15 + 3.00 on 9/27>. 
Collected fo r  chemistry, s a p l *  Y597 - 
w 1 .  

Roam locked. 
R m  Locked. 

Sarple saved for  chemistry, s w l e  #750 - 
751 A L 0. 

S-le saved for  chemistry. 

Sanple saved for  chemistry, s q l e  Y847. 
Repositioned col lect ing t h  fran funel. 
Collection point fo r  b r i m  Located outside 

rm. 
Y O  sulple. 
S-le saved for  chemistry, s q l e  

W2-1.2.3.1.  
sanple saved for chemistry, s q l e  YBTJ. 
Seaple saved for  chemirtry, s q l *  W. 
Hose broken, sane b r i m  leaked to  f l w r .  

Fixed hose, f u n e l  f u l l  of brine. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data throu~h Decembsr 3 1, 1993 

DIVS DAYS W U T  I VE 
LITERS SINCE USED FrO LITERS LITERS 

L D U T I O U  DATE TIME REMOVE0 1/1/85 CALCULATIOU PER DAY COLLECTED REMARKS 

6 0 . u  
60.65 
60.M 
61.W 
61 .U 
61 -66 
61 5 7  
61.81 
61.81 Wuters turned off. 
62.04 
62.19 
62.51 
62.62 
62.87 
63.19 
63.66 
63.79 
64.25 
64.53 
66.n 
65.09 
65.29 
65.51 
65.76 
65.94 
66.41 
66.62 
66.89 
67.13 
67.114 
60.12 
60.38 
60.65 
69.15 
69.41 
69.65 
69.91 
70.26 
70.41 
m.71 
72.29 PmrtimL e v u r u t i m .  
R.41 C d i r u d  w i t h  1.58 L i t e r s  frm 05/14/91. 
73.03 
n . 2 3  
n.ba 
73.73 
73.97 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

DAYS DAYS CUULATIVE 
LITERS SINCE USED FOR LITERS LITERS 

LOWTIW DATE TIYE REMOVE0 l I1/85 ULCULATlOY PER OAT COLLECTED REWXS 

09/02/92 0935 0.49 
Wl09/92 09:32 0.25 
W/17/92 1O:OO 0.22 
09123t92 09:40 0.01 
W130192 10~25 0.01 
101121'92 13:OO 0.05 
101211'92 12:35 Trace 
10128E92 M:40 Trace 
11125E92 10:05 Trace 
01107,r93 09:25 0.12 
02111,193 W:20 0.00 
04/28/63 10:45 0.00 
06116193 09:35 1.02 
08/19,/95 13:U) 

Bucket i s  enpty. 

Hole has returned t o  nonml, r es t r i c t i on  
seem t o  have Corrected i t se l f .  

Did not rnnove trace. 
D id  not remove trace. 
Did not rnnove trace. 

0.50 L i te rs  of  u r i lu .  Last tima 8 q l . d .  

UXOl 111061&C 00:OO UA 0.000 0.000 0.000 0.00 Ram U conpleted. 
A3X01 01114185 00:OO UA 13.000 0.000 0.000 0.00 D a h o l e  d r i l l e d  12120185 t o  1114185. 
UXO1 02105R5 1l:lO UA 35.465 0.000 0.000 0.00 Moist nrt  m t  the bo t tm.  



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

OAYS DAYS CUULATIVE 
LITERS SIYCE USE0 POI LITERS LITElS 

LOCITIOU DATE TIME REWED 1/1/85 CALCULATION PER DAY COLLECTED REMARKS 

UX01 
A3X01 
a x 0 1  
a x 0 1  
A3XO1 

U X O l  

a x 0 1  
U X O l  
a x 0 1  
U X O l  

U X O l  
a 0 1  
U X O l  

U X O l  
a x 0 1  
UXOl 
UXOl 
U X O l  
U X O l  

UX01 
UXOl 
a x 0 1  
a x 0 1  
U X O l  

0 x 0 1  
U X O l  
ASK01 
U X O l  
U X O l  

A3X01 
A301 
U X O l  

ASK01 
ASK01 
ASK01 
A3X01 
ASK01 
13x01 
U X O l  

UXOl 
U X O l  

0 x 0 1  
U X O l  

13x01 
U X O l  
a x 0 1  

0.30 sol. o i l .  F i rs t  ti- co1L.ct.d. 
0.53 Brine and o i l .  

0.79 
0.96 
1.15 VsLwd Leaked, r a  b r i m  draimd bnck don 

hole. 

1.37 
1 .S8 
1-81 
2.01 
2.17 
2.37 
2.57 
2.74 
2.94 
3.15 
3.31 
3.49 
3.67 
3.86 
4.05 
4.22 
4.10 B r i m  effervesces. 
4.61 
4.76 
4.93 
5.13 
5.29 
5.50 
5.67 
5.82 
5.98 
6.15 
6.33 
6.51 R c a n  A3 heater8 t u r d  on 10102185. 
6.67 
6.86 
7.00 
7.16 
7.35 
7.54 
7.65 
7 .  Sarmplc for  chemical arulysis, X10. 
7.96 
8.10 
8.49 
8.60 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS NULATIVE 
LITERS SINCE usm ~ o a  LITERS LITERS 

LOUTIDY DATE T I M  REMOVED 1/1/85 ULNLATIOY PER DAY COLLECTED REHARKS 

a x 0 1  
13x01 
U X O l  

U X O l  
U X O l  

UX01 
ax01  
UXOl 
U X O l  
a x 0 1  
U X O l  
U X O l  
a x 0 1  
43x01 
13x01 
U X O l  
U X O l  

U X O l  

U X O l  
U X O l  
43x01 
U X O l  
A3XO1 
U X O l  

UX01 
ASX01 
ASXO1 
U X O l  

U X O l  
U X O l  

ASXOI 
a x 0 1  
U X O l  
UX01 
U X O l  
ax01  
ax01  
U X O l  

U X O l  
U X O l  

U X O l  
U X O l  

UX01 
UXO1 
A3XOl 
U X O l  

8.70 
8.93 
9.11 
9.38 
9.53 
9.75 
9.89 

10.04 
10.34 
10.50 
10.64 
10.82 
11.00 
11.14 
11.28 
11.43 
11.58 
11.74 
11.89 
12.05 
12.17 S a p l e  for  b r i m  chemistry. #18. 
12.33 
12.49 
12.64 
12.63 
12.97 
13.11 
13.29 
13.45 
13.61 
13.76 Stat ic  Level not measured. 
13.96 S a p l e  # 16. 
14.08 
14.22 
14.10 
14.59 
14.n 
14.85 
15.37 
15.70 
16.58 
17.31 
17.99 
18.54 
19.34 
20.23 CotIected f o r  chemistry, s r p l e s  Y1264, 

U1268. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

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

U X O I  

U X O l  
U X O l  

U X O l  
U X O 1  

U X 0 1  
U X O l  
U X O l  
a x 0 1  
4 3 x 0 1  
U X O l  
U X O l  

U X O 1  
ASXOl 
0 x 0 1  
U X O l  
U X O l  
U X O l  
U X O l  
U X O l  
U X O l  
a x 0 1  
ax01 
U X 0 1  
ASX01 
U X O l  
U X O l  

U X O l  
U X O l  
ASXOl 
U X O l  
U X O l  
U X O l  
U X O I  

c o l l r t d  for c h r i s t y ,  s-La a172 UI. 

Col les td  for chemistry, s r p l e  W O .  

Collect& for c h r i s t r y ,  s r p l *  a297 L 
a m .  
COL1ut.d for c h r i s t r y ,  s-l* M 7  L 
nM. 
snp1.d for SNL/YI( PA. 

C o l l u t d  for chemistry, s.lple LL56 L 
*57. 
Crnot b. -led. Room has b d  hck .  
C o l l u t e d  for  c h r i s t r y ,  s-1. a91 - 
6%. 
Collected for chn is t ry ,  ample Y656 - 659. 
Rwn Locked. 
R o m  lock&. 
Co l lu ted  for  chemistry, s n p l e  U7511 A & 8 .  

S l p l *  saved for  chmistry.  
Instal led c o l l u t i m  &vies.  CoLLution 
point for brine Located outsid. rm. 
Collected for chamistry, smpla #)SO. 
Collested for  chemistry, s u p l e  *MO-1. 
Collected for  chemistry, s q l e  H 7 1 .  
collected for  chmistry,  s n p l o  W .  

Brine probably l e f t  i n  hole. 

Reinstalled rulpler. C d i n e d  with 0.02 
1 i t e rs  f r m  04/24/90 .  Used 0.17 li terx for 

calculation. 
Could not snpl* .  
Smmler nul furct im. 

Replaced s p l e r .  



BiWE SAMPLINl3 AND 6VWATION PlMOIWl UWOIIT 1991-1993 

TABLE A-2 (Continued 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 31, 1993 

DAYS DAYS CUULATIW 
LITERS SINCE USED FOR LITERS LITERS 

LOUTION DATE T I E  REWOYED 1/1/65 CALWLATlOY PER DAI COLLECTED REMARKS 

U X O l  
A3XO1 

m i01  
U X O l  

U X O l  

U X O l  

U X O l  

U X O l  
U X O l  
U X O l  

Am01 
ASXOl 
NXOl 
U X O l  

0 x 0 1  
UXOI 
U X O l  

0x01  
U X O l  

U X O l  

13x01 
UX01 
U X O l  
13x01 
13x01 
13x01 
N X O l  

UXOl 
a x 0 1  
U X O l  
UX01 
A3XOl 
UX01 
U X O l  
0 x 0 1  
ASYO01 
U X O l  

U X O l  
U X O l  

U X O I  
A3XOl 
U X O I  

U X O l  

U X O l  

0 x 0 1  

43.n 
43.86 Ccrnbid with 0.60 l i t e r s  frm 07/17/90. 

Usad 0.69 Liters f o r  cmLcuLatim. 
64.56 
44.80 Ccrnbimd with 0.7 Litmrs frm 07/25/90. 

U s d  0.94 Liters for  calcuLatim. 
45.07 
45.22 
45-22 Hmmttrs tumid off. 

45.38 
45.53 
45.71 
45.w 
45.93 
16.14 
16.29 
16.45 
16.59 
16.75 
16.90 
47.05 
47.35 
47.50 
17.67 
47.85 
46.24 
L8.40 
L8.55 
46.71 
49.07 
49.23 
49.37 
49.63 
49.91 
50.09 
50.35 
50.69 Part ia l  evacuation. 

50.W Ccrnbined with 0.34 l i t e r s  f ran  05/14/91. 
51.30 
51.46 
51.61 
51.76 
51.90 
52.20 
52.35 
52.75 
52.W 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1 993 

DAYS DAYS Q I U L A T I E  
LITERS SINCE USED F O I  LITERS LITERS 

LOCATICU DATE TIME RE*OYED 1/1/85 C A L W U L l l O l  PER DAY COLLECTED REIURKS 

U X O l  
a x 0 1  
UXOl 
UXOl 
U X O l  

UXOl 
UXOl 
U X O l  

U X O l  

13x01 

UXOl 
13x01 
U X O l  
13x01 
UXOl 
UX01 
ASYO1 
UXOl 
U X O l  
UX01 
U X O l  

A3X01 
A3XO1 
43x01 
U X O l  

UX01 
U X O l  

U X O l  
U X O l  

U X O l  

U X O l  
UXO 1 
UXOl 
U X O l  
ASXOI 
UX01 
U X O l  
UXOl 
UXOl 
UXOl 
U X O l  
a x 0 1  
UXOl 
f i x01  

53.12 
53.27 
53.40 
53.62 
53.79 
53.92 
54.40 
54.41 S w  brine m y  haw bnn Lett in hi.. 

Lmt vacun prior to sapling. 
54.47 S w  brine m y  haw bnn l e f t  i n  hole. 

L i m  clospwd. 
55.00 C d i r n d  w i t h  0.01 I l tera  fran 10/31191 and 

0.06 Liters from 11106191. 
55.21 
55.38 
55.51 
55.68 
55.82 
55.97 
56.32 
56.47 
56.61 
56. W 
57.13 
57.28 
57.56 
57.72 
57.86 
58.01 
58.13 
58.29 
58.44 
58.71 
58.m 
59.03 
59.15 
59.40 
59.59 
59.73 
59.85 
59.99 
60.14 
60.28 
60.42 
50.56 
60.81 
61.11 



TABLE A-2 (Continued/ 
BRINE ACCUMULATION DATA TABLE 

Data through Decenlbw 31, 1993 

DAYS DAYS CUlUllVE 
LITERS SINCE USE0 F O I  LITERS LITERS 

LOUTlCU DATE TIRE REMOVED 111185 CALCVLATIOY PER DAY QKLECTEO REMARKS 

U X O l  

U X O l  

UX01 
43x01 
A3XOl 
UXOl 
U X O l  

a x 0 1  
U X O l  
A3XOl 
ax01 
13x01 
U X O l  

U X O l  
U X O l  

U X O l  
ax01  
0x01 
UXOl 
U X O l  

U X O l  

61.26 
61.41 
61.55 
61 .M 
61.93 
62.09 
62.73 
U.69 
62.64 
62.69 
63.05 
63.19 
63.56 
63.71 
64.00 
64.00 NO suction. 
64.00 NO v u w .  
64.15 Par t ia l  evacuation. 
64.28 Cabim u i th  0.15 Liters f ran 03-19-93. 
64.42 
64.76 Last tinm snp1.d. 

8x01 
8x01 

0x01 
BXOl 
8x01 
BXO1 
0x01 
BXOl 
lX01 
0x01 
8x01 
0x01 
0x01 
0x01 
0x01 
8x01 
ex01 
0x01 

0x01 
ex01 
BXOl 

Rwm 8 capleted. 
OanJlola d r i l l e d  1124185 t o  1127185. uet 

core and b r i m  encantered 1/26/85 a t  35 to  

36.5 f-t. 
F i rs t  time coLlutad. 

Rom B heaters t u r d  on 4/23/85. 

F i rs t  chuk i n  srvural woks. 
Br ine  effervesces. 

R o m  tenp.reture W Wrm F a t  collar, 
103 F i n  center of rom. 

collected for chemistry, s q l e  a. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

OAYS DAYS W L A T  IM 
LITERS SINCE USED F011 LITERS LITERS 

LOUTIOY DATE T I M  REMOVED 111185 ULWLATIOY PER DAY COLLECTED REWRKS 

8x01 
BX01 
BXOI 
BXOl 
BY01 
0x01 
ax01 
BXOl 
BX01 
BXOl 
0x01 
8x01 
0x01 
0x01 
BXO1 

BXOl 

0x01 
0x01 

8x01 

0x01 
BY01 

0x01 

BXOl 
0x01 

8x01 
BXDl 
0x01 
EX01 

BXOl 
BXOl 

BXOl 

0x01 
8x01 

8x01 

Collected for chamistry, . r p l e  112. 

R o a n  closed, bad b c k ,  not S r p l l d .  

Roan closed. could not snple.  Yo 

calculation. 
Collected for chemistry, s.lpla 1lWI. 
U201A. #LOLA, UZOIA, 12101 1 1 W .  120lB. 
12046. u207B. L 1210B. 
Cw ld  not m p l c .  R o o n  cloaed. 
Collected for chemistry, s n p l a  U287, Y2M. 
U289. 1290, Y291. Y292 1293 L 1296. 
CoLlected fo r  chemistry. s n p l e  a 7 9  - 
YW. 
S.lpled for SNL PA. 

Collected for  cha is t ry ,  s w l e  W 9  - 
1452. 
Collected for  chemistry, s p l e  6 0 4  - 
XSW. 
Cwld  not snple.  l o o n  locked. 

Heatera i n  Room 6 turmd off  a t  l4:20 m 
1/30/89. 
Collected for  chemistry, r m l e  W 6  - 651. 
Room locked. 
Roan Locked. 
Sap le  saved for  chemistry, maple 1159 - 
761 A L 8. 

Increased tulldrp of sa l t  crust on cap. No 
indication of leakage in to  hole. uaLL8 dry. 
installed col lect ion &vice. C o l l u t i m  

point f o r  br ine located outside heated 

roan. 
SapLe saved fo r  chemistry, s r p l e  WLO. 
s a p l e  saved for  chemistry, s.nple 

X858-1,Z. 
SapLe saved for  chemistry, s q l e  W 9 .  



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through Decembar 31, 1993 

DAYS DAYS Q U U T l M  
LITERS SINCE USEOFOR LITERS LITERS 

LDUTlOl DATE T l l Y  REMOVE0 1/1/85 CALCULATIOY PER DAY COLLECTED REWRXS 

BXOl 

8x01 

0x01 

0x01 

8x01 
BXOl 

BXOl 

BXOl 

BXOl 

8x01 

0x01 
0x01 

BXOl 

0x01 

8x01 
0x01 

BY01 
0x01 

8x01 

8x01 
0x01 

BXOl 
8x01 

BY01 

0x01 

BXOl 

8x01 
BXOl 

0x01 

EX01 

BXOl 

BXOl 

BXOl 

8x01 

0x01 

8x01 

0x01 

BXOl 
0x01 

BXOl 

0x01 

0x01 

0x01 

C a b i d  with 0.71 l i t e r s  f r a  04/17/90 and 
0.65 l i t e r s  f r a t  04/24/90. Used 2.1 l i t e rs  
for calculation. 

Par t ia l  evacmtion. 

C h i n e d  with 0.12 l i t e r s  fran 07/17/90. 

Used 0.59 l i t e rs  for calculation. 

B r i n e  prohbly  Left i n  hole. 
C d i d  with 0.48 l i t e r s  frm 09/25/90. 

Used 0.50 Liters for calculation. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

OAIS DAIS CWLATIVE 
LITERS SINCE USE0 FfM LITERS LITERS 

LOUTIDY DATE TIME REMOVE0 111185 CALCULATIOI PER DAY CDLLECTEO REMARKS 

BXOI 
BY01 
BXOl 

BXOl 
8x01 
0x01 
0x01 
BXOl 
BXOl 
8x01 
BXOl 
0x01 
EX01 
8x01 
8x01 
BXOl 
BX01 
BX01 
BXOl 
BXOl 
BXOl 
8x01 
BXOl 
BY01 
0x01 
8x01 
BXOl 
BXOl 
BXOl 
0x01 
BXOl 
BXOI 
BXOl 
BY01 
BXOl 

BY01 
BXOl 
BXOl 
BXOl 
BXOl 
BXOl 
BXOl 
0x01 
8x01 
8x01 
BXOl 

%.M 
%.a 
95.13 
95.42 
95.62 
%.M 
%.26 
%.P 
W.65 
97.05 
w.22 
97.65 
96.10 Part ia l  wacuation. 
98.71 Cah imd  uith 0.45 l iters trol 0511LI91. 
99.38 
W.58 
W.78 
w.99 

100.19 
100.65 
100.83 
101.26 Part ial  evacuation. 
101.32 C - i m d  ui th 0.43 Liter8 frw 07130/91. 
101.58 
101.76 
101.W 
102.18 
102.57 
102.79 
105.27 
103.79 
104.23 
104.45 
104.67 
104.87 
105.08 
105.31 
105.51 
105.66 
106.11 
106.35 
106.59 
106.79 
107.19 
107.39 
107.60 
1m.00 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

DAYS o 61s CUIU~IE 
LITERS SINCE U K O F O I  LITERS LITERS 

LOCATION DATE TINE REMOVE0 11116S ULWLAllDl PER O N  mLLECTW REWRKS 

108.22 
1m.42 
1m.62 
1M.79 
109.02 
1W.U 
1W.31 Par t ia l  wuwtion. Yo v a c w .  
109.64 Collbind u i th  0.09 l i t e r s  r m  05/06/92 

for  t o t a l  VOIW. 
1w.b5 
110.17 
110.35 
110.71 
llO.W 
111.20 
111.36 
111.56 
111.n 
111.96 
112.17 
112.34 
112.74 
113.11 
113.37 
113.60 
113.77 
113.98 
114.34 
114.39 
114.77 
114.97 
115.12 
115.32 
115.16 
115.66 
115.89 
116.15 
116.40 
116.67 
116.97 
117.69 

118.06 
118.30 tim anpked. 
118.30 col l .ct inq hose p1ugp.d; uub le  to open. 

0 ~ 3 6  11/21/84 0O:OO YA -41.000 112.559 0.000 0.00 Approximte date t h i s  par t  of R o m  G 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS QIULATIM 
LITERS SINCE USED F O I  LITERS LIlERS 

LOCATION DATE TIME REMOVE0 1/1/65 ULCULATlQl PER DAY COLLECTW REIURKS 

O H M  

on36 
DM36 

DM36 
DM36 
O H M  
ow 
OHM 
01136 
OH36 
Dm36 
OHM 
on36 
O H M  

D H M  
OHM 
DlU6 
Dm6 
O H M  

DH36 
on36 
DM36 
Dm6 
OH36 
OH36 
on36 
on36 
DHS6 
01136 
DH36 

OH36 
DH36 
on36 
OH36 
01136 
OH36 
OW36 
DH36 
OH36 
DM36 
OHM 
DHS6 
on= 
O H M  

macavated. 
Dankole d r i l l d  1/26/05. 
M i s t  111~k a t  the bottm. 
About 1 f t .  nuck, b r i m  and hydraulic 
f lu id.  F i r s t  tin b a i l d .  
&rim, met, h w h u l l c  fluid. 
sol. nurk. 
BrSm d mck. 

Brim effervesces. 

Valve leaked. nonc b r i m  draimd back dcm 
hole. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data throuph December 31. 1993 

DAYS DAYS MlLATIVE 
LITERS SINCE USED FOR LITERS LITERS 

LOUTIDY DATE T l l E  RElWMD 111185 ULWLATICU PER DAY COLLECTED R E M K S  

.5D l i t e r s  for  chamical analysis. s ~ p h  

W. 

Entry restr icted since 12/10/85 due to  
mining act iv i t ies.  

Valvo leaked, s n c  b r i m  drained h c k  d m  
hole. 

S w l e  for  b r i m  chemistry, XZL. 

Stat ic level not masurd.  

S m l e  126. 

E r i n  e f f e r v u a  ns i t  i s  poured in to  

beaker. 
Static level not msraursd. 

Par t ia l  evactmtim. YO cmlculstim. 00 not 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

DAYS DAYS eUULATlYE 
LITERS SINCE USED FOR LITERS LITERS 

LOCITlCU DATE TIW REKNU) 1/1/85 WLWLATlOY P€R DAY COLLECTED RE*LRKS 

p lo t  or use zero vetus. 
Calculeted u s i w  8.26 l i t e r s  i n  41.002 d.y. 
(l.R l i t e r s  12/30106 plus 6.54 l i t e r s  
12/31/06). 

s.qle for  c h r .  ClDM, U1MB. U1141, 
a i ~ a ,  u i z i ~ ,  aizim, U ~ A ,  u12n, UIW, 
U l W .  s m  b r i m  Left in hole, no 
calculation. 
Or ie i ru l  i1d.y celculat ion too high dm t o  
resib.1 br ine l e f t  i n  hole. Ruelculeted 
using 7.74 I (7.25 1 6/17/87 plus 0.49 i 
6/18/87). 

Collected for chmistry, s.nple U153 ULil, 
1160 *11, 1163 *u, a158 *U, 1155 AM, 
1167 1LI. 

Collected for chemistry, s r p l e  1199, UZ05, 
1208. & 1211. 

collected for chamistry, s.nple U261. R62. 
X 2 6 3 ,  Y 2 6 4 .  L1265, X266. 1267. 1268. U26V 6 
urn. 
ColLected for  chemistry, s p l e  1567 - 
inn. 
Srp led  for SUL PA. 
Snp1.d for  SUL PA. 

Collected for  chemistry, s p l e  W22 - 
W36. 
S rp led  for  SUL PA. 

S.lpLed for  SUL PA. 

s p l d  for SUL PA. 
Did Mt ample. 
Sl isht  orewe color. 
Collected for chnnistry, n p i e  W37 - 
1539. 
Collected for chemistry, s n p l e  6 7 0  - 
X581. 
s q l e  saved for chmistry,  s p l e  a604 - 
695. 
2.5 Li ters raved fo r  SYL b r i m  study. 
S-le swed fo r  SYLIYM b r i m  study. 
S-le saved fo r  SYLIY* b r i m  study. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data thr-h December 31. 1993 

DAYS DAYS CUULATl VE 
LITERS SINCE USED F(l LITERS LIRRS 

LOUTlCU DATE T I M  REMOVED 111185 CALNLATlOl PER DAY COLLECTED REWRKS 

S q l e  raved for chemistry. 
S q l e  saved for SNLIY* b r i m  study. 

S q l .  s a d  for  SNLINM br ine study. 
S-le s a d  f o r  SNL/YY br ine stcdy. 
S q L e  saved for c h r i s t r y .  
S w l e  saved for chemistry, s n p l e  XPOO. 

1rmtaLL.d 8ql.r. 

8ri1n proiwbly l e f t  in hole. 
C a h i n d  with 0.80 Li ters from 03119190. 
Used 1.37 Li ters fo r  calculation. 

C c d i m d  u i t h  0.86 Li ters from 01127190. 
Used 1.13 Li ters fo r  calculation. 

Repaired rurpler. evacuated hole. 

C d i m d  u i t h  0.41 l i t e r s  f r m  07/17/90. 
Used 1.03 Li ters for calculation. 

F i rs t  e v u w t i o n  since 08/07/90. 

C d i n d  with 11.54 Li ters from 12112/90. 
Brine stored i n  f ru tum nuy have draimd 
in to  hole a f ter  e v a n u t i m  of 11.5 l i t e r s  
on lZI l2IW. Used 140.03 &y.. 15.15 
l i te rs .  



