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ABSTRACT 

The Rock Mechanics Program is important to the establishment of a radioactive waste repository 
in salt because rock mechanics deals with the prediction of creep closure and eventual 
encapsulation of the waste. The intent of this paper is to give the current status of the program. 
This program consists of three major modeling efforts: continuum creep, fracture, and the 
disturbed rock zone. These models, together with laboratory'material parameters, plastic flow 
potentials, initial and boundary input data, and other peripheral information forms the predictive 
technology. The extent to which the predictive technology is validated against in situ test data 
adds certainty to the method. Application of the technology is through simulations of the test 
results, design, or performance using numerical codes. In summary, the predictive capabilities 
are technically sound and reasonable. The current status of the program is that which would be 
advanced for compliance. 
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1.0 INTRODUCTION 

An important aspect of radioactive waste disposal is the ability of the repository to ensure 
3 public safety through isolation of the waste from the accessible environment until the waste is 
4 no longer radioactive. T h e fact that salt slowly deforms o r "creeps" with t ime and that fractures 

* 6 in salt heal under load suggests that in a radioactive waste repository in a natural salt formation 
6 the rooms would eventually creep closed and encapsulate the waste, isolating it from the 
7 accessible environment for the relevant regulatory t ime period. T h e technical question concerns 
8 the need to know exactly how and when this creep process occurs with respect to other possible 
9 events so that we may state with reasonableness that repository safety is ensured. T o answer 

10 this concern, a predictive technology is required. T h e technology is based on establishing a 
li mathematical equation which simulates the known salt behavior as accurately as possible based 
n on laboratory data and validated against measured short-term in situ data. This mathematical 
13 equation or constitutive model can then be used to answer the important questions about the 
14 repository condition far into the future—in other words to predict the behavior . T h e description 
15 of this predictive technology and its technical basis follows. 

i6 The disposal of radioactive waste imposes unique engineering requirements in that it is 
17 necessary to predict the behavior of the repository perhaps as much as 10,000 years . Even 

though the rock mechanics processes discussed here will occur on a faster t ime scale, usually 
19 a few hundred years , the only way such predictions can be made is through calculations based 
20 on an understanding of the behavior obtained over a relatively short interval of contemporary 
2i observation. Predictive calculations such as these require three elements: a model, which is a 
22 mathematical description of the behavior; material parameters, which a r e the values (numbers) 
23 relating an individual material to the behavior; and a calculational method, which may b e an 
24 analytic method but which is often a computer program or numerical code. Together with other 
25 important peripheral information, these three fundamental elements form a predict ive technology. 
26 The subject of this paper is essentially a discussion of the 'specif ic models and predictive 
27 technology developed for the Rock Mechanics Program under the auspices of the Waste Isolation 
2s Pilot Plant (WIPP) Project. 

29 In the Rock Mechan ics P rog ram, there a r e both discrete material r e sponse mode l s and 
30 process models . A list of these models and an evaluat ion of their s tatus is g iven in T a b l e I . 
3i Al though the discrete material behavior model may be qui te compl ica ted , it is a lways related to 
32 one type of material, such as salt. The process model is actually a collection of several types 
33 of other models, assembled to describe a more complicated physical situation, such as the 

behavior of a disturbed rock zone (DRZ) which forms around underground openings. Fo r 
JS example, in this case, the process model must include, at least, models that determine the 
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Table I. Rock Mechanics Models 

Phenomenon Model Status 

Creep Multimechanism Deformation Technically Sound, Validated 
(M-D) Model Against In Situ Data 

Fracture M-D Coupled Fracture (MDCF) Technically Sound, Partially 
Model Validated Against In Situ Data 

DRZ Process Model Still in Development, Usable 
(involving several models) 

i formation of microfractures, the creep closure, the potential healing of microfractures, and the 
2 relation between fracture and permeability. 
3 

4 The Rock Mechanics Program considers creep, the time-dependent deformation of salt; 
s fracture, the time-dependent development of creep-induced microfracture formation and damage; 
6 and the disturbed rock zone (DRZ), the region adjacent to the excavated openings affected by 
7 the development of damage with attendant changes in permeability. The understanding of the 
8 rock mechanical or structural response of the underground excavations in the salt is one of the 
9 critical applied engineering areas of study for the WIPP Program. It is utilized either (1) 

10 directly through performance calculations of repository room and shaft closure or (2) indirectly 
I i through the prediction of coupled behavior of room contents under concurrent gas generation, 
(2 the crushed salt backfill, the compaction of crushed salt seal components, the formation of the 
13 DRZ adjacent to rooms and seals, and the potential increases in permeability and eventual 
14 healing adjacent to seal locations. The full array of fundamental behaviors or processes covered 
15 by the Rock Mechanics Program are given in Table II (Rechard et al . , 1989; WIPP PA, 
i6 1992a,b). 

Table II. Relevant Performance Assessment (PA) References 
• — — . . . ., , , , . _ _ j . » . , _ ,.„ , , , . . . . . 

Phenomenon or Process PA (1992) Reference 

Creep Closure Vol. 2 p. 2-55 (2.3.5) Vol. 3 p. A109 

Seal System Performance* DRZ Vol. 2 P. 2-45 (2.3.2) Vol. 2 p. 2-45 
(2.3.2.2) and p. 2-42 (2.3.1) 

Compaction Processes* (e.g., back stress Vol. 2 p. 2-28 (2.3.2.3) 
development, etc.) 

Fracture (propagation) Vol 2 p. 2-42 (2.3.1) 

Not part of Rock Mechanics Program but included for completeness. 
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i In those cases w h e r e the understanding of individual process has progressed sufficiently, 
the constitutive models and the associated material parameters have been specified. In addi t ion, 

3 to establish the re levance to per formance assessment and regulatory requi rements , the 
4 appropriate reference is m a d e to the Performance Assessment documentat ion ( W I P P P A , 
5 1992a,b) . However , mathematical definition of individual models , parameter l ists , and databases 
6 are too extensive to repeat here , bu t will b e summarized by example throughout t he pape r as • • 
7 appropriate. 

8 T h e basis for the mechanical per formance of a radioactive waste reposi tory w a s initially 
9 defined by the National Academy of Sciences, Commit tee on Waste Disposal ( N A S , 1957) based 

IO on the ability of rooms in natural salt deposits to creep, closed with t ime and ensu re the isolation 
11 of the waste for sufficient t ime to render it harmless . T h e NAS recommended a natura l deposi t 
12 of salt for three reasons: (1) its thermal propert ies , (2) its physical proper t ies ( e . g . , c reep 
13 deformation), and (3) the very exis tence of the salt deposit for hundreds o f mil l ions o f years 
14 demonstrates its isolation from circulating groundwater and the stability o f the geologic 
is formation in which it is located. F o r non-heat producing waste, such as that p roposed for the 
16 W I P P , only the last two reasons per ta in . Because the Rock Mechanics (Creep , F r ac tu r e , and 
17 D R Z ) Program incorporates processes affecting total repository per formance ( e . g . , r o o m and 
•« seal performance, migration pathways, etc.), this program bears on compliance issues in both 

40 CFR 191 and 40 CFR 268.6. With the.citations in the 92 PA document, further specific 
20 references to the regulat ions will not b e made , except for well defined cases . 

21 As a result of the basic N A S premise and the subsequent regulations, t he pr incipal direct 
22 application of the models developed by the Rock Mechanics Program is the calculat ion of the 
23 creep closure of the rooms and shafts, with o r without contributions from the deve lopment of 
24 the D R Z . In addition to providing the pr imary compliance evaluation of the c r eep c losure of 
25 the repository to ensure the encapsulation of the waste, the genera} application of the const i tut ive 
26 models and results of the Rock Mechanics Program directly and indirectly suppor t technical 
27 goals of other W I P P p rog rams . T h e most direct support is of the Disposal R o o m and Drift 
28 Systems and the Seal Design and Model ing Programs , as shown i n . T a b l e I I I . T h e Rock 
29 Mechanics Program also provides indirect support to other programs of the W I P P Project , 
30 although these will not be discussed here . 

31 As is evident, the current status of the three elements of the Rock Mechan ics P rogram 
32 are in fact statements of the rock mechanics program position and the technology base that would 
33 currently support any formal compl iance submittal . 
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Table III. Rock Mechanics Program Support Correlations 

Activity Creep Fracture DRZ 

Repository Creep Closure X 
Room and Drift Systems 

Backfill X 

Waste X 

Disposal Room X X X 

Eng. Alt. Sys. Analy. X 

Seal Design and Modeling 

Components X X X 

Seal and System Design X X X 

Small-Scale Seal Test X X X 
Large-Scale Seal Test 

Large-Seal Brine Inflow X X X 

Salado Permeability vs. Stress X X X 

i The three major areas of the Rock Mechanics Program will be discussed separately 
2 because they represent somewhat discrete but closely related efforts at different stages of 
3 development. In each area, a brief status summary is given which will be indicative of the 
4 technical soundness and level of validation of the model involved. Significant aspects of the 
5 model development, parameter evaluations, and data will be traced through important references, 
6 and in some cases will be included in the paper. The major consequences for compliance are 
7 noted for each model area. 
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I 2.0 CREEP 

2 As previously noted, o n e of the advantages o f placing radioactive was te in natural salt 
3 deposits is that the salt undergoes t ime-dependent deformation o r creep and therefore wi l l 
4 eventually close the repository rooms and encapsulate the waste. Even in m o r e complex 

'5 situations, such as concurrent gas generat ion, the mechanical o r structural response of t h e - . 
6 repository or shaft is governed by the creep of the salt . In fact, the mechanical behavior of salt, 
7 as expressed by creep, is one of the fundamental inputs to the design and per formance 
8 assessment of the repository and seal sys tems. I t has already proven influential in reposi tory 
9 design through structural evaluation o f several r o o m configurations (Krieg et a l . , 1980) . In this 

10 regard, it is critical that the creep process b e adequate ly understood and proper ly described to 
I I permit reasonable long-term predict ions of the reposi tory performance required by the regulatory 
12 standards. 

13 A simple representation of a standard c reep cu rve is given in F igure 1, which shows the 
14 strain as a function of t ime for a specimen under a constant stress and temperature . This f igure 
15 indicates the customary decomposit ion of the cu rve into a steady-state creep and transient c reep 
16 components . Also, two different c reep curves a r e indicated, one with tertiary creep behavior 
*" as marked by an accelerated creep ra te caused by progressive failure of the material , and o n e 

denoted as a continuum creep cu rve matching the cont inuum creep model in which the tert iary 
19 behavior is suppressed. Tert iary creep contains all o f the aspects of the development of the 
20 D R Z , in that the early stage of tertiary creep is caused by the generation of microfractures; as 
2i the microfractures increase, g row, and coalesce to form discrete cracks in the late s tage of 
22 tertiary creep, the material ultimately fails. 

23 The detailed technology that permits the predict ion of the structural response consists of 
24 a constitutive model for creep, the material parameters for all of the materials in the si te 
25 stratigraphy, and a numerical code for calculation of the response of the repository s tructure. 
26 In addition, because the actual stress fields involved a re three-dimensional, there must b e a flow 
27 potential which descr ibes the deformat ion of salt in- response to a three-dimensional stress s tate . 
2« T w o other inputs a re required: the s trat igraphy which gives the materials and elevations of the 
29 bedded layers in the natural salt (evapori te) depos i t , and the initial stress condi t ion . 

30 The constitutive model of salt c reep , the experimentally determined parameter values , 
31 and the numerical codes required for simulation of W I P P structural problems, at the current 
32 s tage of development , a r e well establ ished on technical ly sound principles and data . At this 

Rock Mechanics March 17. 1995 



Figure 1. Tertiary creep curve schematic with continuum model and fracture contribution noted. 
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i t ime, the creep predictive technology is the most sound and best validated of the models and 
technologies of the Rock Mechanics P rog ram. H o w e v e r , to establish site-specific compliance 

3 criteria and demonstrate compliance with general regulatory criteria, complet ion of ongoing 
4 efforts in several areas wil l potentially assist in demonst ra t ing regulatory compl iance . Briefly, 
5 these a re the determination of the creep pa ramete r distr ibution functions for argil laceous salt, 
6 further definition of the fast probability integrat ion methodology, additional improvements in 
7 ca lcu la t ion^ speed of the codes, probabil ist ic evaluat ion of room and shaft c losure, and some 
8 minor additional improvements in the current three-dimensional code capabil i ty. 

9 2.1 Constitutive Model 

IO During the course of the project, two const i tut ive models of cont inuum creep have been 
11 used for performance assessment: the mul t imechanism deformation steady-state creep response 
12 with workhardening/recovery transient c reep model (Munson et a l . , 1989a), and a steady-state, 
13 reduced modulus model (Morgan et a l . , 1986) . 

H T h e model that produces very reasonable ag reement with the extensive in situ test data 
15 and is proposed as the new reference model is the mult imechanism deformation steady-state 
'*> c reep response with workhardening/recovery t ransient (M-D) model . R o o m closures (as 

required by 40 CFR 268.6(b)(3) and 40 CFR 268.6(b)(5) and environmental per formance 
18 standard 40 CFR 264.601) as measured from a n u m b e r o f in situ tests have been successfully 
19 predicted using this model , together with the r ecommended updated stratigraphy (Munson et a l . , 
20 1989a). T h e agreement between calculated and measured room closures is typically better than 
21 1 0 % , with the longest current comparison o f 3 .5 yea r s . This indicates that the model and 
22 predict ive technology may be valid within acceptable uncertainty (Munson and DeVr ies , 1991). 
23 A plan view of the W I P P underground together with designations of the in situ test rooms is 
24 given in Figure 2 . T h e updated stratigraphy is as shown in Figure 3 . T h e simulations included 
25 both heated (Room B) and unheated (Room D and G) s ingle r o o m s , a mul t ip le room complex 
26 (Rooms A) , a cylindrical room (Room Q) and a shaft (Air Intake Shaft - Shaft V) , a cylindrical 
27 pil lar (Room H) , and the computat ional ly compl ica ted , three-d imensional , in termediate-scale 
28 borehole test (Rooms C ) . As a result of the success of this model in simulating the room closure 
29 of a range of significantly different room and shaft geometr ies , which implies different stress 
30 fields, using a single reference set of parameters (see Tab le IV) , suggests that this model is 
3i reasonable for W I P P use (WIPP PA, 1992a,b) . As examples of the ability of this model , and 
32 associated predict ive technology, the calculated and measured vertical and horizontal c losures 
33 of Rooms D and B, both isolated 5 .5-m-square cross-section rooms some 5 .5 m above the W I P P 

horizon, but with the latter heated after one year , a re shown in Figure 4 (Munson et a l . , 1990a). 
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Figure 2. Plan view of the in situ tests in the WIPP facility. 
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Figure 3. Local stratigraphy at the WIPP horizon. 
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i Agreement between measured and calculated c losure is within 10% except for the ver t ical 
2 closure of Room B where progressive roof failure leads to a high apparent measured closure 
3 rate. The continuum creep model does not include fracture and cannot simulate the roof 
4 response once fracture becomes a significant mechanism. In Figure 5, the comparison is shown 
5 between calculated and measured horizontal and vert ical closures (Munson et a l . , 1993) for the 
6 entirely different geometry of Room Q. This room is a horizontal, cylindrical room with a. 
7 diameter of 2.9 m, at the WIPP horizon, which differs from the previous rooms. Here, the 
8 agreement of both horizontal and vert ical calculated and measured closures is wi thin 3 %, for the 
9 nearly 3 years' duration of comparison. These results, together with similar results in the other 

io comparisons of calculation to in situ test data, have been the basis for suggesting the M-D model 
I i is technically sound and an indication of the validity of the predictive technology. 

12 The technical basis of the model is supported by fundamental concepts where this is 
i3 possible. The M-D model is based on the deformation mechanism map for steady-state creep. 
14 A deformation mechanism map for salt is given in Figure 6 (Munson, 1979). This map 
is describes those regions of stress (plotted as the non-dimensionalized modulus reduced stress) and 
16 temperature (plotted as the homologous temperature) where a specific dislocation mechanism 
n controls the creep process. For the conditions of the WIPP, there are potentially three distinct 
is mechanisms involved: (1) a high temperature and low stress region based on a dislocation climb 
19 mechanism, (2) a low tempera tu re and low stress undefined mechanism ( e . g . , n o theoret ical 
20 micromechanical mechan i sm is known in this region) , but the region is empir ica l ly wel l 
21 character ized, and (3) a high stress dislocation slip mechanism. Al though the W I P P condi t ions 
22 are expected to be isothermal at the ambient natural underground temperature, all of the stated 
23 mechanisms could still b e involved because of the large range of stress states that occur a round 
24 underground rooms and shafts. These mechanisms conform to the requ i rements for addi t ive 
25 processes and the total s teady-state creep rate is then the sum of the rates of the individual 
26 mechanisms. T h e boundar ies be tween regions of the deformation map a r e defined as the locus 
27 where the strain rates of the adjacent mechanism reg ime are equal . Trans ien t c reep strain is 
2« incorporated into the model through a multiplier on the steady-state rate . Trans ien t c reep is 
29 described through a state pa ramete r which obeys a higher order (quadratic) kinet ic equat ion. 
30 Both stress loading and unloading changes of the long transient (single-state parameter ) type can 
31 be accommodated by the model . Initial state values less than the transient strain limit will 
32 increase through workha rden ing until the transient strain limit is reached, wh i l e initial state 
33 values greater than the limit will decrease through recovery. At the transient strain l imit , the 
3-t material continues to accumula te further, unlimited strain by steady-state c r eep . 
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Table IV. Parameter Values for the M-D Model 

ELASTIC PROPERTIES (DENOTED WIPP-D) 

fJ 12.4 GPa 
E 31.0 GPa 
u 0.25 

CREEP PROPERTIES (DENOTED WIPP-D) 

CLEAN ARGILLACEOUS 
PARAMETERS SALT SALT UNITS REMARKS 

A, 8.386 E22 1.407 E23 Is FROM ERDA-9 
Qi 25,000 25,000 cal/mol FROM ERDA-9 
ni 5.5 5.5 FROM ERDA-9 
B, 6.086 E6 8.998 E6 /s FROM ERDA-9 

A 2 
9.672 E12 1.31984 E13 /s 

0-2 10,000 10,000 cal/mol FROM ERDA-9 
n 2 5.0 5.0 FROM ERDA-9 
B2 3.034 E-2 4.289 E-2 /s 

°0 20.57 20.57 MPa 
q 5.335 E3 5.335 E3 FROM ERDA-9 

m 3.0 3.0 THEORETICAL 
Ko 6.275 E5 1.783 E6 
c 0.009198 0.009198 U DeVRIES [1988] 

a --17.37 -14.96 , , FROM ERDA-9 
P -7.738 -7.738 

6 0.58 0.58 FROM ERDA-9 

N O T E : THE ERDA-9 VALUES WERE OBTAINED FROM MUNSON AND DAWSON [1979; 1982]. HERE. M IS THE SHEAR 
MODULUS, E IS YOUNG'S MODULUS, AND N IS POISON'S RATION. THE A'S AND B'S ARE CREEP STRUCTURE 
FACTORS, THE Q'S ARE ACTIVATION ENERGIES, THE N'S ARE POWER EXPONENTS OF THE STRESS 
DEPENDENCIES, Q IS THE EXPONENTIAL STRESS DEPENDENCY, a0 IS THE CUT-OFF STRESS FOR THE SLIP 
MECHANISM, M IS A THEORETICAL VALUE, K0 IS THE CONSTANT FOR THE TRANSIENT STRAIN LIMIT, C IS THE 
TEMPERATURE DEPENDENCE OF THE TRANSIENT STRAIN LIMIT, AND a, fi, AND S THE ARE PARAMETERS THAT 
GOVERN THE CURVATURE OF THE TRANSIENT CREEP RESPONSE. 
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Figure 4. Calculated and measured closures of Room D and Room B. 
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Figure 5. Comparison of calculated and measured Room Q closures. 
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Figure 6. Deformation mechanism map for salt. 
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i In addition, the M-D model, with the large strain SPECTROM-32 code, has been used 
2 successfully to calculate the closure of the quite complicated Engineered Alternatives Task Force 
3 (EATF) Baseline configuration, which is a repository room containing waste and crushed salt 
4 with the conditions of concurrent gas generation. 

5 A somewhat simpler constitutive model was developed early in the project based entirely-
6 on the steady-state creep behavior in the undefined mechanism region (Morgan et a l . , 1986). 
7 Unlike the M-D model, this model required an arbitrary reduction of elastic moduli by a factor 
8 of 12.5 to obtain adequate agreement with the measurements in the South Drift (Morgan et a l . , 
9 1985). In certain situations, this constitutive model has been used for W I P P calculations 

10 (Butcher and Mendenhall , 1993). However , the reduced modulus model is no longer used unless 
i I the M - D model has unacceptably long computation t imes and the simpler model has been shown 
12 to be accurate. 

13 2.2 Flow Potential 

14 Selection of the proper plastic flow potential is critical because this potential makes it 
15 possible to obtain the response of a material to the three-dimensional stress fields found around 
16 the underground openings. A series of thin walled, hollow salt cylinders was subjected in the 
; laboratory to various loading paths chosen to explore the angles between the conditions of 

is uniaxial compression and pure shear. Significantly, these experimental results can b e interpreted 
19 directly, without recourse to structural calculation, to show that a Tresca plastic flow potential 
20 based on a maximum shear stress criterion describes salt creep and is therefore preferred over 
21 the von Mises criterion (Mellegard et a l . , 1992), which is based on the octahedral shear stress 
22 criterion. Although the difference in stress in pure shear is only 15 .7%, the strong stress 
23 dependence of creep causes this to become a factor of two in creep rate in pure shear. This 
24 effect is important for closure of underground rooms in salt where significant amounts of salt 
25 can be in shear. In confirmation of the choice of the plastic flow potential, the structural 
26 calculations using the Tresca flow potential make possible the very reasonable agreements 
27 obta ined . 

28 2.3 Material Parameters 

29 The material parameters required for the M-D model have all been determined from 
30 laboratory triaxial, compressive creep tests, except where a theoretical value exists. The 
3i reference values proposed which are the values used for all M-D model simulations of the in situ 
"2 experiments (as discussed previously) are given in Table IV. As is apparent, the parameters 
3̂ have been determined for the two dominant types of salt layers in the stratigraphy, clean salt and 
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i argil laceous (containing clay) salt layers. Because the wastes intended for the W I P P a r e not heat 
2 producing, except for limited amounts of remote-handled T R U , the thermal parameters a r e not 
3 important and have no influence on the typical W I P P structural p rob lems . Other evaporite 
4 materials, such as anhydri te and polyhalite, when sufficiently c lose to the excavation that it is 
s necessary to treat their explicit behavior, a re treated as elastic o r elastic-plastic materials. T h e 
6 interbeds found between the layers of salt are represented as planes of frictional slip with a -
7 coefficient of friction of 0 .2 , taken as a constant for all calculations and based on qualitative 
8 evaluation of in situ behavior . 

9 At this t ime, the principal parameters for clean salt of the M - D mode l have been framed 
10 in terms of probabili ty distribution functions (Fossum et a l . , 1994) and the analysis has been 
u made to determine a distribution function for creep c losure of a simulated crushed-salt-filled 
12 shaft seal configuration. Calculated creep closure was to a selected crushed salt density (Fossum 
13 and Munson , 1995). T h e distribution functions for argil laceous salt still have to be determined 
u and additional evaluations of shaft closure have to be made . Compar isons must b e made of the 
is fast probabili ty integration and Monte Carlo methods . 

16 2.4 Stratigraphy and Initial Conditions 

17 T h e stratigraphic detail for the numerical simulations is the updated version given by 
18 Munson et al . (1989a) , as shown in Figure 3 , which modified that given earl ier by Krieg (1984) . 
19 This updated stratigraphy is specialized to capture those aspects of the materials important to the 
20 mechanical behavior , and therefore differs from those reflecting more c o m m o n geological 
2i aspects . Features of geological importance often a re not influential in terms of mechanical 
22 behavior . 

23 The initial stress condition of the site is essentially one of uniform rock pressure (a, = 

24 a2 = cr3) d u e to the o v e r b u r d e n ( W a w e r s i k and S t o n e , 1 9 8 9 ) . 