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data throuoh December 3 1. 1993 

DAYS DAYS C W U T  I VE 
LITERS SINCE USED f01 LITERS LITERS 

LDUTIDY DATE TtME REICMO 111185 CALCUUTIOY PER DAY COLLECTED REURKS 

om 
On36 
on36 
D m  

Dn36 

on36 

on% 
on36 
O H M  

D H M  
DH36 
DU36 
OH36 
on36 
o w  
on36 
on36 
DKi6 
Dn36 
on36 
OH36 
on36 
DH56 
OW36 
DM36 
OW36 

on36 
on36 

D H M  

on36 
on36 
OH36 
OW36 
on36 
OH36 
OH36 
on36 
on36 
o w  
om 

Part ia l  w . ~ ~ t i o n .  
Par t ia l  evacuation. F f n t  e v w m t i m  u i t h  
tailer, =ad u i t h  pap. SrpLer 
m l f u r t i o n i n g .  
Cmbimd u i t h  0.02 Llcem frm 05107191 vd 
2.72 L i t e n  fra 03/20/91. Rapired 
s r p k r .  

Part ia l  evacuation. 
Cadr ind u i t h  0.87 l i t e r s  f r a  06110191. 

Par t ia l  evacuation. 
C-imd wlth 0.62 Li ters fran 02115191. 

Par t ia l  evacuation. 
Corhined with 0.59 Li ters from 07117191. 
Par t ia l  evacuation. 
Part ia l  evuuation. 
Par t ia l  evacuation. 
Corhined with 0.60 Ll ters f r cn  07130191. 
0.72 l i t e r s  from 07/31/91. and 0.83 l i t e r s  
f ran 08101191. 

S a m  brine may have been l e f t  i n  hole. 
Corhincd u i t h  0.51 l i t e r s  fran 08108191. 
Used bailer. 
Part ia l  evacuat ion. 
Calbined with 0.55 l i t e r s  f ran 00121191 

S a p l e d  for SNL proioct. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 3 1. 1993 

DAYS DAYS CUIILATIVE 
LITERS SINCE USED FOR LITERS LITERS 

LDUTlON DATE T I E  REWED 1/1/85 ULNLAllDY PER OAY COLLECTEO REURKS 

OH36 06/2519i! 09:a 4.0 2TJZ.392 28.934 0.138 413.93 
OH36 07/29/9i! W:SO 4.17 2766.3% 34.001 0.123 618.10 Sawd for  SYL. 
0 0 6  08/20/9i! M:50 1.00 2788.361) 0.000 0.000 419.10 Pertie1 evecwt im for 8YP mlytiul 

proarm. 
O H M  09/0919i! 1025 4.45 2806.434 42.038 0.150 421.55 C - i m  with 1.0 l i t e r  e-ted m 

00-20-92. 

1311% 11/11/9;2 W:W 8.23 2871.375 62.941 0.151 431 .la 
OH36 02/26/9:5 09:SO 13.85 2978.3% 107.021 0.129 445.65 
D H M  011281'XS 10:20 8.40 3039.431 61.035 0.136 4%. 03 
On36 06/16/95 11:lO 7.75 30M.165 49.0% 0.158 b61.78 Used bai ler .  
OH36 081181Y3 14:OO 8.17 3151.583 63.118 0.129 469.95 Ueed ta i l e r .  
OHM 11/12/93 10:07 11.63 3237.422 85.839 0.135 481.58 U e d  h i l e r .  

Awrox i lv te  date t h i s  part of R w  G 

excavated. 
Oounhole d r i l l e d  1/25/85 t o  1/26/85. 

O Y .  
Yet a t  Dtt(ll. 

B r i m  and f i n  met. 
Br im and f i n  nuck. 

S a m  w k .  

Brim effervescn. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through Decembsr 31, 1993 

DAYS DAYS C U U L l T l V E  
LITERS S I N K  U S E D F O I  LITERS LITERS 

L O U T I D U  DATE TIME R E K M D  1/1/85 CALCULATIDU PER DAY COLLECTED REIURKS 

13.37 
13.76 
14.20 
14.64 
15.08 
15.54 
15.m 
16.47 
16.86 
17.29 
17.81 
18.28 
18.61 
19.03 0.37 liters for chnical uuLys{a, a. 
19.44 
1 Entry rntrictd since 12/l0/85 & to 

mining .ctivities. 
22.67 
23.42 
23.85 
24.22 Lost atbetantfa1 v o l ~  p*. to break in 

suction Line. Brine f l d  b K k  don into 
hole. 

24.67 
25.10 
25.69 
26.27 
26.62 
27.12 
27.59 
27.94 
26.25 
28.66 
29.06 
29.44 
29.M 
30.31 
30.a Smple for brim chemistry, #23. 
31.18 
31.58 
31 .% 
32.39 
32.74 
33.12 
33.51 
33.91 
51.32 



TABLE A-2 (Continued) 
BRINE ACCUMULATlON DATA TABLE 

Data through December 31. 1993 

DAYS DAYS CUUUTIVE 
LITERS SINCE USED FOR LITERS LITERS 

LOUTICU DATE TIME REKMD 1/1/85 CALCULATION PER DAY COLLECTED REUIKS 

Static level mt maswed. 

S-I* X25. 

8 r o n  color, p4l. 5.89. 

S u p l a  rnoved for  chmistry, 11ObA. 
llWA. XlOPB. Sam brim l e f t  in hole, m 
u l s u l a t i m .  

Calculated mino 2.07 L i t w s  (1.91 l i t e r s  
6/17/87 plus 0.16 l i t e r s  6/18/87). 
Collected for  chemistry, s n p h  1106. 
Collectad for  chmistry, I-le a152 W. 

Collected for  chemistry, r u p l e  1730. 

Collected for chmistry, r n p l e  1258, 1259 
L 1260. 
Collected for  chemistry, r n p l e  U363 - 
M6. 
-led for SYL/U( PA. 

s l rp led for SNLlM PA. 

Collected fo r  chmistry, m p l e  a 1 7  - 
u421. 
snpled for SNLIYM PA. 

Collected for chemistry, s u p l e  1533 - 
R36. 
Collected for  chemistry, s u p l a  R82 - 
R W .  
S p l c  saved fo r  chmistry, smple U696 - 
701. 

Snple  saved fo r  chemistry. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS CUUurlYE 
LITERS SIYCE USW FQ LITERS LITERS 

LDC~T~OY DATE TIRE REMOVED 1/1/05 CALCULATION PER DAY COLLECTED REIVIRKS 

S w l e  savad for  chemistry. 
S l l p le  saved for cheaistry. s.lple m. 

I m t a l l e d  s r g l a r .  
nole not colpletely w a ~ t d .  
C d i n d  u i t h  0.61 l i t e r s  from 03/19/90. 
O.d 1.18 l i t e r s  fo r  cnlculation. 

C D l k i n d  u i t h  0.50 Li ters f r m  07/17/90. 
Used 0.70 Li ters for calculation. 

Somc b r i m  m y  have been Left i n  hole. 
Accns hid 6. t o  umowd k t .  Sl lp ler  
s t i l l  f v r t i o n i m  af ter  5 nmtha. Rock 
bo l t ing i n  "G 

C d i n e d  u i  th 5.55 l i ters f run 03/07/91. 

F i r s t  evacwtion u i t h  boiler, s u m d  u i th  
pnp. Brine p robb ly  draining f m  
fractur~slstorage. 

Par t ia l  evacwtim. 
C d i m d  u i t h  0.40 l i t e r s  f run 01/10/91. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through Decernbar 31. 1993 

DAYS DAYS C U U U T l V E  
LITERS SINCE USED FOI LITERS LIrEIS 

L O U T l O l  DATE TIME REI*WED 111185 U L W L A T l O Y  PER DAY COLLECTED REMARKS 

Sema b r i m  m y  have bam Left i n  hole. 
Hose broka, Lost vasur. 
Cfmbimd uith 0.16 l i ters  f r m  10123191. 

S m a  brine m y  have bam Left in  hole. 
V . C W  g m .  

P a r t i d  evacrwtim, ram b r i m  l e f t  in  
hole. 
C - i r e  uith 0.45 Liters raDwd 0S106/92 
for t o t d  VOLM. 



TABLE A - 2  (Continued) 
BRINE ACCUMULATION D A T A  TABLE 

Data throu~h December 31, 1993 

DAYS DAYS CUILATIVE 
LITERS SINE WED fQ LITERS LITERS 

LOCATION DATE TlW RE- 1/7/85 ULCUUTIOY PER DAY CULLECTED REIUIKS 

Part ial  evacuation. 
Used bai ler .  C a b i m  with 0.22 l i t e rs  fran 

a(-28-93. 
Part ial  evacuation. Unable to  swpl*  since 
06-16-93. 
Part ial  evacuation. 
t-in ui th  0.28 t i t e rs  frw 08-18-93 md 

2.10 l i t e r s  f r a  06-19-93. 
Used bai ler .  

DM0 12113r'04 00:OO WA 0.000 0.000 0.000 0.00 Approaiute date th is  part  of Roam G 

crc.v.ted. 
DM40 01125,lS 0D:OO YA 24.000 43.000 0 . a  0.00 Dnnrhole d r i l l ed  1/24/85 to 1/25/85. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 31, 1993 

DAYS DAYS CUUUTlVE 
LITERS SINCE USEDFOR LITERS LITERS 

LOUTlOY DATE T I E  R E m D  111185 CALEULATlOl PER DAY WLLECTEO REMARKS 

D llM 
DM40 

01140 

DM40 
on40 

DM40 

DH40 

Dnbo 

DM40 
DYO 
on40 
on4o 

on40 

DM40 
DM40 

DM40 
DM40 

Dnbo 

01140 

on40 

DM40 
01140 
Dnto 

01140 

onto 
DM40 

01140 

DHLO 

01140 

DM40 

01140 

01140 

01140 

Dnio 

01140 

01140 

01140 

DM40 

01140 

Dwo 

DW40 

DM40 

Dn6o 

DM40 

Dm40 

DM0 

DW. 
m i s t  a t  bortm. 

Moist nusk. 
Waist r r k .  
Brlne, n r k ,  nd o i l .  
O r i n  and r r k .  
ml s m t k i n p  .pa#y i n  botton of hole. 

Salt muck i n  hote. 

Entry restricted since 12/10/85 & to 
mining act ivi t ies.  



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS MUUTlVE 
LITERS SINCE U S E D F a  LITERS LITERS 

LOCATlQl DATE TIW REMOVED 111185 CALLNATIO( PER DAY UKLECTED REMARKS 

OM0 
Dwo 
DM0 
DM40 
DM0 
DWO 
DWO 
DM40 
OM0 
DHlD 

OH40 
DHCO 
OH40 
DM40 
on40 
on40 
OM0 
DM0 
OW0 
DM40 
DHLD 
DM0 
DWO 
DM40 
OH40 
01140 
DM40 
DM0 
DM40 

DM40 
ow0 
DM40 
DM40 
D w o  
OH40 
D w o  
D W 

~ n c o  
DWO 
onu, 
D Y O  
D w o  
DM40 
on40 

10:05 00.34 623.420 
1 i :m 0.27 6 n . m  
12:W 00.25 728.500 
13:W 00.13 763.542 
10:55 0.09 794.455 
11:m 0.10 818.462 
i2 :w 0.19 m . 5 ~  
10:Z 0.16 973.434 
11:30 0.55 1133.479 
11:25 0.14 1183.476 
11:40 0.20 1227.486 
W:4O 0.15 1266.361 
10:25 0.21 1365.434 
W:45 0.12 1442.406 
10:35 Trace 1534.441 
W:50 0.27 1556.410 
09:20 0.09 1570.389 
10:W 0.30 1597.417 
09:55 0.12 1617.413 
10:25 Trace 1640.434 
10:18 0.07 1666.429 
09:49 0.06 161111.409 
W:lO Trace 1715.382 
10:25 0.20 1807.434 
W:50 0.08 1835.410 
09:lO 0.50 1809.382 
13:30 MA 1897.563 
11:25 0.09 1903.476 
10:25 0.02 1905.431 

Old not co l lec t  for aamral months. 

Very d i r ty ,  @I 6.00. 

Collectad for chemistry, s r p l c  1257. 
Collectad for  chemistry, nZ6. 
S.g lcd fo r  SNL/Y( PA. 

Collacted for chemistry. e n p l e  1532. 

No ample. Trace of b r i m  fowd. 

Trace of b r i m  f w d .  

Trace o f  f l u i d  in hole. 

Instal led sap ler .  

Brine p robb ly  Left i n  hole. 

C a t b i r d  u i t h  0.09 Li ters f r m  03/19/90. 
U s d  0.11 Li ters for calculation. 

Some b r i m  m y  have been Left i n  hole. 

F i r s t  evacwcim with Lmiler, second u i th  

m. 
C a t b i r d  u i t h  0.72 Li ters f r m  03/20191. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 31, 1993 

DAYS DAYS C U l U T I V E  
LITERS SINCE USED FQ LITERS LITERS 

L.OUTIO( DATE TIME R ~ D  1/1/85 CALNLATIOT PER OAY COLLECTED REMARKS 



BIUNE SAL(PZM(1 AND E V N A n O N  IIEPOKT 1992-199l 

TABLE A-2 (Continued) 
BRINE ACCUMULATION D A T A  TABLE 

Data through December 31, 1993 

DAYS DAYS CUULATIVE 
LITERS SINCE USED F O I  LlTElS LITERS 

L O U T l D U  DATE T I M  REMOVED 1/1/85 ULWLATlOl PER DAY COLLECTED REMRKS 

Approxinute date t h i s  p.rr of R- G 

*xuv.tad. 
Dowhola dr i l lad .  

moist wuck a t  the bottm.  
F i r a t  time collected. 

Valve leaked, sane b r i m  drained b m k  d a n  
hole. 

Significant v o l ~  of b r i m  d r a i n d  b c k  
darn hole. 

B r i m  effewescer. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

DAYS DAYS CUULATlVE 
L l l E R S  SINCE USED FOI LITERS LITERS 

ILOUTlON DATE T I=  RE- 111185 C A L W U T l O l  PER DAY tOLLECTED REIURKS 

8.06 
8.27 
8.55 
8.79 
9.03 
9.26 
9.49 
9.75 
9.99 

10.21 
10.47 
10.73 
10.89 
11.09 S-le for c h r i s t y  u u l y s i s ,  #2. 
11.31 
12.63 Entry m t r i c t d  since 12110185 du t o  

mining ac t iv i t ies .  

12.93 
13.31 
13.53 
13.84 
14.01 
14.22 
14.61 
14.81 
15.01 
15.25 
15.46 
15.63 
15 .a  
16.02 
16.22 
16.42 
16.62 
16.77 
16.99 Snple fo r  brine chemistry, #22. 
17.17 
17.37 
17.57 
17.87 
18.03 
18.23 
18.45 
18.65 
18.5 
19.03 Stat ic  Level not memsud. 

19.28 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAIS DAIS C U U U T I M  
LITERS SINCE USEDFOI LITERS LITERS 

LDUTICU DATE TIME REMOVE0 111185 CALNLATICU PER OAI CDLLECTEO RDURKS 

on42 
OH42 
on42 
DMZ 
DMZ 
OH42 
OW2 
on42 
OM2 
OH42 
DM42 
DH42 
OM2 
DH42 

01142 

o w 2  
OH42 
OM2 
on42 
on42 
OH42 

OH42 

OH42 
oncz 
D I(W 

on42 
OH42 

o w 2  

OW2 

on42 
OM2 
OW42 
on62 
OM2 
OW42 
DMZ 
o w 2  
o w 2  

0.50 I i t w s  for  smple, pl 5.91. 

B r i m  .fferwscn. 
S w l n  r d  fo r  chn is t r y ,  11121, 
1112B. Wood f r a g n n t ~  i n  hole. S o n  b r i m  
Left i n  hole, no calculation. 
Calculated usinn 1.01 l i t e r s  (0.91 l i t e r s  
6/17/87 plus 0.10 l i t e r s  611V87). 

Collected for chn isr ry ,  s.rple 1151 AlB. 

Collected for  c h n i s t w ,  s v p l e  1229. 

Collected for chamistry, s n p l e  1255 L 
1256. 

Collected for chemistry. s u p i e  n 2 3  - 
n 2 5 .  
Surpled fo r  SWLIYM PA. 

Snpled for SNLINM PA. 

Collected for chemistry, s n p l e  K l 5  L 
U416. 
Surpled fo r  SNLINM PA. 

Collected for chemistry, s m l e  US30 L 
6 3 1 .  
Collected for  chemistry. s r p l e  W28 - 
m1. 
sanple saved for chemistry, s r p l c  1722 - 
R4. 

Svp le  saved fo r  chemistry. 

Snp ie  r m v t d  fo r  SYL b r i m  st*. 

Snp le  saved fo r  chemistry. 

Sanplc saved for chemistry, s n p l e  LdPO. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 31, 1993 

DAYS DAYS EUUUTIVE 
LITERS SIYCE USED FOR LITERS LITERS 

LOUTI~I DATE TIN REKMD illla CALWLATI~I PER OAY COLLECTED REMARKS 

OH42 
DMZ 
DW2 
01142 
DH42 
DM2 
DH42 
on42 

OM2 
DM42 
OU42 
11W2 
u n a  
UH42 
DM42 
unrz 
OH42 
IJWZ 
OH42 
lDnu 
DW2 
on42 
DW2 
Dm62 
DH42 

DM42 
Dm42 

DWZ 
01142 
DH42 
o w  
on62 
DH42 
OW2 
DH42 
Dnbz 
DH42 
DH42 
DW2 
DM42 
on62 
D U U  
DH42 
DM42 

I m t a l l d  r q l e r .  
ariru pro(wbly Left i n  hole. 
C - i n d  with 0.06 Liters frm 03/19/90. 
U a d  0.11 l i t e r s  for calculation. 

S a m  brine m y  have km l e f t  i n  hole. 
Srrpler s t i l l  fvr t ion inp.  

Par t ia l  evacuation. 
C a b i n c d  wi th  3.02 l i t e r a  f r a  03/28/91 and 

0.90 ( i t e r r  fran 04/10/91. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS CUUUTIVE 
LITERS SINCE USED P O I  LITERS LITERS 

LOC*TIOY DATE Tl*E REIIOVEO 1/1/85 ULWUTIOY PER DAY COLLECTED REMARKS 

56.38 
56.54 
56.R 
56.87 
57.02 
57.28 
57-44 
57.r 
57.87 
58.01 
58.14 
58.26 
58.36 
58.49 
58.59 
58.90 
59.01 
59.17 
59.34 
59.64 
59.70 
59.87 
60.10 
60.23 
60.62 
60.75 
60.84 
60.99 
61.12 
61.18 Mole exmined, m b r i m  le f t  i n  hole. 

61.37 
61.63 
61.75 
61.97 
62.06 
62.23 
62.32 
62.64 
62.56 
62.68 
62.82 
62.92 
63.15 
63.38 
63.54 
63.62 
63.74 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1393 

DAYS DAYS MULATIVE 
LITERS SINCE USED FOR LITERS LITERS 

LOUTIDY DATE TIME REWVED 1/1/85 CALWLATIOI PER DAY COLLECTED REIURKS 

63.84 
63.94 -?. 

64.22 
64.35 
64.55 
64.65 
64.75 
65.02 
65.17 
65.24 
65.46 
65.55 
65.57 
65-70 
65.96 
65.96 
66.01 
66.23 
66.46 
66.62 
66.97 Part ia l  e v u w t i m .  U n b l c  t o  s.aple since 

06-16-93. 
67.32 C d i n e  u i t h  0.35 l i t e r s  from 08-18-93. 
67.66 Part ia l  evacuation. 
68.31 Used bni lcr .  colhim with 0.54 Liters frm 

11-W-93. 

Awroximte date t h i s  pnrt of Roan G 

exc.V.ted. 
Dourhole d r i l l e d  ( r e - d r i l l  of OH42) t o  
recover core f ran 20 t o  40 f t .  

Brim i n  hole. 
F i rs t  time coLLected. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1883 

DAYS DAYS C U I U T I V E  
LITERS SINCE USED F a  LITERS LITERS 

LOCATION DATE T I=  REMOVED 111185 CALCULATION PER OAT COLLECTU) R E k U K S  

18.59 
19.M 
21.16 
22.19 
23.38 
24.56 
25.72 
26.84 
27.W Gas e f f r r v n c i n g  frm -1.. 
29.07 Wine e f f m c e m .  

30.30 
31.24 
32.29 
33.40 
34.32 
35.49 
36.48 
37.31 
38.25 
39.17 
40.10 
41.06 
41.87 
42.89 
43.64 
46.50 
45.53 
46.47 
47.08 
47.86 S n p l e  f o r  c h e m i s t r y  m 1 y . i ~ .  X1. 
4 .72 
53.85 E n t r y  r e s t r i c t e d  s i n c e  12110185 &a t o  

m i n i n g  m c t i v i t i a .  
51.77 
56.13 
56.93 
57.83 
58.53 
59.26 
60.65 
61.45 
62.W 
61.97 
63.64 
64.40 
64.95 
65.68 



TABLE A-2 (Continued) 
BRINE ACCUMULATlON DATA TABLE 

Data throuoh December 31, 1993 

OATS DAIS CUUUTlVE 
LITERS SINCE USED FOI LITERS LITERS 

LOUTIW DATE TIME REI*MO 111185 CALQlLATIW PER O A I  COCLECTED REIURKS 

s n p l c  for  b r i m  ch-isrtry, U21. 

Static level mt measured. 
Vmlv* broke o f f  end Left i n  hole after 
c o I L u t i w  most of br im.  SOI b r i m  l e f t  
i n  hole. 
btta cb.tructed by o b j w t  i n  hole. 
s-1. Y23. 

0.99 l i t e r s  for  ample, pH 5.86. 

Smples removed for chn is t r y .  XllJA, 
X113B. Y115A. X115B. Ull(YI, Xl108. 
Approximately 0.01 L i ter  spil led. S a  

brim l e f t  i n  hole, no calculation. 
Calculated using 3.05 l i t e r s  (2.94 l i t e r s  
frm6/17/87 plus 0.11 I l m r s  f r w  
6/18/87). 

Collected for chsnistry, s n p l e  XI54 I L B  

wd Smple XISO A M .  S n p l n  effervesce. 

Collected for  cha is t ry ,  a n p l e  UZUl L 
urn. 

collected for  chmistry, s-lc U250, UZ51, 



BlDNe SMLPLMl3 AND EVALUA'IION PlMOllAM REPORT 1992.1993 

TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data throuph December 31, 1993 

DAYS DAYS CUI(LAT1YE 
LITERS SINCE USE0 FOR LITERS LITERS 

LOClTlCU DATE T l l Y  REPOKO 1/1/85 CALWUTIOI PER DAY COLLECTED REWKS 

X252. Y253, L W 4 .  
Collectad for  chemistry. ample iU16 - 
nzz.  
S r p l a d  for SWLIYM PA. 
Snp lad for SYL/M PA. 
C o l l u t d  fo r  cha is t ry ,  -18 a 0 7  - 
y14. 

S r p l d  fo r  SNLIUI PA. 

Collected for  cha is t r y ,  swp le  *528 k 
529. 
Collected for chanistry, S U Q ~  M18 - 
w 7 .  
Swpla saved for  chemiatry. a r p t e  #714 - 
R1. 

S-le s a v d  f o r  chn ia t r y .  

S q l e  saved for  SYLlYM b r i m  study. 
S n p l a  saved for SWL/YY kin study. 
s q l e  savmd f o r  chemistry. 
S n p l e  saved f o r  chemistry, W 7 .  

Ins ta l led  swpler.  
Par t ia l  evacwt im. 
Cafbined u i t h  0.51 l i t e r s  frm 03/19/90. 
used 0.79 l i t e r s  fo r  cmlculatim. 

Pa r t i a l  ev8crutim. 



TABLE A-2 (Continued) 
BRINE ACCUMULATJON DATA TABLE 

Data through December 31. 1993 

DAYS DAYS CUCILATIVE 
LITERS SINCE WED FOR LITERS LITERS 

L O U T l W  DATE TIME REKWED 111185 CALCULATIDY PER DAY ULLECTEO R D U l L S  

Cabinad with 0.56 L i t e n  f r a  07117190. 
Usad 1.04 Litm for celculetim. 

O a r  brim my h m  brm lef t  i n  hole. 
Part ial  wuutim. 
Wind with 18.89 l i t e re  f r a  O3128/91 
mi 0.89 L i tws frol 04110/91. 

Pertiel wscwt im.  
Pertis1 evmcwtim. 
C a h i n d  with 0.58 Liters f r a  07/17 end 
0.11 Liters from 07/18/91. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS CUUUTlVE 
LITERS SINCE USED FQ m e n s  LITERS 

LOC*TIW DATE TI= REMNED 111185 CALWUTIO~ PER DAY  COLLECT^ REMRKS 

DH4U 
D M U  
DH4U 
on424 

OW24 
OW24 
OH424 
DH4U 
DW2A 
on424 
DH4U 

rwul 

DHLU 
011424 
DWU 
D w z n  
D H ~ U  

D n m  
DM24 
DHLU 
DH4Z4 
DM421 
DH4U 
DH4U 
OM4U 
D M U  

DW2A 
DH624 
OH424 
O H l U  

DH4ZA 
OH42A 
o n m  
DMCZ4 
DM24 
OH424 
0 YU 
DM24 
D M U  
OH42A 
DM424 
DM424 
DH42A 
DMZ4 
O M Z A  

213.21 
213.58 
213.98 
214.46 
214.93 
215.06 
215.51 
215.91 
216.39 
216.83 
217.28 P a r t i d  w8crut im. s m  b r i m  Left i n  

hole. 
217.35 C a h i m  u i th  0.45 l i t e r s  rmmvad 05/06/92 

for  total  votum. 

217.75 
218.18 
218.53 
218.97 
219.26 
219.72 
220.30 
220.74 
221.14 
221.60 
222.00 
222.49 
223.16 
223.75 
226.13 
226.41 
226.114 
227.33 
227.67 
228.36 
229.02 
229.92 
230.22 
230.61 
231.26 
231.72 
232.27 
232.W 
233.71 
234.34 
235.59 
236.26 
236.69 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 31. 1993 

011s DAYS CUUUTIVE 
LITERS SINCE USED FOI LITERS LITERS 

LDUTlOY DATE TI= RE- 111105 CALCUUTIDY PER DLY COLLECTED REIWKS 

U s d  bailer, hole l e f t  dry. 
U s d  hi Ler. 
Part ia l  e v u w t i m .  W l e  to  s p l e  since 
06-16-93. 
C h i n  u i t h  3.25 l i t e r s  f r m  M-98-93. 
Partiah mmcumtion. 
UHd b l i l e r .  C o l b i n  with 0.38 L i ter  f r a  
11-09-93. 

D r i f t  oxcavstd a t  sl9501E1320. 
0anhol. sonpletd. 
F i rs t  time srrpled. 

Bailer stuck i n  hole. Hole .pp.ars offset 
or blocked a t  45 f n t .  Thare be a rock 
b o l t  or piece of rod i n  tha hole. 
Horizmtel p i l o t  hole fo r  Room 7 of the 
first Uaste S t o r m  P n u l  started j imt 
m r t h  of t h i s  locatim. d r i l l e d  with b r i m .  
Hole m t i r e l y  f i l l e d  u i t h  b r i m  frm 
d r i l l i n g  the p i l o t  /gas release hole for 
the Last roan of the f i r s t  -1. 
Removed 17.5 l i t e r s  of b r i m  f r a  hole, 
mmtly d r i l l i w  f lu id.  
O r i l l i n g  b r i m  removed f r a  hole. Par t ia l  
evacuation, b r i m  Left i n  hole. 
B r i m  fra the 41s slnp spread i n  P m l  1 
to  assist i n  the reconr t i t u t im  of Lmse 
141~k m the floor. 
Brim f r m  the AIS surp spread i n  Pam1 1 
t o  assist i n  the r u c n s t i t u t i m  of l w s e  
n r k  M the floor. 
Approxirate date the s a l t  wck  stockpile 
W S  placed a t  the e U t  .nd of  S1950, 
covering the co l la r  of t h i s  hole. 
Muck p i l ed  over hole, could not collect. 
Collected for cheniatry. s p l e  W92 - 
Y97. Used R.25 Liters for cs l cu la t im  
(15.0 on 7/29 + 57.25 m 8/19). 
Depth of uster 20.8 f u t  h e l m  floor. 
Bo t tm of hole a t  44.3 feet. 5.7 fut of 
sa l t  m botton of hole. 
Not f u l l y  evacwted. O m ' t  use for  
calculat im. Snpled fo r  bacteriology. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through Decemhr 31, 1993 

DAYS DAYS CUULATlVE 
LITERS SINCE USED F 0 1  LITERS LITERS 

LDUTIW DATE T I E  RElDVED 1/1/85 CALWLATIW PER DAY COLLECTED REMARKS 

Hole e v u m t e d  t o  44.2' 1 m L .  Chmistry 
s r p l a  XL9E - 6 0 5 .  
SQ. w i s t u r e  could haw m t a r d  hole &m 

t o  -tar s p r e d  for dust c m t r o l  
Ewsua td  t o  43.75 f w t  lebwl. Cbtrwtia 

m a r  b o t t m  of hole p r w m t s  addi t iorul  
w u u s t i m .  
C o l l u t d  for c h r i s t v ,  s r p l a  MI6 - 
-17. Mot f u l l y  av .nutd .  s a  b r i m  l e f t  
i n  hole. 
U s d  49.6 l l t e r s  for calculation (6.0 on 
12113 43.6 on 12/29). 

Co.pl* t .  avacrYtim t o  43.3 f t .  1W.L. 
S t r w  odor of d i n e 1  f r a  hole ud b i l m r .  
Vo lun  removed includes 2.5 g a l l a  of 
b r i m  introdused t o  hole by lntera. 
Hole opn t o  44.2 f a t .  
Su$de removed f r a  .bDvr p u k w .  
~ w a l  nasured a t  33.1 fnt. 
L m l  of b r i m  a t  27.2 f n t .  
Hole bottom w a s u r d  a t  44.3 feet. 
Fluid level a t  44.6 feet. 
Fluid measured a t  39.8 fnt. Hole mt 
evacuated. 
Weawred hole f l u i d  Level a t  37.6 few. 
s n p l e  saved for  lntera b r i m  study. Hole 
p.*xd t o  f l u i d  level o f  41.1 feet. 
s.rpla nor obtainad. F lu id  Lml at  36.5 
f n t .  
O ( I a r 4  f l u i d  1 . ~ 1  a t  35.4 f n t .  Not 
snpled. 
Part ia l  c o l l e c t i m  for chnniatry. 
s n p l e  saved for Intern b r i m  study. 
Saple  caved for lntera br ine study. 
Saple  saved for chnnistry and for Intern 
b r i m  study, s n p l e  S-01. 
Hole not conpletely evacuated. 
Hole not conpletely evacruted. 
Hole not sulpled. uater l e w l  a t  36.0 feet. 
2 t i t e r s  for BSEP, .25 l i t e r s  for SUL/NM. 
Part ia l  e v u w t i m .  Cmbined with 4.0 

l i t e r s  GI221  and 7.0 l i t e r s  <3/26). 
Part i a l  evacwticn. 
Hole not snpled. water level a t  34.2 feet. 
Canbind with 2.25 Liters f r o l  10/05/W. 
U s d  42.95 l i t e r s  fo r  calculation. 
Part ia l  evecmtim. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

M I S  DAYS MULATlVE 
LITERS SINCE USED FOI LITERS LITERS 

LOUTION DATE TIME REWMO 111185 CALWUlIW PER DAY CQLLECTW REIURKS 

Part ia l  evacImtion. R . I D 1 . d  fo r  SNLINM 
st*. 
C d i n d  with 2.0 l i t w s  fror 02120/91 d 
12.72 Li ters frm 03111191. S q l e  g i w n  
t o  IYTEIA. 
Part ia l  wacrut im. 
Collected over tw u n k  period. 

C d i n d  with 2.0 I f t a r s  fro. 071 t lN l  ud 
0.06 l i t e r s  frm 09118191. 
S e w  fo r  BSEP. 
Par t la l  encumtion for  8SEP . ru ly t ica l  
p roe r r .  

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 
GSEEP 

GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 

GSEEP 

GSEEP 
GSEEP 
GSEEP 
SEEP 
GSEEP 
GSEEP 
GJEEP 
GSEEP 
GSEEP 

ApProxinYte date th i s  prt of R a a  G 

excavated. 
Noticed dUp area on f loor a t  t h i s  
location. 
0- a r u  on f l oo r  rmr s. r i bawrox .  
Ell40 (45 ft. E. of OW35) ud at  €1149. 
Crusted m i s t  a r u  i s  about 4'x 4 1 ,  has 
i n s r w s d  mticambly in size ovar the last 
two month.. 
0- area covers 16 ft. E-U, 13 f t .  W-s 
across width of Roam 6. Iny mp on 
Lanr 3 f t .  of S. r ib.  B r i m  i s  seeping 
wt of  a i r  p i p  support hole. 
F i r s t  the collection. Ow wt salt. 
Part ia l  r w a l .  Collected 0.05 Liters for 
chamisty a n 1 y . i ~  X5. 

Salt i n  pool. 

~ m p e d  tuica. 

Par t ia l  remvel. No pnp, scc-apd with 
baker. 

Collected th rc t  ti*. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS OAYS C U U U T l V E  

LITERS S I N E  USED FOR LITERS LITERS 

LOCATION DATE 11- REllOMO 111185 CALCULATION PER DAY COLLECTED REWRKS 

GSEEP 

GSEEP 

GSEEP 
GSEEP 

GSEEP 

GSEEP 
GSEEP 

GSEEP 

GSEEP 

GSEEP 

WEEP 

ICSEEP 

ClSEEP 

CSEEP 

GSEEP 

GSEEP 

CSEEP 
GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

CSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

CSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 
GSEEP 

GSEEP 

GSEEP 

GSEEP 
GSEEP 

S n p l e  fo r  b r i m  chmistry,  R O .  

Very h u i d  a i r  i n  uorkings. 

Very h u i d  Last m k ,  r a i n  m surface. 

Last uwk has been h m i d  nd rainy. 

Par t ia l  coILection. 
S m o n d  collccticm fo r  th i s  day. Use (3.80 
+ 1.8711(6.931 + 0.175) = 0.798 Ilday. 

F i r s t  t i ne  3.74 l i t e rs ,  second tin 0.70 

1 i tws .  

Collected fo r  chemistry. m p l e  1164 ALE, 

a166 ALE, a169 I & B ,  a165 AM. 11M N. 

srnp d r i l l e d  to  f a c i l i t a t e  a c c w l a t i m  of 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1983 

DAYS DAYS Q U U T l M  

LITERS SlYCE USED FOR LITERS LITERS 

LOUTION DATE TIME RE*OYED 1/1/05 CALCULATlON PER M Y  COLLECTED REMARKS 

WEEP 
GSEEP 

GSEEP 
GSEEP 

GSEEP 
GSEEP 

GSEEP 
GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 

WEEP 

GSEEP 

WEEP 

GSEEP 

GSEEP 

GS EEP 

GSEEP 

GSEEP 

GSEEP 

GSEEP 
GSEEP 
GSEEP 

GSEEP 

b r im .  

Collected for c h r i s t y ,  r.nple ROZ, U219 

L u251. 
Collected for chemistry. s.lple U239. 

Collected for chemistry, . r p l e  a 2 7  - 
m37. 

Snpled for  SWLlYM PA. 

Suplad for SWLIYM PA. 
Rm0v.d for  SWLIYM PA. 

Snpled for  SYL/W* PA. 

Snpled for SWLIUM PA. 

Collected for chemistry, s n p l e  #437 - 
1448. 
Snpled for SNLIWM PA. 

Smpled for SNLINM PA. 

Hole covered with ti*( f i t t i n g  bra t t ice  

cloth. snp led fo r  SULlNM PA. 
Snpled for  SYLIWM PA. 

Collected for chemistry, s n p l e  6 4 5  - 
1556. 

Smell of urine i n  s n p l e  and caning f r m  

hole. 
CoLlected for chemistry, s n p l e  W64 - 
#69. Snple effervesces and b r i m  feels 

Wrmer than uxrul. 

Snp le  s a d  for  S W Y *  briim study. 

S-LC saved fo r  SYLIYM b r i m  study. 

Par t ia l  collection for Y.stin#hoU.a. 

Snple  saved for chemistry, s q L a  2672 - 
683. A M  3.9 L i tem collected 3/01/90 to  

19.57 l i t e r s  Use 23.47 l i t e r s  fo r  



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 31. 1993 

DAYS DAYS CUUUTlVE 
LITERS SINCE USE0 FOR LITERS LITERS 

LUXTlOY DATE TIME REMOVED 111185 CALNLATIOY PER DAY COLLECTED RLIURKS 

GSEEP 

GSEEP 
GSEEP 
GSEEP 

GSEEP 
GSEEP 
WEEP 
WEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 

GSEEP 
GSEEP 
GSEEP 
CSEEP 
GSEEP 
GSEEP 
GSEEP 
GSEEP 
SEEP 
GSEEP 
SEEP 

GSEEP 

GSEEP 
GSEEP 

GSEEP 
GSEEP 

GSEEP 

GSEEP 
GSEEP 
GSEEP 

GSEEP 
GSEEP 
SEEP 
GSEEP 
GSEEP 

calculation. 
16 l i t e n  o f  sunpla saved for W L l Y  b r i m  
st*. 
S m l e  saved for SYL/Y* brim study. 
S r p l a  s a v d  for SwLlw~ brim study. 
S q l e  ~ v e d  for c h i s t r y .  Extra -wed for  
SULM brim study. 
S m l e  saved f w  SULlY b r i m  study. 
-1. saved for SYLIW brim study. 
S m l e  s m d  for WL/Y  brim study. 
S r p l e  saved for SYLlY brim study. 
S m l e  sawed for shamistry. 
Sap la  savrd for  SYLIYY b r i m  study. 
S q l e  saved for  SWL/Yn brim study. 
Saple  s a v d  for SWLIYY b r i m  study, s r p l e  
#a%. 

PartiaL removal. F i rs t  time s.opled since 

07/25/90. 
Cubinad u i t h  2.0 l i t e r s  from 12111190. 
Vsrd 51.89 l i t e r s  for calculation. 
Could not sapLe. 
E m b i d  with 2.0 Ll ters f ron 121 l l lW and 
49.89 Ll ters f ran 12113/9O. 

Ramved out of cycle for SYLIYM biology 
st*. 
Par t ia l  evacmtim. F i rs t  evacuation u i th  
b i l e r ,  s u r d  u i t h  pnp. 
C - i d  u i t h  2.02 Li ters f r m  03120191. 

Part ia l  evacuatim. 
Cmbimd u i t h  2.25 Li ters f r m  07111191. 

Sole br ine m y  have b e m  Left i n  hole. 
C d i d  with 2 Ll ters f r m  10123191. 



TABLE A 9  (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

OATS OATS W L A T  I M 

LITERS SINCE USE0 F 0 1  LITERS LITERS 

LOUTlGU DATE TJNE REMOWED 1/1/85 CALNLATIOY PER OAT CDLLECTED REMARKS 

CSEEP 

CSEEP 

CSEEP 

CSEEP 

GSEEP 

CSEEP 
GSEEP 
GSEEP 

GSEEP 

GSEEP 

CSEEP 

GSEEP 

GSEEP 

Par t ia l  rmv .1  for SNLIY*. 

SNLINM supl ing.  

Saved for SYLINM. 

Saved for BSEP. 

Sawd for SNLIY* C h d s t r y .  
S.wd for SNLIW. 

Par t ia l  w a e r u t l m  for BSEP uu lyc i ca l  

p r w r a .  

Saved for  SYLIYM o r i n  Study. CLeurd hole 

o f  a c c w l a t e d  s a l t  builw: renowd a l l  
loose m t e r i a l .  Pup .d  hoia dry. 
Savd fo r  SNLINM Chmistry. 

Approximated date t h i s  p.rt of d r i f t  
Wxcavatd. 

no r i za tw l  hole d r i l l e d  5/28/89 t o  3/29/89. 

Hole d r i l l e d  with brine. Fluweacim added 
t o  d r i l l i n g  f lu id.  

NW hole. Instal led col lect ion device. 
Hole dry. 

Oevice Left with 50 c e n t i b r s  suction. 

Oevice l e f t  with 50 cmtibars suction. 

F i rs t  tim sMple recovered fran th is  hole. 

Snp le  colored with F lwresc im dye. 

Replacd c o l l u t i m  &ice. S n p k  s a v d  
for chemistry. 

Collection device retained vacuun. S q l c  

collected for  chemistry. 

Saaplw collected for  chemistry. Purped 

col lect ion device, repaired hose 4. 
S-la collected for  chemistry. S t i l l  

yellowish preen i n  color. 

S-le saved for chemistry. 

S-le saved for  chemistry. 

Sup le  saved for  chn is t r y ,  s n p l e  Ya55. 

Suple  saved for chemistry, s u p l e  XBM. 
S.nple saved for  cha is t ry ,  s.nple #W6. 
Snple  saved for cha is t r y ,  s e l e  MOO. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 31, 1993 

DAYS DAYS CUULATIVE 
LITERS SINCE USE0 FOI  LITERS LITERS 

LOUTIOH DATE TIWE REMOVE0 111185 CALCUUI IOH PER DAY COLLECTED I E U I K S  

on20 
on20 
on20 
onZO 
on20 
on20 
On20 
on20 
OW20 
OW20 
on20 
OUZO 
OW20 
on20 
OW20 
WZO 

on20 
OW20 
OW20 
Mlzo 
onm 
on20 
on20 
on20 
on20 
OH20 

on20 
on20 
On20 
OW20 
On20 
ouzo 
on20 
on20 
on20 
on20 
OH20 
ouzo 
on20 
OW20 
ouzo 
on20 
OW20 
OH20 
OH20 

3 . a  
3.52 
3.72 
3.M 
3.98 
4.w 
4.19 
4 . a  
4.35 
4.53 
4.62 
k . m  
4.79 
4.97 
5.21 
5.22 C a b i d  with 0.24 l i t e r s  frm 071171W. 

U s d  0.25 l i t e r s  fo r  calculation. 

5.31 
5.40 
5 . u  
5.59 
5.67 
5.76 
5.85 
5.93 
6.07 Par t ia l  evnwt ion .  

6.16 C m b i r u d  n i t h  0.14 Li ters  from 09125190. 
Usad 0.23 l i t e r s  fo r  calculation. 

6.22 
6.30 
6.39 
6.46 
6.55 
6.63 
6.72 
6.M 
6.97 
7.07 
7.16 
7.36 
7.46 
7.54 
7.64 
7.79 
7.87 
7.W 
8.01 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 31. 1993 

DAYS DAYS FUULATIVE 
LITERS SINCE USE0 FOI LITERS LITERS 

LOCATION DATE T I M  R E m M O  111185 CALCUUTIDY PER DAY COLLECTED REURKS 

on20 
OH20 
On20 
on20  
onzo 
On20 
OH20 

OH20 
on20 
on20  
on20  
on20 
on20 
on20 
OH20 
On20 
on20 
on20  
On20 
on20 
OH20 
on20  
O H M  
on20 
On20 
on20 
on20  
on20 
on20 
on20  
On20 
on20 
OH20 
on20  
on20  
OH20 
on20 
on20  
On20 
on20 
o n 2 0  
on20 
On20 
on20  
On20 
on20  
On20 
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TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS WLATIVE 
LITERS SINCE USE0 F O I  LITERS LITERS 

LOCITlOY OATE TI= REYMO 1/1/85 ULNLATIOI PER DAY CDLLECTED ROUIIKS 

o m  
on20 
on20 
OH20 
on20 
ouzo 
MI20 
ouzo 
MI20 
OW20 
ouzo 
on20 
OW20 
MI20 
OH20 
On20 
ouzo 
on20 
on20 
OH20 
OH20 
on20 
O H M  

on20 
on20 
on20 
on20 
on20 
on20 
MI20 
on20 
on20 
OH20 
onto 
onzo 
on20 
on20 
on20 
on20 
OW20 
on20 

13.01 
13.08 
13.25 
13.10 
13.46 
13.49 
13.63 
13.73 
73-78 
13.81 
13.87 
13.92 
13.98 
14.03 
14.10 
16.23 
14.38 
14.46 
14.51 
14.55 
14.59 
14.69 
14-73 
74.77 
14.80 
14.83 
14.83 Lost v u u n .  
14.87 
14.90 
14.92 
14.95 
14.97 
16.98 
14.98 
14.99 
14.W 
15.19 
15.38 Par t ia l  eracution. 
15.42 C m b i n  with 0.19 l i t e r  f r a  08-19-93. 
15.T Par t ia l  evecution. 
15.80 C*im with 0.35 l i t e r  f r m  11-09-93. 

0 ~ 2 1  09103/fI5 14:OO MA 245.583 0.000 0.000 0.00 Approriirdte b t e  t h i s  prt  of d r i f t  
arceveted. 

On21 12112/1S 1L:OO YA 161.583 0.000 0.000 0.00 n o r i z o n t ~ l  hole d r i l l e d  121121M to  
12119188. Hole d r i  l led with b r im .  



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS CUCIUT I YE 
LITERS SINCE USED F a  LITERS LITERS 

LOUTlW DATE TIME REMOVED 1/1/85 ULCULATIOY PEL DAY COLLECTED REIURKS 

F l u o r n c i m  .dd.d t o  d r i l l i n g  f luid. 
Yw hole. ImtaLlcd col lect ion device O 
53' i n  hole. Hole dry. 

Hole p iweed with tom. Hole holdino v ~ u r  
a t  mpprox. 50 c m t i b r s .  
Holding v-. 
Holding vacuun. 
Device Left with .pproximteLy 70 c m t i b r s  
sustion. 
Dwice Left with approximtely 50 c m t i b r s  
suction. 
noke dry. 

note dry. 
Dwica l e f t  with awrox imte ly  50 c m t i b r s  
sustion. 
Device l e f t  with awrox imte ly  50 c m t i b r s  
suction. 
Hole dry, no v u u n  i n  col lect ion &vice. 
Ramoved and rw1ac.d c o l l u t i o n  device. 
Hole dry. 
Mole dry. Collection &vice retained 
vuurn. 
mole dry. Purped col lect ion device, 
r e p i r e d  hose mdr. 
note dry. 
note dry. 
Hole dry. 

Hole dry. 
Hole dry. 
Hole dry. Reseet col lect ion device 

(leaking). 
A i r  blowing through tuk. 
A i r  blowing through tuk. 

A i r  blowing through tuk. 
Dry. A i r  blowing th roqh  tw. Smpler 

uder vacurn. 

Dry. 
Literalday valua 0.000 and * 0.001. 

OH22 09/03/135 14:OO MA 245.583 0.000 0.000 0.00 Approxinmte date t h i s  p.rt of d r i f t  
excavated. 

OHU 12/19/IY) 14:OO YA lW.583 1203.000 0.000 0.00 Horizontal hole d r i l l e d  12/12/08 t o  
12/19/08. Hole d r i l l e d  with br im.  
F lwresc im .dded t o  d r i l l i n g  f luid. 

OH22 02/06/;119 11:OO HA 1497.458 0.000 0.000 0.00 Ne* hole. InstaLLed c o l l u t i m  device D 
52.1' i n  hole. Hole dry. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATlON DATA TABLE 

Data throuph December 31. 1993 

DAYS DAYS MULATlM 
LITERS SINCE USE0 FQ LITERS LITERS 

LOWTIOY DATE T I E  RUOVEO 1/1/85 CALWLATtOl PER DAY COLLECTED REWKS 

10131191 1l:U T r u e  2696.L92 
11/13/91 11:lO 0.00 2507.165 
12/04191 11:55 Trace 2528.697 
011081'92 11:07 0.00 2563.463 
01/301'92 1O:lO 0.18 2585.424 

note p1we.d u i t h  f a .   oh holding V- 
a t  a m o r .  50 c m t i h r s .  
Holdinq vauun. 
Not holdinp v a n u .  
Owice Left with i pp rox l l r t e l y  70 c m t i h r s  
wtim. 
D n i c e  l e f t  with q p r o x i r t e l y  50 c m t i h r a  
wtim. 
note dry. 
note d y .  
Dwice Left u i t h  .pproaiute(y 50 cmt ibws  
suction. 
Owice Left u i t h  wprox imte ly  50 e m t i b r a  
suction. 
Mole dry. YO v u ~ l  on c o l l u t i m  dwice. 
Ranowd and replaced c o l l u t i m  dwice. 
Trace of b r i m  foud in hole. 
Hole dry. Collection d w i c e  r e t a i n d  
VaCUII. 
Hole dry. Pup.d c o l l u t i m  dwice, 
r e p i r e d  hose .nd.. 
Hole dry. 
Mole dry. 
note dry. 
Hole dry. 
Hole dry. 
D r y .  Rneet c o l l e c t i m  &ice (leaking). 
A i r  b louirq through t*. 
A i r  b l w i r q  thr- tub.. 
A i r  b l w i n g  throupk tube. 
S m a  b r i m  way have kn l e f t  i n  hole. 
Removed and replaced co lLsct im dwice. 
Colnbimd with 0.02 1 i t e r r  f ran 09/25/91. 

Dry. A i r  only. 

P w p e d  dry. 
B r i m  i n  hole a t  19-20 f t .  B r i m  i n  
s n p l e r  - s n p l e r  chrckd, fDvd not 
pressurizing. Fixed ;tower, rwacurrd ,  
reinstalled D 11:43. 

Dry. 
Literslday v 8 l w  > 0.000 a d  < 0.001. 

Dry. 
~d collector. repos i t imd .  

Par t ia l  evacumtim. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

DAYS DAYS W L A T  lM 

LITERS SINCE USEOFOI LITERS LITERS 
LOUTION DATE TI*E RElDVZD 1/1/85 CALWLATlaY PER OAV COLLECTED REIURKS 

Approxinrte date t h i s  prt  of d r i f t  
ucavatad. 
Horizontal hole d r i l i d  2/6/09. Hole 
k f i l d  with brim. F l w r a c i m  added t o  
drill ina f lu id.  

Yw hole. I n t a l I d  co l l .c t ion dwice O 
153' in hole. Hole dry. 
Hole p lugpd  u i t h  f o r .  Hole holding vacum 
n t  approx. 50 c m t i b n .  
Holding v u u n .  
Sapla  char .  m and e f f e n n c m t .  
Dwice l e f t  u i t h  approximtely 50 c m t i b r s  
suction. 
Sap le  s a v d  for  chemistry, s r p l e  1671. 
Snple  saved fo r  chemistry. 
Sap le  s a d  for shamistry. Owice l e f t  
u i t h  .Cprori.mtely 50 c m t i l u r s  suction. 
Outer 75 f n t  (amox.) of hole dry. 
No a.~(~le. Owice Left with approximately 
50 c m t i b r s  suction. 

Dwice l e f t  u i t h  approximately 50 c m t i b r s  
suction. C n b i n d  s a p l e  saved for  

chmistry.  
Sap le  saved for chemistry. 

Collection device retained v a c w .  Saple 
saved for  chemistry. 
Snp le  saved for  c h a i r t r y .  P u p d  
col lect ion device. 
Srnple saved for  chemistry. 

Sap le  saved for  chemistry. 

S q l c  s a v d  for  chemistry. 
s a p l e  saved for  chemistry. s a p l e  m56. 
Coliection device exploded i n  hole due to  
overpreasuring &ring sapl ing.  
Reinstalled col lect ion device. 

Saple  saved for  chemistry, s a l e  m75. 
Snple  saved for  chemistry, s-le -7. 
Rneet col lect ion device (Leaking). 

B r i m  probably l e f t  i n  hole. 