25 2.5 Numerical Codes 

26 Essentially, three distinct numerical structural codes have the necessary (as noted 
27 previously in 40 CFR 268.6(b)(3), 40 CFR 268.6(b)(5), and 40 CFR 264.601) capabilities to 
28 simulate the major aspects of the W I P P underground as follows: S A N T O S , J A C - 3 D (Biffle, 
29 1993), and S P E C T R O M - 3 2 (Callahan et a l . , 1989). These codes use finite-element, numerical 
30 solution methods . Their current capabilities include a choice of flow potential , multiple material 
31 layers, slide lines to emulate interbed seams, and birth/death options simulating mining. T w o 
32 codes a re limited to two-dimensional s imulat ions, whi le one code , J A C - 3 D , has the capabili ty 
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i for either two- or three-dimensional simulations. All of these codes can account for large (finite) 
> strains, a feature of some importance in treating the long times and large deformations involved 
3 in some WIPP problems. All codes currently incorporate the M-D model; however, JAC-3D 
4 and SPECTROM-32 have the most experience with simulations using this model. SPECTROM-
5 32 is rated as a Level A code according to Sandia QAP 19-1 quality assurance requirements. 

6 2.6 Remarks 

7 The creep models are "continuum" models and, as a result, they do not allow fracture. 
8 However, if we are addressing the long-term creep closure effects, such as that of complete 
9 repository creep closure to encapsulate the waste, the problem, in fact, is relatively simple. The 
10 creep closure involves the removal of all underground void, regardless of whether the void 
11 volume is that of the original repository room or some redistribution of this volume, such as 
12 occurs with the formation of microfractures around the room. In this case, then, the prediction 
13 involves only the general response of the entire salt body to eliminate the underground void 
u volume; and, therefore, the use of a continuum creep model is both adequate and sufficient, 
is Certainly, there are temporary situations, such as formation of a potentially permeable DRZ 
16 around seals, that must be considered. In fact, the calculated creep strain caused by the 
17 formation of the DRZ is quite small (3%) compared to the continuum creep stains, so that it 
"8 does not affect significantly the comparison between measured and calculated continuum creep 
19 closure. However, the small strains associated with the development of microfractures can have 
20 a large effect on changes in permeabil i ty. Again, in the long-term closure , the microfractures, 
21 because of the conservation of mass (or void) do not change the encapsulation process. In the 
22 more complicated situation of concurrent gas generation, the gas will potential ly act as a source 
23 within the repository to increase the required void volume and alter the encapsulation process. 

24 The proper form of the plastic flow potential remains, an issue within the technical 
25 community. Historically, most structural analysts continue to use the von Mises potential in 
26 creep structural p rob lems . However , based on the definitive thin-walled cyl inder results and the 
27 success of the calculations of in situ behavior, the Tresca potential should b e considered the 
28 proper plastic flow criterion for creep of salt. 

29 Currently, an issue to be resolved concerns whether the fast probability integration (FPI) 
30 methods p roduce the same results as the Monte Carlo or Latin Hype rcube methods currently 
31 used for the WIPP program. For very complex structural calculations, Monte Carlo or Latin 
32 Hypercube methods require too many realizations or calculations to b e economica l . Perhaps 

i only FPI methods a re efficient enough to permit probabilistic analysis of structural responses . 
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i However, because no mathematical proof of equivalency of the methods exist, direct 

2 comparisons of simple problems will be necessary to establish confidence in the FPI method. 

3 2.7 Continuum Creep Data to Analysis Guide 

4 The database and analysis history is too extensive to be included directly in this paper. -
5 As a alternative, a partial reference guide is given in Table V. 
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3.0 FRACTURE 

«: It is known that, as the continuum creep deformation of the salt immediately adjacent to 
3 the underground openings occurs, conditions for the formation of microfractures become 
4 favorable and the salt experiences a progressive increase in microfracturing. This process is 
s evident as damage which evolves with time. These microfractures may eventually link to form • 
6 discrete cracks. At late times, the discrete cracks propagate and link until the salt fails. 
7 Expression of this process in situ leads to the creation and accumulation of damage in the rock, 
8 which gives rise to the DRZ. The material expression of this process in the laboratory is the 
9 tertiary creep behavior, as shown in the curve which incorporates fracture in Figure 1. These 

10 details of fracture development become relevant in two specific cases: (1) At relatively small 
11 amounts of damage which is the early portion of the tertiary behavior, the formation of 
12 microfractures may cause an increase of permeability, and consequently, a potential loss of long-
13 term seal system integrity and performance that may be reasonably expected for regulatory 
14 compliance (as given in 40 CFR 191.13, 40 CFR 191.14, and 40 CFR 191.24). As a result, this 
15 effort supports the performance response of the repository rooms and drifts, especially for 
16 Disposal Room models and seal systems through Seal Design and Modeling. (2) The 
17 development of fractures and a DRZ must be recognized and appropriate steps taken to deal with 
is the conditions encountered during operational activities, such as construction, for example. Of 

these two cases, the Rock Mechanics Program is primarily concerned with the first case in which 
20 only relatively small amounts of damage occur. 

21 As previously mentioned, the relationship of the fracture model to the M-D continuum 
22 creep model and the DRZ process model is to add a crucial component to the modeling 
23 capability. The development of microfractures described by the fracture model contributes only 
24 a few percent to the closure strain, and even that strain eventually is removed by continuum 
25 creep. However, the small amount of fracture strain or damage,may in fact be responsible for 
26 marked changes in permeability and deterioration of the performance of seals. This is why the 
27 fracture model is important to the compliance goal. The DRZ process model combines 
28 individual models, such as functional forms for damage healing and permeability changes with 
29 damage together with the creep and fracture models, to assess the DRZ growth evolution 
30 (growth or healing) with time. 

31 The study to understand fracture is an important area of development of the Rock 
32 Mechanics Program and it is currently the most active. This activity includes the additional 
33 theoretical inputs to define the cleavage modes of fracture and complete the fracture model, the 

development of the capability to handle bed separation, the generation of the experimental 
JO 
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1 database for the argillaceous salt material, the final parameter selection for the fracture model, 
2 and the further comparisons to the underground observations of damage to demonstrate validity. 

3 3.1 Fracture Constitutive Model 

'4 The constitutive model of fracture has been formulated to address progressive, time-. 
s dependent development of damage (Chan et al., 1992). This model, which is the 
6 multimechanism deformation (M-D) continuum creep model coupled to fracture (MDCF), is 
7 based on the Bodner-Partom (Bodner, 1985) description of tertiary creep, with the parameters 
8 determined from laboratory creep tests (Fossum et al., 1993). The Bodner-Partom description 
9 for tertiary creep is a very non-linear evolutionary equation for damage. The MDCF model 

10 defines from the damage a new strain contribution, due to deformation of the microfractures, 
n which evolves with time. Damage enters the model directly through the damage strain and 
12 indirectly through reduction of the loaded area to increase the effective stress. From the fracture 
13 mechanism map (Gandhi and Ashby, 1979), this formulation represents two separate fracture 
14 mechanisms, one of which, stress rupture, is very relevant to the WIPP conditions. The model 
15 accounts for important effects of confining pressure in that microfracture is sensitive to confining 
16 pressure and can be completely suppressed. The model also contains a feature that permits the 
17 elimination of damage, which simulates the rehealing process, as the damaged salt is 
is repressurized. Such repressurization is expected to occur around seals as they take up load from 
19 the overburden as the creep-closure process continues. 

20 As in the case of the continuum creep model, the attempt during the development of the 
21 fracture model is to maintain a fundamental basis wherever possible. The fracture model is 
22 based on a fracture mechanism map which defines the regions in non-dimensionalized stress and 
23 homologous temperature that different fracture mechanisms dominate. Just as for the 
24 deformation mechanism map, the fracture mechanism map can be used as a guide to the model 
25 development. In contrast to the deformation mechanisms, fracture mechanisms are very 
26 sensitive to confining pressure. In certain instances, the confining pressure will suppress the 
27 fracture process completely. As a result, the fracture model imposes the effect of confining 
28 pressure on fracture. Of the possible fracture mechanisms, three relate directly to the conditions 
29 of the WIPP underground. These are a brittle grain boundary fracture mechanism of short-time 
30 failure which is strain-rate dependent, a stress rupture mechanism which is the long-time failure 
31 mode, and a cleavage failure mechanism. The fracture mechanism of stress rupture dominates 
32 the formation of microfractures during the development of the DRZ and is considered the most 
33 important mechanism. This mechanism appears to obey the Monkman and Grant (1956) 
34 criterion of a constant strain to long-term failure. 
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i The MDCF model is a "ubiquitous" model in the sense that it describes the damage as 
2 though it is smoothly distributed throughout a material volume. That is, the presence of discrete 

fractures is not modeled or tracked in the MDCF formulation. However, this is not a 
significant problem in addressing the issue of the formation, growth, and healing of the DRZ 

s for use in sealing system performance assessment and design where the damage is limited to 
6 small values. For these conditions the model is thought to be accurate. In terms of the level 

* "7 of validation of the fracture model, it is much less advanced than the M-D continuum creep.. . 
8 model. As is apparent, some work remains to be done to achieve reasonable expectation of 
9 regulatory compliance. The remaining work involves further refinement of the fracture 

10 constitutive model, determination of material properties, comparison of model predictions to 
11 underground observations, and the proper incorporation of the interbed behavior. Regardless, 
12 the model is currently developed adequately to be used for seal design studies of the influence 
13 of the DRZ on seal performance. 

14 Several "stress-based" fracture models have been used on WIPP analyses. In the analysis 
15 of the permeability changes in the DRZ, Stormont et al. (1992) used a time-independent 
16 representation of the stress strain curve and calculated changes in volumetric (dilatant) strain 
17 with increase in stress. A similar approach has been used in support of the study of design 
is alternatives for seal systems (Van Sambeek et al., 1993). Unless specifically modified, stress-
19 based models in general do not permit the damage to evolve independently with time as a 

separate material behavior, a characteristic feature that is known to occur in salt. In these 
21 models, changes in damage may occur only as the stress field changes in time. In fact, if the 
22 stress field around an opening decreases with time, accumulated damage would incorrectly 
23 appear to decrease also. In general, the stress-based fracture models need to be replaced by the 
24 time-dependent evolutionary formulation of the MDCF. ^ 

25 3.2 Fracture Model Parameters 

... •• 
26 The MDCF fracture material parameters have been determined for clean salt, and 
27 preliminary parameters are now becoming available for argillaceous salt. It appears based on 
28 experimental evidence that the small quantity ( < 4 %) of clay content in argillaceous salt has a 
29 marked effect on the microfracture behavior, increasing the rate of damage evolution and 
30 decreasing the time to failure. A comparison of creep and fracture behavior shows that, 
31 although clay increases the creep rate and the transient strain, an equivalent clay content has a 
32 much more marked influence on the fracture response. Apparently, the overall effect of clay 
33 content is quite important in that it causes argillaceous salt layers to accumulate damage at a 
34 higher rate than the clean salt layers, which appear to. match the underground response. 

However, until the entire available database has been evaluated, the fracture model parameters 
J O will not be given. 
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1 3.3 Numerical Code MDCF Model Incorporation 

2 The MDCF model has been incorporated into SPECTROM-32 and a number of 
3 preliminary simulations made of the WIPP underground room configurations, including the 
4 storage room configuration. It has been possible to make a preliminary comparison to the 
"s formation of the damage, as measured by ultrasonic wave speed, around the Air Intake Shaft. 
6 Although further analysis is required, the model calculation compares qualitatively with the 
7 measured results, especially in the radial extent of the damage, as shown in Figure 7. The 
8 nature of the fracture model is such that it will also predict the accumulation of large amounts 
9 of damage, essentially that equivalent to failure. In a preliminary sense, it has been used to 

io calculate the accumulation of damage around a room of the Transuranic (TRU) Test Panel, as 
11 shown in Figure 8. While direct comparison is not yet possible because the ubiquitous model 
12 does not permit localization, the initial fracture pattern is certainly suggestive of the fracture 
13 trajectories observed in these rooms. These simulations have been encouraging because they 
14 show development of damage around the underground opening with time, which matches in a 
15 qualitative sense the general observations. The predicted behavior is thought to be more realistic 
16 than previously possible with the earlier, stress-based, time- independent fracture models which 
17 cannot evolve with time and do not have a true tertiary creep- related measure of damage. 

is 3.4 Discrete Fracture - Fracture Mechanics Approach 

19 For the more extreme conditions of damage accumulation, it is necessary to treat discrete 
20 crack formation and propagation; this technology is not so well developed. Work is in progress 
21 to address the problem of the localization of the damage to produce a discrete fracture. There 
22 are two distinct approaches to this problem: global and local. The classic or global approach 
23 is to convert at some point the ubiquitous results in a mesh to a discrete element with an 
24 advancing crack tip, which presents mathematical and numerical difficulties. The simplest of 
25 these global approaches (linear elastic fracture mechanics) has been applied to the WIPP problem 
26 of the response of interbeds to the pressurization of the repository by gas generation. However, 
27 with a simplistic linear elastic approximation .what is often found is that the linear elastic 
28 energies misestimate severely the actual conditions of an elastic-plastic, creeping crack tip. A 
29 common assumption of a characteristic length to control the energy release has not always 
30 proven satisfactory because of difficulty in rationally specifying the length. In fact, in some 
31 cases where the "process" zone is very complicated, the mathematical representation has no 
32 
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Figure 7. Comparison of in situ ultrasonic equivalent of damage against MDCF model 
calculation. Comparison based on isotropic ("iso") distribution of microfractures, 
with the upper and lower MDCF estimations obtained from the range of 
laboratory data of the change in ultrasonic velocity with volume dilatancy. 
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Figure 8. Predicted damage around a TRU test panel room. 
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i independent parameter available in the solution to take the role of the fracture toughness, and 
2 the crack tip conditions no longer can be described by global parameters. In this case the stress 

field becomes independent of the applied stress and may become geometry dependent. 

4 3.5 Discrete Fracture - Local Approach 

5 A more recent development, which is an alternative to the global approach, is to use a • 
6 local approach based on "adaptive meshing" where the gradients of damage or energy across a 
7 mesh serve as a measure of the need to refine the mesh. As mesh refinement occurs at regions 
8 of high damage gradients, the highly refined mesh generates a trajectory of the crack. Adaptive 
9 meshing requires only the definition of the ubiquitous model, without the need to introduce 

IO special elements to define the discrete crack. Although coding of adaptive meshing is not an 
n easy task, this is the reason the rock mechanics program has chosen the adaptive meshing 

12 approach. 

13 3.6 Remarks 

14 Although the predictive technology for fracture damage and failure is not as well 
15 developed as for creep deformation, several significant advances have been made. The M D C F 
16 model already incorporates the necessary features and is capable of simulating the shaft sealing 

systems. The important contribution of the MDCF model is that the time-dependent 
is accumulation of damage is strain based, in marked contrast to earlier models based on stress 
19 related quasistatic onset of dilatancy. This model is expected to replace the earlier stress-based 
20 models for use in WIPP shaft seal design calculations. 

21 As noted, the uncertain aspects of fracture modeling appear in the manner in which the 
22 fracture damage is extended to discrete cracks. The proper, and physically correct, choice 
23 between global (fracture mechanics) and local (ubiquitous models) is not yet settled. For very 
24 complex situations, such as those around a moving crack tip in a creeping material, no global 
25 solution appears to be available so the use of fracture mechanics is not possible. Thus, for salt, 
26 • at this time, a local approach appears more reasonable. 

27 3.7 Fracture Model Data to Analysis Guide 

28 The database and analysis history is too extensive to be included directly into this paper. 
29 As a alternative, a partial reference guide is given in Table VI. 
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Table VI. Fracture Model Data and Analysis Guide 

Conceptual Model Model Analysis 
Creep closure is 
accompanied by 
fracture evolution 
around shafts and 
rooms (PA 1992) 
which makes a small 
contribution to strain 
but a large potential 
change in 
permeability 

MDCF Multi-
mechanism 
deformation model 
coupled to 

Numerical finite 
element simulations 

References (partial) 

Model — 
Chan et al. 1992 

Parameters — 
(in progress) 
Fossum et al. 1994 

Flow potential — 
Mellegard et al. 1992 
PA 1992, Vol. 3 

In situ data — 
(in progress) 

Stratigraphy — 
Munson et al. 1989a 
PA 1992, Vol. 3 

Initial conditions — 
Wawersik & Stone 
1985 
Munson et al. 1989a 
PA 1992, Vol. 3 

Analysis — 
(in progress) 
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1 4.0 DISTURBED ROCK ZONE (DRZ) 

± The DRZ is the zone of rock immediately surrounding underground openings in which 
3 the mechanical and hydrologic properties have changed in response to the excavation and 
4 subsequent creep. Since the existence of the DRZ was documented (Borns and Stormont, 1988, 
'5 1989; Holcomb, 1988) and accepted at the WIPP (Lappin et al., 1990) the Project has postulated • 
6 that the DRZ has an impact on (1) gas and brine storage relocation, (2) localized hydrologic 
7 response of the Salado Formation, (3) design and performance of seals, and (4) repository 
8 design. DRZ investigations address compliance issues for the Seals Program through Seal 
9 Design and Modeling and Seal Field Studies programs, since the DRZ development at the 

io proposed seal locations determine changes in hydraulic and mechanical properties of the seal 
11 system with time. Compliance issues are addressed for Salado Hydrology by supporting Flow 
12 and Transport Modeling, Hydrologic Field Studies and Large-Scale Brine Inflow Experiment. 

13 Except for some laboratory, numerical simulations, and minor field studies, the 
14 investigations of the DRZ were largely ended in 1991. The exceptions are the Large-Scale Brine 
is Inflow Experiment (Room Q), where studies of hydrologic and physical behavior continue, and 
16 the Air Intake Shaft, where ultrasonic studies are still in progress. However, the current 
17 technical position would benefit from additional information, which it appears may eventually 

be needed. It appears especially important to monitor the time-dependent hydrologic behavior 
19 of the DRZ (e.g., water saturation, porosity, and permeability). Monitoring the time-dependent 
20 behavior of the DRZ will be of great significance from initial excavation and, when possible, 
21 during and after seal emplacement tests. Characterization is required of the DRZ in proposed 
22 seal locations. Also, the extent and propensity for fracturing in the Salado marker beds needs 
23 to be more fully investigated. Some of these concerns are being addressed by a current 
24 investigation of the DRZ developed around the small-scale seals tests. 

25 4 .1 Process Model of DRZ 

26 As shown in Table I, the model for describing the DRZ is classified as a process model. 
27 This implies that the model is actually a collection of individual physical elements that describe 
28 mechanical and hydrological behavior of the DRZ behavior. Thus, the DRZ process model 
29 must, at least, incorporate the creep response through the creep model, the formation of 
30 microfractures through the MDCF fracture model for predicting damage evolution, the model 
3i for describing healing of microfractures under pressure, and a physical model relating the 
32 damage to permeability. Application of this process model to seal design, for example, permits 

a test of the design against performance criteria over the critical recompaction period of the 
^ crushed salt seal components. 
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i As is evident from the results in Figures 7 and 8, some elements of the DRZ process 
2 model are currently operational, while others are well advanced and eminently available. The 
3 constitutive model of the damage evolution (MDCF) has been developed which can be applied 
4 to predict the time-dependent details of the evolution of damage. The model is able to simulate 
s the fractional damage surrounding an excavation, either shaft or room. Because the damage 
6 measure determined by the model is not a physical quantity, a correlation function to volume 
7 dilatancy in the form of a non-associated flow rule has been established. To provide the physical 
8 link to hydrological performance, the permeability, as previously mentioned, as a function of 
9 the volume dilatancy completes the predictive capability. A functional form of the healing 

io relationship has been established based on laboratory results. This relationship is the sum of two 
11 first-order kinetics equations and is now incorporated into the DRZ model. 

12 Two of the elements of the DRZ process model are major models: the M-D model of continuum 
13 creep and the MDCF model of damage evolution. These models of mechanical behavior have 
14 been fully treated in the earlier discussions. The other elements will be discussed here. 

is 4 .2 Kinetics of Healing 

16 The kinetics of the microfracture healing process have been determined through 
17 laboratory tests (Brodsky and Munson, 1994). Damaged dry salt specimens heal, as measured 
18 by the return of volume strain and ultrasonic wave speed, according to the sum of two first-order 
19 kinetic equations. The characteristic time constant of the process is on the order of days, which 
20 is short compared to that of the creep process. In seal system performance, this suggests that 
21 the damage healing depends only on the rate that the creep process repressurizes the seal. 
22 Because of the short time constants and based on void geometry, the healing process is thought 
23 to differ significantly from the compaction process of final void elimination in crushed salt. 

24 4.3 Permeability Relationship to Damage 

25 Although a measure of the relationship between permeability and damage can be obtained 
26 from back correlations of damage calculations to the permeabilities measured in situ, the most 
27 direct measure will come from laboratory experiments. In these experiments, previously 
28 damaged specimens with known volume dilatancies are used to determine permeability. 
29 Relatively few laboratory experiments are currently available from which to deduce a 
30 relationship. Consequently, additional studies will probably be necessary to improve the 
3i definition of the permeability-damage relationship. 
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1 4 .4 Peripheral inputs 

z There are some critical peripheral inputs to the analysis of the DRZ under the actual 
3 conditions as they pertain to seals and seal systems. It is of interest to mention the most 
4 important of these inputs here for completeness. The analysis of a seal system requires a 
5 description of the mechanical and hydrological behavior of the seal components. This especially • • • 
6 means the behavior of the concrete and crushed salt components, because these are the principal 
7 materials being considered. In general, these peripheral inputs are being developed in WIPP 
s Programs on Seals, external to the Rock Mechanics Program. 

9 4 .5 DRZ Characterization 

io The DRZ has been characterized by three approaches: visual observation, geophysical 
11 methods, and in situ hydrologic testing (Borns, 1985; Bechtel National, 1985; USDOE, 1988). 
I 2 Geophysical studies have utilized seismic refraction, seismic tomography, surface wave analysis, 
13 electromagnetic (EM) methods, and direct current (DC) methods (Borns and Stormont, 1989; 
i4 Borns et al., 1990; Holcomb, 1988; Jung et al., 1991; Pfeifer et al., 1989). Taken in 
15 conjunction with the in situ hydrologic tests, these studies define a DRZ extending to a depth 
16 of 1 to 5 meters throughout the underground facility (Borns and Stormont, 1988; Stormont et 

al., 1991). The DC and EM methods indicate that fracture saturation or fracture density may 
is vary laterally along the excavations. These in situ studies also demonstrate that microfracturing 
19 and desaturation of the pore space have occurred within the DRZ. The dilation that results from 
20 the microfracturing in the DRZ provides a small component of the observed room closure. The 
21 processes involved in the development of the DRZ are complex, although basically related to 
22 the strain and strain rates of the salt adjacent to the underground opening. The redistribution 
23 of stress around the excavation with the development of the DRZ drives coupled processes such 
24 as changes in permeability and porosity in response to fracture,growth. 

25 Gas flow measurements have previously been conducted in the Salado Formation 
26 immediately surrounding excavations. Measurements taken in small diameter .boreholes (50 to 
27 150 mm) show that, within 1 to 2 m of the excavation, the halite has very little resistance to 
28 fluid flow. Tracer tests (Stormont et al., 1987; Stormont, 1990) demonstrate that flow paths are 
29 consistent with the elliptical fracture pattern generally applied to describe fracture distribution 
30 around excavations. These tests have provided a qualitative description of the fluid flow 
31 properties of a DRZ adjacent to the facility rooms and drifts at the WIPP. However, such a 
32 description is difficult to accommodate from the performance assessment perspective. In fact, 

a conceptual model of the repository zone requires as input the quantitative distributions for the 
o4 porosity, permeability, and initial saturation of the DRZ. At the present time, the fluid flow 
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i characteristics of the DRZ have not been described by an experimentally derived conceptual 
2 model. Models of the DRZ have thus far been limited to constitutive modeling of the structural 
3 deformation processes. These observations relate to the formation of the DRZ adjacent to rooms 
4 specifically and, while the formation of the DRZ adjacent to shafts has similar characteristics, 
s the DRZ at the shaft will differ significantly in detail. 