B r i m  probmbly l e f t  i n  hole. 
Cornbind u i t h  0.60 l i t e r s  f r m  03/26/W end 
0.58 Li ters f r r n  04/M/W. Used 1.51 l i t e r s  



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DAYS DAYS C U U U T l M  
LITERS SINCE USED f01 LITERS LITERS 

LOCATIOM OlTE T l l E  REWED 1/1/85 U L N L A T l D U  PER DAY COLLECTEO REMARKS 

OH23 
on23 
on23 
on23 

on23 
on23 
on23 
on23 
On23 
OH23 
on23 
MI23 
on23 
on23 

OR23 
on23 
owu 
on23 
on23 
on= 
o n u  
OH23 
on23 
OH23 
on23 
on= 
OH23 

OH23 
on= 
On23 
on23 
on= 
on= 
on= 
on23 
OH23 

for calculation. 

C o l h i n d  u i th  0.33 Liters f r a  07/17/90. 
Used 0.43 Liters for calcul8tion. 

C n b i m d  with 0.21 l i t e r s  fram 09/25/90. 
Used 0.27 l i t e r s  for  calculation. 

S m  brim m y  hmv* b u n  Left i n  hole. 
C c a b i m d  ui th 0.24 l i t e r s  f r a  OlIWI91. 
Collection device replaced on OlIlOI91. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through December 3 1, 1993 

DAYS DAYS C U U U T l V E  

LITERS SINCE USW FOI LITERS LITERS 

LOCATlOl DATE TIME R E K M O  1/1/05 U L W L A T I O Y  PER DAY COLLECTED REIURKS 



BIIME SAL(PLM1i AND EVNATION Pr(O(lRAM REPOET 1992.1993 

TABLE A-2  (Continued) 
BRfNE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

OAVS DAYS CU)UTIVE 
LITERS SINCE USED F O I  LITERS LlTEllS 

LOWTION DATE TIME REMOVED 11118s CALWLATlDY PER DAV COLLECTED REMARKS 

20.54 
20.44 
20.52 
20.68 
20.M 
20.88 
20.96 
21 -05 
21.14 
21.23 
21 .32 
21.41 
21.M 
21.74 
21.8s 
21.94 
22.02 
22.12 
22.26 
22.36 
22.W 
22.59 
22.611 
22.78 
22.93 
23.27 
23.51 
23.52 
23.69 
23.83 
23.97 
24.17 
24.58 
25.13 
25.78 Par t ia l  evacuation. 
25.M Conbin with 0.65 l i t e r s  f r a  08-19-93. 
26.48 Par t ia l  evuuation. 
26.25 C m b i n  with 0.62 l i t e r s  fm 11-09-91. 

OH24 12/08/85 14:OO MA 341.583 0.000 0.000 0.00 Awrox imte date t h i s  part of d r i f t  
excavated. 

on24 031061'89 l4:00 WA 1525.583 11~4.000 0.000 0.00 Horizontal hole d r i l l e d  3/2/89 to  3/6/89. 
01124 03/081'89 09:50 UA 1527.410 0.000 0.000 0.00 u w  hole. Ins ta l led co l l .c t ion device. 

Hole dry. 
on24 03/15~'89 11:6 0 1534.490 8.907 0.000 0.00 Hole dry. 
onze ~ / ~ o , w v  o o 1~49.43~ 1 4 . w  0.000 0.00 note dry. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

DAYS DAYS CUULATIVE 
LITERS S I Y Q  USED FOR LITERS LITERS 

LOUTIDY DATE T I E  RE- I l l l a 5  CALWLATIOY PER DAY ODLLECTEO REKUKS 

10/51191 11:42 T r u e  2494.688 
11/13/'91 11:m 0.02 2507.U 
121041'91 11:45 Trace 2528.490 
01/08/92 11:05 0.00 2563.160 
01130,'92 10:30 0.03 2585.43E 

05111192 10:30 0 2626.430 
04122l92 0.00 26M.000 
06118,r92 10:35 0.0 2725.441 
W103,IPZ 10:30 T r u e  2602.436 
05125,193 11:25 0.26 3005.676 
11/W./93 t r u e  32U.000 

Device Left r i c h  . p p r o x i r t e l y  50 erntibara 

suction. 

Owice Left u i t h  approximately 50 centibars 

suction. 

F i r s t  tim a.lple recovered. Yo v u u m  i n  
c o l l u t i m  device. Collmction device 

r w v e d  and raplued. 

C o l l u t i m  device re ta imd  v.cum. s a p l e  

sawd fo r  c h r i s t r y .  
Hole dry. P@ c o l l u t i o n  device. 
note dry. 

Hole dry. 
Hole dry. 

note dry. 

Hole dry. 

Hole dry. Raeat c o l l u t i m  device 
(leeking). 

True. 

Clewud, checked, ud re instal led v u u m  rp 

t o  50 c n r t i b r s .  Chuked i n  m hwr.  

Sulpler holding v u u n .  
A i r  b l w i n g  through t-. 

A i r  b l w i n g  t h r w h  t-. 

A i r  b l w i w  throw+ t b .  

Replaced broken col lect ion device. Used 

517.156 day.. 
mole wt a t  25 feet. 

P u p &  dry. 

nole shws b r i m  on p las t ic  hose a 19.5 f t .  

( in to  hole) Ssnpler had mininul brine. 
Rwac- and reinstal led a 11:18. 

Dry. 

ow. 
Removed ~ o l l u t o r ,  r e p a s i t i d .  

Par t ia l  evacrutim. 

OH% 121011185 14:OO W 341.563 228.524 0.000 0.00 Approximmte &ta t h i s  prt of d r i f t  
excwated. 

OH% 03127189 14:OO YA 1546.585 1205.000 0.000 0.00 norizontal hole d r i l l e d  on 3/27/8V. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data throu~h December 31. 1993 

DAYS DAYS CUUUTlYE 
LITERS SINCE USEDFOR LITERS LITERS 

LOCATION DATE IIY RE- 1/1/85 CALWLATIOY PEROAY COLLECTED REIURKS 

Hole dry. 
Owica Left with a w o x i m t e l y  50 c m t i b r s  

suction. 
Owice l e f t  with yrproximtaly SO c m t i b r s  

suctim. 
Hola dry. No v w u r  m c o l l u t i m  dwica. 
Collection dwica rmovd ud rnplmxd. 
nokc dry. 
CoLLectim dwic*  ra ta imd  vaeur. S q l e  
s a d  t o r  chamistry. 
not* dry. 
Hole dry. 

HoL* dry. 
nola dry. 
note dry. 
note dry. 
Hola dry. Rneat col lect ion dwiee 

(lutirql. 

C l m d .  checkd, ud r a i m t a l l d  v a c w  up 

t o  50 c m t i b r s .  Chuted in a hcur. 
f n p l a r  holdirq vaeur. 
A i r  blowing throwah tw. 
A i r  blaring through tw. 

Dry. Hole wt at  30 f n t .  
Literlday value i s  > 0.000 and < 0.001. 

rpproaimte data th i s  pr t  of d r i f t  

axe4vated. 

Horizmtel hole d r i l l e d  m 3/27/89. Hole 
d r i l l e d  with br im.  F l w r e s c i m  addd t o  

d r i l l i n g  f lu id.  
ww hole. l m t e l l e d  c o l l u t i m  dwice. 
Hole dry. 
Owice Left with approximtely 50 c m t i b r s  

suctim. 
Device l e f t  u l t h  w o x i m t a l y  50 c m t i b r s  
suction. 
F i rs t  ti= s n p l e  reewered. C o l l a t i m  
&ice ramved md replaced. S q l a  saved 
fo r  chamistry. 

Collection dwice retainad v.cun. Snple  

saved for  chemistry. 
Snp la  saved for  chamistry. 
Snp le  saved fo r  chemistry. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

DAYS DAYS QUUl lVE 
LITERS SINCE USE0 F O I  LITERS LITERS 

LOUTIOH DATE T I=  REMOVED 1111(15 ULWLATlOl PER DAY UKLECTU) REWKS 

6-1. saved for chmistry.  
Svp le  saved for chmistry. 
Snp le  saved for  chemistry, s r p t e  a57. 
Snple  saved for chemistry, a m l e  m u .  
S r p h  saved for s h m i s t y ,  s-1. a74. 
Svp le  savad for chn is t r y ,  s.lple -5. 

Brine p rohb ly  Left in hole. 

Brine prohb ly  l e f t  in hole. 

Cmbined with 0.18 Li ters 07/17/W. Used 
0.46 l i t e r s  for  calculation. 
Brim probably l e f t  i n  hole. 

Ccdined with 0.19 l i t e r s  f r a  09/25/90. 
Used 0.29 Liters fo r  calculation. 
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TABLE A 9  (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

DAYS DAYS - T I E  
LITERS SINCE USED FOR LITERS LITERS 

LOUTIDY DATE T I M  REMOVED 1/1/85 ULWLATIDY PER DAY COLLECTED R M K S  

12/13/90 
12l2Ol90 
Ol/W/91 
01116191 
01/23/9'1 
o t m o n i  
02113/51l 
021201v1 
02/27/Pl 
05/07/01 
03/20/~11 
03/28/91 
04/10/01 
04/17/01 
OLI24I')l 
05/01/01 
05/M/'?l 
05/151'?1 
05/29/09 
06105/'?1 
06/12/91 
06/19/91 
06/26/91 
0711 1/91 
07/17/91 
07/30/91 
07/51/91 
Cd/00/91 
M l l L I 9 1  
08l2l l91 
MI28191 
09/04,'91 
W/l1r191 
09/18,'91 
09/25/91 
lOIO2,fPl 
10116.191 
10/23/91 
10131 I91 
11/06/91 
11/13/91 
11120191 
11/27/91 
12/04/91 
12/11/91 
12/1L/91 
01/08/92 

11.33 
11.u 
11.73 
11.u 
12.03 
12.14 
12.32 
12.44 
12.55 
12.u 
12.85 
12.% 
13.16 
13.28 
13.10 
13.50 
13.60 
13.68 
13.87 
14.01 
14.18 
14.34 
14.u 
14.63 
14.73 

14.79 Par t ia l  evacuation. 
14.93 C d i n d  r i t h  0.06 1 itert f r a  07/30/91 
15.08 
15.19 
15.32 
15.41 
15.50 
15.55 
15.68 
15.79 
15.89 
15.99 
16.14 
16.27 
16.33 
16.40 
16.53 
16.62 
16.M 
16.79 
16.91 
17.14 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 3 1, 1 993 

DAYS DAYS C U U L A T I V E  
LITERS SIYCE USED FOR LITERS LITERS 

L O U T I O l  DATE T I M  REK)IIED 111185  CEILNLATIOl  PER DAY COLLECTED REIURKS 



TABLE A-2 (Continuedl 
BRINE ACCUMULATlON DATA TABLE 

Data throuph December 31, 1993 

DAYS DAYS EUlLATlYE 
LITERS SINCE USE0 F Q  LITERS LITERS 

LOUTICil DATE T I I E  REMOVE0 1/1/65 CALCULAIIOY PER DAY mLLECTED REMARKS 

01126 06/16/93 W:00 0.53 SOM.375 48.905 0.011 i3.U 
OH26 MI19193 09:27 0.58 3152.394 0.000 0.000 24.04 pa r t i a l  evacuatim. 

OH26 MI20193 09:06 0.06 3153.379 65.006 0.010 26.10 C d i m  u i r h  0.58 I tra M-19-93. 

On26 11/09/93 W:39 0.57 3254.402 0.000 0.000 24.67 Par t ia l  evacuation. 

on26 11112193. 11:25 0.36 3237.476 EA.097 0.011 25.03 C h i n e  u i t h  0.57 1 f r ~ l  11-09-95. 

YA 

YA 

0 

0 

0.08 

0.03 
0 

0 
0 
0.05 
0 
0.07 
0 

0.10 
0.14 
0.18 
0.01 
Trace 
0.02 
0.01 
0.10 
YA 

0.04 
0.05 
0.08 
0.07 
0.07 
0.18 
0.01 
0.00 
0.00 
0.00 

A&woxiNta data t h i s  prt  of d r i f t  
excavated. 

Horizontal hole d r i l l e d  4111IW to  4112189. 
Owice l o f t  u i t h  ~ m x i l r t e l y  50 cen t ib rs  
sustim. 
Owice l e f t  u i t h  approximtely 50 erntibars 
auction. 
F i r s t  time ample recovered. C o l l u t i m  
device r-ved and replaced. S.rqrle saved 
fo r  Chmiatry. 

Hole dry. ColL.stion Qvica r e t a i n d  
V.CUII. 

nohe dry. 
note dry. 
S-le saved fo r  chemistry. 
note dry. 
S w l e  s a v d  fo r  chemistry, s p l e  -7. 
Hole dry. 

sanple saved for  chemistry, s n p l e  YB86. 

Trace. 

Cleaned, chuted, and reinstalled v a c u  I+ 
t o  50 cant i tws. Chuked i n  one hour. 
Snpler  holding vacurn. 

A i r  blouing through tub.. 

Dry. 
A i r  b l a i w  through tub.. 



TABLE A-2 (Continued 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

OAIS  011s FUUUTIVE 
LITERS SINCE USE0 F Q  LITERS LITERS 

LOUTIDY DATE TIW REMOVE0 1/1/85 CALWLATIDY PER 011 mLLECTE0 REMARKS 

1.29 A i r  b l w i n p  through t-. 
1.56 F i r s t  tin auccnsfu l l  c o l l u t i m  since 

03/20/91. U s d  216.94 &n vlrl 0.28 I i ters 
to  calculate f l w  rate. 

1.56 Dry. Yo Vacun. Wole wt e t  25 fnt. 

1.58 
1.58 
1.58 Rnpd dry. 

1.67 Brine on push rods il 25-28 f t .  Uater pnhed 
art of hole by a q l e r  ihm r e m v d  ( Iota 
of brine) a r p l e r  c h c k d ,  Fand i n  wrtiw 
c o r d  t 

1.67 
1 .67 
1.85 
1.90 Rmmed coilector, r e p o s i t i w d .  

1.94 L i t e r l a y  v a l w  i s  * 0.000 and < 0.001. 
1-94 Par t ia l  evacuation. 

10/31/91 1l:M 0.00 2494.UU 
11/13/91 10:55 0.02 2507.455 
12/04/91 11:35 Trace 028.UU 
01/08/91 1l:OQ 0.00 2563.458 
01/30/92: 11:45 0.09 25l35.490 

03/1119i! 10:bO 0 2626.444 
OS/22/9i! 0.00 26bLOOO 
06/18/9;! 1O:bS 0.18 2?25.U8 
W/O3/9i! 11 :OO 0.05 2802.458 
03/25/93 11:25 0.04 3005.476 
l l IWI9I I  09:45 Trace 3231.406 

Awrox imte date th i s  prt of  v d c r p r d  

core s torew re-m excavatd. 
Horizontal hole d r i l l e d  6/9/09 to  6/15/89. 
Y n ,  hole. I n r ta l l od  c o l l c t i m  device. 
No vacun. Reinstalled col lect ion device. 

note dry. 
F i rs t  time hole manpled. Sanple saved for 
chemistry. 
Sanple saved for  chemistry. 

Snp le  saved for chemistry. 
s n p l e  saved fo r  chemistry, s.lple W2. 
sanple aavd  for  chemistry, s n p l e  W. 
Sanple saved for  chemistry, surpl* MT8. 
Sample saved fo r  chemistry, s n p l e  W9 .  
Sample bubbling. 

0.11 
0.08 
0.01 
0.01 
0.11 
0.08 
Trace 
Trace 
0.06 
Trace 

0.05 
0.01 

Removed and replacod ambler. 

Trace. 
Trace. 

Trace. 



TABLE A-2 (Continuedl 
BRINE ACCUMULATION DATA TABLE 

Data through Decembar 31, 1993 

017s DAIS CUlLATlVE 
LITERS SINCE USEOFOR LITERS LITERS 

LOCATION DATE TIME REMOVE0 1/1/85 CALWUTIOW PER DAY mLLECTE0 RBURKS 

0.01 
0.46 
Trace 

0.27 
0.02 
0.05 
Trace 
0.80 

0.00 
0.00 
0.11 
0.00 
0.14 
0.05 
0.19 
0.11 
0.06 
0.05 
0.08 
0.02 
0.10 
0.09 
0.M 
Trace 
0.1s 
0.05 
0.01 
0.06 
Trace 
Trace 
Trace 
0.14 
0.05 
0.05 
0.10 
0.15 
0.07 
0.15 
0.25 
0.13 
0.05 
0.19 
0.15 

0.20 
0.24 

B r i m  probably l e f t  in hole. 

Trace. Could not snp le .  B r i m  probably 
l e f t  i n  hole. 

Did not save. 

R w i r C d  and re i tu ta l l ed  s p l c r .  u s d  189 
&Y. a d  0.85 l i te rs .  
A i r  blouing throuah t b c .  

ow. 

A i r  b l w i n g  through ta. 



TABLE A-2 (Continued) 
BRINE ACCUMULATION DATA TABLE 

Data through December 31. 1993 

DAYS DAYS CUULATIVE 
LITERS SINCE USE0 F O I  LITERS LITERS 

LOUTION DATE TIY RUMVEO 1/1/85 ULNLATION PER DAY COLLECTED REMARKS 

AFQroail~te date t h i s  prt  of d r g r d  
core storage rom ~ceva ted .  
Donhole d r i l l e d  6/16/89 t o  6120189. 
F i rs t  day of observation for  hole, b l o n  

dry. 
F i rs t  ti- hole s rp led .  -1. y . L L a r -  
with wod c h i p  and other d.bris. 
nvdrocarba, odor 1din.i lubr iunt?).  
S-la saved for c h r i s t r y .  
S l p l e  aawd fo r  chmistry. 
S m p h  saved for chu is t r y .  S o l r  b r i m  
probably l e f t  i n  hole. 
Suple  saved for c h r i s t r y ,  s w l e  Lg53. 
C a b i n d  with 0.05 Li ters f r m  10-02-89. 
Used 0.62 l i t e r s  fo r  calculation. 
S-le saved for c h r i s t r y .  a w l e  W 5 .  
S w l e  sand  fo r  chn is t r y ,  r v p l e  #SIP. 
S q l e  wved for chemistry, a m l e  *aW. 

B r i m  probsbly l e f t  i n  hole. 

Brim probably l e f t  i n  hole. 

Brine probably Left i n  hole. 



99-11-v 

LLO 'O  
ZLO'O 
LLO'O 

ZLO'O 
ZLO'O 
ZLO'O 

710.0 
LLO'O 
LLO 'O  
OLO'O 

LLO'O 

fL0'0 
SLO'O 
ZLO'O 

no.0 
LLO'O 

700'0 
LLO'O 
LOO'O 
f10'0 
OLO'O 

LLO'O 
LLO'O 
9LO'O 
OLO'O 
ZLO'O 
SLO'O 
ZLO'O. 

LLO'O 
LLO'O 

LZO'O 
ZLO'O 
ZLO'O 
fL0'0 
SLO'O 
ZLO'O 

SLO'O 
fL0'0 
SLO'O 

7LO'O 
OLO'O 
fL0'0 
f10'0 
fL0'0 
om-o 
ZLO'O 
7ZO'O 

9LO"IL 
OS6'ZL 
6SO'L 
LS7'L 
fes.9 
U 6 ' S  
686'9 
WiO'ZZ 
ZM'OZ 
776'71 

ZSO'L 
fZ6'L 
520'9 
026'9 
LLL'L 
SOO'L 
966'f L 
266'9 
8ZO.L 
976'SL 
ZLO'LZ  

LOO'LZ 
W6.SL 
990.1 
206'SL 
Sf6.9 
OZO'9 
550'8 
9L6'9 
7Z6'OZ 
LZL'L 
Lf6'OZ 
8L0'7L 
Wi0'9 
256'8 
LM'ZL 
OS0'9 
TLO'SL 
ZY'9 
6SZ'L 
956'LZ 
9LO'L 
9f6.9 
SW'SL 
$36'9 
LfO'SL 
906'L 

51'0 0Z:OL 2:6/8L/80 
51.0 W:OL 2!6/70180 
80'0 57: L L  2:6/ZZ/LO 
60'0 0S:OL 2JISLILO 
90.0 2:6/80/L0 
LO'O 0O:OL 2:6/LO/LO 
01'0 6S:OL 26/52/90 
12'0 5S:OL 26/8L/90 
ZZ'O 0O:OL 26lLZISO 
51.0 00:60 26/LOIEO 

80'0 0Z:OL 26/22/70 
01-0 P:60 Z6/SLIIO 
W'O SZ:LL Z6/LO170 
90.0 05:OL Z6/10/70 
9L'O S7:ZL 26/5Z/f0 
80'0 S0:OL Z6/8LISO 

50'0 0O:OL Z6/LLlfO 
90'0 m:OL 26/92/20 
50'0 5 l : O L  Z6/6L/ZO 
81'0 Lf:60 Z6lZLlZO 
22.0 fS:OL 26/62/10 

fZ'0 5f:OL 26/8O/LO 
51'0 SZ:OL L6/8L/ZL 
L L ' O  S7:LL L6/70/ZL 
7L'O LL:OL L6/LZ/LL 
90'0 9 V O L  Lb/fLllL 
60'0 0L:ZL L6190/LL 
01'0 0f:LL LLILVOL 
ZL'O O1:OL L6lWOL 
22.0 W O L  L6/9L/OL 
51.0 5f:ZL 16/52/60 
92'0 01:60 Lbl8L160 
LL'O LL:LL L6/8Z/W 
90'0 S V O L  L6/7LIW 
f I ' 0  05:60 L0/8O/W 
91'0 W:lL 16/Of/LO 
W'O W L L  L*/LL/LO 
02.0 O G O L  LIILLILO 
01'0 W:OL L6/9Z/90 
01.0 LS:Sl 16/61/90 
62'0 S?W LiVZLIW 
60'0 W:OL L6ISLISO 
60'0 65:W L6/W/SO 
81'0 0f:oL LUL0150 
8z.o LZ:LL L ~ I L L I ~  
S L ' O  SL:ZL L~IOLMJ 
61'0 L2:LL LO/OZ/EO 

97no 
WHO 
97HO 
97no 
WHO 
9WO 
97no 
9WO 
97HO 
97no 
9WO 
9CHO 
97HO 
97HO 
97HO 
W O  

93HO 
97HO 
97HO 
97HO 
97HO 

R H O  

97HO 
97HO 
Pm0 
smo 
WHO 
97no 
97HO 
Pm0 
97HO 
97no 
WHO 
97no 
97HO 
97HO 
97no 
97HO 
97HO 
97HO 
Pm0 

smo 
97no 
WHO 
97no 
97HO 
97HO 



TABLE A-2 (Continued 
BRINE ACCUMULATION DATA TABLE 

Data through December 31, 1993 

DLVS OAlS M L U T l V E  
LITERS SINCE USED FOR LITERS LITERS 

LCCATlOY DATE TIME REIWNED 1/1 /85 C A L W L A T I W  PER DAY COLLECTEO REURKS 



APPENDIX B 
GRAPHS OF BRINE ACCUMULATION DATA 



APPENDIX 6 
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 collection techniques, rather than variations in the actuai 
inflow of brine from bedrock at the collecting locations. As a result, plotting of the inflow 

data from the data tables (Appendix A) mults in an irregular plot that implies variations in 
inflow whhch, in fact, do not exist. An 11-point moving average was used to smooth the 

line. The :smoothed data reflect trends in the body of the curve that are representative of the 
brine seqnge rates, while still showing variations that are probably the result of collection 

techniques. 

At the beginning and end of each curve, moving average smoothing projects the calculated 
trend. As a result, initial and ending values tend to be distorted by the 11-point moving 

average snroothing program. A "step-down" moving average was used for the data points at 
the beginning and end of the curve to correct the distortion. The "stepdown" moving 

average involves stepping down from an I I-point average to a 9-point, 7-point, 5-point and a 
3-point average at both ends of the line, utilizing the actual data for the last point. 
Additional discussion of the collection and data handling is provided in Deal and Case 

(1987). 
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AIR INTAKE SHAFT INSPECTION 

Surfaces of excavated areas for the Waste Isolation Pilot Plant (WIPP) have been observed to 

develop salt encrustations from weeps in some locations (TSC-D'Appolonia, 1983; Deal and 

others, 1989). These weeps develop salt encrustations over a period of time, if flow is 

sufficient, and then dry up and cease to flow within periods ranging from hours to a few 

years (Deal and others, 1989). Similar phenomena are observed within some potash mine 

areas that are also in the Salado Formation in the vicinity of WIPP (Deal and Case, 1987, 

Section 3.2). 

The source of the brine, the process of fluid flow, and the rate and volume of fluid flow to 

repository panels are significant factors in assessing the volume of water that will accumulate 

within the panels. The water volume is an important parameter for calculating gas generation 

during bre&down of waste; gas pressure might be sufficient to fracture the surrounding rock 

and breach, containment (SNUNM, 1992). Deal and Bills (1994) and Deal and others (1994) 

have concluded that empirical data from 11 years of observations, as well as some simplified 

modeling, indicate that fluid flow will be limited in duration and volume. They conclude that 

the brine will be a small fraction of that required to corrode metal and to generate gas 

pressures high enough to fracture the surrounding rock. Because of this, it is appropriate to 

examine the evidence developed empirically about the weeps, determine limits to inferences 

based on this data, and seek any further evidence bearing on interpretations already provided. 

The Air Intake Shaft (AIS) at the WIPP provides a different perspective on the distribution 

and development of weeps within the Salado Formation. The underground workings reveal a 

significanr horizontal area within a fairly narrow stratigraphic range and at relatively constant 

depth. The underground areas open to visual observation are predominantly halite beds. 

Sulfate interbeds are exposed in only a few locations and have been altered by deformation in 

the disturbed rock zone (DRZ). It is difficult to accurately determine the undisturbed 

hydrologi~c properties of the sulfate beds from those exposures. The AIS is a vertical, circular 

shaft with1 reasonable access to the beds from the repository level to near the top of the 

Salado Formation. Sulfate marker beds, clay-rich units, and halitic beds with differing minor 

components are observable at different depths. Although a DRZ has formed around the shaft, 

the extenrsive fracturing that characterizes the DRZ around the rectangular, horizontal WIPP 

excavations (Appendix E, Figure E-2-1) does not exist. 
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A portion of the shaft wall was cleaned with high-pressure water during 1989 and was then 

allowed to dry. The AIS was mapped in considerable detail based on the cleaned section 

(Holt and Powers, 1990). Some sections of the shaft were noted to be yielding some fluid 

during mapping. The cleaned and mapped portion of the shaft was observed during recent 

inspections to have remained relatively clean and wellexposed, providing the opportunity to 

compare the present surface with that mapped during 1989. (For consistency with that report, 

English units are used in this appendix.) 