6 The well instrumented Air Intake Shaft (Munson et al., 1992a) at the WIPP facility has 
7 formed the nucleus of several important studies. It has already been noted that shaft creep 
8 closure aided in the validation study of the creep model and the preliminary comparisons of the 
9 calculated MDCF damage with in situ ultrasonic measurements in the shaft. This shaft will 

10 undoubtedly continue to provide data for DRZ characterization. Although initially planned, 
1i permeability testing in the shaft has not been possible to date. 

12 An in situ test is currently in progress to characterize the hydrological behavior of the 
13 DRZ in the vicinity of earlier small-scale concrete seal test configurations emplaced in salt. The 
14 intent of this test is to provide a linkage between the MDCF model and the needed fluid flow 
15 parameters for the DRZ. The analysis will include modeling of the excavated borehole and the 
16 seal. 

17 4.6 Remarks 

is Perhaps the most relevant issue at this time regarding the DRZ concerns general 
19 agreement on a reasonable description, essentially quantitative, of the time-dependent evolution 
20 of damage, porosity, permeability, and hydrologic processes. These basic pieces of knowledge 
21 have not been completely determined, in situ, to provide the parameters and processes for the 
22 repository performance models or to validate current damage models. The existence of the DRZ 
23 is not in question, but the role it plays in the room response and in the shaft sealing is not 
24 currently settled. Considerable work must be done to quantify the in situ properties and extent 
25 to the DRZ. Certainly, a continuation of the validation effort is required to iteratively and 
26 painstakingly compare the quantitative in situ studies to the current and refined constitutive 
27 descriptions which predict the evolution of the damage. Other important issues that remain to 
28 be resolved are the relationships between deformation in the DRZ and the hydrologic process 
29 of the Salado and the DRZ, including evolution of porosity and permeability. The effects and 
30 significance of chemical precipitation in fractures and pores of the DRZ, which can be taken as 
3i part of the healing process, have not been investigated nor incorporated into any of the 
32 numerical models. 
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I 4.7 DRZ Process Model to Analysis Guide 

As noted previously for the other rock mechanics models, the database and analysis 
history of the DRZ is also too extensive to be included directly into this paper. As an 
alternative, a partial reference guide is given in Table VII. 

Table VII. DRZ Process Model Data and Analysis Guide 

Conceptual Model Model Analysis 

7 Complex fracture and Combination of 
8 deformation several deformat-
9 processes under mechanical, and 

TO actual conditions may hydro models. 
I I alternately degrade 
12 and heal the 
13 disturbed zone with 
14 time, with changes in 
is permeability, a 
16 potential critical 
17 performance issue 
is for shaft seals. 

Numerical finite 
element simulations 

References (partial) 

Model — 
(in progress) 

Parameters — 
(in progress) 

In situ data — 
Boms & Stormont 1988 
Borns & Stormont 1989 
Stormont 1990 
Stormont et al. 1991 

Healing kinetics — 
Brodsky & Munson 
1994 

Permeability/Damage — 
(in progress) 

Analysis — 
(in progress) 

Rock Mechanics 33 March 17, 1995 



{ . 

„ , w u n March 17, 1995 
Rook Mechanics 34 



1 5.0 SUMMARY 

^ Although there remain small areas of incomplete development and perceived further 
3 needs, the technology produced by the Rock Mechanics Program is basically sound and 
4 reasonable. The fundamental understanding of the creep process, together with a capable 
'5 predictive technology, is well developed and technically sound. This predictive technology is . . . 
6 essential to the WIPP Program because ultimately continuum creep determines the time required 
7 for closure of the rooms and the eventual encapsulation of the waste. The creep closure 
8 response is also responsible for recompaction of the crushed salt seal components. 

9 The level of understanding of the fracture process is not as well developed as that of 
10 continuum creep. However, significant progress has been made in that the constitutive models 
11 of fracture now are closely tied to theory and laboratory data, and moreover describe the 
12 fracture modes thought essential for the WIPP conditions. The fracture model can lead to a 
13 reasonable description of the evolution of damage in the disturbed rock zone or DRZ. Such a 
14 damage prediction capability facilitates understanding the long-term response of sealing systems, 
is especially where the DRZ has the potential to form a detrimental high permeability path to 
16 deteriorate seal performance. Detailed examination and evaluation of the DRZ remains an issue 
17 because this will form the validation basis to decrease the level of uncertainty in our predictive 

capability. Evaluations and testing of the DRZ also should include the aspects of coupling the 
19 damage evolution to changes in permeability and porosity. 
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1 APPENDIX SCR 

2 1.0 FARFIELD FEATURES, EVENTS, AND PROCESSES 

3 A listing of the farfield features, events, and processes (FEPs) considered for the Waste 

4 Isolation Pilot Plant (WIPP) appears in Table SCR-1. 

5 1.1 Extraterrestrial Effects from Meteor Impact 

6 The U.S. Department of Energy (DOE) believes that meteorite impact can be eliminated from 
7 consideration in performance assessments on the basis of low probability. 
8 Meteors frequently enter the earth's atmosphere, but the majority of these are too small to 
9 reach the ground before burning up. Of those that reach the ground, most produce only small 

10 impact craters that would have no effect on the post-closure integrity of a repository 2,150 feet 
11 (650 meters) below ground surface. While the depth of a crater may be only one-eighth of its 
12 diameter, the depth of the disrupted and brecciated material is typically one-third of the 
13 overall crater diameter (Grieve 1987, p. 248). Direct disruption of waste at the WIPP would 
14 only occur with a crater larger than 1.1 miles (1.8 kilometers) in diameter. Even if waste were 
15 not directly disrupted, a large meteorite could create a zone of fractured rocks beneath and 
16 around the crater. The extent of such a zone would be dependent on the rock type. For 
17 sedimentary rocks, the zone may extend to a depth of half the crater diameter or more (Dence 
18 et al. 1977, p. 263). The impact of a meteorite causing a crater larger than 0.6 miles 
19 (1 kilometer) in diameter could thus fracture the Salado Formation above the repository. 

20 Geological evidence for meteorite impacts is uncommon because many meteorites fall into the 
21 oceans, and erosion and sedimentation serve to obscure craters that form on land. Dietz 
22 (1961) estimated that meteorites that cause craters larger than 0.6 miles (1 kilometer) in 
23 diameter strike the earth at the rate of about one every 10,000 years (equivalent to about 
24 2xl0" 1 3 impacts per square kilometer per year). Using observations from the Canadian Shield, 
25 Hartmann (1965) estimated a frequency of between 0.8xl0"13 and 17xl0"13 per square 
26 kilometer per year for impacts causing craters larger than 0.6 miles (1 kilometer). Frequencies 
27 estimated for larger impacts in studies reported by Grieve (1987, p. 263) can be extrapolated 
28 to give a rate of about 1.3xl0'12 per square kilometer per year for craters larger than 0.6 miles 
29 (1 kilometer). It is commonly assumed that meteorite impacts are randomly distributed across 
30 the earth's surface, although Halliday (1964) calculated that the rate of impact in polar regions 
31 would be some 50-60 percent of that in equatorial regions. The frequencies reported by 
32 Grieve would correspond, on the basis of a random distribution, to an overall rate of about one 
33 per 1,000 years. 
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APPENDIX SCR 

Table SCR-1. Farfield FEPs and Their Screening Classifications 

EEEs 
Screening' -
Classification FEPs 

Screening ' 
Classification 

3 Meteorite impact SO-P Major incision SO-P 
4 Regional uplift and subsidence SO-P Changes in topography SO-C 
5 Metamorphic activity Lake infilling SO-C 
6 (e.g., orogenic, isostatic) SO-P Surface flow characteristics: 
7 Volcanism SO-P sediment transport SO-C 
8 Magmatic activity SO-C Surface flow characteristics: 
9 Movements at faults SO-P meander migration or other SO-C 

10 Fault activation SO-P Surface flow characteristics: 
11 Formation of new faults SO-P lake formation and sedimentation SO-C 
12 Faulting and fracturing: change of Surface-water bodies: water flow SO-C 
13 properties (natural) SO-P Surface-water bodies: suspended 
14 Formation of interconnected sediments SO-C 
15 fracture systems UP Surface-water bodies: bottom 
16 Earthquakes, sediments SO-C 
17 fluvial response SO-C Surface-water bodies: effects on 
18 Natural seismicity SO-C vegetation SO-C 
19 Externally induced seismicity SO-C Surface-water bodies: effects of 
20 Differential elastic response SO-C fluvial system development SO-C 
21 Non-elastic response RB Surface-water mixing SO-C 
22 Salt deformation and diapirism SO-P Freshwater sediment transport and 
23 Formation of dissolution cavities SO-P deposition SO-C 
24 Diagenesis SO-C Rivercourse meander SO-C 
25 Fracture mineralization SO-C Flooding SO-C 
26 Dissolution of fracture fillings, Soil and surface-water chemistry 
27 precipitation SO-C (pH.Eh) SO-C 
28 Natural rock property changes Fluid interactions: dissolution. 
29 (porosity, permeability. precipitation SO-C 
30 fractures, pore blocking) RB Weathering, mineralization SO-C 
31 Salinity: implications of Altered soil or surface-water 
32 evaporite deposits and minerals RB chemistry (pH, Eh) SO-C 
33 Changes in sorptive surfaces RB Weathering SO-C 
34 Changes in the earth's magnetic field NR Alkali flats SO-C 
35 Climate change UP Capillary rise in soil SO-C 
36 Anthropogenic climate change Soil properties (type, depth, pore-water 
37 drought (greenhouse effect) RB pH, moisture, sorption) SO-C 
38 Greenhouse-induced effects Soil leaching SO-C 
39 (e.g., sea level change. Ionic exchange in soil SO-C 
40 precipitation, temperature) RB Pedogenesis SO-C 
41 Greenhouse-induced storm Variation in groundwater recharge UP 
42 surges RB Precipitation, temperature and soil 
43 Ozone layer (failure) SO-C water balance SO-C 
44 Acid rain SO-C Surface hydrological change SO-C 
45 Glaciation SO-P Near-surface runoff processes: 
46 Erosion: glacial SO-P overland flow, interflow, return 
47 Extreme erosion and denudation: glacial- flow, macropore flow SO-C 
48 induced (e.g., coastal and stream erosion) SO-P Near-surface runoff processes: 
49 Glacial and interglacial cycling effects variable source area response SO-C 
50 (including sea level changes) SO-P Surface flow characteristics: 
51 Permafrost SO-P stream and river flow SO-C 
52 Accumulation of gases under River flow and lake level changes SO-C 
53 permafrost SO-P Groundwater discharge (to surface-
54 Snow melt SO-P water) SO-P 
55 Erosion: wind SO-C Groundwater discharge (springs) SO-P 
56 Stream erosion SO-C Land use changes SO-C 
57 Mass wasting SO-C Terrestrial ecological development: 
58 Solifluction SO-C natural and agricultural systems SO-C 
59 Sedimentation SO-C Terrestrial ecological development: 
60 Land slide SO-C effects of succession SO-C 
61 Rock properties (porosity, perme Sorption (linear) UP 
62 ability, discharge zones, Sorption (non-linear, irreversible) RB 
63 fractures) UP Speciation RB 
64 De watering RB Solubility effects (pH and Eh, 
65 Salinity effects on flow RB ionic strength, complexing 
66 Saturated groundwater flow UP agents, colloids) RB 
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Table SCR-1. Farfield FEPs and Their Screening Classifications (Continued) 

, Screening 
Classification FEPs 

Screening 
Classification 

3 Groundwater recharge 
4 Saline groundwater intrusion 
5 Fresh groundwater intrusion 
6 Groundwater conditions (saturated and 
7 unsaturated) 
8 Changes in geometry of the flow 
9 system 

10 Changes in driving forces of the 
11 flow system 
12 Groundwater flow: fracture 
13 Groundwater flow: effects of 
14 solution channels (preferential 
15 pathways) 
16 Groundwater composition changes 
17 (pH, Eh, chemical composition) 
18 Farfield hydrochemistry (acids, 
19 oxidants, nitrates) 
20 Effects at saline-freshwater 
21 interface 
22 Chemical gradients (electro-
23 chemical effects and osmosis) 
24 Non-radioactive solute plume in 
25 geosphere (effect on redox, effect 
26 on pH, sorption) 
27 Colloids: formation and effects 
28 (including inorganic and organic 
29 colloid transport) 
30 Complexation by organics (in-
31 eluding humic and fulvic acids) 
32 Precipitation, dissolution, 
33 recrystallization, reconcentration 

UP Sorption effects (pH and Eh, ionic 
RB strength, complexing agents 
NR colloids) UP 

Dilution (mass, isotopic, species) UP 
UP Groundwater flow advection and 

dispersion (saturated conditions) UP 
SO-P Diffusion (bulk, matrix, surface) UP 

Unsaturated transport SO-C 
UP Gas-induced groundwater transport SO-C 
UP Gas transport into and through the 

farfield (gas phase and in solution) SO-C 
Multiphase flow and gas-driven flow UP 

RB Effects of natural gases SO-C 
Transport of active gases SO-C 

RB Gas-mediated transport SO-C 
Microbial activity UP 

RB Biogeochemical changes 
Transport of radionuclides bound 

RB 

RB to microbes UP 

RB 
Geothermal gradient effects 
Variations in groundwater 

SO-C 

temperature 
Thermal effects: fluid pressure, 

SO-C 

RB density, viscosity changes SO-C 
Thermal effects: fluid migration 
Thermal differential elastic 

SO-C 

UP response SO-C 
Thermal non-elastic response SO-C 

RB Soret effect SO-C 

RB 

34 Assuming the higher rate of 17xl0"13 impacts per square kilometer per year for impacts 
35 leading to fracturing of sufficient extent to affect a deep repository, and assuming a repository 
36 footprint of 1.4x1,6 kilometers for WIPP, yields a frequency of about 4xl0"12 impacts per 
37 square kilometer per year for a direct hit above the repository. If meteorite impacts are 
38 distributed at random throughout time and space, this frequency corresponds to a probability 
39 of fewer than 4xl0'8 for an impact over the next 10,000 years. This probability is several 
40 orders of magnitude below the screening limit of 10'8 per year (10"4 over 10,000 years) 
41 provided in Title 40 Code of Federal Regulations (CFR) Part 191. 

42 Meteorite hits directly above the repository footprint are not the only impacts of concern, 
43 however, because large craters may disrupt the waste panels even if the center of the crater is 
44 outside the repository area. It is possible to calculate the frequency of meteorite impacts that 
45 could disrupt a deep repository such as the WIPP by using the conservative model of a 
46 cylinder of rock fractured to a depth equal to one-half the crater diameter shown in Figure 
47 SCR-1. The area within which a meteorite could impact the repository is calculated first, as 
48 follows: 

Sn = (L * 2x—) x (W + 2 x — ) 
D 2 2 (1) 
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1 where 

2 L = length of the repository footprint (kilometers) 
3 W = width of the repository footprint (kilometers) 
4 D = diameter of the impact crater (kilometers) 
5 SD = area of the region where the crater would disrupt the repository (square 
6 kilometers). 

7 There are insufficient data on meteorites that have struck the earth to derive a distribution 
8 function for the size of craters directly. Using the moon as an analogy, however, Grieve 
9 (1987, p. 257) derived the following distribution function: 

FD«D-1S (2) 

10 where 

11 FD = frequency of impacts resulting in craters larger than D (impacts per square 
12 kilometer per year). 

13 If f(D) denotes the frequency of impacts giving craters of diameter D, then the frequency of 
14 impacts giving craters larger than D is: 

FD - jf(D)dD (3) 

15 and 

16 where 

f(D) = FjXl.8x.D- 2 - 8 (4) 

17 Fx = frequency of impacts resulting in craters larger than 1 km (impacts per square 
18 kilometer per year) 
19 f(Z>) = frequency of impacts resulting in craters of diameter D (impacts per square 
20 kilometer per year). 

21 The overall frequency of meteorite impacts that could disrupt or fracture the repository is thus 
22 given by: 

N - ff(D)*SD dD (5) 
2 * 
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Figure SCR-1. The Critical Region for Meterorite Impacts That 
Could Result in Fracturing of the Repository Horizon 
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1 where 

2 h = depth to repository (kilometers) 
3 N = frequency of impacts leading to disruption of the repository (impacts per year) 

4 and 

N = 1.8F 1(1.8IIT(2/J)- 1- 8

 + 0.&(L+W)(2hy0i - Q.2(2h)0-2). (6) 

5 If it is assumed that the repository is located at a depth of 2,145 feet (650 meters) and that 
6 meteorites creating craters larger than 0.6 miles (1 kilometer) in diameter (F,) hit the earth at a 
7 frequency of 17xl0*13 impacts per square kilometer per year, then the above equation gives a 
8 frequency of approximately 1.3xl0'n impacts per year for impacts disrupting the repository. 
9 If impacts are randomly distributed over time, this corresponds to a probability of 1.3xl0"7 

10 over 10,000 years. 

11 Similar calculations have been used to derive rates of impact of between 10"12 and 10"13 per 
12 year for meteorites large enough to disrupt a deep repository (see, for example, Hartmann 
13 1979; Karnbranslesakerhet 1978; Logan and Berbano 1978; Claiborne and Gera 1974; 
14 Cranwell et al. 1990; Thorne 1992 in the bibliography). Meteorite impact can thus be 
15 eliminated on the basis of low probability. 

16 Assuming a random or nearly random distribution of meteorite impacts, cratering at any 
17 location is inevitable given sufficient time. Although repository depth and host-rock lithology 
18 may reduce the consequences of a meteorite impact, there are no siting decisions or 
19 engineered systems that can reduce the probability of impact. 

20 1.2 Geological Effects 

21 1.2.1 Regional Tectonics 

22 The DOE considers the effects of regional tectonics to be of low consequence to the 
23 performance of the WTPP disposal system. The Delaware Basin is in a tectonically stable 
24 region where only slow rates of uplift are expected. Regional-scale uplift on the order of 3.3 
25 feet (1 meter) over the next 10,000 years will neither disrupt the repository nor significantly 
26 change groundwater flow and transport pathways. 

27 Regional tectonics encompasses two related issues of concern: the level of regional stress, 
28 and whether or not any significant changes in the stress field might occur over the regulatory 
29 period. The overall distribution of stress in the coterminous United States is in accord with a 
30 global tectonic model with a single North American lithospheric plate. The Delaware Basin 
31 lies within the Southern Great Plains stress. This province is a transition zone between the 
32 extensional stress regime to the west and the region of compressive stress to the east. The 
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1 available data from Zoback and Zoback (1991, p. 350) indicate that the level of stress in the 
2 Southern Great Plains stress province is low. Changes to the tectonic setting, such as the 
3 development of subduction zones and a consequent change in the driving forces, would take 
4 much longer than 10,000 years to occur. 

5 To the west of the Southern Great Plains province is the Basin and Range province, or 
6 Cordilleran Extension province, where according to Zoback and Zoback (1991, p. 353) 
7 normal faulting is the characteristic style of deformation. Sanford et al. (1991, p. 230) states 
8 that the eastern boundary of the Basin and Range province is marked by the Rio Grande Rift 
9 which, as a geological structure, extends beyond the relatively narrow geomorphological 

10 feature seen at the surface, with a magnetic anomaly at least 300 miles (500 kilometers) wide. 
11 On this basis, the Rio Grande Rift can be regarded as a system of axial grabens along a major 
12 north-south trending structural uplift (a continuation of the Southern Rocky Mountains). The 
13 magnetic anomaly extends beneath the Southern Great Plains stress province, and regional-
14 scale uplift of about 3,300 feet (1,000 meters) over the past 10 million years also extends into 
15 eastern New Mexico. 

16 To the east of the Southern Great Plains province is the large Mid-Plate province that 
17 encompasses central and eastern regions of the conterminous United States and the Atlantic 
18 basin west of the Mid-Atlantic Ridge. The Mid-Plate province is characterized by low levels 
19 of paleo- and historic seismicity. Where Quaternary faulting has occurred, it is generally 
20 strike-slip and appears to be associated with the reactivation of older structural elements. 

21 Zoback and Zoback (1991) report no stress measurements from the Delaware Basin. The 
22 stress field in the Southern Great Plains stress province has been defined from borehole 
23 measurements in west Texas and from volcanic lineaments in northern New Mexico. These 
24 measurements were interpreted by Zoback and Zoback (1991, p. 353) to indicate that the least 
25 principal horizontal stress (S h m i n) is oriented north northeast-south southwest, and that most of 
26 the province is characterized by an extensional regime. 

27 There is an abrupt change between the orientation of the least horizontal stress in the Southern 
28 Great Plains and the west-northwest orientation of S^,, characteristic of the Rio Grande Rift. 
29 Despite the geological indications for a transition mentioned above, Zoback and Zoback 
30 (1980, p. 6134) point out there is also evidence for a sharp boundary between these two 
31 provinces. This is reinforced by the change in crustal thickness from about 24 miles (40 
32 kilometers) beneath the Colorado Plateau to about 30 miles (50 kilometers) or more beneath 
33 the Southern Great Plains east of the Rio Grande Rift. The base of the crust within the Rio 
34 Grande Rift is poorly defined, but appears to be at a depth of about 21 miles (35 kilometers) 
35 (Thompson and Zoback 1979, p. 158). There is also markedly lower heat flow in the Southern 
36 Great Plains (typically < 60 mWm"2) reported by Blackwell et al. (1991, p. 428) compared 
37 with that in the RGR (typically > 80 mWm"2) reported by Reiter et al. (1991, p. 463). 

38 On the eastern boundary of the Southern Great Plains province there is only a small rotation in 
39 the direction of S^,,. There is, however, a change from an extensional, normal faulting 
40 regime to a compressive, strike-slip faulting regime in the Mid-Plate province. According to 
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1 Zoback and Zoback (1980, p. 6134) the available data indicate that this change is not abrupt 
2 and that the Southern Great Plains province can be viewed as a marginal part of the Mid-Plate 
3 province. 

4 The distribution of stress orientation across the coterminous United States has been used by 
5 Richardson and Reding in 1991 to test a series of plate tectonic models. The different models 
6 used different assumptions about the forces acting on the North American plate, especially the 
7 role of basal drag generated by the absolute motion of the lithospheric plate across the mantle. 
8 The study concluded that distributed ridge push is the dominant cause of the stress pattern in 
9 the North American plate, that only small stresses are transmitted across the Pacific and 

10 Caribbean plate boundaries, and that only limited basal shear traction is required to generate 
11 the observed stresses. If these conclusions are correct, then the tectonic stresses across the 
12 plate, averaged over the thickness of the lithosphere, range from 20-40 megapascals. 

13 It should be emphasized that the plate models outlined above do not simulate all the features 
14 of the observed stress pattern. In particular, the extensional regime of the Southern Great 
15 Plains province, with a stress orientation distinct from that in the Basin and Range province, is 
16 not reproduced. The Southern Great Plains, however, is small in comparison to the other 
17 provinces, and the necessarily coarse nature of the continental-scale finite element grid may 
18 preclude the accurate representation of transition zones. The overall conclusions of the 
19 modeling study (that the stress pattern is in accord with current understanding of tectonic plate 
20 motions and that tectonic stresses are low) remain valid despite these shortcomings. 

21 There is no geological evidence for Quaternary regional tectonic activity in the Delaware 
22 Basin. The eastward tilting of the region has been dated as mid-Miocene to Pliocene by King 
23 (1948, pp. 120-121), associated with the uplift of the Guadalupe Mountains to the west. Fault 
24 zones along the eastern margin of the basin, where it flanks the Central Basin Platform, were 
25 active during the late Permian. Evidence for this includes the displacement of the Rustler 
26 Formation (hereafter referred to as the Rustler) observed by Holt and Powers (1988, p. 4-14; 
27 see also Appendix FAC) and the thinning of the Dewey Lake Redbeds (hereafter referred to as 
28 the Dewey Lake) reported by Schiel (1994). There is, however, no surface displacement along 
29 the trend of these fault zones, indicating that there has been no significant post-Permian 
30 movement. Other faults identified within the evaporite sequence of the Delaware Basin are 
31 inferred by Barrows, in Borns et al. (1983, pp. 58-60) to be the result of salt deformation, 
32 rather than regional tectonic processes. According to Muehlberger et al. (1978, p. 338), the 
33 nearest faults on which Quaternary movement has been identified lie to the west of the 
34 Guadalupe Mountains and are of minor regional significance. 

35 In summary, there are no stress measurements from the Delaware Basin, and the location of 
36 this basin within a transitional province is not defined by regional-scale modeling. 
37 Nevertheless, the lack of Quaternary tectonic activity and the inferred low level of regional 
38 stress indicate that regional tectonics will be of low consequence to the performance of the 
39 WIPP disposal system. Even if rates of uplift experienced over the past 10 million years 
40 continue, the extent of uplift over the next 10,000 years will be on the order of 3.3 feet (1 
41 meter). This amount of uplift would not lead to a breach of the Salado Formation (hereafter 
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1 referred to as the Salado) because it would deform plastically to accommodate this slow rate 
2 of movement. Uniform regional uplift or a small increase in regional dip consistent with this 
3 past rate could give rise to downcutting by rivers and streams in the region. The extent of this 
4 downcutting would be little more than the amount of uplift, and reducing the overburden by 1 
5 or 2 meters would have no significant effect on groundwater flow or contaminant transport in 
6 units above or below the Salado. 

7 Metamorphic activity, that is, changes to rock properties and geologic structures through the 
8 effects of heat and/or pressure, requires depths of burial much greater than that of the 
9 repository. Regional tectonics over the next 10,000 years that would result in the burial of the 

10 repository at the depths required for metamorphic activity have a very low probability of 
11 occurrence. 

12 1.2.2 Volcanic Activity 

13 The DOE has eliminated volcanic activity from WIPP performance assessments on the basis 
14 of low probability. 

15 The Paleozoic and younger stratigraphic sequences within the Delaware Basin are devoid of 
16 locally derived volcanic rocks. Volcanic ashes (dated at 13 million years and 0.6 million 
17 years) do occur in the Gatufia Formation, but these are not locally derived. Within eastern 
18 New Mexico, and northern, central, and western Texas, the closest Tertiary volcanic rocks 
19 with notable areal extent or tectonic significance to the WIPP are approximately 102 miles 
20 (170 kilometers) to the south in the Davis Mountains volcanic area. The closest Quaternary 
21 volcanic rocks are 150 miles (250 kilometers) to the northwest in the Sacramento Mountains. 
22 No volcanic rocks are exposed at the surface within the Delaware Basin. 

23 Volcanic activity is associated with particular tectonic settings: constructive and destructive 
24 plate margins, regions of intra-plate rifting, and isolated "hot-spots" in intra-plate regions. 
25 The tectonic setting of the WIPP site and the Delaware Basin is remote from plate margins, 
26 and the absence of past volcanic activity indicates the absence of a hot-spot in the region. 
27 Intra-plate rifting has taken place along the Rio Grande some 120 miles (200 kilometers) west 
28 of the WIPP site during the Tertiary and Quaternary. Igneous activity along this rift valley is 
29 comprised of sheet lavas intruded by a host of small to large plugs, sills, and other intrusive 
30 bodies. This tectonic setting allows volcanic activity in the region of the WIPP repository to 
31 be screened out on the basis of low probability within the regulatory period. 

32 1.2.3 Magmatic Activity 

33 The DOE considers the effects of magmatic activity to be of low consequence to the 
34 performance of the WIPP disposal system. 

35 Magmatic activity describes the subsurface intrusion of igneous rocks into country rock. Deep 
36 intrusive igneous rocks, such as granites, form at depth and have no surface or near-surface 
37 expression until after considerable erosion has taken place. Alternatively, intrusive rocks may 
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1 form from magma that has risen near to the surface, or in the vents that give rise to volcanoes' 
2 and lava flows. Magma rising near to the surface may be intruded along subvertical and 
3 subhorizontal discontinuities (forming dikes and sills, respectively), and magma in volcanic 
4 vents may solidify as plugs. The formation of such features close to a repository, or the 
5 existence of a recently intruded rock mass, could impose thermal stresses inducing new 
6 fractures or altering the hydraulic characteristics of existing fractures. 

7 The principal area of magmatic activity in New Mexico is the Rio Grande Rift, where 
8 extensive intrusions have taken place during the Tertiary and Quaternary. The Rio Grande 
9 Rift is, however, a distinct tectonic province from the Delaware Basin, and its magmatic 

10 activity is related to the extensional stress regime and high heat flow in that region. 

11 Within the Delaware Basin, there is a single identified outcrop of a lamprophyre dike about 42 
12 miles (70 kilometers) southwest of the WIPP (see Chapter 3 of Appendix GCR for more 
13 detail). Nearer the site, similar rocks have been exposed within potash mines some 9 miles 
14 (15 kilometers) to the northwest, and igneous rocks have been reported from petroleum 
15 exploration boreholes in the same region. Material from the subsurface exposures have been 
16 dated at around 35 million years. Some recrystallization of the host rocks took place 
17 alongside the intrusion, and there is evidence that minor fracture development and fluid 
18 migration also occurred along the margins of the intrusion. However, the fractures have been 
19 sealed, and there is no evidence that the dike acts as a conduit for fluid flow at present. 

20 Aeromagnetic surveys of the Delaware Basin have shown anomalies that lie on a linear 
21 southwest-northeast trend that coincides with the surface and subsurface exposures of 
22 magmatic rocks. There is a strong indication, therefore, of a dike or a closely related set of 
23 dikes extending for at least 72 miles (120 kilometers) across the region. The aeromagnetic 
24 survey conducted to delineate the dike showed a magnetic anomaly that is several kilometers 
25 wide at depth, and narrows to a thin trace near the surface. This pattern is interpreted as the 
26 result of an extensive dike swarm at depths of 2.1-2.4 miles (3.5-4.0 kilometers), near the 
27 Precambrian basement, from which a limited number of dikes have extended towards the 
28 surface. If magmatic activity is continuing at depth, this could potentially lead to the 
29 extension of another dike or dike swarm towards the surface. Continuing magmatic activity 
30 would lead to a heat flow anomaly in the region, but measurements from the AEC-8 borehole 
31 show a geothermal heat flux of around 44 mWm"2. This heat flux is typical of regional heat 
32 flows in the Southern Great Plains, and significantly less than that in regions of active or 
33 recent magmatic activity, such as the Rio Grande Rift. 

34 Magmatic activity has taken place in the vicinity of the WIPP site in the past, but the igneous 
35 rocks have cooled over a long period of time, and any enhanced fracturing or conduits for 
36 fluid flow have been sealed by salt creep and mineralization. The existence of a broad 
37 magnetic anomaly at depth suggests that the dike found near the surface is derived from a 
38 larger dike swarm at depth, but heat flow measurements indicate that this magmatic activity 
39 has ceased. Continuing magmatic activity in the Rio Grande Rift is too remote from the 
40 WIPP to be of consequence over the next 10,000 years. 
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1 1.2.4 Fault Movement 

2 Naturally induced fault movement of sufficient magnitude to significantly affect the 
3 performance of the WIPP is screened out on the basis of low probability. 

4 Faults are present in the Delaware Basin in both the units underlying the Salado and in the 
5 Permian evaporite sequence. According to Powers et al. (1978, p. 4-57), there is evidence that 
6 movement along faults within the pre-Permian units affected the thickness of early Permian 
7 strata, but these faults did not exert a structural control on the deposition of the Castile, 
8 Salado, or Rustler formations. Fault zones along the margins of the basin were active during 
9 the late Permian. Along the eastern margin, where the Delaware Basin flanks the Central 

10 Basin Platform, Holt and Powers (Appendix FAC, p. 4-14) note there is displacement of the 
11 Rustler, and Schiel notes (1994) there is thinning of the Dewey Lake. There is, however, no 
12 surface displacement along the trend of these fault zones, indicating that there has been no 
13 significant post-Permian movement. The nearest faults on which Quaternary movement has 
14 been identified by Muehlbuerger et al. (1978, p. 338) to lie to the west of the Guadalupe 
15 Mountains. 

16 The absence of Quaternary fault scarps, and the general tectonic setting and understanding of 
17 its evolution indicate that large-scale tectonically induced fault movement within the 
18 Delaware Basin can be screened out on the basis of low probability. The stable tectonic 
19 setting also means that the generation of large new faults within the basin over the next 10,000 
20 years can be screened out on the basis of low probability. Such evidence does not eliminate 
21 small-scale movement, or repository- and human activity-related movement. Subsidence 
22 above dissolution features could lead to the formation of, and movement along, faults. 
23 However, significant dissolution in the region of the waste panels is screened out on the basis 
24 of low probability (see below), and, therefore, faults arising from dissolution can also be 
25 screened out. The potential for faults to arise as a consequence of repository construction is 
26 discussed in Section 6.2.3 of the Draft Compliance Certification Application's main body. 

27 1.2.5 Fracture Development 

28 The DOE believes that the naturally induced changes in fractures that may affect groundwater 
29 flow or radionuclide transport in the region of the WIPP can be screened out on the basis of 
30 low probability. 

31 Groundwater flow in fractures is a possible mechanism for radionuclides to reach the 
32 accessible environment. The rate of flow and the extent of transport will be influenced by the 
33 characteristics of the fractures within the Salado (marker beds and anhydrite layers) and 
34 surrounding formations. The characteristics of concern include orientation, aperture, asperity, 
35 fracture length and connectivity, and the nature of any linings or infills. These properties are 
36 taken into account within the undisturbed performance case. This FEP category is concerned 
37 with the possibility of new fracture sets forming or the properties of existing fractures 
38 changing over time. 
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1 The regional tectonic setting of the Delaware Basin is established by Powers et al. (1978) to 
2 be stable for the period of regulatory concern. Changes in fracture characteristics resulting 
3 from a disruption of the regional stress field can thus be eliminated as a low-probability event. 
4 Changes in fracture characteristics resulting from mineralogical and geochemical events and 
5 processes are discussed elsewhere in this section. Fracture development caused by local 
6 changes in stress associated with repository construction or mining activity is discussed in 
7 Section 6.2.3 in the main body of the Draft Compliance Certification Application. 

8 1.2.6 Seismic Activity 

9 Seismic activity can be eliminated on the basis of low consequence. This subsection discusses 
10 the effects of seismic activity away from the immediate source region. These effects are 
11 groundshaking and changes in hydrogeology. Other sections discuss the direct effects of fault 
12 movement and human-induced seismic activities near the site. 

13 1.2.6.1 Causes of Seismic Activity 

14 Seismic activity describes transient ground motion that may be generated by a variety of 
15 energy sources. There are two possible causes of seismic activity that could potentially affect 
16 the WIPP site: natural and human-induced. Natural seismic activity is caused by fault 
17 movement (earthquakes) when the buildup of strain on either side of a fault is released 
18 through sudden rupture or movement. Induced seismic activity may result from a variety of 
19 surface and subsurface activities, such as explosions, mining, fluid injection, and fluid 
20 withdrawal. Changes in fluid pressures cause seismic activity by altering the local stress field 
21 to the extent that movement takes place on existing planes of weakness, or new fractures are 
22 formed. In petroleum reservoirs, for example, fluid injection may be used to fracture the rock 
23 to increase permeability (hydrofracturing). 

24 1.2.6.2 Groundshaking 

25 Ground vibration and the consequent shaking of buildings and other structures are the most 
26 obvious effects of seismic activity. Once the repository and shafts have been sealed, however, 
27 existing surface structures will be dismantled. Post-closure performance assessments are 
28 concerned with the effects of seismic activity on the closed repository. 

29 An assessment of the extent of damage in underground excavations caused by groundshaking 
30 largely depends on observations from mines and tunnels. Because such excavations tend to 
31 take place in rock types more brittle than halite, these observations cannot be related directly 
32 to the behavior of the WIPP. According to Wallner (1981, p. 244), the disturbed rock zone 
33 (DRZ) in brittle rock types is likely to be more highly fractured, and hence more prone to 
34 spalling and rockfalls, than an equivalent zone in salt. Relationships between groundshaking 
35 and subsequent damage observed in mines will therefore be conservative with respect to the 
36 extent of damage induced at the WIPP by seismic activity. 
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1 Dowding and Rozen (1978) classified damage in underground structures following seismic 
2 activity and found that no damage (cracks, spalling, or rockfalls) occurred at accelerations 
3 below 0.2 gravities (g), and that only minor damage occurred at accelerations up to 0.4 g. 
4 Lenhardt (1988) derived an empirical relationship to show that a magnitude 3 earthquake 
5 would have to be within 0.6 miles (1 kilometer) of a mine to result in falls of loose rock. The 
6 probability of seismic activity in the region of the WIPP reaching these thresholds is discussed 
7 below. 

8 1.2.6.3 Hydrological Effects 

9 A variety of hydrologic phenomena can arise after an earthquake. Some of these, such as 
10 changes in surface-water flow directions, result directly from fault movement. Others, such as 
11 changes in subsurface water chemistry and temperature, probably result from changes in flow 
12 pathways along the fault or fault zone. Further away from the region of fault movement, 
13 Bredehoeft et al. (1987) have identified two types of changes to groundwater levels that may 
14 take place as a result of changes in fluid pressure: 

15 • The passage of seismic waves through a rock mass causes a volume change, which induces 
16 a transient response in the fluid pressure and a short-lived fluctuation of the water level in 
17 wells. 

18 • Changes in volume strain can cause long-term changes in water level. A buildup of strain 
19 occurs prior to rupture, and is released during an earthquake. The consequent change in 
20 fluid pressure may be manifested by the drying up or reactivation of springs some distance 
21 from the epicentral region. 

22 Fluid pressure changes induced by the transmission of seismic waves can produce changes in 
23 well levels up to several meters even at distances of thousands of kilometers from the 
24 epicenter. These changes are temporary, however, and levels typically return to pre-
25 earthquake levels in a few hours or days. Changes in fluid pressure arising from changes in 
26 volume strain persist for much longer periods, but they are only likely to be of consequence in 
27 tectonic regimes where there is a significant buildup of strain. The regional tectonics of the 
28 Delaware Basin indicate that such a buildup has a low probability of occurring over the next 
29 10,000 years. 

30 The expected level of seismic activity in the region of the WIPP will be of low consequence in 
31 terms of groundwater flow or contaminant transport. Changes in groundwater levels resulting 
32 from more distant earthquakes will be of too short a duration to be significant. 

33 1.2.6.4 Seismic Activity in the Region of the WIPP 

34 Prior to the introduction of a seismic monitoring network in 1960, the majority of recorded 
35 earthquakes in New Mexico were associated with the Rio Grande Rift, although small 
36 earthquakes were felt in other parts of the region. In addition to continued activity in the Rio 
37 Grande Rift, the instrumental record has shown a significant amount of seismic activity 
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1 originating from the Central Basin Platform, and a number of small earthquakes in the Los 
2 Medanos area, as shown in Figure 2-37 in the main body of the Draft Compliance 
3 Certification Application. Seismic activity in the Rio Grande Rift is associated with 
4 extensional tectonics in that area. Seismic activity in the Central Basin Platform may be 
5 associated with natural earthquakes, but there are indications that this activity occurs in 
6 association with oil-field activities such as fluid injection. Earthquakes in the Los Medanos 
7 region have not been well located, but two may be the result of mining activity in the region. 

8 The instrumental record was used as the basis of a seismic risk study primarily intended for 
9 design calculations of surface facilities rather than for post-closure performance assessments. 

10 The use of this study to define probable ground accelerations in the WIPP region over the next 
11 10,000 years is based on the assumptions that hydrocarbon extraction and potash mining will 
12 continue in the region and that the regional tectonic setting precludes major changes over the 
13 next 10,000 years. 

14 Three source regions were used in calculating seismic risk: the Rio Grande Rift, the Central 
15 Basin Platform, and part of the Delaware Basin province, including the Los Medanos. Using 
16 conservative assumptions with regard to the maximum magnitude event in each zone, the 
17 study showed a return period of about 10,000 years (annual probability of 10"4) for events 
18 giving ground accelerations of 0.1 g. Ground accelerations of 0.2 g would have an annual 
19 probability of about 5X10"6. 

20 Combining the results of the seismic risk study with the observations of damage in mines 
21 described above gives an estimated annual probability of between 10"6 and 10"8 for events that 
22 could increase the permeability of the DRZ. However, the DRZ is accounted for in 
23 performance assessment as a permanently high permeability zone. 

24 1.2.7 Salt Deformation 

25 Natural salt deformation severe enough to alter existing patterns of groundwater flow or the 
26 behavior of the disposal system over the regulatory period can be screened out on the basis of 
27 low probability. 

28 Deformed salt in the lower Salado and upper Castile formations has been encountered in a 
29 number of boreholes around the WIPP site. These areas of deformation are often associated 
30 with pressurized brine and Borns et al. (1983) concluded that foundering of more dense 
31 anhydrites into underlying less dense halite is the principal factor in salt deformation around 
32 the WIPP site. Rock mechanics indicates that the time scale for salt deformation is such that 
33 no significant natural deformation will occur at the site over the next 10,000 years. 
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1 1.2.8 Deep Dissolution 

2 Deep dissolution can be eliminated on the basis of a low probability of occurrence at the 
3 WIPP site. Deep dissolution features have been identified within the Delaware Basin, but 
4 only in marginal areas underlain by the Capitan Reef. There is a low probability that deep 
5 dissolution will occur sufficiently close to the waste panels to affect groundwater flow or 
6 radionuclide transport over the regulatory period. 

7 Deep dissolution refers to the dissolution of salt or other evaporite minerals in a formation at 
8 depth. Deep dissolution is distinguished from shallow dissolution not only by depth, but also 
9 by the origin of the water. Dissolution by groundwater from deep aquifers can lead to the 

10 formation of cavities. Collapse of overlying beds leads to the formation of breccia beds if the 
11 overlying rocks are brittle, or to deformation if the overlying rocks are ductile. If dissolution 
12 is extensive, breccia pipes or chimneys may form above the cavity. These pipes may reach the 
13 surface, or pass upwards into fractures and then into microcracks that do not propagate to the 
14 surface. Breccia pipes may also form through the downward percolation of meteoric waters; 
15 this process is discussed under the heading of shallow dissolution. Deep dissolution is of 
16 concern because it could accelerate contaminant transport through the creation of vertical flow 
17 paths that bypass low-permeability units in the Rustler. If dissolution occurred within or 
18 beneath the waste panels themselves, there could be increased circulation of groundwater 
19 through the waste as well as a breach of the Salado host rock. 

20 Features identified as the result of deep dissolution are present along the northern and eastern 
21 margins of the Delaware Basin. In addition to features that have a surface expression or that 
22 appear within potash mine workings, deep dissolution has been cited by Anderson et al. 
23 (1972) as the cause of lateral variability within evaporite sequences in the lower Salado. 

24 1.2.8.1 Solution Chimneys 

25 Exposures of the McNutt Potash Member of the Salado within a mine near Nash Draw have 
26 shown a solution pipe containing cemented brecciated fragments of formations higher in the 
27 stratigraphic sequence. At the surface, this feature is marked by a dome, and similar domes 
28 have been interpreted as dissolution features. The depth of dissolution has not been 
29 confirmed, but the collapse structures led Anderson (1978) and Snyder and Gard (1982) to 
30 postulate dissolution of the Capitan Limestone at depth, collapse of the Salado, Rustler, and 
31 younger formations, and subsequent dissolution and hydration by downward percolating 
32 waters. San Simon Sink, some 21 miles (35 kilometers) east-southeast of the WIPP site, has 
33 also been interpreted as a solution chimney. Subsidence has occurred here in historical times 
34 according to Nicholson and Clebsch (1961), suggesting that dissolution at depth is still taking 
35 place. Whether this is the result of downwards-percolating surface water, or of deep 
36 groundwater, has not been confirmed. The association of these dissolution features with the 
37 inner margin of the Capitan Reef suggest that they owe their origins, if not their continued 
38 development, to groundwaters derived from the Capitan Limestone. Dissolution features west 
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1 of WIPP, in the region where the Salado and the Rustler are absent, are inferred to have 
2 developed through a similar mechanism. In these instances, however, it is dissolution of the 
3 Castile Formation (hereafter referred to as the Castile) by low salinity water from the 
4 Delaware Mountain Group that has caused the breccia pipes. 

5 1.2.8.2 Dissolution within the Castile and Lower Salado Formations 

6 The Castile contains sequences of varved halite (that is, laminae deposited on a seasonal 
7 basis) that can be correlated between several boreholes. On the basis of these deposits, a 
8 basin-wide uniformity in the depositional environment of the Castile evaporites was assumed. 
9 The absence of varved halites from all or part of a sequence and the presence of brecciated 

10 anhydrite beds has been interpreted by Anderson et al. (1972) as evidence of dissolution. Holt 
11 and Powers (Appendix FAC) have questioned the assumption of a uniform depositional 
12 environment, and contend that the anhydrite beds are lateral equivalents of halite sequences 
13 without significant post-depositional dissolution. Wedges of brecciated anhydrite along the 
14 margin of the Castile have been interpreted by Robinson and Powers (1987) as a gravity-
15 driven clastic deposits, rather than the result of deep dissolution. 

16 Localized depressions at the top of the Castile and inclined geophysical marker units at the 
17 base of the Salado have been interpreted by Davies (1983) as the result of deep dissolution 
18 and subsequent collapse or deformation of overlying rocks. The postulated cause of this 
19 dissolution was circulation of undersaturated groundwaters from the Bell Canyon Formation 
20 (hereafter referred to as the Bell Canyon). Additional boreholes (notably WTPP-13, WTPP-32 
21 and DOE-2) and geophysical logging led Borns and Shaffer (1985) to conclude that the 
22 features interpreted by Davies to be dissolution features are the result of irregularities at the 
23 top of the Bell Canyon. These irregularities led to localized depositional thickening of the 
24 Castile and lower Salado sediments. 

25 1.2.8.3 Collapse Breccias at Basin Margins 

26 Collapse breccias are present at several places around the margins of the Delaware Basin. 
27 Their formation is attributed to relatively fresh groundwater from the Capitan Limestone that 
28 forms the margin of the basin. Collapse breccias corresponding to features on geophysical 
29 records that have been ascribed to deep dissolution have not been found in boreholes away 
30 from the margins. These features have been reinterpreted as the result of early dissolution 
31 prior to the deposition of the Salado. 

32 In summary, deep dissolution that may affect groundwater flow or radionuclide transport in 

33 the immediate region of the WIPP is considered to have a low probability of occurrence. 

34 1.2.9 Mineralogical Changes 

35 Natural changes in mineralogy are screened out by the DOE on the basis of low consequence. 
36 Natural changes will take place over the next 10,000 years, but the rates will be extremely low 
37 and effects on contaminant transport will be dominated by existing heterogenity in the system. 
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1 The distribution of minerals is a function of the depositional environment and post-
2 depositional changes (diagenesis and weathering). Post-depositional changes can affect both 
3 the original mineralogy and minerals present as fracture linings or infills. Natural 
4 heterogeneities within the original sediments, fractures, and changes in groundwater since 
5 deposition will lead to spatial variability in the present-day distribution of minerals. Future 
6 changes must be assessed in terms of this variability and the uncertainties in its 
7 characterization. 

8 Dissolution of evaporite minerals from the units of the Rustler is discussed below. Changes in 
9 groundwater chemistry or flow paths may cause hydration, replacement, and precipitation, and 

10 there is evidence in the Rustler of all of these processes. Some or all of these processes have 
11 been active since deposition of the rocks at about 250 million years ago, but others may be the 
12 result of more recent changes in groundwater geochemistry. 

13 There are two contrasting studies of stable isotope geochemistry in the Rustler. Both are 
14 aimed at understanding the extent of recharge, but also provide information on mineral 
15 stabilities in these strata. Chapman (1986) has argued that the stable isotope ratios in Rustier 
16 groundwaters suggests that geochemical reactions are not taking place during groundwater 
17 flow. Further, since the stable isotope ratios in Rustier groundwaters are similar to those in 
18 verifiably younger groundwaters, Chapman infers that the Rustler groundwaters are young, 
19 and so are responsive to changes in recharge. On the other hand, Lambert (1987) has 
20 interpreted stable isotope ratios as an indication of older groundwater in the Rustler that was 
21 introduced during periods of wetter climate, and has inferred that the system does not receive 
22 recharge under present conditions. The difference in these interpretations arises from their 
23 assumptions about isotopic enrichment in the near-surface; neither suggests that isotopic 
24 fractionation resulting from significant mineralogical changes in the subsurface has taken 
25 place over time scales relevant to the assessment of the disposal system. 