On July 19, 1994, an initial assessment of the development of the weeps in the AIS was made 

from the man cage. The units were viewed at inspection speed on the down trip to the 

repository level, confrnning that the south shaft wall was still wellexposed. Significant 

marker beds were identified and weeps were found to be present. Salt encrustations were 

noted on thle stratigraphic log of the shaft mapping (Holt and Powers, 1990). A more detailed 

examination was performed during the ascent. 

All observations were made from the confines of the man cage, approximately centered in the 

shaft and about 9 ft  from the shaft wall. Lighting was provided by battery powered miner's 

lamps and a flashlight. 

C. 1 .O General Observations 
A strip ranging from approximately 5 to 20 ft wide. along the south side of the AIS was 

cleaned with high-pressure water and allowed to dry before the AIS was mapped during 1989 

(Holt and l?owers, 1990). This strip remains in good condition for observing geologic 

features nearly five years later, although the surface has altered somewhat under the intake of 

air varying, in temperature and humidity. 

Salt encrustations are much more common below the depth of 1,500 ft in the shaft, 

approximately the midpoint of the exposed Salado in the AIS. Only a few units above 

1,500 ft show that weeps have existed, though Marker Bed (MB) 103 (near the top of the 

Salado) was the only bed observed to have a wet surface at the time of this survey. The 

observatio:ns do not differentiate between zones where weeps have ceased and zones where 

there might still be seepage under the salt encrustation. 

As noted in some of the specific comments below, many of the encrustations appear to 

emanate from or are closely associated with contacts between units where Holt and Powers 

(1990) inferred exposure surfaces of Permian age, based on the compositions, sedimentary 
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features, and textures of the units underlying the contact. The bulk of the encrustations are 

also closely associated with argillaceous units. 

C.2.0 Specific Observations 
The specific observations of salt encrustations in the AIS have been summarized (see 

Table C-2- I )  for reference relative to the original mapping (Holt and Powers, 1990). There is 

a minor difference in depth below approximately 2,000 ft between the present depth markers 

and the original depth reference for mapping. Except as noted, the depths in this report 

correspond to the original mapping depth to aid in relating them to the stratigraphy presented 

from the mapping. Specific examples of features are described briefly; they are ordered here 

by increasing depth. 

MB 103 (1,029 ft) displays the most significant salt encrustations for any sulfate marker bed 

within the AIS (Figure C-2-1). The weeps were restricted to a zone about 1 ft thick that is 

dolomitic, overlies a claystone, and was observed to be wet during inspection. The same 

zone was yielding fluid during the 1989 mapping. Rock bolts from the argillaceous halite, 

below the marker bed and claystone, at a depth of approximately 1,030 ft were also wet. 

The lower 5-6 ft of the Vaca Triste Sandstone Member (1,342-1.348 ft) displays significant 

encrustations, many around the heads of rock bolts used to hold screen in place 

(Figures C:-2-2 and C-2-3). The upper 2 ft (see Figure C-2-2) reveals sedimentary features, 

dish-shaped structures, and soft-sediment deformation consistent with synsedimentary 

remobilization of halite in a mud pan. This zone is also halitic and shows no evidence of 

weeps (see Figure C-2-2). Encrustations are large in the lower part (see Figure C-3). 

Many of the marker beds show no encrustations associated with weeps, as illustrated by the 

Union Anhydrite (1,529-1.535 ft) (Figure C-2-4). A distinctive argillaceous unit from about 

1,673 to 1,676 ft has produced a number of small encrustations within the unit as well as at 

and slightly above the upper surface (see Figure C-2-5). Subaqueous primary halite overlies 

the unit. The halite immediately above the argillaceous halite should be examined at close 

range to more precisely determine the relationship of weeps to halite. In most areas, high- 

purity halite shows no encrustations. 

A series of stratigraphically controlled encrustations (see Figure C-2-6) from a zone at a depth 

of approximately 1,767 to 1,776 ft is related to several exposure surfaces over that interval. 



BRME SAMPLING; AND EVALUATlON PROGRAM REPORT 1992-1993 APPENDIX C 

During original mapping, some of these zones, as well as others nearby, were observed to 

have some lbrine seeps. 

Within Figure C-6, two zones (one at approximately 1,770 ft and one from 1,775 ft to 

approximately 1,777 ft) do not seem to have yielded any fluid or to have developed any 

encrustations. From the descriptions (Holt and Powers, 1990), these two zones, or beds. 

differ from adjacent zones in two ways: a higher content of clay and a higher proportion of 

"podular" textures. These areas may also warrant closer examination from the work platform 

or galloway. 

Clay minerals distributed throughout the uppermost deposits of an exposure surface seem to 

be the significant control for a number of the intervals with encmstations. The exposure 

surface at the 1,825-ft depth (Figure C-2-7) is overlain by halite still exhibiting some primary 

fluid inclusion zones. The surface itself developed some of the larger and deeper (some to 10 

ft) synsedimentary dissolution pipes within the Salado Formation as the penecontemporaneous 

water table dropped below the exposed surface. The clays do not occur in large proportions 

under this :surface, but they are greater than in underlying or overlying units. 

There is very linle association of encrustations with marker beds composed mostly of 

polyhalite. A thin (less than 1 ft) unit of mixed polyhalite and halite (see Figure C-2-8) at a 

depth of approximately 1,845 ft) overlying an exposure surface developed some significant 

encrustations. Minor encrustations also developed in the slightly polyhalitic halite overlying 

this unit. :Because the polyhalite-halite bed appeared slumped and contorted, it may be that 

clays are significant in the unit, though not noted during mapping. Solution pipes with 

collapse textures underlie this bed and developed small encrustations from collapse material. 

Claystones and argillaceous halite underlying several of the marker beds have developed 

encrustatio~ns. The gray claystone (see Figure C-2-9) underlying MB 131 shows this 

stratigraphic control. The exposure surface at approximately 1,867 ft, shown near the bottom 

of Figure 12-2-9, also developed a line of encrustations similar to other exposure surfaces. As 

in other puts of the shaft, it is notable that rock bolts within approximately a foot of the 

upper line of encrustations did not develop observable evidence of weeps. 

An unnmed anhydrite at approximately 1,940 ft (see Figure C-2-10) shows encrustations 

developed at, and possibly slightly above, the underlying claystone. Rock bolts within the 

upper part of the anhydrite indicate that some weeps have developed. This unit should be 
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examined more closely for cracking as well as for lithologic control of the weeps. The basal 

pan of Figure C-2-10 shows possible minor weeps originating from the argillaceous halite 

underlying the claystone. 

ME3 134, at a depth from 1,956 to 1,967 ft, appears to have developed 2 or 3 isolated weeps 

within the upper few feet of the unit (see Figure C-2-11). These are unusual among the 

observed encrustations in the AIS for hvo reasons: they are within a thick anhydrite, and they 

are isolated. This entire unit should be carefully examined for evidence of fractures and 

controls on the weeps. 

The claystone at the base of MB 135 appears to control weep locations, as do some other 

marker beds (Figure C-2-12 at a depth of approximately 1,985 ft). Some encrustations 

developed above MB 135 from clay-filled synsedimentary pits or caves (Figure C-2-12) (Holt 

and Powers, 1990). The anhydrite in MB 135 should be more carefully examined for 

evidence of fractures. 

The major exposure surface at approximately 1,995 ft  (Figure C-2-13), as well as secondary 

surfaces below that, controls the location of many of the encrustations in that zone. In 

addition to discrete surfaces, the clay content increases in the upper 5 ft of this zone of 

weeps. The overlying, relatively pure halite did not develop weeps, as in many similar 

sequences throughout the AIS. 

From a depth of about 2,075 to nearly 2,100 ft, a series of stratigraphically controlled 

encrustations developed along mapped exposure surfaces (Figure C-2-14). The clay content 

generally increases upward toward the exposure surface, and the overlying halite is relatively 

pure with remains of primary fluid inclusion zones in some halite. 

The base of MB 138 (Figure C-2-15) shows weeps similar to some other sulfate beds. It is 

the closest such claystone-sulfate unit above the repository horizon to develop encrustations. 

"Anhydrite a," at an original mapping depth of approximately 2,123 to 2,124 (2,121 to 

2,122 ft according to new depth-marker signs) shows a visible fracture but no evidence of 

seepage. 

Discontinuous small encrustations developed along and above the exposure surface (referred 

to as clay I in reference stratigraphy for rock mechanics) originally mapped at approximately 

2.1 13 ft (Figure C-2-16). Above the more significant exposure surface, the halite is thinly 
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bedded with anhydrite stringers indicating minor exposure. These encrustations are the 

closest observed to the repository horizon. 

C.3.0 Discussion 
The most common denominator for the salt encrustations observed in the AIS appears to be 

stratigraphic discontinuities interpreted by Holt and Powers (1990) as produced by a period of 

exposure during the Permian Age before deposition of the overlying sediment. It could also 

be reasonably argued that clay content is the common denominator. Exposure surfaces and 

increasing clay content upward in a depositional cycle are associated. Nonetheless, the mere 
presence o:f either an exposure surface or a surface of clay does not mean that a weep will 

form; most do not develop weeps. 

At this time, there is insufficient evidence to draw conclusions from the AIS as to whether 

the units that developed salt encrustations might do so if intercepted at another location. 

Various lazations underground at WIPP do produce weeps within the same stratigraphic units; 

therefore, it is suspected that a unit producing weeps in the AIS will be prone to produce 

weeps if intercepted elsewhere. This has not been demonstrated by observation. Nor can it 

be demonstrated that a shaft some distance from the AIS would only produce weeps from the 

exact same stratigraphic intervals. It is expected that any intercept through these units would 

produce weeps that preferentially, but not uniquely, are associated with exposure surfaces and 

attendant ~ugillaceous halite. 

Claystones under some sulfate beds do produce weeps. These are more common at greater 

depth. Some might also be interpreted to overlie exposure surfaces. By inspection, it appears 

that clayst~ones underlying sulfate beds less than 2 ft thick more frequently produce weeps 

than those underlying thicker sulfate beds. 

MB 103 has the most significant weeps of any sulfate unit in the AIS, and it also has a wet 

surface. In contrast, "anhydrite a" is visibly fractured parallel to bedding but appears not to 

have developed any weeps. This observation limits the amount of fluid available from the 

unit to that which might have flowed before cleaning and mapping. 

In contrast, MI3 103 persisted with flow after this period of cleaning and mapping. As the 

uppermost unit yielding weeps, unloading may be more of a factor, but it must also be noted 

that other marker beds above and below MB 103 did not similarly yield brine. 
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C.4.0 Summary 
The AIS intercepts a variety of evaporite lithologies and bedding relationships. A number of 
these units have developed salt encrustations over the five years since a strip was cleaned and 

mapped. 

Encrustations are more abundant below a depth of approximately 1,500 ft, about the midpoint 

of the exposed Salado Formation in the MS. The salt encrustations are frequently, but not 

uniquely, associated with Permian age exposure surfaces and related argillaceous halite. 

Claystones under a few sulfate beds in the lower half also yielded brine. MB 103, near the 

top of the exposed Salado, has much more salt encrustation than any other marker bed, and it 

shows a small surface that is observably wet now. Most of the sulfate beds, especially 

polyhalitic units, show no weeps or encrustations. 

Observations were made from approximately 9 ft  away. The encrustations all appeared to be 

dry. 

C.5.0 Recommendations 
It is recommended that some additional, closer, observations of the AIS weep occurrences be 

performed to supplement the preliminary data reported here. Selected stratigraphic intervals 

should be examined in detail from the galloway to confirm the stratigraphic and textural 

relationships between encrustations and previous mapping. 

A limited, two-part program in the AIS to confirm the preliminary observations is 

recommended. This should be within the capabilities of on-site geotechnical personnel, 

especially if trained as indicated above; outside observers can c o n f m  information, if 

necessary. The first phase is to document the encrustations in considerably more detail by 

demonstrating very specific textural and stratigraphic relationships to the encrustations. 

Scaled photographic records should also be included. 

During the first phase, some areas of encrustations should be removed within carefully 

documented and marked areas. The samples should be preserved for possible analysis 

pending further observations. Within selected stratigraphic intervals, part of the encrustations 

may be removed to compare any future precipitation with current encrustations. The main 

purpose of scraping the areas is to determine if some weeps might still be active and would 

develop again. 
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The second .phase is a modest program of reinspections to determine if weeping is continuing 
where the encrustations had been removed, as well as a general survey of the shaft for any 

other evidence of renewed weeps. The initial inspections should be within a few weeks, at 
most, to not miss small amounts of weeping. Within a year, a few inspections should reveal 

any renewed activity. If there are additional weeps, the program of observation can be 

reevaluated. 
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Table C-2-1 
Air Intake Shaft Observations of Significant Salt Encrustations 

I1 (ft) I Geoloaical RelationshiDs or Obsewations II 

amund rock bolts. Ik Aralllaceous nodular anhvdrite in bwer third of MB 10% from around rock bolts. 11 

998 

1026-28 P' 

1030 

I l" 1 Argillaceous halite (DMRH) below halitic claystone (HM) at top of desiccating 
seauence. 

Minor exposure surface; in SMPH'. 

Lower MB 103. in dolomitic anhydrite above claystone. 

Slightly argillaceous halite, upper SMPH below MB 103 claystone; mainly from 

Single weep, near center MB 115, from zone of wavy bedding. [I*." PP I Siltstone. Vaca Triste Sandstone Member. from below upper 2 ft of halite- 

1200 

1253 

1277 

1302-03 

Argillaceous hallte (DMRH), at and below contact with overlying SMPH. 

Halite with trace clay and polyhaliie, underfylng thin polyhaliie. 

Halite. trace clay, from exposure surface at top SMPH, underlying DMRH with 
halite gmwh textures. 

Halite. trace clav. from exwsure surface overlvino aroillaceous halite. 

11 I Halite, slightly polyhalitlc or slightly argillaceous. lower SMPH; small encrustations. (1 

1495.5 

1) 1613-14 1 Polyhalite in lower third of MB 123 anhydrite. It 

cemented mudstone; many weeps. 

Base polyhalite (MB 121). above claystone; zone of small salt encrustations. 

Argillaceous halite (DMRH), just below contact with overlying SMPH. 

Halite (SMPH). iust above bedded zone of ~r imaw halite3 and ~olvhalite laminae. 

I1 1701 I Halite, trace of clay, from inches above major exposure surface; maybe at minor 
beddino  lane or ex~osure surface. 11 

P 

1687-88 

1 1708 1 base of oits and ~ i ~ e s .  1 Halite, trace of clay, primary halite and podular texture; from level equivalent to 

Anhydrite, top of zone of contorted bedding in lower 1 ft. 

Argillaceous halite, at contact with overlying SMPH as well as within unit 
underlying exposure surface. 

Araillaceous halite IHM and DMRH), below ex~osure surface: overlain bv SMPH. 

Argillaceous halite, at top of DMRH zone; SMPH overlies exposure surface. 

17i!l Halite, trace polyhalite; at or from clay at base of polyhalite (MB 126). 

Halite (SMPH). at transition from trace of polyhalite to slightly argillaceous halite. 

I Argillaceous halite, podular zone just above exposure surface; underlain by SMPH 
with mimaw halite. 

Halite, within SMPH, and secondary exposure surface where argillaceous halite 
overlies polyhalitic haiite. u 

Refer to footnotes at end of table. 

AU4-9WIWIP:R3192-C c-9 301681.08 
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Table C-2-1 (Continued) 
Air Intake Shaft Obsewations of Significant Salt Encrustations 

Deptln 
Geological Relationships or Observations 

1973 Small encrustations at exposure surface; argillaceous halite above and below 

I surface. 
Podular amillaceous halite at exoosure surface under anhvdrite (ME 135). 

Minor encrustations in halite at level of base of secondary pits and pipes. 

1995.6 P At exposure surface in argillaceous halite. overlain by halite. 

P At secondary exposure surface in argillaceous halite overlying halite. 

At exDosure surface. mav come from ~rimary halite just above contact. 

1 Argillaceous halite below exposure surface; overlain by primary halite. 

1 Podular halite, at change from polyhaiite and polyhaliiic halite to increasing clay I 
upward. 

Encrustations around rock bolts at poiyhaiite-anhydrite transition, upper third of MB 
136. 

2040 At thin anhydrite overlying exposure surface; may also be at contact with overlying 
primary halite. 

2076.5 Clavstone at ex~osure surface. overlain bv thin anhvdrite. 

I 2079.5 I Haiitic claystone (also called M-1 in reference stratigraphy for rock mechanics 
calculations) at exwsure surface. 1 

I 20a5P I Halitic claystone (L in reference stratigraphy for rock mechanics calculations) at 
ex~osure surface. H 

polyhalitic halite. 

2099 P Top of anhydrite (ME 138). overlain by primary halite. 

P Aroillaceous halite and clavstone (K in reference stratiara~h~ for rock mechanics 

I,,,: 
I caiculations) at exposure surface at base of MB 138. 

1 Araillaceous halite in Dodular zone underlying exposure sudace. I 

Argillaceous halite in podular zone at top secondary exposure sudace; overlain by 
primary halite. 

At secondary exposure surface where podular argillaceous halite overlies 

1) 2110-.I 1 P 1 At minor exposure surfaces within halite with trace polyhalite. 

'~acies designations (e.g.. SMPH) are taken from Holt and Powers (1990) "Geologic Mapping of the Air 
Intake Shaft at the Waste Isolation Pilot Plant," DOGWlPP 90-051. U.S. Department of Energy, 
Carlsbad, iVew Mexico. 
'P signifies a photograph is included as a figure in this report. 
3"~rimary halite" refers to halite with observable textures as evidence of subaqueous growth. All 
Salado Formation halite is believed to have been deposited during the Permian Age. 
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Figure C-;!-1 

Composite photograph of MB 1 
encrustations in lower part. 

Taken toward south, near 10293 < 

Note gray claysrorle in lower thira 
photograph. 

anc 

th. 
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Figure C-2-2 

Photograph of 
uppermost Vaca Triste 
SS Mbr (1 340 - 1342) 
with weeps below 
halite cemented zone. 

Taken toward south. 

Figure C-2-3 

Photograph of extensive 
Vaca Triste SS Mbr. 

Takerr south side of shaj?. 

weeps in I lower 
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Figure C-;!-4 

Photograph of upper 
Union Anhydrite Mbr 
(about 1530 ft) 

Taken towa,rd south, 
note lack of'weeps. 

Figure C-2-4 

Small encrustations at the 
exposure surface over 
argillaceous halite. 

Takcr~ south side of shaft, 
about 1672fi. 
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Figure C-2-6 

Photograph of 
encrustations at 
exposure surfaces in 
argillaceous halite. 

Taker1 toward south. 
about 1765 - A 775ft .  

Figure C-2-7 

Photograph of small 
encrustations in argillaceous 
halite at and below exposure 
surface at 1825 ft. 

Taker1 south side of shaft, about 
18253.  

Purer halite with primary textures 
above exposure surface sho~vs rro 
e~r~rrtstatiolls. 
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Figure C-2-8 

Photograph of encrustations at 
polyhalite at 1844.5 ft. 

Taker1 toward south, about 1844.5fr. 

Note small encrusratiortsfrom primary 
halite with polyhalitefrom about 1843 - 
18443 .  

Figure C-2-9 

Encrustations in claystone 
under MB 131 at 1863 ft. 
Additional encrustations from 
argillaceous halite below 
exposure surface. 

Taker1 south side of shafr, about 
I863fr. 

"Podular " halite textures are n~ell 
showrl ill lower third of 
photograph. 
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Figure C-2-10 

Photograph of 
encrustations at base 
of anhydrite. 

Taken towa,rd south, 
near 1940 fi. 

Note small 
encrustations from 
argillaceous halite 
under exposure surfnee. 

Figure C-2-11 

Isolated encrustations in MB 
in upper part of unit. 

Taken south side of shafr, about 

134 at about 

1960fi. 
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Figure C-2-12 

Photograph of 
encrustations at base 
anhydrite of MI3 135 

Taken toward south. 
rwar 1985fi depth. 

Note small 
erlcrustatiorrs from gray 
argillaceou:; halite in 
syrtsedimerltary pit or 
"cave" above MB. 

Figure C-2-13 

Encrustations in argillaceous halite at top of 
exposure surface overlain by halite at about 
1995 ft. 

Take11 south side of shaft, rlotr dish-shaped 
structures below esposure sur-jflce. isolated 
e ~ ~ c r u s t a t i o ~ ~ s .  
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Figure C-2-14 

Photograph of encrustations at 
exposure surfaces with 
claystones M-1 (above sign) an 
L (below sign). 

Takcn toward south, about 20808. 
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Figure C-2-16 

Small encrustations 
at exposure surface 
overlying argillaceous 
halite and along 
polyhalitic laminae in 
halite. 

Taken about 21 103 
depth, south wall. 



APPENDIX D 
ANALYTICAL RESULTS 

PART 1 - 1992-1993 ANALMICAL RESULTS FOR SALAD0 BRINE 



TABLE D-1 
ANALYTICAL RESULTS POR SALAD0 BRINES 

9 S a i i i i i  W i Z  VMED . 
i5 - WER L OIRECTIDY LAB DATE scb 10s' EXT AL& TIC. TOC' or CI F 

3 

8 (S.U.) ( a / - )  (411) (WIL) (IO/L) (1911) (1011) (lE%/I/L) ( I O / L )  

4037 AlXOZ UP WC 04116192 5.8 1.24 394030 897 < 2.5 15 2310 195000 6.8 
4050 AlXOZ UP WC 00120192 3.5 1.23 415000 WA s 2.5 41 6330 ZSWW < I 
4038 A3XOl OW WC 06/16/92 6.1 1.23 374000 1019 4.1 25 1660 lm 6.7 
4049 A3XO1 DW WC 001201926.0 1.23 338000 937 3.0 15 1480 1PMOO 6 
4036 OX01 OW UrC 04/16/92 6.2 1.23 373000 897 2.5 15 1580 1- 5.8 
4052 0x01 DM UYC MIZOI92 6.0 1.22 344000 876 2.5 5 1460 IS000 6 
4024 OH36 DN UYC 04/16/92 6.2 1.24 375000 848 5.1 36 1560 192000 4.6 
4025 DM36 DY WC 04H6192 6.2 1.24 372000 848 5.6 30 1590 193000 4.7 
4026 OH36 DY WIC 04/16/92 6.2 1.24 377000 848 5.1 36 1590 192000 4.8 
4048 OH36 OW WC 00l20192 6.2 1.23 348000 821 5.6 15 1450 192000 4 
4034 OW38 DN WC 04/16/92 6.3 1.24 3RWO 958 4.1 61 1540 1pooM) 4.2 
4051 onsa A DW WC 00lZOl92 6.2 1.22 357000 931 4.1 15 1420 194000 4 - 4035 OH40 OW WC 04/16/92 6.4 1.22 365000 1140 6.1 71 1580 1- 4.3 

4055 DM40 DM UNC MllZOl9Z 6.4 1.23 345000 1199 5.1 56 1460 1-0 5 

4033 OH42 DY WC 04/16/92 6.3 1.25 372000 915 3.6 41 1%0 187000 4.4 

4053 OH42 OW WC 00120192 6.2 1.23 344000 906 3.0 46 1410 1- 4 

4021 DMU ON WC 04/16/92 6.2 1.24 374000 848 4.1 15 1490 l93WO 4.4 

4022 OYU DW WC 04/16/92 6.2 1.24 376000 848 4.6 10 1500 1PMOO 4.2 

4023 DM421 OW UNC 04/16/92 6.2 1.24 373000 842 5.6 15 1510 194000 4.5 

4054 DH4Zh OW WC 00lZOl9Z 6.1 1.23 349000 833 3.0 < 5 1400 190000 4 

4030 DHP402A DW WC 04/16/92 6.1 1.24 378000 763 3.6 10 1690 192000 6.4 

4031 OHP402A DY WC 04/16/92 6.1 1.24 381000 787 3.6 15 1670 193WO 6.3 

4032 DHP4OZA OW WC 04/16/92 6.1 1.25 380000 787 2.5 10 1690 192000 6.2 

4047 DHP4OZA OW WC MlZOl9Z 6.0 1.23 339000 730 7.1 15 1540 192000 7 

4027 CSEEP OW UWC 04/16/92 6.3 1.24 374000 946 3.0 < 5 1520 1- 3.2 

4028 CSEEP OW WC 04/16/92 6.3 1.24 373000 958 2.5 < 5 1520 186000 3.0 

8.u. = studard m i t s  
Specific Gravity 

:: 
E Total Oisolved Sol ids 

h Extended Alkalinity measured to an mdpoint pH of 2.5 and reported as ecpivalent bicarbonate (HC03). 
T I C  (Total Inorpanic Carbon) md TOC (Total Organic Carbm) are reported as cquivalmt bicarbonate. 

NA Mot wailable. 
ON D m  

HZ Horizontal 





TABLE D-1 
ANALYTICAL RESULTS FOR SALAD0 BRINES 

8 4029 GSEEP OW , UWC 04/16/92 6.3 1.24 373000 946 3.0 5 1520 185000 3.3 

6 S m L E  M E  YUIBER 
S YU~BER L DIRECTION LAB DATE scb T D S ~  EXT ALIP TIC' roce or  CI F 
0 (S.".) (9/cm3) (nOlL) ( W L )  (-11) ( n p l l )  (IOIL) ( Ip lL )  ( W L )  

4046 GSEEP DM UUC M/20/92 6.3 1.24 359000 943 < 2.5 S 5 1410 l%OOO 4 
4039 OH20 HZ UWC 04/16/92 6.0 1.23 385000 656 3.6 56 1500 193000 4.8 
4 0 5  OH20 HZ WC MI2OI92 5.9 1.22 354000 675 3.0 56 1480 1WQOO 4 
4044 01122 HZ WC 04/16/92 6.3 1 371000 946 5.1 81 1570 18WOO 4.1 
4040 OH23 HZ WE 04/16/92 6.0 1.22 371000 614 3.0 41 1530 1POWO 5.2 
4056 OH23 HZ UWC M/20/92 5.9 1.22 335000 597 8 2.5 36 1464 185000 4 

4045 OH24 HZ UWC 04/16/92 6.3 1.23 376000 909 4.6 86 1610 1POWO 4.7 

4041 OH26 HZ UNC 04/16/92 6.1 1.23 379000 651 2.5 66 1530 1(WWO 4.8 

4057 OH26 HZ UWC M I M I 9 2  6.0 1.22 UOMlO 607 < 2.5 61 1480 111)6WO 4 

4059 OH28 DW UNC M/20/92 6.0 1.22 335000 760 10.2 97 1470 l W M 0  5 
U 4042 OH45 HZ WC 01/16/92 6.3 1.23 372WO %6 6.6 
A 

91 1650 1- 4.8 

1; 4043 OH46 DW UNC 04/16/92 6.3 1.23 364000 946 6.1 36 1640 1- 4.7 
4060 OH46 DY WC W20/92 6.1 1.22 339000 1016 4.6 30 1600 lMWO 5 

a a.u. = a t h r d  u r i t s  
S p e i f i c  Gravity 

X Total Oisolved Solids 

i Extended A l ka l i n i t y  measured t o  an mdpoint pH of  2.5 and reported as eq~ i va len t  bicarbmute (HCU,). 
$ T I C  (Total Inorganic Carbon) end TM:  (Total Organic Carbon) are reported as c g l i v a l m t  bicarbmate. 

WA Mot available. 
DY D m  
HZ Horizontal 



TABLE D-1 
ANALYTICAL RESULTS 0 0 R  SALAD0 BRIUEB 

LAB DATE A1 As 

(mall) (mall) 

UYC MI20192 < 0.05 0.006 
UWC 04/16/92 < 0.05 0.002 
UYC 08J20192 0.07 0.002 
UYC 04116192 < 0.05 0.002 
WC 04116192 0.06 0.002 
UWC MI20192 0.13 0.002 
V)(C 04116192 < 0.05 0.003 
UWC 04116192 < 0.05 ' 0.001 
UWC MIZOI92 0.18 0.001 
UYC Ml2O/PZ 0.12 0.002 
UWC 04116192 0.2 0.002 
OllC 04116192 c 0.05 * 0.001 
UWC MI20192 0.09 0.001 

; - MA Not available. 
P 
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PART II- ANALYTICAL RESULTS FOR CULEBRA AND CONSTRUCTION BRINES 



SAMPLE HOLE YUlBER 
WUlBER L DIRECTIOW 

.. 
6 

1062 AIS CLBRA 

0482 AIS WIP 
0484 AlS S W  

0486 AIS WIP 
0747 AIS SUIP 
0748 AIS SUIP 
0738 BhE BRINE 
0740 BbE BRINE 
0742 B6E BRINE 

'? - 
SAMPLE HOLE NLUBER - 
W E R  L OlRECTlffl 

1062 4lSCLBRA 
0482 AIS SUIP 
0484 AlS SIMP 
0486 AIS WIP 

0747 A I S  UMP 
0748 A l S  SLMP 
0738 BLE BRINE 
0740 86E BRINE 
0742 BbE BRINE 

TABLE D-2 
ANALYTICAL RESULTS FOR CULEBRA AND CONSTRUCTION BRINES 

LAB DATE SG' IDS' EX1 ALK' Tlce ice' Br i i  i !S %4 ? 

(n.u.1 (g/cd)  (WL) (W/L) (WIL) (WIL) (WL) (n.l/~) ( n g / ~ )  (WL) (MIL) (WL) (MIL) 

UWC 03/03/90 8.1 1.04 48000 113 72.6 10 28 20600 0.7 0.2 0.1 0.34 0.1 

UWC 07/29/00 7.1 1.21 330000 122 94.0 10 37 1WOM) 4 < O . l  5 4.3 8 1 

UNC 07/29/00 7.1 1.21 333000 116 94.5 5 54 188000 < 1 0.1 6 4.0 1 

UWC 07/29/88 7.1 1.21 333000 128 91.9 30 54 187000 < l  e0 .1  6 4.5 c 1 

UNC 04/06/89 8.2 1.06 9M)OO 122 77.7 20 35 50700 1.4 0.2 g l  0.33 < 0.1 

UNC 04/26/89 7.4 1.20 331000 177 112.8 91 90 187WO 1 0.2 10 3.23 0.1 

UWC 03114189 6.6 1.21 324000 201 201 5 26 187000 6 1.6 5 0.39 < 0.3 

UNC 03/14/89 6.5 1.22 324000 188 191 51 19 187000 2 1.4 4 0.26 0.3 

UWC 03/14/89 6.8 1.22 324000 183 1 79 36 23 187000 < 1 1.4 4 0.28 < 0.3 

LAB DATE A1 As B 08 C8 Ca f e  K Ice Ih Ya Rb S i  Sr 

( W l L )  (nglL) ( W l L )  (WlL )  ( n u l l )  (WIL)  ( 4 / L )  ( M I L )  (WlL )  (W/L) (nglL) (nplL) (11911) (n*JIL) 

UWC 03/03/W < 0.05 < 0.001 35 0.027 822 NA 0.51 376 556 % 0.5 15800 NA 3.84 10.72 
UNC 07/29/88 0.167 0.002 13 0.236 950 0 NA 0.13 i n 0  1 ~ 0  0.39 118000 w 3.32 30.7 

UHC 07/29/88 0.163 0.002 12 0.239 950 NA 0.12 1720 1040 0.39 11MJOO NA 3.33 30.5 
UNC 07/29/68 0.169 0.002 13 0.215 960 NA 0.12 1720 1040 0.4 l l 8 M M  HA 3.26 30.5 
UNC 04/06/89 1.35 0.002 30 0.069 989 < 0.01 0.98 4% 629 0.18 32600 NA 8.19 13.9 
UNC 04/26/69 2.41 0.002 31 0.1% 669 0.021 1.12 3210 1630 * 0.1 121000 NA 8.56 33.4 

UNC 03/14/89 < 0.05 0.004 2 0.106 1550 0.054 < 0.5 11 43 s 0.1 120000 MA 49.3 23.8 
UNC 03/14/89 < 0.05 0.003 2 0.104 1500 0.01 < 0.5 11 44 8 .  1lWOO NA 50.3 23.6 
UNC 03/14/89 < 0.05 0.003 1 0.112 1520 0.005 < 0.5 11 42 0.1 121000 NA 49.9 23.9 

u a 
o S.U. = standard w i t s  

!i Speci f ic  Gravity 
$ Total oisolved Sol ids 

Extended A l k a l i n i t y  measured t o  an endpoint pH of 2.5 and reported as equivalent bicarbonate (HC4). 
l Tlc and TOC are reported as equivalent bicsrbonate. 
MA Not avai lable. 

8230 
6150 
6180 

- 8 z 
6170 

OZ 
7750 
10700 
3610 ! 
3590 8 
3590 3 

3 - 
3 

CHARGE 
BALANCE 

(percent) 
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APPENDIX E 

E 1.0 Introduction 
The main objective of the hydrologic testing of the fractured part of the disturbed rock zone 

(DRZ) beneath the Waste Isolation Pilot Plant (WIPP) Excavations Program is to characterize 

the fracture: system beneath the floor of the repository. The data resulting from this program 

will be used by Waste Isolation Division personnel to develop operational plans for predicting 

brine and gas movement through the fracture. system. Additionally, the data obtained may be 

useful in refining the &sign of seals to be used within the repository and in assessing the 

long-term behavior of flow through the fractured zone. 

As salt c m p s  into the WIPP underground excavations, macrofractures develop in the DRZ 
beneath the excavations (Bechtel, 1986; see also review by Deal and Roggenthen, 1991). The 

fractures tend to concentrate in but are not limited to Marker Bed (MB) 139, which is about 

3 feet (ft) (1 meter [m]) thick and lies 3 to 6 ft (1 to 2 m) below the floor of most of the 

WIPP exca.vations. The developing fracture systems may provide pathways for rapid 

movement of brine and gas (Deal and Case 1987; Deal and others, 1989; Deal and others, 

1991) and are considered to be one of the most likely pathways for migration of constituents 

of concern (COC) away from the waste storage panels. The hydrologic characteristics of the 

fractured zone must be understood to predict and, if necessary, modify the movement of 

fluids and COCs within MB 139 if a release occurred during operation of the facility. 

In 1989, a hydraulic test of short duration was conducted in the DRZ beneath the floor of the 

intersection of the S90 and W620 drifts (Deal and others, 1991). The results indicated that 

drawdowntype pump testing in the underlying fracture system could be performed 

successfully and could yield useful hydrologic data about the DRZ. After evaluating the 

results from the preliminary testing effort, a more comprehensive field testing program was 

developed, and hydraulic testing was implemented at two additional underground test sites. 

This repont presents the results of short-duration hydraulic tests conducted at the two 

additional sites and provides recommendations for further field data collection. 
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E2.0 Description of the Test Areas 
The Salado Formation is predominantly halite, consisting of alternating sequences of halite, 

argillaceous halite, polyhalitic halite, clay partings 0.40- to 1.2-inches (in.)- (1- to 

3-centimeters [cml-) thick clay layers, and thin anhydrite beds as numerous horizontal 

discontinuities. Anhydrite beds ranging from a few millimeters to about 3.3 ft (1 rn) in 

thickness are brittle at repository depths. As the salt deforms, the contrast in ductility 

between the salt and the anhydrite causes preferential fracturing in the brittle anhydrite. MB 
139. approximately 3.3 ft (1 m) thick. is located 6.6 !I (2 m) beneath the floor of the 

excavations and shows how local variation in stratigraphy influences macrofracture 

development. The dish-shaped fractures that normally develop beneath the floor of excavated 

rooms are distorted and tend to flatten near the room center (Figure E-2-1). Although the 

fractures concentrate within the anhydrite, especially beneath the center of drifts or rooms, 

they also cut the halite and other units (Bechtel, 1986). Air-filled fractures up to 5.9 in. (15 

cm) wide have developed two to five years after excavation (Bechtel, 1986). Five years after 

excavation, the largest observed separation is about 9 in. (23 cm) wide. 

Some subhorizontal fracturing has been noted just above clay E, at the base of MB 139, 

approximately 6.6 fi (2 rn) below the floor of the excavations, but no separations at 

clay E were noted (Bechtel, 1986). This may be the result of creeping salt that deformed 

upward and pushed against the anhydrite to keep the clay confined. 

Near the edges of rooms and drifts, fracturing tends to concentrate in the walls or salt above 

MB 139 (Figure E-2-1). Eventually fracturing will extend into the salt below MB 139. The 

zone of macrofractures was expected to extend about 6.6 ft (2 m) below the floor of the 

excavation at this location and to extend laterally a lesser distance into the bedrock beyond 

the edges of the rooms. In map view, the fractured zone under investigation is expected to 

follow the, plan of the underground excavations closely. 

E2.1 Test Site Locations 
The hydrologic testing areas were selected to evaluate various room and drift dimensions, 

excavatioi~. ages, areas where water was introduced for construction purposes, and areas 

isolated from construction fluids. Three sites were selected for drilling and testing as part of 

this program. 
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Figure E-2-1 
Idealized Cross Section of Fracturing Around a 4 m-High, 10 m-Wide Waste Storage Room at the WlPP 



Test Site No. 1 is at the intersection of the S90 and W620 drifts near the Air 
Intake Shaft (AIS). This site consists of 10 test holes drilled at the intersection 
and along the length of the S90 drift (Figure E-2-2). This test site was not 
accessible during the field investigation period and is shown as the first 
hydrologic test site on the map in Figure E-2-2. 

Test Site No. 2 is located in the EO drift in the general area of N620. The site 
includes nine test holes drilled along the EO drift (Figure E-2-2). 

Test Site No. 3 is located in the W170 drift immediately in front of the 
underground core storage room. This site consists of 11 test holes drilled along 
the W170 drift and into the core library (Figure E-2-2). 

152.1.1 S90 Near the AIS Test Site 
Test Site No. 1 in the S90 drift near the AIS was scheduled to be the third and final location 

tested for this program. However, hydrologic testing at this site was impossible because of 

the presence of an electrical substation located in the center of the intersection and electrical 

transformers located in an adjacent alcove. The position of the electrical equipment covered 

several of the test holes at this site, making testing impossible. The scope of the field 

program was revised when it was determined that the electrical equipment could not be 

moved within the time frame required to meet field-testing program objectives. The final 

field test was moved from the S90 site to the initial site in the EO drift to retest this location. 

Therefore, the S90 test site will not be discussed in detail. Table E-2-1 lists the test hole 

number, the location, and the date drilling was completed for the test holes drilled as part of 

this field program. 

E2.1.2 €0 at N620 Test Site 
This hydrologic test site is located in the EO drift, directly in front of the N620 alcove. The 

site was se:lected because the EO drift is a very old, wide drift where open brine-filled 

fractures have been observed beneath the drift floor. Fracturing beneath the drifts develop 

over time, and they develop fastest beneath the widest drifts. 

This site also was easily accessed and offered an existing electrical supply and an area within 

the N620 alcove to set up instrumentation and store equipment. Figure E-2-3 shows the 

layout of !he EO test site. 
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Table E-2-1 
Test Holes Drilled as Part of the 

Hydrologic Testing of the Fractured Zone 



TBR Hole Location 

Figure not to Scale 

Figure E-2-3 
Layout of Test Site No. 2 

the EO Drift in Front of N620, 
Holes OH70 through OH78 
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E2.1.3 W770 at the Underground Core Storage Library Test Site 
The third test location is in the W170 drift in front of the underground core library. To best 

determine the development of the fracture-related transmissivity with time, this site was 

selected to initiate an investigation of a wide, new drift in the floor before significant 

fracturing develops. The underground core storage area is a 25-ft-wide, relatively new 

excavation mined in May 1989 and is in a low-traffic area. The W170 drift adjacent to the 

core library is approximately five years older than the storage room and was expected to 

exhibit a well-developed fracture system beneath it. In addition, the W170 drift has been 

exposed to a long period of water spreading to control dust and to assist in roadbed 

consolidation. The objectives for this site are to test the fracture systems in the W170 drift 
and to monitor the development of fracturing beneath the core storage area. A series of 

boreholes were drilled in the core storage area to evaluate the potential hydraulic connection 

of the fracture systems within W170 and the core library. A future objective will be to 

monitor the development of fractured-zone hydraulic characteristics beneath the core library 

area by periodic retesting. 

The site also offered electrical power, equipment storage areas, and convenient and safe 

access to the test holes. Figure E-2-4 shows the configuration of the W170 test site. 

E2.2 Test Hole Configurations 
The test locations represent areas with fracture zones that appear to be locally saturated with 

brine and exhibit some degree of interconnected fracturing. Test holes were installed at each 

site in a pattern designed to intercept separate fracture systems. At each site, holes were 

drilled along the length of the drift, as well as perpendicularly to the drift center line. Test 

holes were also emplaced as close to the drift wall (rib) as possible at both test sites 

(Figure E-2-3 and E-2-4). Placement of holes in this manner allowed the drawdown response 

produced by pumping one hole to be observed in multiple directions, potentially identifying 

individual fracture systems. 
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Figure E-2-4 
L#ayout of Test Site No. 3 at the Intersection of S400 and W170 Drifts 

(Underground Core Library) 
Holes OH59 through OH69 
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E3.0 Preparatory Activities 
The following prepamtoy activities were performed prior to the pumping drawdown tests: 

Drilling boreholes 
Blowing out boreholes to clear out muck 
Installing equipment 
Surveying hole locations 
Core logging 
Driller logging 
Scratcher rod surveying 
Measuring fluid levels 
Measuring hole depths 
Observing the condition of the holes. 

E3.1 Drilling of Test Boreholes 
Boreholes were drilled at three separate test sites in the WIPP underground workings 

(Figure E-2-2). AU holes were cored vertically downward to a depth of approximately 1 ft 

(0.30 m) beneath the base of MB 139 and are 4 in. (10.2 cm) in diameter. The holes were all 

M l e d  witla air, and great care was taken to not introduce foreign fluids into the test holes. 

As mentioned previously, Test Site No. 1 was not used because of the presence of temporaxy 

electrical equipment in the drift. 

E3.2 Equipment Installation 
Test holes were instrumented with pressure transducers (Geokon Model 4500-H) before the 

pumping began, during the pumping test, and after the pumping was completed. In addition, 

a transduce:r was placed in open air to detect underground air pressure changes that may 

influence measured pressure in the holes. Before data were collected, the transducers were 

zeroed for atmospheric pressure using a Geokon 401. All transducers were connected to a 

junction box, with a single line connecting the junction box to a Geokon CR-10 remote 

datalogger that stores data obtained from the transducers (Figure E-3-1). A computer cable 

connected the datalogger to a laptop computer (Toshiba Model 1200) for downloading 

information and for storage of data on magnetic disk. 

A Bennen.mode1 air-driven piston pump was used for all tests. This type of pump allows a 

user-controlled discharge rate from 1.0 to 50 gallons (gal) per hour (gph) (3.8 to 189 liters per 

hour bphj). This pump is capable of very low discharge rates and uses compressed air 
supplied by a portable air compressor. The pump was lowered into a designated test hole, 
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and the water level was allowed to reach equilibrium. The flow rate was measured by 

pumping the brine into a 1 gal (3.78 L) bucket while measuring the time required to fill the 

bucket. The bucket of brine was then dumped into a 250-gal (945 L) storage tank. 

E3.3 Geologic and Drilling Logs 
Geological logs were prepared for each core. Cores were logged in accordance with WIPP 

Procedure WP 07-502, "Geologic Rock Coring Logging," (Westinghouse, 1987). In addition 

to the geological logs, core drilling depth logs were prepared for cornlation between the 

holes. 

E3.4 Scratcher Rod Survey 
As part of ongoing investigations, Geotechnical Engineering is observing and evaluating 

fracturing beneath the WIPP excavation. Fracturing was characterized in the holes using 

standard procedures for borehole fracture investigation. A scratcher rod was used to 

determine the fracture location, the orientation, and the approximate size of the fractures. The 

results of the scratcher rod survey were recorded as part of the Excavation Effects Program. 

E3.5 Hole Depths 
The general condition and total depth were observed at each test hole. Table E-3-1 shows the 

drilled depth, the measured depth, and the date of measurement. Depths were measured using 

a standard metal measuring tape. 

EO at N620 Test Site. With the exception of OH71 (Figure E-2-3). which had no surface 

plug and was partially filled with debris, each hole was reasonably intact. Westinghouse 

Experimental Operations staff chipped and vacuumed out much of the debris and fluid and 

fluid-level equilibrium had not yet been achieved by the start of the test. All holes showed 

signs that the clay layers surrounding MB 139 were deforming and offsetting the test holes. 

The bottoms of the test holes appeared either to have filled with muck or to have started to 

close in a!: a depth of approximately 9 ft (2.75 m) and were offset. The muck in the partially 

filled holes may have changed the observed hydrologic response to pumping. 

For some holes, the depths that were measured were somewhat different from the original 

depths drilled as indicated Table E-3-1. In December 1992, the Westinghouse Experimental 

Operations staff vacuumed all test holes to remove debris and muck. The test hole depths 



BRINE SAMPIlNCi AND EVALUATION PROGRAM REPORT 1992-1993 APPENDIX E 

Table E-3-1 
Drilled and Measured Depths of Test Holes 

at the EO and W170 Test Sites 

aDepths measured below drift floor surface. 
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were remeasured (Table E-3-1). The total hole depths measured in December 1992 are very 

near those recorded on the original drilling logs from January 1990. 

Wl7O Test Site. With the exception of OH69, all test holes appeared to be fairly clean and 

free of muck and debris. Hole OH69 was filled with at least 3.5 ft (1.1 m) of muck. All 

holes appeared to be straight and did not show obvious signs of the clay layers surrounding 

h4B 139 squeezing into the holes. 

Table E-3-1 shows the measured depths of the boreholes, the as-drilled boreholes depths, and 

the date drilled. There were some notable differences in water levels across the test site area. 

Water levels were somewhat higher in the center of the W170 drift, directly in front of the 

core library (OH65, OH66, and OH67). The depths to water increased by almost 2 ft (0.61 

m) in the interior of the core library and to an even greater extent elsewhere. 

E4.0 Observations and Test Site Conditions 
Thorough characterization of the hydrologic conditions present in the test areas was required 

before pralceeding with actual pumping drawdown tests. These conditions include the number 

and locations of fractures, the levels of saturation, the occurrence of saturated muck on the 

drift floors, the structure and thickness of MB 139, and the water pressure and fluid levels in 

the holes prior to the tests. 

Test hole drilling and installation confmed that fractures saturated with brine occurred 

beneath much of the areas for both test sites. Fracture observations were made visually and 

with a nail probe rod (scratcher rod), as described in Section 3.4 of this report. Based on 

these observations, it appears that fractures and structural separations of individual layers 

were restricted to the anhydrite (MB 139) and the clay seams associated with MB 139. 

Therefore, the hydrogeologic unit within the DRZ being tested and yielding brine to the test 

holes is generally fractured MI3 139. 

Both hydrologic test sites showed variability in fluid levels in the test holes across each 

respective: site. Such variability suggests that each test site contained separate and 

independent fracture systems acting as isolated brine reservoirs. Geologic logging of the drill 

hole core:s indicate that h4B 139 is not uniform in thickness nor in depth to the top or bottom 



of the bed. Logging also revealed that MB 139 appears to be fractured at numerous depths, 

particularly im the lower one-half of the unit (Crawley et al., 1992). 

The following sections describe specific observations and conditions of the EO and W170 test 

site areas in more detail. 

E4.1 EO Test Site Prior to the Initial Pumping Test 
The initial hydrologic test of this field program was conducted at the EO drift test site during 

the period of October 8 through 14, 1992. The nine test holes at this site were preexisting, 

having been drilled more than three years prior to the scheduled pumping test. 

Considering the history of brine use for dust control in the EO drift, fluid levels in the 

boreholes were initially lower than expected, providing only about 3 to 4 ft (1 m) of saturated 

hole to be used in pumping. Table E-4-1 shows the measured depths to water in the test 

holes prior to the pumping tests. The deeper fluid levels suggested that the pumping test at 

this site would likely be very short in duration, if even possible. 

Figures E-4-1 and E-4-2, cross-sectional views of the EO test site, show the depths to the top 

and bottom of MI3 139 and the depths to the standing-water column in each test hole. Fluid 

levels in holes OH72, OH73, OH74, OH75, and OH76 are similar and are at equilibrium near 

the top of h4B 139 (Figure E-4-1). The depth to the top of the fluid column increases 

significantly to the north in hole OH77, suggesting that fractures in MB 139 may not be 

saturated north of the test site area. The fluid level in OH71 on the south end of the test site 

is somewhat lower than that in the center of the test area. However, the lower fluid level in 

OH71 may be the result of previously cleaning out and evacuating this test hole and does not 

reflect the equilibrium fluid level. Figure E-4-2 shows the cross-sectional view across the EO 

drift, depicting fluid levels within or slightly above those of MB 139. Hole OH78 exhibits a 

lower fluid level than do OH70 and OH74, perhaps indicating that the fracture system near 

the east edge of the drift may not be hydraulically connected to fractures in the center of the 

drift. 

Drilled depths and measured depths of holes shown in Figures E-4-1 and E-4-2 are often 

different. Muck in the holes may cause the measured depth to be less than the original 
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Table E 4 l  

Measured Water Levels in Teat Holes at the EO Site 
During the Initial Pumping Test 

APPENDIX E 

Hole Number Date Measured Depths to Water (in feet)a 

OH70 10/12/92 4.62 

aDepths to water measured below drift floor surface. 
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Figure E-4-2 
Cross Section of Boreholes Across the EO Drifi Test Site, October 1992 
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drilled depth. Conversely, muck buildup on the floor of the drift (the reference point for 

measurements) may cause the measured depth to be greater than the original drilled depth. 

Figure E-4.-1 shows that MB 139 bas an apparent dip to the south in this are and that the 

depths to the top and bottom of the bed is variable. These structural characteristics may 

influence fracture orientation and fluid levels. 

Based on the initial observations of test hole fluid levels, it was anticipated that the planned 

pumping test may be short in duration, yielding limited data for hydrologic analysis. Hole 

OH74 was selected as the primary pumping hole for the test. Data from the preliminary step 

drawdown test conducted on October 12, 1992 indicated that a pumping drawdown test could 

be conducted at a very low flow rate (Chapter 5.0). 

E4.2 W17WCore Library Test Site 
The second hydrologic test of this field program was conducted at the intersection of the 

W170 drift and the underground core library from November 9 to 13, 1992. Eight of the 

eleven test holes at this site were preexisting, having been drilled more than three years prior 

to the sche:duled test at this site. Three of the holes (OH59, OH60, and OH61) were drilled 

on October 19 and 21, 1992, in preparation for testing at this site. 

Water 1eve:ls were measured in all holes prior to any pumping activity. Water levels in holes 

in the W1'7O drift were generally 3 to 5 it (0.91 to 1.5 m) below the drift surface, with a few 

exceptions (Table E-4-2). Figures E-4-3 and E-4-4 show the depths to the top and bottom of 

MB 139 and the depths of the standing water columns in each test hole at this site. 