26 Both Chapman (1986) and Lambert (1987) imply that the mineralogical characteristics of 
27 units above the Salado have been stable or subject to only minor changes under the various 
28 recharge conditions that have existed during the past 0.6 million years—the period since the 
29 formation of the Mescalero caliche and the establishment of a pattern of climate change and 
30 associated changes in recharge that lead to present-day hydrogeological conditions. No 
31 changes in climate are expected other than those experienced during this period, and for this 
32 reason, no changes are expected in the mineralogical characteristics other than those 
33 expressed by the existing variability of fracture infills and diagenetic textures. 

34 The groundwater geochemistry of the Bell Canyon and deeper units will respond slowly, if at 
35 all, to changes in recharge (Lambert 1983). The geological setting of the Delaware Basin is 
36 such that no new sources of groundwater flowing into the Bell Canyon can be anticipated over 
37 the next 10,000 years. Thus, present-day conditions can be expected to continue with no 
38 significant changes. Wood et al. (1982) concluded that, even at the maximum potential 
39 dissolution rate at the top of the Bell Canyon, these conditions would not result in significant 
40 evaporite dissolution at the WTPP site for at least 10,000 years. 
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1 1.3 Climatic Effects 

2 This section discusses climate change and glaciation in the WIPP region. 

3 1.3.1 Climate Change 

4 Apart from glaciation, which can be screened out on the grounds of a low probability of 
5 occurrence, climate change (including temperature changes, precipitation changes, and 
6 consequential vegetational changes) can be expected to occur during the regulatory period, 
7 and is included in the base-case modeling system. 

8 Climate changes are instigated by changes in the earth's orbit, which affects the amount of 
9 insolation received, and to a variety of feedback mechanisms within the atmosphere and 

10 hydrosphere. Models of these mechanisms, combined with interpretations of the geological 
11 record, suggest the climate will become cooler and wetter in the WIPP region during the next 
12 10,000 years as a result of natural causes. Other changes, such as fluctuations in radiation 
13 from the sun and variability within the many feedback mechanisms, will modify this climatic 
14 response to orbital changes. The available evidence suggests that these changes will be less 
15 extreme than those arising from orbital fluctuations. 

16 Human activities may also cause climate changes. Such changes may be on a local to regional 
17 scale (e.g., acid rain) or on a regional to global scale (e.g., ozone layer destruction and 
18 greenhouse gas warming). Of these anthropogenic effects, only greenhouse gas warming 
19 could influence groundwater recharge in the WIPP region. Other activities that can affect 
20 climate, such as deforestation, are not relevant to the WIPP site. Changes in vegetation that 
21 could result from irrigation would have a limited effect on regional climate, although there 
22 would be a more direct influence on recharge. 

23 General circulation models (GCMs) suggest that there would be a slight decrease in 
24 precipitation in the southern United States in response to postulated increases in greenhouse 
25 gas concentrations. A small decrease in precipitation would be of low consequence in terms 
26 of recharge, which is already low under existing climatic conditions. GCM calculations also 
27 indicate an increase in seasonality through modification of storm tracks. This could lead to an 
28 increase in annual recharge if the annual precipitation were concentrated over a short period, 
29 but the magnitude of this change will be no greater than that expected from natural climatic 
30 change and hence is accounted for within the base-case modeling system. 

31 1.3.2 Glaciation 

32 The DOE believes that glaciation can be eliminated from WIPP performance assessments on 
33 the grounds of low probability. 

34 No evidence exists to suggest that the northern part of the Delaware Basin has been covered 
35 by continental glaciers at any time since the beginning of the Paleozoic Era. During the 
36 maximum extent of continental glaciation in the Pleistocene epoch, glaciers extended into 
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1 northeastern Kansas at their closest approach to southeastern New Mexico. There is no 
2 evidence that alpine glaciers formed in the region of the WTPP during the Pleistocene glacial 
3 periods. 

4 According to the theory that relates the periodicity of climate change to perturbations in the 
5 earth's orbit, a return to a full glacial cycle within the next 10,000 years is highly unlikely. In 
6 addition to eliminating glaciation, the screening argument above can be used to eliminate from 
7 consideration a number of processes associated with the proximity of an ice sheet or valley 
8 glacier, such as permafrost and accelerated slope erosion (solifluction). 

9 1.4 Geomorphological Effects Due to Erosion and Sedimentation 

10 Erosion and sedimentation occur in the region of the WIPP at the present time and can be 
11 expected to continue. The rates and consequences of these processes are low, and are not 
12 expected to change significantly over the next 10,000 years. The DOE believes that erosion 
13 and sedimentation can thus be screened out on the basis of low consequence. 

14 The geomorphological regime on the Mescalero Plain (Los Medafios) in the region of the 
15 WIPP is dominated by aeolian processes. Dunes are present in the area, and although some 
16 are stabilized by vegetation, they can be expected to migrate across the area. Old dunes will 
17 be replaced by new dunes, and no significant changes in the overall thickness of aeolian 
18 material are likely to occur. Vegetational changes during periods of wetter climate may 
19 further stabilize the dune fields, but no significant changes are expected in the overall 
20 thickness of the superficial deposits. 

v2l Presently, precipitation in the region of the WIPP is seasonal and too low (11.2-13.6 inches 
22 per year [280-340 millimeters per year]) to cause perennial streams, and the relief in the area 
23 is too low for extensive sheet flood erosion during storms. An increase in precipitation to 
24 around 24 inches per year (600 millimeters per year) in cooler climatic conditions could result 
25 in perennial streams, but the nature of the relief and the presence of dissolution hollows and 
26 sinks will ensure that these remain small. Neither extensive fluvial deposits nor significant 
27 fluvial erosion is expected during the next 10,000 years. 

28 Mass wasting—the downslope movement of material caused by the direct effect of 
29 gravity—is only important in terms of sediment transport in regions of steep slopes. Even 
30 limited mass wasting may be significant if it results in dams or modifies streams. In the 
31 vicinity of WIPP, mass wasting will be insignificant under the climatic conditions expected 
32 over the next 10,000 years. In the region around the WIPP, the Pecos River forms a 
33 significant water course some 14.4 miles (24 kilometers) away. The broad nature of its valley, 
34 however, precludes either significant mass wasting or the formation of large impoundments. 

35 Erosion and sedimentation from wind, water, and mass wasting will continue in the WIPP 
36 region throughout the next 10,000 years at rates similar to those occurring at present. These 
37 rates are too low to affect significantly the performance of the disposal system. 
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1 1.5 Surface and Near-Surface Hydrological Effects 

2 1.5.1 Flooding 

3 The DOE believes that flooding can be screened out on the basis of low consequence to the 
4 groundwater system. 

5 Flooding caused by rivers or streams overflowing their banks is a relatively short-term 
6 phenomenon. No perennial streams or standing bodies of water are present at the WIPP site, 
7 and there is no evidence in the literature indicating that such features existed at this location 
8 during or after the Pleistocene (see, for example, Powers et al. 1978a, b; Bachman 1974,1981, 
9 1987 in the bibliography). The Pecos River is approximately 14.4 miles (24 kilometers) from, 

10 and more than 297 feet (90 meters) lower, than the elevation of the land surface above the 
11 waste panels. In Nash Draw, lakes and spoil ponds associated with potash mines are located 
12 at elevations 99 feet (30 meters) or more lower than the elevation of the land surface at the 
13 location of the waste panels. There is no evidence in the literature to suggest that Nash Draw 
14 was formed by stream erosion, or was at any time the location of a deep body of standing 
15 water, although shallow playa lakes have existed there at various times. 

16 Flooding of streams and the formation of shallow lakes will occur in the WIPP region over the 
17 next 10,000 years. Many of these floods will be too short-lived to affect the deep groundwater 
18 systems that may transport radionuclides to the accessible environment. Playa lakes or other 
19 longer term floods will be remote from the WIPP, and will have little consequence in terms of 
20 groundwater flow. 

21 1.5.2 Shallow Dissolution and Soil Development 

22 In the region of the WIPP, shallow dissolution has taken place and extensive caliche 
23 development has occurred. The presence of these features is accounted for in the modeling of 
24 scenarios that lead to releases from the Salado through an appropriate description of the 
25 hydrogeological boundary conditions. Continued dissolution and soil development will take 
26 place over the next 10,000 years, but has been screened out by the DOE on the basis of low 
27 consequence. 

28 Shallow dissolution occurs when halite and other evaporite minerals are dissolved by the 
29 action of infiltrating surface waters. In an arid or semiarid region dominated by evaporitic 
30 rocks, and where shallow dissolution has taken place, reprecipitation of evaporite minerals 
31 will contribute to soil development. Shallow dissolution may affect the hydrologic properties 
32 of units containing soluble minerals, and overlying units. Dissolution will initially enhance 
33 porosities, but continued dissolution may lead to compaction of the affected units with a 
34 consequent reduction in porosity. Compaction may result in fracturing of overlying brittle 
35 units, and to increased permeability. Extensive dissolution may create cavities (karst) and 
36 result in the total collapse of overlying units. The development of extensive evaporitic soils 
37 will affect the amount of infiltration that reaches underlying aquifers. 
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1 Nash Draw, 4.8 miles (8 kilometers) west of the WIPP site, is the most prominent shallow 
2 dissolution feature in the region. It was formed through collapse of the Rustler where the 
3 upper part of the Salado has been dissolved. An average lateral dissolution rate of from 10 to 
4 13 kilometers per million years has been calculated by Bachman and Johnson (1973) for the 
5 Salado based on the assumption that the edge of the salt has moved from the Capitan Reef to 
6 its present position over a period of from 7 to 8 million years. A vertical dissolution rate of 
7 0.1 kilometer per million years has similarly been calculated by Bachman (1980,1981) using 
8 dated ash layers. Although these are average rates and may be exceeded during particular 
9 climate states or by advancing tongues ahead of the main dissolution front, these rates indicate 

10 that dissolution of the Salado at the edge of the WIPP site would not take place for some 
11 225,000 years, and a further 2-3 million years would be required for dissolution to reach the 
12 repository horizon. 

13 There is debate over the extent to which shallow dissolution has affected the Rustler. In the 
14 vicinity of Nash Draw, halite is absent from all the units of the Rustler. Further east, towards 
15 the WIPP site, halite progressively appears in younger units. This has led many investigators 
16 to conclude that halite has been dissolved from the Rustler by percolating groundwater (see, 
17 for example, Lambert 1983; Bachman 1984; Lowenstein 1987 in the bibliography). A 
18 sedimentological analysis of the Rustler led Holt and Powers (Appendix FAC) to conclude 
19 that halite had either not been formed or had dissolved soon after deposition, and, therefore, 
20 that only limited shallow dissolution has occurred since Permian times. Even if post-
21 depositional dissolution has taken place, the period over which it occurred is longer that the 
22 regulatory period. Shallow dissolution of the Rustler over the next 10,000 years will therefore 
23 be of low consequence in terms of patterns of groundwater flow and contaminant transport. 

24 The Mescalero caliche is a well-developed calcareous remnant of an extensive soil profile 
25 present across the WIPP site and adjacent areas. Although this unit may be up to 9.9 feet 
26 (3 meters) thick, it is not continuous, and does not prevent infiltration to the underlying 
27 formations. At Nash Draw, this caliche, dated in Lappin et al. (1989) at 510,000 to 410,000 
28 years old, is present in collapse blocks, indicating some growth of Nash Draw in the late 
29 Pleistocene. Localized gypsite spring deposits some 25,000 years old occur along the eastern 
30 flank of Nash Draw, but the springs are not currently active. The Berino soil, about 250,000 
31 years old, is a thin soil horizon above the Mescalero caliche. The persistence of these soils on 
32 the Livingstone Ridge indicates the relative stability of the WIPP region over the past half-
33 million years. 

34 The soils appear to have formed during wetter climates than the present, and there is no 
35 evidence of current evaporitic soil development in the region. Continued growth of caliche 
36 may occur during future wetter climates, but will be of low consequence in terms of its effect 
37 on infiltration. 
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1 1.5.3 Infiltration and Recharge Changes 

2 Changes in infiltration and recharge will affect groundwater flow and, potentially, 
3 radionuclide transport in units such as the Culebra and Magenta dolomites. Analyses of 
4 scenarios that lead to releases from the Salado thus need to consider the potential effects of 
5 these changes. 

6 Changes in the surface environment are expected to occur over the next 10,000 years. These 
7 will be driven by both natural climate change and by changes in human activities in the 
8 region. Changes in land use as well as climate will affect the surface and near-surface water 
9 balance, so that not only will the amount of precipitation change, but so too will the 

10 proportion that infiltrates into the soil. Even in arid and semiarid environments, a proportion 
11 of rainfall may infiltrate to the water table, thereby providing recharge to the groundwater 
12 system. The greater the amount of recharge, the more influence it has on the directions and 
13 rates of flow in the groundwater system. If there is insufficient infiltration to result in 
14 recharge, groundwater flow may. still occur through drainage of the aquifer. Radionuclide 
15 transport is a function of groundwater flow, so processes that change flow rates and directions 
16 need consideration for scenarios that result in releases of radionuclides beyond the Salado. 

17 A three-dimensional model of flow in the saturated zone of the entire groundwater basin (that 
18 is, an area bounded by groundwater divides) is under development. Preliminary results from 
19 this model indicate that an increase in recharge can lead to a change in flow direction within 
20 the Culebra Dolomite member (hereafter referred to as the Culebra) and other permeable units 
21 within the Rustler. A full assessment of these results awaits further studies using both the 
22 three-dimensional model and radionuclide transport codes. 

23 1.6 Ecological Effects on Vegetation 

24 Vegetational changes likely to occur in the region of the WIPP, whether they result from 
25 natural succession or from human activities, have been screened out by the DOE on the basis 
26 of low consequence.' 

27 The vegetation in a region provides an important control on the overall water balance. Sparse 
28 vegetation allows a large proportion of precipitation to infiltrate, whereas dense vegetation 
29 intercepts rainfall and increases the rate of evapotranspiration, thereby reducing infiltration. 

30 The region around the WIPP is sparsely vegetated. The climate, soil quality, and lack of 
31 suitable water sources all militate against agricultural development of the region. Wetter 
32 periods are expected during the regulatory period, but botanical records indicate that, even 
33 under these conditions, dense vegetation will not be present in the region (Swift 1992). 
34 Anthropogenic climate change may result in a slight decrease in precipitation, and a possible 
35 increase in seasonality. Again, vegetational change under these conditions will occur, but will 
36 not be extensive enough to significantly affect the groundwater system. 
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1 1.7 Coastal Effects on Marine and Estuarine Processes 

2 The WIPP site is some 0.63 miles (1.05 kilometers) above sea level, and is more than 480 
3 miles (800 kilometers) from both the Pacific Ocean and the Gulf of Mexico. Therefore, the 
4 effects of both short-term and long-term variations in sea level can be screened out on the 
5 basis of irrelevancy to the behavior or evolution of the environment at the WIPP. 

6 Global sea level may fall as much as 462 feet (140 meters) below that of the present day 
7 during glacial periods, according to Chappell and Shackleton (1986). This can have marked 
8 effects on coastal aquifers. During the next 10,000 years, the global sea level can be expected 
9 to drop towards this glacial minimum, but this will not affect the groundwater system in the 

10 vicinity of the WIPP. Short-term changes in sea level, brought about by events such as 
11 meteorite impact, tsunamis, seiches, and hurricanes may raise water levels by several tens of 
12 meters. Such events have a maximum duration of a few days, and will have no effect on the 
13 surface or groundwater systems at the WIPP site. Anthropogenic-induced global warming has 
14 been conjectured by Warrick and Oerlemans (1990) to result in longer term sea level rise. The 
15 magnitude of this rise, however, is not expected to be more than a few meters, and such a 
16 variation will be irrelevant to the groundwater system in the WIPP region. 

17 1.8 Groundwater Flow and Contaminant Transport 

18 This section discusses groundwater flow and contaminant transport, with consideration given 

19 to gas, thermal, and microbiological effects. 

20 1.8.1 Groundwater Flow 

21 Groundwater flow modeling is undertaken for scenarios that result in releases of radionuclides 
22 from the Salado. FEPs that account for the effects of repository- and Castile-derived brines on 
23 flow within the Culebra, other units of the Rustler, and the Bell Canyon require further 
24 evaluation before a screening decision can be made. 
25 Scenario development and FEP screening suggests that there are no natural events or 
26 processes that could lead to a release of radionuclides beyond the Salado over the period of 
27 regulatory concern. Under certain conditions of seal performance, however, migration of 
28 radionuclides through the seal system may result in the transfer of contaminants from the 
29 repository to the surface, or to units within the Rustler and the Dewey Lake. Future human 
30 actions have also been identified that could result in the transfer of contaminants from the 
31 Salado to the surface, or to units within the underlying (Bell Canyon) and overlying 
32 formations. In the case of transfer to underlying or overlying horizons (such as the Culebra), 
33 groundwater flow and transport modeling is required to demonstrate whether these units could 
34 provide an additional barrier to transport to the accessible environment. 

35 One FEP identified by the DOE as potentially leading to releases is the drilling of boreholes 
36 through the repository or a zone of contamination in the Salado and into overpressurized 
37 reservoirs in underlying formations. Any transfer of contaminants to other units may be 
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1 accompanied, therefore, by the injection of brine. Transfers to underlying units may also arise 
2 from downward flow of water from the Rustier through the repository. In either event, future 
3 human actions may be marked by changes in the physical (e.g., density, pressure) and 
4 geochemical (e.g., salinity, presence of colloids) characteristics of groundwater beyond the 
5 Salado. 

6 Groundwater flow modeling of the non-Salado units uses transmissivities and other 
7 hydrological characteristics determined through site investigation. In the case of the Culebra, 
8 spatial variability of transmissivity is considered by defining a range of transmissivity fields in 
9 accord with observational data. The potential for preferential pathways existing within the 

10 Culebra and other units by way of undetected channels within fractures or other undetected 
11 features cannot, however, be screened out on the basis of low probability, and requires further 
12 consideration. 

13 A number of FEPs can result in future changes in infiltration and recharge. Relatively small 
14 changes in recharge, either natural or human-induced, could cause a significant rise in the 
15 water table. The three-dimensional groundwater flow model used to assess these FEPs could, 
16 through its treatment of the water table, also simulate conditions in which there is 
17 groundwater discharge to surface waters (base flow) or the surface (springs). 

18 1.8.2 Groundwater Geochemistry and Radionuclide Transport 

19 Scenarios that lead to transfers of radionuclides from the Salado to other units require 
20 consideration of radionuclide transport in these units. The DOE believes that changes in the 
21 geochemical regime arising from these transport scenarios need further evaluation before a 
22 screening decision can be made. Laboratory and field experiments sponsored by the DOE are 
23 underway to better characterize the properties and processes controlling transport. 

24 Radionuclide releases to the accessible environment via hydraulically conductive units in 
25 overlying or underlying formations may occur under certain conditions of seal performance. 
26 Release could also arise through the drilling of boreholes through the repository or a potential 
27 zone of contamination within the Salado and possibly into overpressurized reservoirs in 
28 underlying formations. Because scoping calculations suggest longer groundwater travel times 
29 in other units, only transport within the Culebra is modeled. Retardation of radionuclides 
30 within the Culebra is considered using a dual-porosity model with both physical retardation 
31 (diffusion into the matrix) and chemical retardation (sorption on fracture surfaces). 

32 The DOE is conducting laboratory and field studies investigating radionuclide transport 
33 through the Culebra. These are intended to support the derivation of retardation factors for 
34 future assessments, and include studies of solubility, adsorption, colloid formation, and 
35 precipitation. 

36 The transfer of radionuclides from the repository and the Salado to the Culebra, or to other 
37 pathways to the accessible environment would be accompanied by the injection of brines from 
38 the repository or, in some human intrusion scenarios, from pressurized reservoirs in deeper 
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1 lying formations. Changes in the geochemical regime of the Culebra and other units from 
2 such brine intrusion require further consideration before a screening decision can be made. 
3 These changes could affect retardation factors through changes in ionic strength and the 
4 stability of colloids, or in the stability and sorption characteristics of corrensite (a chlorite-
5 smectite mixed layer clay mineral found in some units) and other clay minerals. 

6 1.8.3 Gas Effects 

7 The transport of waste-generated gases in the Salado has been included in the undisturbed 
8 performance case. 

9 Corrosion of wastes and containers and microbial degradation of cellulosic material will 
10 generate gases within the repository. Certain conditions of seal performance or penetration of 
11 the repository by a future exploration borehole may permit transport of gases and brines to 
12 overlying units such as the Culebra. Fracture matrix flow could be significantly affected by 
13 the introduction of gas due to the capillary pressure differences between the phases. 

14 1.8.4 Microbiological Effects 

15 Transport of radionuclides sorbed to microbes is included in the undisturbed performance 
16 case. 

17 Microbes will be present in the repository and possibly in the farfield, and contaminants 
18 sorbed to microbes may be transported at faster rates through both the near- and farfields than 
19 contaminants in solution. Similar arguments hold for colloid-facilitated transport of 
20 contaminants, and these effects are therefore included in the system model for undisturbed 
21 performance. 

22 1.8.5 Thermal Effects 

23 Thermal effects in the farfield can be eliminated on the basis of low consequence. This 
24 screening decision by the DOE applies to both naturally occurring temperature gradients and 
25 those arising from the repository or future human actions. 

26 The geothermal gradient in the region of the WIPP has been measured at about 30 °C per 
27 kilometer. Given the generally low permeability in the region, any naturally occurring 
28 convection cells that arise will be too restricted to affect radionuclide transport. 

29 The overall temperature rise in the repository caused by radioactive decay of both contact-
30 handled transuranic (CH TRU) and remote-handled transuranic (RH TRU) waste will not be 
31 significantly greater than the rise of 1.6 ° C after a period of 80 years calculated by Thorne and 
32 Rudeen (1980) on the basis of CH TRU waste alone. In any event, the thickness of the Salado 
33 suggests that the increase in temperature beyond the Salado will be too small to affect the 
34 properties of the rock matrix, the groundwater, or radionuclide transport. 
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1 Exploration boreholes that penetrate the repository and permit brine flow and radionuclide 
2 transport from the Salado to the surface or to overlying or underlying formations are identified 
3 as future human actions of concern. Radioactive decay within the repository will cause 
4 repository-derived brines to have a temperature higher than that of naturally occurring 
5 groundwater. Injection of these brines into the overlying formations will result in a local 
6 temperature gradient. The absence of a permanent heat source, and the relatively low 
7 permeabilities of the units overlying the Salado will restrict convection to a small volume, and 
8 there will be no significant effect on radionuclide transport. Transfer of repository-derived 
9 brines to the underlying formations will give similarly small thermal gradients. 

10 Under certain circumstances, temperature gradients can cause changes in concentration 
11 gradients without fluid flow (the Soret effect). The limited spatial scale of this effect and the 
12 high temperature gradient required allow its elimination on the basis of low consequence. 

13 2.0 WASTE-AND REPOSITORY-INDUCED FEPs 

14 Waste-and repository-induced FEPs are summarized in Table SCR-2. 

15 2.1 Subsystem Characteristics 

16 2.1.1 Host Rock Characteristics 

17 The geological characteristics and rock and fluid properties of the Salado, which contains the 
18 WIPP repository, form an integral part of the undisturbed performance system model (see 
19 Section 2.1 of the Draft Compliance Certification Application's body). Because of its low 
20 permeability, the Salado, which is mostly impure halite, forms a natural barrier to the 
21 migration of radionuclides and other hazardous constituents of the emplaced WIPP waste 
22 from the repository. 

23 2.1.2 Repository Characteristics 

24 The WIPP repository geometry, the seal characteristics, and the waste disposal locations are 
25 included in the undisturbed performance case. Repository characteristics are described in 
26 Chapter 3 of the Draft Compliance Certification Application's main body. 