As shown in these two cross-sectional figures, there were some notable differences in water 

levels acrclss the test site area. Water levels were somewhat higher in the center of the W170 

drift, directly in front of the core storage library (OH65, OH66, and OH67). The depths to 

water increased by almost 2 ft (0.61 m) in the interior of the core storage library and to an 

even greater extent elsewhere. Two holes, OH60 and OH68, exhibited markedly different 

water levels. OH60, located interior to the core storage library, is a recently drilled hole, the 

water level may not yet have reached equilibrium, or the borehole does not intersect any 

brine-filled fractures. 
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Table E 4 2  

Measured Water Levels in Test Holes at the W170 Site 
During the lnitlai Pumping Test 

aDepths to water measured below drift floor surface. 
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Hole OH668 was selected as the pumping hole for the initial test based on its location in the 

middle of the drift (directly in front of the entrance to the core library) and a pretest standing 

fluid column of approximately 5.65 ft (1.7 m). The pretest fluid columns in holes OH62, 

OH63, OHM, OH65, OH66, and OH67 were al l  greater than 5 ft (1.5 m) in length, 

suggesting that there would be sufficient water to conduct a pumping test of adequate 

duration at this site. Because of concerns about potential dewatering of the proposed 

pumping hole (OH66), no preliminary drawdown step test was performed for this site. 

E4.3 EO Test Site Prior to the Retest at This Site 
The third and final field tests for the hydrologic testing of the fractured part of the DRZ 

project were conducted from December 14 through 17, 1992, at WIPP. These tests were 

repeats of the initial test conducted at the site located in the EO drift in front of the N620 

alcove from October 9 through 14, 1992. 

As described in Section E4.1, the test holes at this site appeared to contain some 

semiconsolidated muck, which may have had an impact on the results from the initial test. 

Prior to the: second test attempt at this site, the holes were reconditioned by removing some of 

the muck with a vacuum system. The reconditioning effort also removed all of the brine 

standing in the holes at that time. The fluid levels in the test holes partially recovered prior 

to the December 1992 field test period. 

The total depth of each hole was measured, and each hole bottom felt solid and free of muck. 

With the exception of OH76, which has a major offset at approximately 6 to 7 ft (1.8 to 

2.1 m) beneath the floor of the drift, all holes appeared to be generally straight. This offset 

closes about one-half of the hole and made instrument installation difficult. 

Figures E-4-5 and E-4-6 show the depths of the top and bottom of MI3 139 and the depths of 

the standing water columns in each test hole at this site in December 1992. The depths 

measured in December 1992 are very near the depths recorded on the original drilling logs in 

January 1990 (Table E-3-1). Water levels, measured in all holes prior to any pumping 

activity, ranged from 6.10 to 8.55 ft (1.86 to 2.61 m) below the drift floor surface 

(Table E-4-3). There were some notable differences in water levels between holes OH76 and 

OH77 and the other holes at the test site. All of the holes, except these two, had very similar 

depth-to-water measurements. Holes OH76 and OH77 had water levels approximately 2 ft 
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(0.61 m) deeper than the other test holes. The standing fluid column in all holes was less 

than 3 ft (0.91 m). 

Figures E-45 and E-4-6 show that during the December 1992 retest period, the fluid levels in 

MB 139 were much lower than those measured in October 1992 (Figure E-4-1 and E-4-2). 

The large dtrrease in fluid levels may be in response to the removal of fluid from the holes 

during cleming in December 1992. The lower fluid levels measured in October suggest that 

the area ma:y not have fully recovered from the hole reconditioning. However, it is also 

possible that the continued removal of brine from test holes at the EO drift site may be locally 

depleting the available fluid reservoir. 

Based on the shorter standing fluid column in the test holes, it was anticipated that the 

pumping test might be shorter in duration than the initial test at this site. Hole OH74, which 

was selected for the initial test here in October 1992, was also selected in December 1992 as 

the primary pumping hole for the test. 

E5.0 Hydrologic Testing and Data Collectio- 
The main objective of the field testing program was to determine local hydrologic parameters 

for the fractured part of the DRZ at the EO and W170 drift test sites using standard pumping 

drawdown-type testing techniques. Additional goals include developing and refining testing 

techniques and collecting baseline hydrologic data from comparable old and new areas of the 

repository. To achieve these objectives, the two test sites were instrumented with downhole 

pressure transducers to monitor local fluid pressures in the fractured zone beneath the drifts. 

For the pumping drawdown tests, a Bennett model air-driven piston pump was installed in the 

selected test hole to provide user-controlled discharge rates from approximately 1 to 50 gph 

(3.8 to 189 Lph). This type of pump is capable of very low discharge rates and uses 

compressed air from a portable compressor (Figure E-5-1). 

The pressure transducer data were stored in random access memory using Geokon CR-10 

remote dataloggers. These data were transferred to magnetic disk for analysis and evaluation 

using the appropriate computer software. The procedure for conducting pumping drawdown- 

type hydrologic testing included collecting background water pressure and water-level data 

prior to the test, evaluating local fluid-level trends. selecting the pumping hole, pumping 

equipment installation, performing a preliminary step drawdown test, estimating the 
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Table E4-3 
Measured Water Levels in Test Holes at the EO Site 

During the Second Pumping Test 

Hole Number Date Measured 

aDepths to water measured below drift floor surface. 
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appropriate flow rate, conducting the pumping test for as long as possible, and monitoring 

recovery of fluid levels. The sections below present the results of the pumping drawdown 

tests at the EO and W170 drift test sites. 

E5.1 Initial ,Pumping Drawdown Test at the EO Drift Site 
Background water pressure and water-level data were collected at the EO test site to provide 

some definition of long-term trends, and changes regarding test parameters and for 

comparison with test results. Background data collection began October 12, 1992, in all holes 

at the test site. 

Figure E-5-2 shows hydrographs of fluid pressurns in holes OH70, OH73, OH74, and OH75, 

from the initial1 instrumentation through completion of the pumping drawdown test. These 

hydrographs show the response to pumping OH74. Pumping commenced at 10:32 a.m., 

October 13, 1992. The hydrograph also shows that the fluid levels in the holes that 

responded to pumping did not recover to their pretest levels by the time data collection was 

terminated. This observation suggests that the fluid reservoir being pumped through OH74 

may be limitetd and that pumping from the test area may be dewatering the available fluid 

locally from the fracture systems. 

Figure E-5-3 shows hydrographs of fluid pressures in holes OH71, OH72, OH76, OH77, and 

OH78 from th~e beginning to the end of the pumping test in OH74. These holes show very 

limited, if any, drawdown response to pumping, indicating that the test area may have 

separate, unconnected fracture systems that are at least partially saturated with brine. 

On October 12, 1992, a preliminary step drawdown test was conducted at the EO Test Site. 

OH74 was pumped at several flow rates to establish a discharge rate that could be maintained 

for at least several hours. The final flow rate was adjusted to approximately 8.7 gph 

(32.9 Lph), producing a drawdown that would appear to allow pumping for the required 

duration. The test was terminated after less than 1 hour of pumping, and the area was 

allowed to recover overnight. The hole that was pumped and the surrounding holes had only 

partially recovered by the beginning of the full-scale pumping drawdown test the following 

morning. 
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Figure E-5-2 
Hydrographs of the EO Site Test Holes OH70,OH73,OH74, and 

OH75 Through the End of the Pumping Test, October 1992 
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Figure E-53 
Hydrographs of the EO Site Test Holes OH71,OH72, OH76,OH77, and 

OH78 Through the End of the Pumping Test, October 1992 
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A pumping drawdown-type test was conducted on October 13, 1992, again using hole OH74 

as the pumpiig hole. The test started at 10:OO a.m., but the pump intake soon became 

clogged with mud. The pump was removed from the hole, and the intake was cleaned. The 

pump was reinstalled, and the test hole was allowed to recover for 30 minutes (min). During 

the second ,pumping attempt at 10:32 a.m., all equipment functioned properly. 

The pumping discharge rate was continuously monitored and adjusted until a flow rate of 

approximately 6 gph (22.5 Lph) was attained. The actual measured pumping rate ranged 

from 7.57 to 5.14 gph (28.6 to 19.5 Lph), with an average of 6.06 gph (22.9 Lph). The test 

lasted for approximately 3 hours and 37 min. During the test, fluid levels in all holes were 

continuously monitored using transducers and a datalogger. 

E5.1.1 Test Performance and Results 
The pumping discharge rate became stable after approximately 20 min. The discharge rate 

was slightlyy variable throughout the test but did not significantly influence the steady 

drawdown achieved in the pumped hole and surrounding holes. Test hole fluid pressures 

were monitored at 1-rnin intervals throughout the test. 

The pumping test was terminated at 2:10 p.m., when the fluid level in the pumped hole 

dropped to a level below the pump intake. The pump was then turned off, and the recovery 

phase was started. All pumping and monitoring equipment performed well throughout the 

test. 

Drawdown of fluid levels was observed in most of the test holes surrounding OH74 during 

the pumping period. Only holes OH71 and OH77 showed no measurable response. These 

two holes, located at either end of the line of holes along the axis of the EO drift, are the 

most distant holes from the pumping center. Figure E-5-4 shows the distribution of 

drawdown response at the site during the initial test in October 1992. 

The hydrographs in Figures E-5-2 and E-5-3 show that OH70, OH73, and OH75 are the only 

holes to mpond significantly to pumping OH74. Holes OH72 and OH76 showed only a 

limited response to pumping, and OH78 shows only a very slight long-term lowering of 

downhole fluid pressure. Holes OH71 and OH77 showed no response. 
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Figure E-5-4 
Test Holes at the EO Site Showing Response to Pumping OH74 

During the Initial Test at This Site, October 1992 
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All holes showing some response to pumping exhibited limited fluid-level recovery upon 

termination of pumping, including the pumping hole OH74. The limited recovery, combined 

with the distribution and degree of drawdown response, suggests that the local fractured 

reservoir is limited in radial extent and that fracture systems may not be well interconnected. 

Both OH70 and OH78 are located only 10 ft from the pumped hole, but their drawdown 

responses are significantly different. Hole OH70 responded well to pumping, while OH78 did 

not. The drastic difference in response may indicate that the fracture system intercepted by 

OH78 (near the EO drift wall) is not connected to the system intercepted by the other test 

holes in the middle of the EO drift. The fracture system in the middle of the EO drift is also 

possibly prominent beneath the N620 alcove because of the effect of the alcove excavation 

itself. The testing results also suggest that the fractures in MB 139 at the intersection of the 

EO and N620 are fairly well connected and that the connection dissipates as one moves away 

from the intersection down the EO drift or toward the drift wall opposite the alcove. 

Long-term fluid-level monitoring was not conducted to determine whether the test hole fluid 

levels had completely recovered with time. Therefore, no imn conclusion can be made as to 

the degree of potential dewatering of the fracture systems that occurred during the pumping 

test. 

E5.1.2 Pumping Test Analysis 
The aquifer test design and analysis computer software package AQTESOLV (Geraghty and 

Miller, 1989) was used to determine the hydrologic properties of the fractured zone at the 

EO test site. The drawdown data from observation test holes OH70, OH73, OH75, and OH72 
and pumping hole OH74 were evaluated using the computer software package. The Jacob 

and the Theis methods (Lohman, 1972) were used to determine transmissivity and storage 

coefficients (observation holes only) in the holes that responded to pumping. 

Figures E-5-5 through E-5-9 show semilog and log-log plots of drawdown-versus-time data 

for the five wells listed above. The drawdown curves allowed analysis by Jacob and the 

Theis methods and generally showed linear plots of drawdown versus time and a good fit to 

Theis-type curves. The calculated transmissivity for the four observation holes, analyzed 

using both the Theis and the Jacob methods, ranged from 0.7 to 9.9 square feet per day 

(ft2/day), w:ith an average of 3.7 ft2/day. The storage coefficients for the observation holes 
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ranged frorn 0.0004 to a maximum of 0.0034, indicating that the fracture system is at least 

partially confined. Transmissivity, calculated from the data for pumping hole OH74, was 3.8 

ft2/day for both Theis and Jacob methods (Figure E-5-9). No storage coefficient can be 

calculated for the pumping hole. 

Both the transmissivity and storage coefficient values, as calculated by the program, agree to 

within an order of magnitude for all test holes analyzed. The results of the pumping test 

analysis indicate that the transmissivity of the fractured zone beneath the EO drift test site 

appears to be uniform (for those holes responding to pumping OH74). The calculated 

transmissivity for hole OH72 (Figure E-5-6) is somewhat greater (but by less than a factor 

of 2X) than those calculated for OH74, OH73, and OH75. The value is well within the error 

range of the testing and analysis methods, indicating that the transmissivity at OH72 is 

consistent .with transmissivities calculated for the rest of this test site. 

The analysis suggests the fracture system beneath the intersection of the drift and alcove at 

the test site is hydraulically connected and has similar hydraulic characteristics. The data also 

show that the fracture system acts as a porous medium. It is noted that these methods require 

the assumption that the aquifer is infinite. The fracture system tested at this site probably 

does not meet this requirement. Also, the testing generally did not provide enough data to 

curve-fit for more than one log cycle; therefore, the reported analytical results may be in 

violation of this requirement. However, the test results do provide some semiquantitative 

estimates of the local hydrologic characteristics of the fracture systems. 

Figures E-.5-5 through E-5-9 show prominent changes in slope of the drawdown-versus-log 

time plot for these test holes. This change in slope may indicate that the cone of depression 

produced by pumping encountered a low-permeability boundary or an area void of brine-filled 

fractures. Changes in the drawdown slope for holes OH70, OH73, and OH74 occurred 

between 80 and 150 min into the test. The apparent no-flow or low-permeability boundary 

conditions observed in these plots are consistent with the other hydrologic data resulting from 

this program and support the conclusion that, at the EO test site, there are separate and 

hydraulically unconnected fracture systems saturated with brine. 
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Figure E-5-5 
Semilog and Log-log Plots of Drawdown 
Versus Time for ObSe~ation Hole OH70 
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Figure E-5-6 
Semi-log and Log-log Plots of Drawdown 
Versus Time for Obse~atiOn Hole OH72 
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Figure E-5-7 
Semilog and Log-log Plots by Drawdown 
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Figure E-5-9 
Semilog and Log-log Plots of Drawdown 

Versus Time for OH74 (Pumphole) 
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Figure E-5-8 
Semilog and Log-log Plots of Drawdown 
Versus Time for Observation Hole OH75 
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E5.2 Initial Pump Test at the Core Storage Library (W17O) Site 
The second in a series of three fractured zone pumping tests was conducted during the week 

of November 9 through 13, 1992. This test was performed at the intersection of the W170 

drift and the underground core library. 

Background water pressure and water-level data were collected to provide some definition of 

long-term .trends and changes regarding test parameters and for comparison with test results. 

Background data collection began on November 9, 1992, in all holes at the test site, with the 

exception of OH60, which was not instrumented. 

Figures E-5-10 and E-5-11 show hydrographs of fluid pressures in all holes (with the 

exception of OH60) from the initial instrumentation through completion of the pump test. 

These hydrographs show limited response to two different pumping episodes. Figure E-5-10 

shows that the first pumped hole, OH66, did not recover from pumping and the limited 

response of the surrounding holes. Figure E-5-10 also shows that the second pumping hole, 

OH62, was slowly recovering before the transducer was pulled. These observations suggest 

that the fractured fluid reservoirs are limited and probably isolated from each other. 

Figure E-5-11 shows hydrographs of fluid pressures in holes OH59, OH61, OH64, and OH68 

through the end of the second pumping test. These holes, with the exception of OH61, which 

is adjacent to the second pump hole, show very limited (if any) response. This indicates 

some fracture connection between the two holes but limited connection elsewhere. 

The pumping drawdown test, using OH66 as the initial pump hole, began at 11:OO a.m. on 

November 10, 1992. The pump was turned on at 11:OO a.m., and brine was routed to a 

bucket with a l-gal graduate scale. The initial flow rate was calculated at 13.3 gph (50.3 

Lph). The flow rate was adjusted, and two additional readings were taken for an average 
flow rate of 9 gph (34 Lph). Less than 3.5 gal (13.2 L) were pumped before the hole became 

dry. The ,water level reached the pump intake level at approximately 11:28 a.m., and the 

pump was left on until 11:45 a.m. to clear the pump tubing. Scan rates were changed back to 

30-min intervals for overnight recovery data collection. 

On November 11, 1992, a second pump test was attempted using OH62 as the pumped hole. 

The pump was installed at approximately 8:35 a.m. The water level in OH62 was allowed to 



E5.2 initial Pump Test at the Core Storage Library (W770) Site 
The second in a series of three fractured zone pumping tests was conducted during the week 

of November 9 through 13, 1992. This test was performed at the intersection of the W170 

drift and the underground core library. 

Background water pressure and water-level data were collected to provide some definition of 

long-term trends and changes regarding test parameters and for comparison with test results. 

Background data collection began on November 9, 1992, in all holes at the test site, with the 

exception of OH60, which was not instrumented. 

Figures E-5-10 and E-5-11 show hydrographs of fluid pressures in all holes (with the 

exception of OH60) from the initial instrumentation through completion of the pump test. 

These hydrographs show limited response to two different pumping episodes. Figure E-5-10 

shows that the: first pumped hole, OH66, did not recover from pumping and the limited 

response of the surrounding holes. Figure E-5-10 also shows that the second pumping hole, 

OH62, was slowly recovering before the transducer was pulled. These observations suggest 

that the fractu.red fluid reservoirs are limited and probably isolated from each other. 

Figure E-5-11 shows hydrographs of fluid pressures in holes OH59, OH61, OH64 and OH68 

through the end of the second pumping test. These holes, with the exception of OH61, which 

is adjacent to the second pump hole, show very limited (if any) response. This indicates 

some fracture connection between the two holes but limited connection elsewhere. 

The pumping drawdown test, using OH66 as the initial pump hole, began at 11:OO a.m. on 

November 101, 1992. The pump was turned on at 11:OO am., and brine was routed to a 

bucket with a1 1-gal graduate scale. The initial flow rate was calculated at 13.3 gph (50.3 

Lph). The flow rate was adjusted, and two additional readings were taken for an average 
flow rate of !) gph (34 Lph). Less than 3.5 gal (13.2 L) were pumped before the hole became 

dry. The water level reached the pump intake level at approximately 11:28 am., and the 

pump was left on until 11:45 a.m. to clear the pump tubing. Scan rates were changed back to 

30-min intends for overnight recovery data collection. 

On Novembex 11, 1992, a second pump test was anempted using OH62 as the pumped hole. 

The pump was installed at approximately 8:35 a.m. The water level in OH62 was allowed to 
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reach equilibrium for approximately 90 min after pump installation. The scan rate was 

changed from 30411 to 1-min intervals to accommodate rapid water-level changes that might 

occur during pumping. Pumping was initiated at 10:W a.m., with a starting flow rate of 4.8 

gph (18.2 Lph). The flow rate was increased to 6 gph (22 Lph). Two additional flow rates 

were taken before OH62 became dry at 11:W a.m. Average flow rate during the 

approximate:ly 1-hour test was 4.8 gph (18.2 Lph). Scan rates were changed from 1-min 

intervals du:ring the pump test to 30-min intervals for overnight recovery data collection. 

The hydrographs in Figures E-5-10 and E-5-11 show that the pump test holes (OH62 and 

OH66) showed the only significant response to pumping. The other holes showed very 

limited or no response at all. OH62 showed fairly rapid recovery after the hole was pumped 

dry, while OH66 showed no recovery response after being pumped. OH59, OH63, OH64, 

OH65, OH67, OH68, and OH69 showed very little response (Figures E-5-10 and E-5-11). 

Long-term fluid-level monitoring was not conducted to determine whether the test hole fluid 

levels completely recovered with time. Therefore, no firm conclusion can be made as to the 

degree of the potential dewatering of the fracture systems that occurred during the pumping 

tests. Hole OH66 exhibited limited fluid-level recovery upon termination of pumping. The 

limited recovery, combined with the distribution and degree drawdown, suggests that the local 

fractured reservoir is limited in volume and that fracture systems drnarginally 

interconnected. 

Response to OH62 pumping was limited to the holes toward the interior of the core library 

(Figure E-5-12). The hole adjacent to OH62 (OH61) showed significant response, as 

demonstrated in Figure E-5-11. OH63, located only 5 ft  (1.5 m) away, showed no response 

to OH62 pumping, indicating a very limited fracture system confined to the alcove and not 

connected to the older W170 drift. 

The hydrologic data generated from pumping OH66 and OH62 were inadequate for 

performing aquifer test analysis. Therefore, no analysis other than the evaluation of fracture 

relationships and drawdown was attempted. 

The third pumping drawdown test was conducted at the EO drift test site (Figure E-2-2) 

during the period of December 14 through 17, 1992. This field effort was performed as a 

retest of the initial test conducted here in October 1992. The purpose of the retest was to 
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Figure E-5-12 
Test Holes at the W170 Site Showing Response to Pumping OH62, 

November 1992 
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determine whether reconditioning of the test holes would enhance the water-yielding 

characteristics of the holes, as well as the surrounding fractured zone. However, the 

reconditioning effort removed most of the brine from the test holes, and their fluid levels had 

not fully recovered by the time this test was initiated. Test hole reconditioning including 

chipping and vacuuming muck and fill material from the sides and bottoms of the test holes. 

For this fil~al test, three separate holes were pumped during individual pumping episodes. 

Initially the centrally located hole, OH74, was used as the pumping hole, as it was during the 

first test at this site. On the following day, holes OH72 and OH71 were used as pumping 

holes. In each effort, the selected hole was pumped dry within 2 hours or less, indicating that 

the fractured zone was not yielding brine to the pumped hole at an adequate rate to keep up 

with the pumping. 

As with the initial test at this site, all holes were instrumented with pressure transducers, and 

background pretest water-level data were recorded. These fluid-level data are continuous 

through the end of the pumping tests. Background fluid-level data collection began on 

December 14, 1992, in preparation for the pumping test scheduled for the following day. 

Figures E-5-13 and 5-14 show hydrographs of test holes OH71, OH72, OH73, OH74, OH70, 

OH75, anti OH78 through the end of all three pumping tests. These hydrographs show that 

any significant response to pumping OH74 (the fmt of the three holes pumped during this 

test period) is limited to OH70, OH73, and OH75. These three test holes are the closest to 

the pumped hole. However, review of the hydrographs shows that there was at least a minor 

response to pumping in most of the holes where a response was observed during the initial 

test in October 1992. The hydrographs also show that fluid levels had not completely 

recovered by the time that data collection was terminated. 

The pumping drawdown-type test was conducted on December 15, 1992, using OH74 as the 

pumping lhole. The test began at 12:00 p.m., attempting to achieve a flow rate of 

approximately 4.5 gph (17 Lph). The pumping discharge rate was continuously monitored 

and adjusted until the desired flow rate was attained. The 4.5-gph (17-Lph) flow rate was 

selected b~ecause it was lower than that used during the October test and could possibly 

prolong pumping and, therefore, generate more data for analysis. The actual pumping rate 

varied from 4.19 to 5.84 gph (15.9 to 22.1 Lph), with an average of 4.70 gph (17.8 Lph). 
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This test limed until 150  p.m., when the fluid level in the pumped hole OH74 drew down to 

a level below the pump intake for a total test duration of approximately I hour and 50 min. 

This retest was approximately 1.5 hours shorter in duration than the original test at this site. 

The shorter pumping duration is the result of having a shorter fluid column in the pumping 

hole, giving less available drawdown. The short duration of the test and rapid drawdown 

suggest that reconditioning the holes did little to enhance results from the pumped hole. 

During this test, fluid levels in all holes were continuously monitored using transducers and 

the datalogger. In addition, one transducer was set up as a barometer to monitor changes in 

atmospheric pressure. 

After allowing the test area to recover overnight, a second pump test, using hole OH72 as the 

pumped hole, was attempted on December 16, 1992, at 10:46 a.m. Hole OH74, used for the 

test the previous day, had not fully recovered by the time the second test started. At the start 

of the second test, the pumping discharge rate was quickly established at approximately 4.0 

gph (15.1 Lph). The fluid level dropped below the pump intake before the next flow rate 

could be determined. The second pumping event was terminated at 11: 14 a.m., after only 28 

min of pumping. These results indicate that the surrounding fracture system yielded very 

little, if any, fluid to the pumped hole. The volume discharged by pumping appears to equal 

the fluid volume stored in the test hole. 

Considering the rapid dewatering of the two previous test holes, the decision was made to 

perform a ,third pumping test in a separate test hole. It was anticipated that the staged 

pumping episodes might yield some additional information about the geometry and 

interconnection of fracturing at the test site by potentially creating overlapping drawdown 

responses or different responses in individual test holes. 

Prior to hitiating the third pumping test, the EO test site was allowed to recover for 

approximately 2 hours. Fluid levels in all holes were monitored continuously during this 

recovery period. The third pumping event, using hole OH71 as the pumped hole, began at 

1:00 p.m. on December 16, 1992. Initially, the pumping discharge rate was measured at 

approximately 6.64 gph (25.1 Lph). The discharge rate was subsequently lowered to less than 

5.0 gph (18.9 Lph). However, the hole pumped down to a level below the pump intake 

before the second flow rate could be accurately determined. The test was stopped 1:16 p.m. 

Review of the pressure readings in OH71 showed that negative pressure values were 



registered after only 9 to 10 min of pumping. indicating that the water level had already 

dropped bekow the transducer port by that time. 

Recovery of the test area fluid levels was monitored until the following morning, when alJ 

data collection was terminated. 

E5.3.1 Test Performance and Results 
Figure E-515 shows the holes that exhibited at least some drawdown response to pumping 

OH74. The hydrographs in Figures E-5-13 and E-5-14 show that OH70, OH73, and OH75 
are the only holes to respond significantly to pumping OH74. In contrast to the initial test 

performed at this site in October 1992, drawdown response during the December 1992 test 

was not as widespread and was less pronounced. The decreased response to pumping could 

be the result of the test area now having fewer interconnected saturated fractures, resulting in 

a decrease in reservoir size. The smaller saturated area may be the result of fluid removal 

from the test holes during previous pumping and hole reconditioning. The apparent decreased 

drawdown may also be the result of the holes not having recovered from previous fluid 

withdrawal and now having much lower fluid levels prior to this pumping test. 