27 2.1.3 Waste and Container Characteristics 

28 The waste and container inventories are included in the undisturbed performance case. Waste 
29 and container characteristics are described in Chapter 4 of the Draft Compliance Certification 
30 Application. 
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l 
2 

Table SCR-2. Waste- and Repository-Induced FEPs and 
Their Screening Classifications 

EEPs 
• Screening -
Classification . FEPs 

Screening "-
Classification 

4 Rock properties: Salado Formation 
5 Disposal geometry 
6 Inventory: disposal system 
7 Backfill characteristics 
8 Seal characteristics 
9 External stress: waste, seals 

10 Long-term physical stability: seals 
11 Sealing of cracks: concrete 
12 (grouting) 
13 Heterogeneity of waste forms 
14 Radionuclide decay and ingrowth 
15 Inventory: container 
16 Container failure (early) 
17 Corrosion: container 
18 Mechanical container damage 
19 (failure) 
20 Design modifications: geometry 
21 Design modifications: backfill 
22 (e.g., buffer additives, bentonite) 
23 Design modifications: seals 
24 Design modifications: DRZ(e.g„ 
25 grouting) 
26 Design modifications: waste (e.g., 
27 buffer additives, grouting) 
28 Design modifications: canister 
29 Hydrogen by metal corrosion: 
30 container steel 
31 Hydrogen by metal corrosion: 
32 waste 
33 Microbial degradation of 
34 cellulose and other organic wastes 
35 Methane and carbon dioxide production: 
36 aerobic degradation 
37 Methane and carbon dioxide production: 
38 anaerobic degradation 
39 Radiolysis 
40 He production 
41 Gas generation from concrete: 
42 short-term seals 
43 Gas from microbial degradation: 
44 effects of temperature 
45 Gas from microbial degradation: 
46 effects of lithostatic pressure 
47 Gas from microbial degradation: 
48 effects of biofilms 
49 Radioactive decay: heat generation 
50 Nuclear criticality (preclosure) 
51 Nuclear criticality: heat generation 
52 Rock property changes 
53 Formation of cracks 
54 Non-elastic response 
55 Convection: seals, host rock 
56 Repository thermally induced 
57 groundwater transport 
58 Source terms 
59 
60 Release of radionuclides from the 
61 failed container 
62 Leaching: waste 
63 Speciation: waste 
64 Dissolution: waste 

UP Excavation-induced stress and 
UP fracturing in host rock UP 
UP Disturbed zone (hydromechanical) 
RE effects RB 
UP Repository-induced seismicity so-c UP Creeping of rock mass UP 
UP Roof falls (effects on nearfield) 

Gas effects: pressurization (waste, 
UP 

UP host rock UP 
UP Gas effects (pressurization): (seals) UP 
UP Gas effects (disruption): seals, host rock RB 
UP Thermally induced stress and 
UP fracturing in host rock RB 
UP Thermo-hydromechanical effects RB 

Gas effects (explosions): seals, host rock so-c UP Nuclear criticality (explosions): 
RE (waste, container, seals, host rock) SO-P 

Shaft seal failure and degradation RB 
RE Preferential pathways in seals RB 
RE Mechanical effects: local fractures and 

cracks (preferential pathways) RB 
RE Seals: resaturation and desaturation UP 

RE Cracking: concrete RB 
RE Uneven swelling of bentonite 

Differing thermal expansion (seal-
RB 

UP host rock) 
Thermal effects on the seal 

RB 

UP material (concrete hydration) 
Hydrogen: effects of microbial 

RB 

UP growth on concrete 
Degradation of bentonite by 

RB 

UP chemical reactions RB 
Coagulation of bentonite RB 

UP Radiation effects on bentonite RB 
RB Erosion of seal RB 
RB Alkali-aggregate reaction 

Investigation borehole seal failure and 
RB 

RB degradation 
Groundwater flow due to gas 

RB 

RB production: host rock 
Groundwater flow due to gas 

UP 

RB production: seals 
Repository-induced changes in 

UP 

RB groundwater flow direction UP 
RB Groundwater and gas flow: host rock UP 
SO-R Groundwater and gas flow: seals UP 
RB Chemical kinetics RB 
UP Chemical changes due to metal 
UP corrosion: waste, container RB 
UP Chemical changes due to gas 
RB production RB 

Speciation of corrosion products RB 
RB Soret effect RB 
UP 

UP 
UP 
UP 
UP 

Thermally induced chemical 
changes (water chemistry) 

Rinse 
Precipitation 
Reconcentration 

RB 

UP 
RB 
RB 
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Table SCR-2. Waste- and Repository-Induced FEPs and 
Their Screening Classifications 

EEPs 
- Screening 
Classification FEPs 

Screening 
Classification 

4 Solubility: waste 
5 Redox front: seals, host rock 
6 Solubility effects (pH and Eh, 
7 ionic strength, complexing 
8 agents, colloids), seals, host rock 
9 Electrical effects of metal 

10 corrosion 
11 Sorption effects (pH and Eh, 
12 ionic strength, complexing 
13 agents, colloids), seals, host rock 
14 Speciation: seals, host rock 
15 Sorption: seals, host rock 
16 Diffusion: seals, host rock 
17 Unsaturated transport: seals, host rock 
18 Transport of radionuclides bound 
19 to microbes: seals, host rock 
20 Colloid transport 
21 Capillary rise 
22 • 

UP Dissolution: seals, host rock RB 
UP Advection and dispersion: radio

nuclides (seals, host rock) UP 
Recrystallization RB 

UP Electrochemical gradients RB 
Galvanic coupling RB 

RB Waste incompatibility 
Advection and dispersion: hazardous 

SO-R 

constituents (seals, host rock) RB 
NR Gas transport in the nearfield as 
NR gas phase and in solution: 
NR seals, host rock NR 
NR Unsaturated transport: seals, host rock NR 
NR Subsidence: farfield 

Active methane, carbon dioxide, 
RB 

NR radon, tritiated hydrogen, and 
UP other gases RB 
UP 

23 2.1.4 Engineering Alternatives 

24 Possible design modifications to the waste form, waste containers, seal systems, and the 
25 inclusion of backfill are being evaluated, but an analysis of these alternatives is not included 
26 in this compliance application which relates to the current disposal system design. 

27 2.2 Gas Generation Processes 

28 Gas generation will take place in the waste-filled regions of the repository and is included in 
29 the undisturbed performance case system model. 

30 The amount of water available for reactions and microbial activity will have a major impact 
31 on the amounts and types of gases produced. WIPP waste may contain small amounts of 
32 water as residual liquid: the waste acceptance criteria (WAC) require that the waste 
33 containers have no free liquids. For storage sites with no capability to repackage waste, 
34 approval may be given for containers that contain residual liquids in well-drained containers 
35 as long as such residuals do not exceed 1 percent of the volume of their container. Such 
36 residual liquids are expected by the DOE to be an insignificant source of liquid in the 
37 repository. Additional water may be introduced by the influx of brine from the Salado. 
38 Anoxic corrosion of the waste drums and metallic waste will produce gas (hydrogen) while 
39 consuming water. Microbial breakdown of cellulosic material, and possibly of plastics and 
40 other synthetic materials, is also likely to occur. For waste representative of the expected CH 
41 TRU waste in rooms and drifts, radiolysis is not expected to contribute significant amounts of 
42 gas to the total amount produced, and radiolysis is not included in the system model. 
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1 Gas generation is important in terms of its effects on the mechanical behavior of the host rock 
2 and engineered barriers, chemical conditions and brine flow, and, as a result, the transport of 
3 radionuclides. Gas generation is included in the undisturbed performance case system model. 

4 2.3 Heat Generation 

5 2.3.1 Heat from Radioactive Decay 

6 Radioactive decay of the CH and RH TRU waste emplaced in the WIPP repository will 
7 generate heat. The importance of heat generation depends on the effects that the induced 
8 temperature changes would have on mechanics and fluid flow. On the basis of the discussion 
9 presented below, the effects of repository temperature changes on mechanics and fluid flow 

10 are thought to be of low consequence. Heat generation is therefore excluded from the system 
11 model. 
12 Radioactive decay of the waste will give rise to temperature increases, which could, for 
13 example, result in thermally induced fracturing, regional uplift, or thermally driven flow of 
14 gas and brine in the vicinity of the repository. 

15 According to the WAC (see Chapter 4 of the Draft Compliance Certification Application's 
16 main body), the design basis for the WIPP requires that the thermal loading does not exceed 
17 10 kilowatts per acre. RH TRU waste canisters, CH TRU waste drums, and CH TRU 
18 standard waste boxes, have estimated average thermal power of 60 watts, 0.5 watts, and 0.8 
19 watts respectively. The majority of the RH TRU waste canisters emplaced in the WIPP 
20 repository will have a thermal power of less than 1 watt, and that individual canisters could 
21 generate up to 300 watts of thermal power without exceeding the thermal loading limit for the 
22 WIPP. The WAC require that the thermal power generated by waste in an RH TRU canister 
23 shall not exceed 300 watts. 

24 A numerical study to calculate induced temperature distributions and regional uplift was 
25 undertaken by Thorne and Rudeen (1980). The background to this numerical study is 
26 presented in DOE (1980). The Thorne and Rudeen (1980) analysis assumed: 

27 • All CH TRU waste drums and boxes contain the maximum permissible quantity of 
28 plutonium. According to the WAC, the fissionable radionuclide content for CH TRU 
29 waste containers shall be no greater than 200 grams per 0.21 cubic meter drum, and 350 
30 grams per 1.8 cubic meter standard waste box (in Pu-239 fissile gram equivalents). 

31 • The plutonium in CH TRU waste containers is weapons grade material producing heat at 
32 0.0024 watts per gram. Thus, the thermal power of a drum is approximately 0.5 watts, and 
33 of a box is approximately 0.8 watts. 
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1 • Approximately 3.7xl05 cubic meters of CH TRU waste is distributed within a repository 
2 enclosing an area of 7.3xl0 5 square meters. This is a conservative assumption in terms of 
3 quantity and density of waste within the repository, because the maximum capacity of the 
4 WIPP is 1.756xl05 cubic meters for all waste (as specified by the Land Withdrawal Act 
5 [LWA]), to be placed in an enclosed area of approximately 5.1x10s square meters. 

6 • Half of the CH TRU waste volume is placed in drums and half in boxes, so that the 
7 repository will contain approximately 9xl0 5 drums and 105 boxes. Thus, a calculated 
8 thermal power of 0.7 watts per square meter (2.8 kilowatts per acre) of heat is generated 
9 by the CH TRU waste. 

10 • Insufficient RH TRU waste is emplaced in the repository to influence the total thermal 
11 load. Note, however, that a container of RH TRU waste has an estimated average thermal 
12 power of 60 watts. The 7.08xl03 cubic meters of RH TRU waste to be emplaced in the 
13 WIPP repository, within an enclosed area of approximately 5.1x10s square meters, will 
14 generate a thermal load of approximately 0.9 watts per square meter (3.8 kilowatts per 
15 acre) of the repository. Thus, the Thorne and Rudeen analysis underestimates the potential 
16 total thermal load of the repository. 

17 Under these assumptions Thorne and Rudeen estimated the long-term temperature response of 
18 the disposal system to waste emplacement. Calculations assumed a uniform power density of 
19 0.7 watts per square meter initially, decreasing with time. Thorne and Rudeen estimated the 
20 maximum rise in temperature at the center of a repository to be 1.6°C at 80 years after waste 
21 emplacement. Although, the calculations did not include the effects of RH TRU waste, the 
22 expected thermal load of approximately 0.9 watts per square meter from RH TRU waste 
23 would approximately double the estimated average temperature increase in the repository. 
24 However, temperature increases will be much greater at locations where the thermal power of 
25 RH TRU canister approaches 300 watts. 

26 Experimental study of the temperature response of the repository to the emplacement of 
27 RH TRU waste has formed part of the WIPP simulated RH TRU waste experiments. The 
28 experiments involved the emplacement of eight non-radioactive, but heated, RH TRU 
29 containers in boreholes in the WIPP experimental region. The spacing mimicked the 
30 anticipated geometrical spacing of RH TRU containers in the WIPP disposal rooms. A 
31 maximum heater power output of approximately 300 watts was used in the experiments, 
32 providing a good approximation of likely local maxima. Other experiments have involved the 
33 heating of simulated RH TRU waste canisters to approximately 120 watts, about double the 
34 expected average thermal output of actual RH wastes in the WIPP. 

35 Molecke et al. (1993) reported that the 300-watt heater generated a maximum heater-
36 thermocouple temperature of 58 °C. The 120-watt heater generated a maximum heater 
37 temperature of 42 °C. The observed initial ambient temperature of the salt was approximately 
38 28 °C. 
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1 In summary, numerical analysis has shown that the average temperature increase in the WIPP 
2 repository, due to radioactive decay of the emplaced CH and RH TRU waste, is likely to be 
3 3-4° C. Experimental studies have shown the temperature increase close to the containers will 
4 be much greater where RH TRU waste containers of maximum allowable thermal power 
5 output are located. This will be a short-lived thermal pulse of a few hundred years or less. 

6 2.3.2 Nuclear Criticality 

7 A more detailed analysis of the potential for nuclear criticality and the resultant heat 
8 generation is underway to enable development of a defensible screening argument, but it is 
9 assumed that there is a low probability of nuclear criticality being achieved. 

10 Nuclear criticality refers to a sufficiently high concentration of radionuclides for a sustained 
11 fission reaction to occur. This type of reaction produces heat, or, under a specific set of 
12 conditions, causes an explosion. The WAC limit the fissionable radionuclide content of CH 
13 and RH TRU waste canisters, so that a post-closure concentration process would be required 
14 to create a critical mass. In the event of container failure and subsequent transport of 
15 contaminants, radionuclides could precipitate or sorb in the waste or backfill, at certain 
16 components of the seal system, within intrusion boreholes, or within hydrologic units in the 
17 farfield, resulting in high radionuclide concentrations. 

18 For credible geometries of material, a neutron moderator (such as hydrogen in water) would 
19 be required for criticality to occur. In the event of criticality occurring, the heat generated 
20 would result in self-shutdown of the reaction via a combination of thermally induced flow, 
21 voiding, and a rise in the temperature of the fissile material. 

22 The analysis of the potential for nuclear criticality and the resultant heat generation, through 
23 scoping calculations or radionuclide transport modeling, will enable the development of a 
24 defensible screening argument. Estimates of the temperature rise due to nuclear criticality 
25 may be used to estimate the potential for thermally induced fracturing and thermal convection. 

26 2.4 Rock Mechanics 

27 2.4.1 Excavation-Induced Host Rock Fracturing 

28 Excavation-induced host rock fracturing is included as part of the conceptual model for the 
29 undisturbed performance case. 

30 Excavation of the repository has caused local stress redistribution in the surrounding rock as 
31 discussed in Section 3.3.1.1 of the Draft Compliance Certification Application's main body. 
32 This has led to failure of intact rock around the opening, creating a DRZ of fractures. On 
33 completion of the WIPP excavation, the extent of the induced stress field perturbation will be 
34 sufficient to have caused dilation and fracturing in the anhydrite layers "a" and "b", MB 139, 
35 and, possibly, MB 138 (see Figure 3-5C in Chapter 3 of the Draft Compliance Certification 
36 Application's main body). The creation of the DRZ around the completed excavation and the 
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1 disturbance of the anhydrite layers and marker beds will alter the permeability and effective 
2 porosity of the rock around the repository, providing enhanced pathways for flow of gas and 
3 brine between the waste-filled rooms and the nearby interbeds, and around engineered 
4 barriers. The DRZs around repository shafts could provide pathways for flow from the 
5 repository to hydraulically conductive units above the repository horizon. The effectiveness 
6 of long-term shaft seals is critically dependent upon the seals providing sufficient backstress 
7 for salt creep to heal the DRZ around them rapidly, so that connected flow paths out of the 
8 repository horizon will cease to exist. These factors are considered in seal design. 

9 2.4.2 Salt Creep 

10 Salt creep in the Salado will occur and is included in the undisturbed performance case. 

11 Salt creep will compact the waste, containers, and seals and will tend to close fractures in the 
12 DRZ, leading to reductions in porosity and permeability, increases in pore pressure, and 
13 reductions in fluid flow rates in the repository. In particular, the long-term repository seal 
14 system relies on the consolidation of the crushed-salt seal material, and healing of the DRZ 
15 around the seals, to achieve a low permeability under stresses induced by salt creep. 

16 2.4.3 Roof Falls 

17 The potential effects of roof falls on flow paths in the nearfield are included in the undisturbed 
18 performance case through appropriate ranges of the parameters describing the DRZ. 
19 Instability of the DRZ overlying the repository is likely to lead to roof collapse. Development 
20 of the DRZ and roof falls may be sufficient to disrupt the anhydrite layers above the 
21 repository, which may create a zone of rock containing anhydrite extending from the interbeds 
22 toward a waste-filled room. Because of uncertainty in the DRZ healing process, the flow 
23 model used in the performance assessment assumes that a higher permeability zone remains 
24 for the long term. Fracture development is most likely to be induced as the rock stress and 
25 strain distributions evolve because of salt creep, although other processes may initiate roof 
26 fall. 

27 In the long term, the effects of roof falls in the repository are likely to be minor to non-existent 
28 because salt creep will eventually become the dominant mode of deformation in the rock 
29 surrounding the excavation. Salt creep will reduce the void space and the potential for roof 
30 falls. 

31 2.4.4 Mechanical Effects of Gas Generation 

32 The mechanical effects of gas generation are included in the undisturbed performance case. 

33 After the panels and drifts at the WIPP are filled and closed, various gases will be formed. 
34 Sufficiently high gas pressures have the potential of opposing repository closure through salt 
35 creep. As a result, permeability and porosity in the waste-filled regions and the DRZ could 
36 change, and fractures could be created or reopened. 
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1 2.4.5 Thermally Induced Stress 

2 The rock mechanics' response to the thermal contrasts in the WIPP repository requires 
3 documentation to provide a screening argument for the effects of thermally induced stress. It 
4 is assumed that these effects will be of low consequence because the expected average 
5 temperature increase is on the order of 3-4 °C. 

6 Radioactive decay and nuclear criticality are two possible sources of heat in the WIPP 
7 repository. Although the average thermal load is expected to be small, significant thermal 
8 contrasts may develop in the vicinity of some RH TRU waste canisters. The potential exists 
9 for a fracture network in the DRZ around the waste-filled regions to develop, or for fractures 

10 to form in the repository seals and backfill, in response to stresses and strains induced by these 
11 thermal contrasts if they become sufficiently high. Thermally induced stress could result in 
12 pathways for groundwater flow in the DRZ, in the anhydrite layers and marker beds, and 
13 through seals and backfill, or enhance existing pathways. Conversely, elevated temperatures 
14 will accelerate the rate of salt creep and mitigate fracture development. 

15 2.4.6 Effects of Explosions 

16 The effects of gas explosions on repository performance are eliminated on the basis of low 
17 consequence to the long-term performance of the disposal system. The analysis of Slezak and 
18 Lappin (1990) indicates that there is little likelihood of a gas explosion in the long term 
19 because the rooms and panels are expected to become anoxic and compaction through salt 
20 creep will greatly reduce any void space. The possibility of an explosion prior to the 
21 occurrence of anoxic conditions is considered in the design of the operational panel closure. 
22 The effects of such an explosion on the DRZ is expected to be no more severe than a roof fall 
23 which is in the performance assessment. 

24 For a nuclear explosion to occur, a critical mass of plutonium would have to undergo rapid 
25 compression to a high density. Even if a critical mass of plutonium could form in the system, 
26 there is no mechanism for rapid compression, so nuclear explosions can be eliminated. 

27 2.4.7 Repository and Investigation Borehole Seal Performance 

28 The potential for the non-consolidation and degradation of shaft, seals, and the performance of 
29 seals placed in WIPP investigation boreholes is currently being evaluated. 

30 In the long term, salt creep will close the shafts and rooms of the repository and the 
31 investigation boreholes. As a result, the DRZ will heal, and the crushed salt in the shaft, drift, 
32 and panel seals will consolidate. Eventually, the hydrologic properties of the consolidated 
33 crushed salt should approximate those of intact salt, providing effective long-term barriers to 
34 fluid flow and contaminant migration. While the crushed-salt seals reconsolidate, barriers to 
35 fluid flow and contaminant migration will be provided by short-term concrete- and bentonite-
36 based seals. 
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1 WIPP investigation boreholes provide a less significant transport pathway than the shafts, and 
2 performance assessment assumes that investigation borehole seals will be effective in 
3 reducing fluid flow. Transport through investigation boreholes may thus be eliminated on the 
4 grounds of low consequence. However, the borehole sealing strategy is currently under 
5 consideration (see Section 3.3.3 in the Draft Compliance Certification Application's main 
6 body). 

7 2.5 Fluid Dynamics 

8 2.5.1 Two-Phase Brine and Gas Flow 

9 Two-phase brine and gas flow in the Salado is included in the undisturbed performance case. 

10 Brine and gas may flow to or from the repository through the DRZ, impure halite, anhydrite 
11 layers, or clay layers. Pressurization of the repository through gas generation could limit the 
12 amount of brine that flows into the rooms and drifts. The amount of water available for 
13 reactions and microbial activity will impact the amounts and types of gases produced. Gas 
14 generation rates, and the resulting repository pressure may change as the water content of the 
15 repository changes. Two-phase flow of brine and gas in the Salado is modeled in the 
16 undisturbed performance scenario. 

17 2.5.2 Thermal Convection 

18 Thermal convection is assumed to be of low consequence. The extent of thermal convection 
19 arising from heat generation processes in the WIPP repository remains to be documented. 

20 Temperature differentials in the repository caused by radioactive decay of the waste could 
21 initiate thermal convection. This could influence fluid flow and contaminant transport in the 
22 repository. The average temperature rise in the repository is expected to be about 3-4°C, with 
23 greater increases in the vicinity of some RH TRU containers. These temperature differentials 
24 are not expected to cause convection, except on a localized scale and for the limited duration 
25 of the thermal pulse. 

26 2.5.3 Capillary Rise 

27 This FEP is included within the system model for undisturbed performance. 

28 Capillary rise (or wicking) is a potential mechanism for liquid migration through unsaturated 
29 zones in the repository. Capillary rise in the waste material could affect gas generation rates, 
30 which are dependent on water availability. The system model for undisturbed performance is 
31 able to account for capillary rise. 
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1 2.6 Mass Transport of Radionuclides 

2 Transport of radionuclides in the nearfield is included in the undisturbed performance case. 

3 Following closure of the repository, brine may reach the waste, and radionuclides will enter 
4 solution. Chemical and microbial decomposition of organics in the waste may result in the 
5 transport of some radionuclides as complexes, colloids, and particulate material. 
6 Radionuclides might also be transported bound to microbes. Potentially, radionuclides will 
7 migrate with the brine by advection, diffusion, and dispersion through the repository and 
8 seals, through the rock matrix and fractures in the DRZ, and in interbeds. 

9 Radionuclide mobility in the repository material, rock matrix, and fractures will be affected by 
10 radionuclide solubility, speciation, sorption, and precipitation. Dissolution and precipitation 
11 may be influenced by the movement of an oxidation-reduction (redox) front through the 
12 nearfield. Rates of dissolution, precipitation, and sorption of radionuclides will be influenced 
13 by the geochemical evolution of the nearfield. The heterogeneity of the waste form might be 
14 important in evaluating radionuclide transport. 

15 Radionuclide transport modeling in the nearfield is also important in assessing the potential 

16 for nuclear criticality. 

17 2.7 Subsidence 

18 The effects of subsidence on fluid flow in units overlying the repository are assumed to be of 
19 low consequence. A defensible screening argument requires an assessment of the extent of 
20 sub-vertical fracturing in the Rustler and the influence that this could have on groundwater 
21 flow. 
22 Subsidence associated with repository closure through salt creep or caving might affect the 
23 hydrologic properties of the water-bearing units of the Rustler above the repository. 

24 The amount of subsidence that can occur as a result of salt creep closure in the waste-filled 
25 and sealed areas of the repository depends on the initial and compressed porosities of various 
26 waste types, the amount of inward creep of the repository walls, and the gas and fluid 
27 pressures within the repository. The DOE, in Westinghouse (1994) provides an analysis of 
28 excavation-induced subsidence and the geomechanical benefits of backfilling at the WIPP. 
29 Estimates of the amount of subsidence expected as a result of repository excavation were 
30 made using analytical, empirical, and numerical techniques. Investigations of subsidence 
31 associated with potash mining operations located near the WIPP site were also reported. 