The test hcdes that showed measurable drawdown did exhibit recovery after pumping ceased 

in hole OH74. The apparent recovery trends as seen in Figures E-5-13 and E-5-14 suggest 

that with time, fluid levels may return to their pretest levels. Aquifer test analysis of the 

drawdown data from pumping OH74 was not performed. The data generated from this pump 

test are inaldequate for performing such analysis with confidence. 

Figure E-5-16 shows the test holes that showed some response to the pumping of the second 

test hole (OH72). Only holes OH73 and OH74 appear to respond to pumping. The apparent 

response is limited to a slight short-term decrease in fluid pressure or a reduction in the rate 

of recovery from the OH74 pumping test. 

The limited response seen in other holes at the site indicates that OH72 is not hydraulically 

well connected by fractures to the central part of the test site. This observation is supported 

by the drawdown responses seen from the previous tests performed at this site. The holes 

that did sh~ow a slight response to pumping are located along the EO drift centerline and back 

toward the: intersection with the N620 alcove. No response was measured at the holes to the 
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Figure E-5-15 
Test Holes at the EO Site Showing Response to Pumping OH74 

During the Retest at This Site, December 1992 
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Figure E-5-16 
Test Holes at the EO Site Showing Response to Pumping OH72 

During the Retest at This Site, December 1992 
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south of OlH72, down the drift, supporting the conclusion that fracturing at this site is 

somewhat limited to the general area of the intersection. The rapid dewatering of OH72 

indicates that the fracture system around this test hole has a vexy low permeability and that 

the available fluid reservoir may be very limited in volume. 

The hydrologic &ta generated from pumping OH72 are insufficient for performing an 

analysis to define hydrologic parameters. Therefore, no analysis other than the evaluation of 

drawdown and fracture relationships was attempted. 

The third and final pumping test at the EO drift test site was conducted using hole OH71 as 

the pumping hole. Figure E-5-17 shows the holes at the test site that responded to pumping. 

No drawd~own response was seen in any of the test holes, except OH71, which was the 

pumped h'~le. The test results support the conclusion that interconnected fracture systems are 

absent or at least not significant away from the intersection of the EO drift and the N620 

alcove. Evaluation of the volume of fluid pumped from OH71 suggests that no fluid was 

donated to the pump hole by the surrounding fractured formation. Therefore, the fracture 

system in the EO drift around OH71 is of very low permeability, and the available fluid 

reservoir is small. 

The hydmgraphs in Figures E-5-13 and E-5-14 show that all other test holes continued to 

recover from previous pumping activity and were not affected by pumping OH71. Hole 

OH71 recovered approximately 50 percent of the drawdown achieved during the test by the 

time that data collection was terminated. Posttest fluid-level monitoring was not long enough 

to determine whether any of the test holes recovered to their pretest fluid levels. 

No drawd.own response to pumping OH71 was observed in any of the test holes at the site. 

Therefore, no pumping test analysis can be performed for this test. 

E5.4 Geologic Logging of Cores 
As part of the program for hydrologic testing of the fractured part of the DRZ, continuous 

cores were collected from each of the test holes drilled at the EO and W170 test sites. These 

cores were drilled using air to a depth of at least 1 ft beneath the base of MB 139. The cores 

were logged according to standard procedures established by the WIPP Geotechnical 

Engineering Section. Of particular importance to this study are the descriptions of fractures 
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Figure E-5-17 
Test Holes at the EO Site Showing Response to Pumping OH71 

During the Retest at This Site, December 1992 
E-54 
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and separations in the core samples. These core descriptions reveal where the fractured part 

of the hydrologic system being tested occurs. The data presented in the core logs indicate 

that, in general, the anhydrite of MB 139 often contains numerous fractures and core breaks, 

especially in the lower one-half of the bed. The breaks noted in the lower part of the core 

from MB 139 may signify the presence of fractures in those locations in the subsurface. 

Figure 55-18 presents the core descriptions of holes OH66 and OH74, which were used as 

pumping holes (and are representative of the conditions) at each of the two test sites. 

Figure E-5-18 shows that fractures within the lower portion of MB 139 may be the most 

prominent fluid transmitting part of the fractured zone beneath the WIPP underground 

excavation:;. However, the existence of breaks in the core samples does not necessarily 

represent open brine-filled fractures in the subsurface. 

Hole OH66 was used as the pumping hole during the second pumping test conducted at the 

W170 test site (Section E5.2). This hole pumped dry quickly, indicating that the local 

permeability of the fracture system was very low and that the fractures yielded little fluid to 

the hole during pumping. Therefore, the fractures and breaks observed in the core of OH66 

either may not be open in the subsurface or may not be well connected to the overall test area 

fracture system. 

Hole OH74, used as a pumping hole at the EO test site, also exhibits fractures and breaks in 

the core sample examined. In this case, the performance of the hole during pumping suggests 

that the fractures may be bettcr connected to the surrounding area and are possibly more open 

to transmil fluid during pumping. 

E6.0 Summary and Recommendations 
The main objective of the Hydrogeologic Testing of the Fractured Part of the Disturbed Rock 

Zone Beneath the WIPP Excavations Program is to characterize the hydrologic conditions of 

fracture systems beneath the floor of the repository. Short-duration hydraulic tests were 

conducted at two underground test sites. These tests were conducted at the intersection of the 

EO drift and N620 alcove and in the W170 drift, in front of the underground core library. 
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These two sites were selected because of their age, their physical characteristics, their 

relationships to other excavations, the existence of fractures, and their exposures to long 

periods of %water-spreading to control dust and to assist in roadbed consolidation. 

Test results indicate that the significant fracture systems that yield water to test holes are 

restricted to MI3 139. For the two sites tested, there appears to be separate, saturated 

unconnected fracnue systems of fairly low transmissivity. At the EO test site, fracture 

systems that are connected are confined to the immediate intersection of the drift and alcove. 

For the W1170 site, the intersection did not contain significant connected fractures. Based on 

the observed drawdown response to pumping, the area within the core library appeared to be 

underlain by a somewhat more connected fracture system. This condition could be influenced 

by the width of the individual excavations. The W170 drift, although much older, has a 

relatively narrow opening in comparison to the core library. These data suggest that 

excavation dimensions may play a more important role than age in fracture development. 

The posttelst fluid-level recovery observed at the test sites suggests that the fracture systems 

beneath these areas are limited, and the available fluid reservoirs are small. Although long- 

term fluid-level monitoring was not conducted as part of this field program, the data gathered 

indicate th,at pumping at these sites was dewatering the fracture systems. 

The results of the pumping tests support the concept of limited, bounded fractured fluid 

reservoirs. Data analysis from the EO test site showed clear changes in the slope of the 

plotted dra~wdown curves for some test holes, indicating the presence of nearby no-flow or 

low-permeability boundaries. Testing at the W170 site did not produce adequate data for 

aquifer test analysis. 

The Jacob and Theis methods were used to determine transmissivity and storage coefficients 

for the first test at the EO site. The calculated transmissivities for all holes were 0.7 to 

9.9 fi2/day. Storage coefficients ranged from 0.00038 to 0.0034, indicating that the fracture 

system at the EO site is partially confined. 

Additionall test sites should be developed to define better the nature of fracturing in areas 

other than the intersections of drifts and rooms. The EO test site could be expanded to both 

the north and south of the current site to allow comparative testing. If the test site was 
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The results of the closed-form solution agree with the numerical analysis. 

Plot the cumulative flow with time. 
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Figure F-2-3 
Cumulative Flow into Room Q 
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F2.3 Conclusions 
The results agree approximately with the measured flow into Room Q (see Howarth and others, 
1994). 

I I I 

0.d.y 

- 

- 

- 

I I 
0 SW 15W 



BRINE SAMPUN80 AND EVALUAnON PROORAM m R T  19924993 APPENDIX E 

Geraghty and Miller, 1989, "AQTESOLV," Aquifer Test Design and Analysis Computer 
Software, Geraghty and Miller Modeling Group, Reston, Virginia. 

Lohman, S. W., 1972, "Ground-Water Hydraulics," U.S. Geological Survey Professional 
Paper 708, U.S. Government Printing Office, Washington, D.C., 70 pp. 

Westinghouse Electric Corporation, 1987, "Geologic Rock Coring Logging," Waste Isolation 
Pilot Plant Procedure WP 07-502, Carlsbad, New Mexico. 



APPENDIX F 
NUMERICAL MODELING OF BRINE SEEPAGE FROM 

CLAY COMPACTION 



BRINE SAMPUAIG AND EVALUATION PaOGRAM RFPORT 19921993 APPENDIX F 

F2.2 solution 
From Deal and others (1989, p. 5-19), the mess abutment zone extends out about 5 diameters 
after about 1,000 days. Calculate the size of the abutment for Room Q. The diameter of Room Q 
is 1.5 m. The length (L) over which flow occurs is: 

L:=5.1.5.m L=750cm 

From Freeze and Cherry (1979, p. 55), the clay compressibility (aclay) and porosity (I$) are: 

,- 1lT7.~a-' @ :=0.50 a clay ,- 

Calculate the change in porosity that results from compression of the clay in the DRZ. 

6 aclay.3.10 .Pa =0.3 

The change is substantial and agrees with observation of "squeezing ground." 

Calculate the void ratio (e), the conductivity (k), and the coefficient of consolidation (c,,) for the clay. 
From Freeze and Cherry (1979) and Scott (1963): 

8 Cm k:=10- .- 
set 

C "  :=. k.(l + e )  m2 c " = 0.002'- 
P wo'Ca clay set 

where: 
p.0 = unit weight of water 
g = acceleration constant 
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APPENDIX F 
F1.O Introduction 

These calculations are order-of-magnitude calculations to approximate how much brine might be 
released to Waste Isolation Pilot Plant (WIPP) excavations assuming that the only source of brine 
are saturated clays within thin clay seams in the Salado Formation (Deal and others, 1993; Deal and 
Bills, 1994.). The three analyses consider consolidation of thin compressible clay layers due to the 
redistribution of stress and generation of excess pore pressure within the clay layers after entry or 
room excavation. The modeling assumptions are as follows: 

Swess redistribution results in a localized increase in stress that is far more significant in 
generating excess pore pressure than in near-ground surface consolidation. The stress 
redistribution deforms the clay. plastically generating an excess pore pressure of several 
megapascals (MPa) within the disturbed rock zone (DRZ). 

' Transient flow to the excavation or boundary dissipates the excess pore pressure within 
the clay layer. 

The rate of flow depends on the consolidation properties of the clay (hydraulic 
conductivity, compressibility, and porosity), the cross-sectional area of the clay seams 
intercepting the excavation, and the extent of the DRZ. 

?he tributary method predicts the resulting increasing in the total stress of 3 MPa. 
Consider that after 1,000 days (Deal and others, 1989, Figure 5-4). the stress 
abutment zone extends out about 5 excavation diameters. The average diameter for 
the room is about 3 meters (m). 

I h e  compressibility of the clay is lo-' Pa-' corresponding to a clay of medium 
compressibility. The hydraulic conductivity of the clay is 10" centimeters per second 
(cmis). Under a change in effective stress of 3 MPa after consolidation is complete, 
the change in porosity is 30 percent. 

F2.0 Room Q 

F2.1 Problem Statement 
Calculate the amount of brine released to Room Q for two clay seams 3.5 millimeters (mm) thick 
above and below the orange band (Map Unit 1). The model for consolidation assumes that the 
increase iin stress deforms the clay seams plastically, resulting in 3 MPa of excess pore pressure. 
Brine flow is induced to the room excavation because of the excess pore pressure. The 
consolidation of the clay layer is substantial, with a change in porosity of 30 percent. 
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Calculate the initial excess pore pressure head (V,) 

We consider the lateral flow to the room over the length of the abutment zone L with zero pressure at 
the room boundary and a "no flow" boundary condition at the edge of the DRZ. See Scott (1963, p. 
184) for explanation of similarities between the thermal case and the consolidation case. We initally 
define the complementary error function. 

From Carslaw and Jaeger (1959, p. 309), the solution for excess pore pressure dissipation is as 
follows: 

where: 

V = initial temperature (analogous to initial excess pore pressure) 

v(x,t) = temperature as function of space and time (analogous to excess pore pressure 
over a steady state pore pressure as a function of space and time) 

K: = thermal diffusivity (analogous to coefficient of consolidation) 

t = time 

x =distance (x= 750 cm at the Room Q boundary, and x=O cm at the far field) 

e:rfc(x) = complimentary error function 

ed(x) = error function, and 

11 = series index. 

With the above properties, plot the distribution of excess pore pressure at several times. 
x :=o.L,.oI .L.. L 



BRINE SAMPLING AND EVNUATlON PROGRAM RWORT 19921993 

Figure F-2-1 

Pore Pressure Distribution Around Room Q 

4.10~ 

3.10~ 

Excess Pore 
Pressure Head 2 . d  

(cm) 

1.10~ 

0 

The analysis shows agreement with boundary conditions of the problem. Differentiate the 
subexpresr;ions with respect to x in the brackets to develop the flux rate. 

I I I I I I I 

- 
. - - . - - .  - .  

- 
- ---  - _ - - 

1 . . - . . . -. . . 
I I I I I I 

Differentii3te the following subexpressions: 

0 100 200 300 4M) 500 MY) 700 

- t=O.Oly 
- -  t = l y  
- t = 3 y  

Distance (x)(cm) 

(2.n+ l).L- x and -[ 2 .  j 
by differentiation with respect to x yields 

[; ((2.n+ 1 ).L+ x) 
exp -. 

- 1 -. (r . t )  
/ r r\ 
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Check the dimensions of the result for correctness. 

[-; ( ,2.n+ I).,- x, 
exp -' 

1 -.- ( c t )  'I = 2.224- + ~ X U - ~  The dimensions of the 

& (&4) subexpression are correct. 

Substitute the subexpressions into the sums to calculate the hydraulic gradient. 

Consider %the flux through the cross-sectional area of flow. The flux equals the hydraulic conductivity 
times the thickness times the length of the clay seam times the number of clay seams. The clay seam 
sizes are from Table 4-3 of Deal and others (1993). Evaluate the area through which the brine is 
flowing. Ihere are two clays seams each 3.5 nun thick and 100 m long on each side of the room. 
Area = 2 :C 3.5 mm * 2 *lo0 m = 1.4 mZ. Evaluate the the flux q(t) at the boundary x = L. 

Check the result with an approximate relation for the derivative after one year. 
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The results are in agreement. The inflow rate after 10 years and after 20 years will be as follows: 

and 

Plot the inflow rate as a function of time over the period from 800 days to 25 years. See Howarth 
and others (1994) for measurement time period. 

:=800.day, 1000.day.. 10000day 

Inflow Rate 
(mL1day) 

Time (years) 

Figure F-2-2 
Brlne Inflow into Room Q 

Determine the cumulative flow over time by integration of the flow rate relation with time. Integrate 
each subexpression separately, and combine in the sums. 

by integration, yields 

- 
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and the fcdlowing term: 

by integriition, yields 

Substituting the subexpressions into a subexpression (O(t)) and calculating the cummulative 
flow rate (:Q(t)): 

and 

Check the analysis against direct numerical integration: 

-1 Q( 16m.day) - Q(800day) = 317.777.cm -set 'liter 

mL := 1.0 (TOL is calculation tolerance) 
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The results of the closed-form solution agree with the numerical analysis. 

Plot the cumulative flow with time. 

Time (days) 

t :=800.&y ,900.day.. 16CQday 

Figure F-2-3 
Cumulative Flow into Room Q 

400- 

3W 

2W 
Cumulative Brine 
(liters) 

100- 

0 

F2.3 Conclusions 
The results agree approximately with the measured flow into Room Q (see Howarth and others, 
1994). 

I I I 

0.d.y 

- 

- 

- 

I I 
0 SW 15W 
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F3.0 Standard WlPP Waste Storage Room 

F3.1 Problem Statement 
Calculate the amount of brine released to a Waste Disposal Room, frorn two clay seams totaling 
17.1 nun thick above and below the orange band (Map Unit 1). The model for consolidation 
assumes that the increase in swss deforms the clay seams plastically resulting in 3 MPa of excess 
pore pressure. Brine flow is induced to the room excavation due to the excess pore pressure. The 
consolidation of the clay layer is substantial with a change in porosity of 30 percent. 

From Deal. and others (1989, p. 5-19), the stress abutment zone extends out about 5 diameters 
after about 1,000 days. Calculate the size of the abutment for the Waste Storage Room. The 
diameter of a Waste Disposal Room is 3.56 m (see Deal and others, 1993, p. 2-2). The length (L) 
over which flow occurs is: 

From Freeze and Cherry (1979, p. 55). the clay compressibility (a,,,) and porosity(@) 
are: 

Calculate the change in porosity due to compression of the clay in the DRZ. 

The change is substantial and agrees with observation of "squeezing ground." 

Calculate the void ratio (e), the conductivity (k), and the coefficient of consolidation (q) for the clay 

(from Scostt, 1963 and Freeze and Cherry, 1979): 

k.( 1 + e)  rn 
2 

C := c = 0.002'- 
P wo'ga clay sec 
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Calculate the initial pore pressure head (Vo) 

We considser the lateral flow to the room over the length of the abutment zone L with zero pressure 
at the room boundary and a "no flow" boundary condition at the edge of the DRZ. See Scott 
(1963, p.184) for more details in the similarities between the thermal case and the consolidation 
case. 

From Carkaw and Jaeger (1959, p. 309). the solution for excess pore pressure dissipation is as 
f0Uows: 

afc:(x) := 1 - af(x) K :=c V 

where: 

Vo = initial temperature (analogous to initial excess pore pressure) 

v(:c,t) = tempe1aMe as function of space and time (analogous to excess pore 
pressure over a steady state pore pressure as a function of space and time) 

K = thermal diffusivity (analogous to coefficient of consolidation) 

t = time 

x = distance 

erfc(x) = complimentary error function 

erf(x) = error function, and 

n = series index 
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With the above properties, plot the dismbution of pore pressure at several times. 

Excess Pore 
Pressure Head 
(cm) 

Note that at 
x = 1780 crn is at 
the Waste Disposal 
Room Wall. and at 
x = 0 is at the far field 
boundary. 

Figure F-3-1 

Pore Pressure Distribution Around Standard WlPP Waste Disposal Room 

The analysis shows agreement with boundary conditions of the problem. From the former equation: 

Differentiate the following subexpressions from the former equation to develop the flux. 

by differekntiation with respect to x yields 
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Check the dimensions of the result for correctness. 

- 1 ( ( 2 a +  1 ).L- X) 

1 ( C t )  'I -4 -1 =2.224'10 'an 
The dimensions of the 

& (&4 subexpression are correct. 

Substitute the subexpressions into the sums to calculate the hydraulic gradient. 

Consider the flux through the cross-sectional area of flow. The flux q(t) equals the hydraulic 
conductivity times the thickness times the length of the clay seam times the number of clay 
seams. The clay seam sizes of (3.5 + 3.5 + 10.1) = 17.1 mrn for the clay seams are from 
Table 4-3 of Deal and others (1993). The length of the room is 91.4 m from Case et al., 
(1991, p. - 4  Note that we multiply by 2 to account for both sides of the room. Evaluate the 
the flux ar the boundary x = L: 

x :=L 

q(t) :=k- 1.2~17.lmm.91.4~m V O -  1 ( ) 

Check the: result with an approximate relation for the derivative after one year. 
cm 3 

q ( 1 . y )  = 1.837.10~ ,- 
day 
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The results are in agreement. The inflow rates after 10 and 20 years will be: 

Plot the inflow rate as a function of time over the period from 0 to 200 years. 

Inflow Rate 
(mL,/day) 

Time (years) 

Figure F-3-2 
Brine inflow into a Waste Disposal Room 

Determine the cumulative flow over time by integration of the flow rate relation with time. Integrate 
each subexpression separately and combine in the sums. 

by integration, yields 
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similarly, 

by integration, yields 

Substituting the subexpressions into to subexpressions O(t), and calculating the cumulative 
flow rate C!(t): 

and 

k~l.2.17.l~mm~91.43~m--sec 
an 

Check the analysis against direct numerical integration: 

TOL :=0.05 TOL is calculation tolerance 

The results of the closed form solution agree with the numerical analysis 
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Plot the cumulative brine with time. 

t := .l.y.Z.l.yr.. 200y 

Cumulative 
Brine 
(liters) 400( 

1 I I J 
I 50 1W 150 200 

Time (years) 

Figure F-3-3 
Cumulative Flow into a Waste Disposal Room 

F3.3 Conclusion 
The amount of brine entering a waste disposal room is 8,000 L after about 100 years. 

APPENDIX F 
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F4.0 Axial Consolidation Around a Borehole 
F4.1 Problem Statement 
Calculate the amount of brine released to a vertical borehole intercepting a clay layer that is 
undergoing consolidation. Consider that the borehole is in the floor of Room G and intercepts a 
1-cm-thick clay layer 10 m below the floor. 

F4.2 solution 

From Scott (1963, p. 203), the average degree of consolidation, U(Tr,m) is given by: 

where: 
t = time, 
Tr = dimensionless time, 

K = constant related to the surface resistance, 
kr = hydraulic conductivity, 

re = effective radius of drainage, 
rw = radius of the borehole 

cr = coefficient of consolidation 

m = dimensionless coefficient, and 
n = dimensionless coefficient for radius. 

Construct a plot of the degree of consolidation with the dimensionless time. 
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Degree 
of 

Consolidation (U) -03 

- m = l  
. - m=2 Dimensionless TimeCT,) - m=4 - m=8 

Figure F-4-1 
Degree of Consolidation with the Dimensionless Time 

The results agree with the results in Scoa (1963, p. 202). 

From Freeze and Cherry (1979, p. 55), the clay compressibility a,,, is as follows: 

Note that initially the excavation compresses the sidewalls, with a resulting increase in stress that 
could be predicted by the tributary method. Consider that after 1,000 days from Deal and others 
(1989, p. 5-19), the stress abutment zone extends out about 5 excavation diameters. The average 
diameter for the room is: 

At this time the stress abutment zone extends out 17.8 m as given in the VISCOT analysis in Deal 
and otherlr (1989). the increase in stress in MPa is 
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These calculations suggest that the increase in mess is of the order of 3 to 5 MPa. Calculate the 
cumulative amount of brine that would flow to the borehole due to an average increase in stress of 3 
MPa. 

Volume = Volume = 2.986- l d  'Liter Volume := 340.234 
1 

Where: 
t = thickness of the clay seam 
A = area affected by a chnage in stress 
Volume: = volume of brine stored in the clay 
4 = change in porosity of seam 

Consider the properties of the borehole, and the clay. From Deal and others (1989, Table A-1), the 
diameter of the hole (a) is 

a :=3.5.in a =8.89.cm 

From Freeze and Cheny (1979, p. 37), the porosity (4) of clays range from 40 to 70 percent. Use 

The void ratio (e) is: 

From Freeze and Cheny (1979, p. 29), the hydraulic conductivity of clays (4) ranges from 10-6 to 

10-8 c ~ / s & .  Use 

Ibf y, := 62.4.- 
h' 

an Ywo gm 
g = 980.665 '- - = I * -  

sec 2 g m3 

F-18 



Calculate the coefficient of consolidation. From Scon (1963, p. 184) , the coefficient of 
consolidation is 

cm 2 
Cr:=ki 1 + e  c , = 0.002'- 

W O ' ~  clay sec 

Consider 'the effective radius of drainage (r, ) equal to the far-field distance from the center of the 
borehole (Deal and others, 1989, p. 5-19). 

re :=20m 

and the diameter of the borehole equal to: 

Calculate the dimensionless coefficients. Consider a range for the ratio 

n 2 2 3.n - 1 2 n - l  p(Ratio) :=:-. In(n) - - +(Ratio).- 
2 4 2  2 n - 1  n 

where: 
kr 

 ratio) = function of the ratio 

kr = the permeability of the undisturbed clay 

1/K = surface resistance 
Tr = dimensionless time factor 

t I = time 

m is not sensitive to the ratio. Use 0.2 for a middle range m value 

Ratio := .2 
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Determine the cumulative amount of brine flowing to the borehole. 

T, :=0.01,0.02.. 1.3 

150 I I I I 

Cumulative IW - 
Flow 

(liters) - 

0 W 40 80 I W  

Time (years) 

Figure F-4-2 
Cumulative Inflow to a Borehole 

Consider the flow rate as a function of time. 
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Flow Rate 
(literdday) 

0.0052 I I I 1 
0 ZWO 4000 m u r n  

Time (No. of 
days) 

Figure F-4-3 

Brine Inflow to a Borehole 

F4.3 Conclusion 
It will t a k e  a very long time for flow to dissipate pore pressure for a radial hole penetrating a 1 cm 
thick clay seam. DH36, DH38, DH40, DH42, and DH42A all intersect the clay seam B and show 
the following flow rates: 

DH36 0.1 LDay 
DH38 0.03 LDay 
DH40 0.008 LDay 
DH42 0.01 LDay 
DH42A 0.02 LDay 

F5.0 Summary 

These order-of-magnitude seepage calculations compare well with the observed seepages into the 
WIPP excavations. In the case of Room Q, calculated seepage rates are on the order of 0.3 Llday 
after 1,600 days, where the observable rate is 0.17 JJday (Howarth et al.,1994, Figure 3). In this 
case. the numerical model is for flow toward the room along a thin clay seam. Extending this model 
to a wastt: storage room predicts that total seepage into the room will be on the order of 9,000 L, 
far short of the 220,000 L necessary to completely corrode the susceptible metals that will be 
emplaced, in it (Deal et al., 1991, Section 4.6). Furthermore, seepage into the room will cease after 
about 100 years. 
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The case for seepage into a downhole drilled into strata below a WIPF' excavation behaves 
differently, because flow is radially toward the drillhole. In this case, some seepage continues for a 
long time, .perhaps a thousand years or more. It is clear that seepage into drillholes is saikingly 
different from seepage into a repository excavation. Deal et a1 (1993, Section 2.7.2) pointed out 
that seepage into drillholes probably should not be used to predict long-term seepage into a WIPP 
Waste Storage Room after sealing and closure. This calculation provides additional support for this 
caution. 
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