32 Results of the DOE's study show that backfill emplacement would not significantly decrease 
33 subsidence in the waste emplacement area, because the waste has low stiffness and high initial 
34 porosity, and because there would be a small backfill volume relative to the waste volume. 
35 The maximum estimated surface subsidence for a backfilled repository was approximately 1.8 
36 feet (0.55 meters), and the maximum estimated horizontal strain at the depth of the Culebra 
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1 was approximately 0.007 percent. The DOE concluded that this level of disturbance is not 
2 likely to create fluid flow paths between the repository and the overlying units. The DOE also 
3 concluded that there is no real geomechanical advantage to placing backfill in any of the 
4 WIPP underground areas because the amount of surface subsidence with or without backfill 
5 would not be significantly different. 

6 Although repository closure is not expected to lead to fracturing between the repository 
7 horizon and the surface or transmissive units of the Rustler, there is a potential for subsidence 
8 to open vertical fracturing within the Rustler. An extension of the DOE's analysis is underway 
9 to assess the effect of this fracturing on regional groundwater flow. 
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1993 WIPP Site Environmental Report 
Preface 

This is the tenth Annual Site Environmental Report (ASER), documenting the progress of 
environmental programs at the U.S. Department of Energy (DOE) Waste Isolation Pilot Plant 
(WIPP). The most significant change affecting the WTPP facility in 1993 was the cancellation of the 
Test Phase. All activities pertaining to the Test Phase will now be conducted at the Idaho National 
Engineering laboratory. 

Even though the cancellation of the Test Phase was a significant change in work scope for the WIPP, 
there are still numerous environmental monitoring and reporting activities that must be preformed as a 
routine part of daily operations. These activities, and the WIPP's ability to demonstrate compliance 
with both state and federal environmental compliance requirements, are documented in this report. 

This report is a compilation and summarization of environmental data collected at the WIPP site. 
Should a reader of this report desire to obtain copies of the raw data used to generate this document, 
please write the U.S. Department of Energy, Manager of the Environment, Safety and Health 
Department, at P.O. Box 3090, Carlsbad, NM 88221. 
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Chapter 1 
Executive Summary 
The U.S. Department of Energy (DOE) Waste Isolation Pilot Plant (WIPP) Environmental Monitor
ing Plan (EMP) defines a comprehensive set of parameters that must be monitored to detect potential 
impacts to the environment and to establish baseline measurements for future environmental evalua
tions. Surface water and groundwater, air, soil, and biotics must be monitored for radiological and 
nonradiological activity levels. Nonradiological studies focus on the area immediately surrounding 
the WIPP site with emphasis on the salt storage pile. The'baseline radiological surveillance covers a 
broader geographic area that expands to encompass nearby ranches, villages, and cities. 

Since the WIPP is still in its preoperational phase (i.e., no waste has been received), certain 
operational requirements specified in DOE Orders 5400.1 and 5400.5, and in the Environmental 
Regulatory Guide for Radiological Effluent Monitoring and Environmental Surveillance 
(DOE/EH-0173T) are not yet relevant. Therefore this report does not discuss programs and activities 
that will be developed to meet future (operational requirements) such as those concerned with 
radionuclide emissions and effluents and their impact upon the public and the environment. 

1.1 Compliance Summary 
A summary of significant compliance-related issues and actions at the WIPP during Calendar Year 
(CY) 1993 presented in this section. The major environmental statutes and Executive Orders 
applicable to the WIPP, along with compliance status, and the significant issues, actions, and 
accomplishments at the WIPP facility in the CY 1993 as they relate to each statute, are described in 
Chapter 3 of this report. 

Revision 3 of the Resource Conservation and Recovery Act (RCRA) Part B permit application was 
submitted to the New Mexico Environment Department (NMED) in January 1993. The NMED 
issued a test-phase draft permit for the WIPP facility in August 1993 for public comment. At the 
conclusion of the public comment period on January 15, 1994, the DOE requested from the New 
Mexico Environment Department (NMED) the opportunity to revise the Part B permit application, to 
reflect the October 1993 decision to redirect Test Phase activities from the WIPP to one of national 
laboratories, and thus, to more accurately describe the programmatic direction of the WIPP. 

In addition, a report titled No-Migration Determination Annual Report for the Period of September 
1992 through August 1993 was submitted to the Environmental Protection Agency (EPA) Region VI 
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and to EPA Headquarters on November 9, 1993, to satisfy the annual reporting requirement of the 
No-Migration Determination (NMD). 

The WIPP also validated the bin-case reports for the sixth and seventh bins of waste planned for 
shipment to the WTPP facility. The bin case addendum reports were validated for bins four, six, and 
seven. These reports contain the results of the waste analysis efforts conducted at the Idaho National 
Engineering Laboratory (INEL) for shipment to the WIPP site. After review of these reports, the 

* 
WIPP concluded that the bins may be emplaced in the WTPP repository in compliance with the Waste 
Analysis Plan of the RCRA Part B permit application and the NMD. 

On February 9, 1994, the WIPP submitted the Emergency and Hazardous Chemical Inventory Report 
for CY 1993 to the New Mexico (NM) State Emergency Response Commission, the Eddy County 
Local Emergency Planning Committee, and the local fire department with jurisdiction over the WIPP 
site, as required by Section 312 of the Superfund Amendments and Reauthorization Act (SARA) 
Title III. In March 1994 the WIPP submitted the Emergency and Hazardous Chemical Inventory 
Report for CY93 to all the appropriate organizations. 

The WIPP National Environmental Policy Act (NEPA) Compliance Program has been developed to 
ensure the requirements of the NEPA are fulfilled at the WIPP site. The program specifies that those 
responsible for the planning, coordination, and performance of work follow the provisions of NEPA 
and that these provisions be applied appropriately for work performed at the WIPP. Furthermore, the 
NEPA Compliance Program details the actions taken in the evaluation of work documents for NEPA 
Compliance in accordance with DOE Order 5440. IE and Secretary of Energy Notice (SEN) 15-90. 

In April 1993, Westinghouse Electric Corporation Waste Isolation Division (WID) completed the 
WIPP Hazardous Air Pollutants (HAPs) Emission Inventory (WP 02-15). The HAPs inventory was 
developed as a baseline document to calculate maximum potential hourly and annual emissions of both 
hazardous and criteria air pollutants. The HAPs inventory calculated emissions estimates for the three 
Carlsbad Area Office (CAO) locations. These locations include the WIPP site, the CAO located at 
Greene Street, and the WID Canal Street office. Emission estimates were used to determine if the 
WIPP is required to obtain an air permit under state or federal regulations. 

On June 18, 1993, the DOE submitted an Air Quality Control Regulations (AQCR) 702 permit 
application for the WIPP back-up diesel generators. The New Mexico Air Quality Bureau issued Air 
Quality Permit 310-M-2 on December 7, 1993. On February 26, 1994, the WIPP completed the 
emission monitoring requirements established in the permit. With the submittal of the Final 
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Compliance Sampling Report on March 28, 1994, the DOE has fulfilled all monitoring and reporting 
requirements identified in the permit. 

Section 402 of the Clean Water Act, the National Pollutant Discharge Elimination System (NPDES) 
program, establishes requirements for regulating industrial storm water runoff that has the potential to 
discharge into waters of the United States. The WIPP submitted a Notice of Intent to the EPA to 
obtain a NPDES Storm Water General Permit. On December 31, 1992, the EPA issued a New 
Mexico NPDES Storm Water General Permit (NMR00A021). The WIPP completed the WIPP 
NPDES Storm Water Pollution Prevention Plan (PPP) in March 1993. The NPDES Storm Water 
General Permit rules require that a PPP be developed for each facility covered under the permit by 
April 1, 1993. The PPP identifies and assesses potential pollutant sources, and describes all Best 
Management Practices (BMPs) that have been implemented to ensure that storm water runoff does not 
contact regulated pollutants. 

The WIPP has applied for and received an approved Discharge Plan (DP-831) for the WIPP sewage 
facility. The Discharge Plan approves the construction, sampling, and management requirements for 
the facility. The expansion of the sewerage system was completed in April 1993. This expansion 
included the construction of a lined evaporation pond divided into two cells. 

The WIPP continues to conduct a training program aimed at informing all WIPP personnel of their 
responsibilities under RCRA. The level of training provided under the program is contingent upon 
the employees' job titles and duties. All employees receive introductory RCRA training in the class 
General Employee Training at the WIPP. 

On October 30, 1992, President Bush signed the Waste Isolation Pilot Plant Land Withdrawal Act 
(LWA) transferring land from the public domain for use by the DOE. The LWA establishes an 
extensive regulatory framework that governs the conduct of the WIPP Test Phase and, if all require
ments are successfully met, the Disposal Phase. 

The Land Management Plan has been prepared for the WIPP withdrawal area by the DOE in 
consultation with the U.S. Bureau of Land Management (BLM), and the State of New Mexico. The 
Land Management Plan was issued October 30, 1993. This plan encourages the public and local, 
state, and federal agencies to participate in the land use planning process. 

A Memorandum of Understanding (MOU) between the DOE and the BLM is being prepared and 
should be issued by May 1994. This MOU outlines the responsibilities of each agency with regard to 
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land use management for the withdrawal area, and provides an additional mechanism to protect the 
withdrawal area from unallowable or inadvertent uses. The Land Management Plan and the MOU 
will serve to provide equitable and consistent administration of archaeological resources within the 
WIPP withdrawal area. 

1.2 Environmental Program Information 
The effort to establish environmental baseline conditions at the WIPP site before arrival of waste 
began in 1975. These studies are continuing to characterize the local environment both radiologically 
and nonradiologically until the WTPP site is operational. Once the site is operational, these programs 
will transition into the operational phase and the environment will be monitored constantly throughout 
the life of the project. 

1.2.1 Environmental Monitoring Plan 
The WIPP EMP provides schedules and guidelines for monitoring a comprehensive set 
of parameters in order to detect and quantify present or potential environmental 
impacts. Nonradiological portions of the program focus on the immediate area 
surrounding the WIPP site. The radiological surveillance generally covers a broader 
geographic area, one that includes nearby ranches, villages, and cities. Environmental 
Monitoring will continue at the WIPP site during project operations and throughout 
decommissioning activities. The sampling activities will continue to be performed at 
the monitoring locations established by the EMP. Monitoring parameters may need to 
be modified from time-to-time to ensure a technically sound program. None of these 
monitoring parameters will be changed, however, without the revision and approval of 
the EMP. 

1.2.2 Raptor Research Program 
In CY93 the Raptor Program focused on the impacts of human-related activities on four 
distinct groups of Harris' Hawks {Parabuteo unicinctus). During the course of the year, 
nest locations of the hawks w r e identified and nestlings were banded with U.S. Fish and 
Wildlife Service (USFWS) bands and with color bands with alpha numeric codes. These 
groups will serve as indicators for the data-sharing network between the WIPP and the 
BLM. Also, during the year nest locations of additional Harris Hawk groups and other 
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nesting species (e.g., Swainson's Hawks, Chihuahuan Ravens) were located. Nest 
locations were identified with Loran Navigators and these location were provided to the 
BLM for incorporation into their determinations per land use activities. 

1.2.3 Reclamation of Disturbed Lands 
Reclamation activities during CY93 consisted of constructing a fence around an existing 
reclamation site. The fence was constructed according to BLM specifications. Surface 
areas that retained water were hand seeded and minor erosion control measures were 
implemented. Additionally, a construction landfill area was capped and reseeded to 
bring the facility into compliance with NPDES stormwater discharge permit require
ments. 

1.3 Environmental Radiological Program Information 
The following subsections present monitoring topics for the subprograms of the EMP. These 
programs are consistent with policies established in the Environmental Regulatory Guide for Radiolog
ical Effluent Monitoring and Environmental Surveillance, (DOE/EH-0173T). 

DOE Order 5400.1 requires that a radiological baseline be established during the preoperational 
phase. Once a radiological baseline has been established, many of the radiological sampling programs 
can be redirected to collecting samples to archive for future analysis. As specifically outlined in the 
EMP, five subprograms are being conducted to document the background levels of potential 
radionuclide pathways leading from the WIPP to the environment and the public. 

These five subprograms are presented in the Statistical Summary of the Radiological Baseline 
Program (RBP)for the Waste Isolation Pilot Plant (DOE/WIPP 92-037). 

1.3.1 Airborne Particulate and Effluent Monitoring 
WIPP began sampling airborne aerosol particulates in 1985 and this sampling activity continues to be 
an important subprogram of the EMP. The Final Safety Analysis Report (FSAR) (DOE, 1990) 
identifies the atmosphere pathway as the only pathway potentially capable of exposing the public to 
radiation. To monitor this pathway, particulate aerosol samplers continuously operate at eight 
locations: three within 1000 meters of the facility boundary, four at local ranches and communities, 
and one at a sample control site. 
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counted at the Low-Level Counting Laboratory at the WIPP site. The weekly filters are counted for 
gross alpha and beta activity. The data are then grouped into 13-week segments or calendar quarters 
and are presented as a calculated quarterly average. Table 5-1 lists the quarterly alpha and beta 
concentrations for each sampling location. 

1.3.2 Soil Sampling 
Soil samples were collected in CY93. However, due to discrepancies identified in the contract 
laboratory analytical contract, no radiological soil sampling data will be presented in the CY93 WIPP 
ASER. Two years of baseline soil analysis data were previously documented in DOE/WIPP 92-037. 

1.3.3 Groundwater 
Groundwater samples were collected in CY93. However, due to discrepancies identified in the 
contract laboratory analytical contract, no radiological groundwater sampling data will be presented in 
the CY93 WTPP ASER. Two years of baseline groundwater analysis data were previously docu
mented in DOE/WIPP 92-037. 

1.3.4 Surface Water and Sediment Sampling 
There are no surface water and sediment samples were collected in CY93. However, due to 
discrepancies identified in the contract laboratory analytical contract, no radiological surface water 
and sediment sampling data will be presented in the CY93 WIPP ASER. Two years of baseline 
surface water and sediment analysis data were previously documented in DOE/WIPP 92-037. 

1.3.5 Game Animals and Fish Samples 
Game animals and fish samples were collected in CY93. However, due to discrepancies identified in 
the contract laboratory analytical contract, no radiological game animal and fish sampling data will be 
presented in the CY93 WIPP ASER. Two years of baseline game animal and fish analysis data were 
previously documented in DOE/WIPP 92-037. 

1.4 Nonradiological Monitoring Information 
Nonradiological environmental surveillance was also conducted in accordance with the EMP. This 
program was preceded by the WIPP Biology Program (1975-1982). Six universities participated in 
this surveillance program. An extensive baseline of information describing the major components of 
the Los Medanos ecosystem prior to the initiation of the WIPP site construction activities was 
developed. 
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A significant portion of the nonradiological surveillance was to document the effect fugitive salt dust 
generated by the surface stockpiling activities had on the surrounding ecosystem see (Reith et al., 
1985). This study is described in the Summary of the Salt Impact Studies at the Waste Isolation Pilot 
Plant 1984 to 1990 (DOE/WIPP 92-038). 

1.4.1 Meteorology 
The WIPP Nonradiological Environmental Surveillance (NES) includes a primary meteorological 
(MET) station that provides support for various programs at the WIPP. The primary MET function is 
to generate data to aid in modeling atmospheric conditions for Radiological Environmental Surveil
lance (RES). The data generated from the meteorological station are wind speed, wind direction, and 
temperatures at a radius of 3, 10, and 40 meters (10, 30, and 130 feet), respectively, with dew point 
and precipitation monitored at ground level. These parameters are measured continuously and the 
data are logged, at fifteen minute intervals, in the Central Monitoring Room. 

The annual rate of precipitation at the WIPP site for 1993 was 24 cm (9.4 in), which is 18 cm (7 in) 
below last year's rate. The annual precipitation for 1993 was 43 percent less than that recorded for 
1992. 

In CY 1993, the data collected on wind direction in the WIPP area were consistent with data 
previously collected on wind direction. The wind direction at the WIPP site is predominately from the 
southeast. 

1.4.2 Air Quality Monitoring 
Seven pollutant gases are monitored at the WIPP site on a continuous basis. These gases are sulfur 
dioxide (S02), carbon monoxide (CO), ozone (0 3), hydrogen sulfide (H2S), nitrous oxide (NO), 
nitrous dioxide (NOj), and oxides of nitrogen (NO,). In addition, weekly measurements of Total 
Suspended Particulates (TSP) are collected by the low-volume continuous air sampler at the far-field 
air sampling location. 

1.4.3 Wildlife Population Monitoring 
Population density measurements of birds and small nocturnal mammals are performed annually to 
assess the effects of WIPP activities on wildlife populations. 
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Bird Densities 
Overall, distribution patterns of species living between WIPP transects and the control transects 
remain constant with the most significant changes occurring near the facility. More abundant food 
(i.e., insects drawn to the facility lights) and greater habitat diversity probably account for the 
increase in the number of species near the WIPP transects compared to those of the control transects. 
Insect dependant species such as bam swallows, ash-throated flycatchers, and king birds are the 
prominent species on the increase in the immediate vicinity of the facility. Rock doves, the common 
city pigeon, have been observed around the WIPP site. 

Small Nocturnal Mammal Population Densities 
Starting with the outbreak of Hanta virus in the spring of 1993, small nocturnal mammal censuses 
were conducted on two study plots rather than on the usual four. Midway through the census period 
there had been outbreaks of the virus in New Mexico and every state bordering New Mexico. The 
chief vector for the disease had been determined to be the deer mouse, Peromyscus maniculatus. To 
protect researchers from possible exposure, the censuses for Northwest (NW-2) and Control (CT-2) 
were cancelled. The two censuses that were conducted revealed that the Ord's kangaroo rats remains 
the most common species encountered in this area. Plains wood rats are the next most common 
species encountered. Other species encountered in this area are grasshopper mice, white-footed mice, 
deer mice, and silky pocket mice. A greater number of mammals were captured in the control 1 plot 
than in the WIPP plot. 

1.4.4 Vegetation Monitoring 
The CY 1993 vegetation monitoring data show a slight increase of perennial grasses with increasing 
proximity to the salt tailings. The total coverage of these grasses in all plots was relatively uniform 
over all distances from the tailings. Although densities of annuals and diversity of species were greater 
in the control plots, overall, these densities and diversities remained relatively uniform across all 
plots. A pattern observed from the 1989-1992 data which was also seen in the 1993 data is an increase 
in shrub cover with increasing proximity to the salt tailings. This increase is a common effect of 
secondary salination. However, differential effect resulting from salt-induced physiological stress 
near the salt tailings was not observed. The responses of these plots to higher rainfall in later years 
will reveal whether this pattern is reflecting the start of significant changes in the structure of the plant 
community or whether it is only a short-term effect caused by short-term weather conditions. During 
the study period weather conditions had a uniform effect on vegetation in all plots. 
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1.5 Quality Assurance 
This document adheres to policies set forth by federal Quality Assurance (QA) regulations including: 
American Society of Mechanical Engineers (ASME) NQA-1, Quality Assurance Program (QAP) 
Requirements for Nuclear Facilities (ASME, 1989) and EPA, QAMS-005/80, Interim Guidelines and 
Specifications for Preparing Quality Assurance Project Plans (EPA, 1980), and fulfills the require
ments of the QA plans specified in DOE Orders 5400.1 (DOE, 1988d), 5400.3 (DOE, 1988e), 
5700.6C (DOE, 1991) and the Environmental Regulatory Guide for Radiological Effluent Monitoring 
and Environmental Surveillance (DOE/EH-0173T). 
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Chapter 2 
Introduction 
This is the WIPP Annual Site Environmental Report (ASER) for CY93. The purpose of the WIPP as 
mandated by Public Law 96-164 is to provide a research and development facility to demonstrate the 
safe disposal of Transuranic (TRU) wastes generated by the defense activities of the U.S. 
Government. This document is prepared in accordance with the guidance contained in DOE Order 
5400.1, General Environmental Protection Program (DOE, 1990); DOE Order 5400.5, Radiation 
Protection of the Public and the Environment (DOE, 1990); DOE/WIPP 91-054, Environmental 
Protection Implementation Plan, and DOE/EH-0173T, Environmental Regulatory Guide for 
Radiological Effluent Monitoring and Environmental Surveillance. The above orders require DOE 
facilities to submit an ASER to the DOE Headquarters Office of the Assistant Secretary for 
Environment, Safety and Health. 

This report provides a comprehensive description of environmental activities at the WIPP during 
CY93. The requirements and goals driving these activities are more fully described in the 
Environmental Monitoring Plan for the Waste Isolation Pilot Plant (DOE/WIPP 94-024). This plan 
defines the scope and extent of the WIPP effluent and environmental monitoring programs during the 
pre-operational and operational life of the site. 

This ASER also discusses the QA and Quality Control (QC) programs, which ensure that samples 
collected and the analytical data obtained are representative of actual conditions at the WIPP site. The 
EMP is the guidance document that all environmental monitoring programs follow. This guidance 
document ensures that all appropriate sampling efforts are in place to establish the amount and type of 
naturally occurring radioactivity in the WIPP area before the WIPP site is operational and to provide 
data for comparisons between pre-operational and operational environmental conditions once the 
WIPP site is operating as a waste repository for TRU waste. 

The EMP was prepared in accordance with the guidance contained in DOE Order 5400.1 and 
DOE Order 5400.5. Since waste has not been received, certain elements of DOE Order 5400.1 are 
not yet relevant to the WIPP environmental monitoring program (i.e., no discussion is included in this 
report of radionuclide emissions with subsequent calculation of doses to the public). 

The EMP is reviewed and updated, as required by DOE Order 5400.1, to address general changes, 
improvements, and enhancements to be implemented due to experience gained from these monitoring 
programs. 
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2.1 Description of the WIPP Project 
The WIPP is a project that was authorized by the DOE, National Security, and Military Applications 
of Nuclear Energy Authorization Act of 1980 (i.e., Public Law 96-164). Its legislative mandate is to 
demonstrate the safe disposal of radioactive waste resulting from national defense activities and 
programs. To fulfill this mandate, the WIPP has been designed to perform scientific investigations of 
the behavior of bedded salt and the interactions between the salt and radioactive wastes and to 
demonstrate safe and efficient handling, transport, and emplacement of transuranic (TRU) waste in a 
fully operational disposal site. 

The first radioactive wastes will be emplaced once the bench-scale test have been completed at INEL. 
Once the tests have been successfully completed, wastes will be shipped over a 25-year period to the 
WIPP site from INEL, Rocky Flats Plant, Hanford Site, Savannah River Plant, Los Alamos National 
Laboratory, Oak Ridge National Laboratory, Mound Laboratory (operated by Monsanto Research 
Corporation), Nevada Test Site, Argonne National Laboratory, and Lawrence Livermore National 
Laboratory for permanent disposal. This TRU waste material is contaminated with alpha emitting 
radionuclides greater than 100 nCi/g. 

Subsequent to a successful completion of the test phase, the WIPP site will be designated as an 
operational facility and TRU wastes will be transported from generator/storage sites throughout the 
United States to the WIPP site. This could not happen until the later years of this decade. 

The TRU waste to be received from the generator sites will be transported to the WIPP site via 
tractor-trailer trucks. Each truck can haul up to three TRU Package Transporters (TRUPACT lis), 
and each transporter may contain fourteen 55-gallon drums or two standard waste boxes. The 
TRUPACT II is a durable, reusable container that has been approved by the Nuclear Regulatory 
Commission (NRC) to transport contact-handled (waste containers that can be handled without 
shielding) transuranic waste to the WIPP. 

Once the TRUPACT lis have arrived at the WIPP and are transported into the Waste Handling 
Building, the waste containers will be removed from the TRUPACT lis, placed on the waste 
handling hoist, and lowered to the repository level of 655 m (2150 feet) below the surface. During 
the disposal phase, waste containers will be removed from the hoist and emplaced in excavated 
storage rooms in the Salado formation, (i.e., a thick sequence of salt beds deposited approximately 
250 million years ago in the Permian Age). After the storage areas have been filled, specially 
designed seals and plugs will be placed in the excavated storage rooms and in the shafts. The plastic 
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self-healing nature of the salt formation will result in a gradual-creep closure, causing encapsulation 
and isolation of the waste within the Salado formation. 

During site operations, the underground area will be ventilated with ambient air that enters the Air 
Intake Shaft, the Salt Handling Shaft, the Waste Handling Shaft, and exits through the Exhaust Shaft. 
In the event of an underground accident involving radioactivity, exhaust air can be circulated at a 
reduced flow rate through the Exhaust Filter Building. This building contains banks of High 
Efficiency Particulate Air (HEPA) filters that remove potentially contaminated particulates. 

2.2 Description of the Environment and Lands 
The WIPP site is located in Eddy County in southeastern New Mexico (Figure 2-1). The WIPP site is 
approximately 40 kilometers (26 miles) east-southeast of Carlsbad, New Mexico, in an area known as 
Los Medanos (i.e., the dunes). This area is a sparsely inhabited plateau that has little water and 
limited land uses. Land uses in the surrounding areas include potash mining, oil and natural gas 
exploration, recreational uses (i.e., hunting, trapping, and birdwatching), and other uses permitted by 
the BLM. 

The WIPP site boundary extends at least 1.6 kilometers or one mile beyond any of the WIPP 
underground developments and is defined on the surface by the 16-section (4,146 ha) Land 
Withdrawal Area. On October 30, 1992, the WIPP Land Withdrawal Act, Public Law 102-579, was 
signed by President Bush transferring the land from the Department of Interior (DOI) to the DOE. A 
WIPP land management plan, DOE/WIPP 93-004, was then prepared and submitted to Congress in 
October 1993. 

The WIPP site consists of 16 sections (4,146 ha) of federal land in Township 22 South, Range 31 
East. Except for the 2.59 square kilometers (one square mile) encompassing the facility known as the 
DOE exclusive use area, the surface land uses remain largely unchanged. Mining and drilling for 
purposes other than those which support the WIPP project are restricted within the 16-section 
(4,146 ha) area. 

The WIPP site is divided into zones as represented in Figure 2-1. Zone I is surrounded by a 
chain-link fence that encompasses all major surface facilities. Zone II is the area" that encloses the 
maximum extent of underground development. The WIPP site boundary provides a functional barrier 
of intact salt between the underground region defined by Zone II and the accessible environment. 
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The nearest residents to the WIPP site include eight individuals living at the Mills Ranch, 5.3 
kilometers (3.5 miles) south-southwest of Zone 1 of the site, and two individuals living at the Smith 
Ranch, 11.3 kilometers (seven miles) west-northwest of Zone 1 of the site. Both ranches are 
continuously monitored as part of the environmental monitoring program. Also included in this 
monitoring program is the headquarters for the International Minerals and Chemical Corporation 
Potash Mine, located 14.5 kilometers (nine miles) west-northwest of Zone 1 of the site. Detailed 
demographic summaries and projections are listed in the WIPP Final Environmental Impact Statement 
(FEIS) (DOE, 1980), the Final Supplement Environmental Impact Statement (SEIS) (DOE, 1990), 
and the WIPP Final Safety Analysis Report (DOE, 1990). 
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Chapter 3 
Compliance Summary 
The WIPP is required to comply with all applicable DOE Orders and federal and state laws and 
regulations. Documentation of required federal and state permits, notifications, and approvals is 
maintained by the Environment, Safety, Health and Regulatory Compliance (ESH&RC) Department of 
the Management and Operating Contractor (MOC). Regulatory requirements are implemented by 
incorporating them into facility plans and procedures. 

Table 3-1 provides a summary of the major federal and New Mexico statutes applicable to the WIPP 
Project. Table 3-2 presents DOE Orders and agreements affecting the WIPP environmental program. 
Table 3-3 is a summary of agreements between the DOE and the state of New Mexico that affect the 
environmental program. Table 3-4 details active environmental permits for the WIPP in CY93 and the 
first quarter of CY94. 

3.1 Compliance Assessment for Calendar Year 1993 
In 1993 the WEPP remained in compliance with applicable federal and state environmental regulations. 
Section 3.2 lists the compliance status of each major environmental statute and executive order applicable 
to the WIPP, including significant issues generated by, and actions and accomplishments driven by these 
statutes and orders. Section 3.3 describes other significant environmental issues, actions, and accom
plishments at the WIPP facility in CY93. 

3.2 Compliance Status 

This section states the WIPP's status of compliance with the following regulatory requirements. 

3.2.1 Atomic Energy Act of 1954 (AEA) 
(42 U.S.C. sec. 2011 et seq.) 

The AEA establishes a national program for research, development, and utilization of atomic energy for 
both national defense and domestic civilian purposes. Section 161 (i) (3) of the AEA provides that the 
Atomic Energy Commission (succeeded by the DOE for national defense purposes) is authorized to 
prescribe regulations and orders to 

Govern any activity authorized pursuant to this Act [the AEA], including 
standards and restrictions governing the design, location, and operation of 
facilities used in the conduct of such activity, in order to protect health and to 
minimize danger to life or property... 
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The authority of the DOE to develop policies, issue orders, and promulgate regulations (i.e., those 
addressing environment, safety and health protection aspects) regarding radioactive waste and nuclear 
materials is derived directly from the AEA. The EPA has also derived its authority to establish standards 
for the protection of the public and the environment from ionizing radiation from the AEA. The DOE, 
under the authority of the AEA and in accordance with various Executive Orders (EOs), uses a system of 
Orders, Notices, and Directives to carry out the mandate to implement effective and consistent programs 
to protect the public, the environment, and employees from adverse consequences resulting from the 
DOE operations. Implementation of those Orders, Notices, and Directives dealing with environmental 
monitoring and surveillance is addressed in the Environmental Monitoring Plan for the WIPP. 

Most of the waste slated to be sent to the WTPP site is TRU waste. TRU waste contains radioactive 
components regulated by the AEA and hazardous components regulated by the RCRA. The RCRA 
contains qualifiying provisions that exclude activities or substances authorized by or regulated under the 
AEA. Two different sections of the RCRA address these exclusions: 

The Solid Waste Exclusion. RCRA sec. 1004(27) defines a solid waste as a . . .solid, liquid, semisolid, 
or contained gaseous material resulting from industrial, commercial, mining, and agricultural 
operations, and from community activities... This definition specifically excludes "source, special 
nuclear, or by-product material as defined by the Atomic Energy Act of 1954, as amended." 

The Inconsistency Exclusion. RCRA sec. 1006(a) provides the following: "Nothing in this Act shall be 
construed to apply to (or to authorize any State, interstate, or local authority to regulate) any activity or 
substance which is subject to . . . the Atomic Energy Act of 1954... except to the extent that such 
application (or regulation) is not inconsistent with the requirements of such Acts." [Emphasis added.] 
Thus, although the WIPP is subject to dual regulation under the AEC and the RCRA, radioactive wastes 
are principally regulated by the AEC. 

3.2.2 Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) 
(42 U.S.C. sec. 9601 et seq.), including the Superfund Amendments and Reauthorization Act of 1986) 

The CERCLA, or "Superfund," and the SARA establish a comprehensive federal strategy for responding 
to, and establishing liability for, releases of hazardous substances from a facility to the environment. 
Hazardous substance cleanup procedures are specified in the National Contingency Plan (NCP) in Title 
40 Code of Federal Regulation (CFR), Part 300. No release sites have been identified at the WIPP that 
would require cleanup under the provisions of the CERCLA. Any spills of hazardous substances of 

3-2 



1993 WIPP Site Environmental Report 

reportable quantities must be reported to the National Response Center (NRC) under the provisions of 
the CERCLA, section 103 and Title 40 CFR, Part 302. 

Accidental Releases of Reportable Quantities of Hazardous Substances 
During 1993 there were three spills of ethylene glycol in quantities that required reporting. Each spill 
was less than 1/2 gallon. The reportable quantity for ethylene glycol is one pound. One pound of 
ethylene glycol is equivalent to approximately one pint of liquid. All three spills were reported to the 
NRC, the State Emergency Response Commission (SERC), and the Local Emergency Planning 
Committee .(LEPC). A follow-up written report was sent to the SERC and the LEPC. All the spills were 
immediately contained and cleaned up in accordance with the WTPP spill response procedures. All 
contaminated soils and spill containment pads were drummed, manifested, and transported to an off-site 
disposal facility. 

The WIPP facility is required to report under Sections 311 and 312 of SARA Title m, also known as the 
Emergency Planning and Community Right-to-Know Act (EPCRA). Required reports under these two 
sections are submitted to the SERC, the LEPC, and the local fire department. The WTPP also submits 
Section 311 data and Section 312 Annual Reports to the Carlsbad Fire Department, the Hobbs Fire 
Department, and the Otis Fire Department. For emergency response purposes, the DOE maintains 
Memoranda of Understanding with each of these agencies. 

The WIPP facility is currently exempt from reporting under Section 313 of the EPCRA. The items on the 
toxic chemical list mentioned in Section 313 that are currently in use at the WTPP in amounts meeting the 
reporting threshold level of 10,000 pounds are ethylene glycol, sulfuric acid, toluene, and xylene. These 
chemicals are exempted from reporting requirements at this time. 

Waste Minimization and Pollution Prevention Awareness Plan 
On March 2, 1993, the WIPP Waste Minimization andPollution Prevention Awareness Program Plan 
was reviewed and accepted by the CAO. This plan will be reviewed annually and updated at least once 
every three years. Specific guidance for amending the plan will be provided periodically from the DOE; 
the changes for this year were received in March 1994. The new revision of the WIPP Waste 
Minimization and Pollution Prevention Awareness Plan was completed on May 31, 1994. 
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3.2.3 Resource Conservation and Recovery Act 
(42 U.S.C. sec. 3251 etseq.) 

The RCRA was enacted in 1976 and implementing regulations were promulgated in May 1980. This 
body of regulations ensures that hazardous wastes are managed and disposed of in an environmentally 
safe manner. Facilities that store, treat, or dispose of hazardous waste also must protect human health 
and the environment. The Hazardous and Solid Waste Amendments (HSWA) of 1984 restricts the land 
disposal of hazardous wastes unless certain treatment standards are satisfied. HSWA also places 
increased emphasis on waste minimization activities and serves as a mechanism to enforce cleanup. 

Mixed-Waste Management Test Phase 
On July 25, 1990, the state of New Mexico received final EPA authorization to regulate radioactive 
mixed waste. In a letter dated August 27, 1990, the state of New Mexico notified the WTPP that Parts A 
and B of the RCRA permit application for the WIPP were due by January 22 and February 28, 1991, 
respectively. On January 22, 1991, the Part A permit application was delivered to the state and to the 
EPA Region VI Office in Dallas, Texas (DOE, 1991b). The Part B permit application was delivered to 
the state on February 26 and to EPA Region VI on February 27, 1991. The DOE-CAO submitted 
Revision 1 in March 1992. Revision 2 was submitted to the NMED in segments beginning in August 
1992. The third revision of the Part B permit application was submitted in January 1993. 

The NMED issued a Test-Phase draft permit for the WIPP facility in August 1993 for public comment. 
In October 1993, the DOE made the decision not to conduct testing of radioactive wastes at the WIPP. 
Instead, the DOE decided to pursue an accelerated compliance approach in an effort to obtain the 
necessary permits for permanent waste disposal at the WIPP. At that time the DOE also requested an 
extension to the public comment period from the NMED. The public comment period was extended until 
January 15, 1994. The DOE submitted comments to the NMED prior to the January 15 deadline. On 
January 13, 1994, the DOE formally requested that the NMED allow the DOE to modify the RCRA 
permit application to reflect disposal, rather than Test-Phase operations. 

3.2.4 National Environmental Policy Act 
(42 U.S.C. sec. 4321 et seq.) 

The NEPA was enacted to require the federal government to use all practicable means to consider 
potential environmental impacts as part of the decision-making process. The NEPA dictates that the 
public be allowed to review and comment on proposed projects that might have the potential to 
significantly affect the environment. The NEPA also directs the federal government to use all practicable 
means to improve and coordinate federal plans, functions, programs and resources. NEPA contains 
several "action-forcing" provisions such as: 

3-4 



1993 WIPP Site Environmental Report 

Utilizing an interdisciplinary approach in planning and decision making, ensuring'appropriate 
consideration of unquanfified environmental values, developing alternatives to proposals 
involving conflicts over use of resources, making environmental information generally available, 
and including a "detailed statement" on environmental impacts for "major federal actions 
significantly affecting the quality of the human environment." 

NEPA procedural objectives and public involvement requirements are detailed in the Council on 
Environmental Quality regulations implementing NEPA in 40 CFR 1500-1508. 

To satisfy NEPA requirements, the "Final Environmental Impact Statement" was issued in October 1980 
(DOE, 1980), followed by the Record of Decision (ROD) to the FEIS (DOE, 1981), which was 
published in the Federal Register (FR) on January 28, 1981. 

The ROD concluded that the Los Medanos (WIPP) site in southeastern New Mexico would be 
acceptable for the long-term disposal of TRU waste with "minimal risk of any release of radioactivity to 
the environment." The ROD noted the following: 

If significant new environmental data results [SIC] from the Site Preliminary and Design 
Validation (SPDV) program or other WIPP project activities, the FEIS will be supplemented as 
appropriate to reflect such data, and this decision to proceed with phased construction and 
operation of the WIPP facility will be reexamined in the light of that supplemental NEPA 
review. 

Consistent with this commitment and to further the purposes of NEPA, the DOE issued the "Final 
Supplement Environmental Impact Statement" in January 1990 (DOE, 1990a) to address changes in the 
proposed action and the development of new geologic and hydrologic information. These changes 
included altering the composition of the waste inventory, transporting waste to the WIPP site, conducting 
a Test Phase, and managing TRU waste mixed with hazardous constituents. The DOE's ROD to proceed 
with the Test Phase was published on June 22, 1990 (DOE, 1990c). 

In accordance with the commitments made in the ROD for the WIPP SEIS, the DOE will issue another 
SEIS prior to deciding whether to proceed with the Disposal Phase at the WIPP site. 

The DOE released DOE Order 5440. ID, National Environmental Policy Act Compliance Program, on 
February 2, 1991. This revision combines a conservative interpretation of the NEPA with a number of 
new requirements to support direction provided in Secretary of Energy Notice (SEN) 15-90. One new 
requirement was to develop a Mitigation Action Plan (MAP) "for implementation of any commitments 
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made in an Environmental I Act Statement (EIS)-ROD for mitigation of environmental impacts 
associated with an action" (DOE, 1991d, 7[a][23]]. A MAP was prepared based on both RODs and the 
final was submitted to DOE on July 10, 1991. The commitments described in the MAP will be tracked 
and reported annually as required by DOE Order 5440. IE (7[a][24]) and WIPP Annual Mitigation 
Action Plan Report (AMR). 

DOE Order 5440. IE, National Environmental Policy Act Compliance Program, was issued on 
November 10, 1992, and was updated to meet the final DOE NEPA Rule codified in 10 CFR 1021. This 
rule revises the provisions of DOE's Guidelines for Implementing the Procedural Provisions of NEPA and 
consolidates changes required by certain policy initiatives instituted by the Secretary of Energy regarding 
participation of the public and affected states. The Rule also includes a revised and expanded list of 
Categorical Exclusions (CXs). CXs are classes of actions that normally do not require the preparation of 
either an environmental assessment or impact statement. 

The WIPP NEPA Compliance Program (consisting of two procedures, a plan, and a training module) has 
been developed to ensure the requirements of the NEPA are fulfilled at the WIPP site. This program 
provides NEPA guidance for personnel responsible for the planning, coordination, and performance of 
work. Adherence to the program ensures that all work performed at the WIPP facility conforms to the 
provisions of the NEPA. The WIPP NEPA Compliance Program also details the actions taken to 
evaluate work documents for NEPA compliance in accordance with DOE Order 5440. IE and with 10 
CFR 1021. 

3.2.5 Clean Air Act (CAA) 
(42 U.S.C. sec. 7401 et seq.) 

The Clean Air Act provides for the preservation, protection, and enhancement of air quality, particularly 
in locations of special interest such as areas of natural, recreational, scenic, or historic value. Under 
Section 109 of the Clean Air Act, the EPA established the National Ambient Air Quality Standards 
(NAAQS) for six "criteria" pollutants: sulfur dioxide, total suspended particulates, carbon monoxide, 
ozone, nitrogen oxide, and lead. These standards establish primary and secondary standards for ambient 
air quality that the EPA judges are necessary to protect public health and welfare. 

In 1993, Westinghouse Electric Corporation, Waste Isolation Division, completed the WIPP Hazardous 
Air Pollutant (HAP) Emission Inventory (WP 02-15). The HAPs inventory was developed as a baseline 
document to calculate maximum potential hourly and annual emissions of both hazardous and criteria air 
pollutants. The HAPs inventory calculated emissions estimates' for the three CAO locations. These 
locations include the WEPP site, the CAO located at Greene Street, and the WID Canal Street office. 
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Emission estimates were used to determine if the WTPP is required to obtain an air permit under state or 
federal regulations. The HAPs inventory was used to evaluate potential permitting requirements for the 
following regulations: 

• § 112 Clean Air Act National Emission Standards for Hazardous Air Pollutants 
• Part C Clean Air Act (Prevention of Significant Deterioration - Criteria Pollutants) 
• New Mexico Air Quality Control Regulation 752 
• New Mexico Air Quality Control Regulation 702. 

Section 112 of the Clean Air Act establishes emission standards for Hazardous Air Pollutants. The 1990 
Clean Air Act Amendments (CAAA) increased to 189 the number of hazardous air pollutants regulated 
under the CAA. Hazardous air pollutant emissions are regulated under 40 CFR 61, the National 
Emission Standards for Hazardous Air Pollutants (NESHAP). The NESHAP establishes permitting and 
reporting requirements for facilities that have the potential to emit hazardous air pollutants. At the 
WIPP, the majority of hazardous air pollutants are regulated in Subpart A of the NESHAP. Radionuclide 
emissions other than radon are regulated in Subpart H of the NESHAP. 

Based on an agreement with EPA Region VI, the DOE has committed to comply with the requirements 
of 40 CFR 61, Subpart H, through the Disposal Phase of operations at the WIPP. A revised standard for 
Subpart H radionuclide emissions was promulgated by the EPA in a final rule published in the Federal 
Register, effective December 15, 1989 (54 FR 51654). In the Final Safety Analysis Report for the WIPP 
facility, the doses from future anticipated WTPP facility emissions were calculated to be less than 1 
percent of the allowable effective dose equivalent of 10 millirem per year to any one member of the 
public. The DOE documented the expected emission levels in a data package. This original package was 
submitted to the EPA in 1990. Additional submittals will be submitted prior to waste receipt. An 
emissions monitoring system was installed to comply with NESHAPs and to meet periodic confirmatory 
monitoring compliance requirements. Emissions monitoring test results will be used to verify compliance. 

Based on the HAPs inventory, WIPP operations do not exceed the 10 ton-per-year (tpy) emission limit 
for any individual HAP, or 25-tpy limit for combined HAPs emissions established in Subpart A. Thus, 
the WTPP does not have any NESHAP Subpart A permitting or reporting requirement at this time. 
However, 40 CFR 61, Subpart A, §61.09(a)(l), requires that the WIPP facility notify the EPA of its 
anticipated date of initial startup of the source not more than 60 days nor less than 30 days before that 
date. In addition, notification of the actual date of initial startup of the source must be made within 15 
days after that date. 
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Based on emission estimates generated in the HAPs inventory, the WTPP site is not required to obtain any 
federal CAA permits. A federal permit is required if a facility emits 100 tpy of criteria pollutants, 10 tpy 
of a HAP, or 25 tpy of combined HAPs. In consultation with the NMED Air Quality Bureau, and in 
conjuction with data collected in the HAPs inventory, the WIPP was required to obtain a New Mexico 
Air Quality Control Regulation (AQCR) 702 Operating Permit for two back-up diesel generators. A 
state permit is required when criteria pollutants exceed the state threshold levels of 10 pounds per hour, 
or 25 tpy. The only emission points where the WIPP site exceeds state threshold criteria is the WTPP 
back-up diesel generators: On June 18, 1993, the DOE submitted an AQCR 702 permit application for 
the WTPP back-up diesel generators. The New Mexico Air Quality Bureau issued Air Quality Permit 
310-M-2 on December 7, 1993. On February 26, 1994, the WIPP completed the emission monitoring 
requirements established in the permit. With the submittal of the "Final Compliance Sampling Report" on 
March 28, 1994, the DOE has fulfilled all monitoring and reporting requirements identified in the permit. 

3.2.6 Clean Water Act (CWA) 
(or Federal Water Pollution Control Act (FWPCA) of 1972) (33 U.S.C. sec. 1251 et seq.) 

Section 402 of the Clean Water Act, the National Pollutant Discharge Elimination System program, 
establishes the requirements for regulating industrial storm water run off that has the potential to 
discharge into waters of the United States. The WIPP will demonstrate that the WIPP site prevents the 
discharge of contaminated storm water through the use of best management practices. These practices 
include engineering controls, storm water retention basins, the covering of materials storage areas, and 
the reclamation of disturbed zones. 

The WTPP submitted a Notice of Intent to the EPA to obtain a NPDES Storm Water General Permit. On 
December 31, 1992, the EPA issued a New Mexico NPDES Storm Water General Permit 
(NMR00A021). As part of the Nationwide General Permit Program, the WIPP is included in the New 
Mexico General Permit. 

The WIPP completed the WIPP NPDES Storm Water PPP in March 1993. The NPDES Storm Water 
Permit rules require that a PPP be developed for each facility covered under the permit by April 1, 1993. 
The PPP identifies and assesses potential pollutant sources and describes all BMPs that will be 
implemented to ensure that storm water run off does not contact regulated pollutants. Additionally, the 
WIPP outlined a schedule for the implementation of all BMPs required to demonstrate compliance with 
permit requirements. 

Approximately 40,000 gallons of nonhazardous brine were generated at the WIPP site each month before 
the grouting of the Air Intake Shaft (AIS). These waters were generated by seepage between 
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stratigraphic formations in the ungrouted Air Intake Shaft and from the pumping of observation wells at 
the WIPP. The permanent disposal/prevention of site-generated brines has been accomplished by the 
expansion of the WIPP sewage treatment facility and by the grouting of the Air Intake Shaft. The 
grouting of the AIS began in May of 1993 and was completed in December 1993. This grouting reduced 
the volume of site-generated brine by approximately 90 percent. 

The WIPP has applied for and received an approved Discharge Plan (DP-831) for the WIPP sewage 
facility. The approved Discharge Plan supersedes the emergency discharge permit of January 1992. 
Mine water is now collected in portable tanks and is hoisted to the surface where it is pumped to the 
WIPP site salt pile evaporation basin. Analytical studies have demonstrated that site-generated brines 
are nonhazardous and can be pumped to the main salt pile evaporation basin for disposal. 

The Discharge Plan approves the construction, sampling, and management requirements for the facility. 
The expansion of the sewerage system was completed in April 1993. This expansion included the 
construction of a lined evaporation pond divided into two "cells." 

The new evaporation pond is located down-gradient of the existing evaporation pond. The south cell of 
the new pond is used to evaporate sewage effluent only. The north cell is used to evaporate brine waters 
from mine dewatering and of well water mixed with sewage effluent. Brine waters are hauled to the 
north cell by water truck and then pumped from the water truck into the north cell. The existing 
evaporation basin was lined with a 30-mil synthetic liner after the two new cells were brought into 
operation. The system expansion was completed in April 1993. 

3.2.7 Safe Drinking Water Act (SDWA) 
(42 U.S.C. sec. 300f et seq.) 

The SDWA of 1974 provides the regulatory strategy for protecting public water supply systems and 
underground sources of drinking water. The New Mexico Environment Department notified the WIPP 
in a September 9, 1992 letter that the WIPP Public Water Supply has been categorized as a non-transient, 
non-community system for reporting and testing requirements. The NMED determined that the WIPP is 
required to sample drinking water for total coliform bacteria, lead, copper, nitrate and nitrite, only. 

The city of Carlsbad is contracted to provide raw drinking water to the WTPP from city wells located 31 
miles north of the site. Because of this contractual agreement the city of Carlsbad completes the majority 
of SDWA compliance sampling for the WIPP water system. The city of Carlsbad is considered a 
community system and is subject to more comprehensive SDWA sampling requirements than WIPP's 
Non-Community, Non-Transient WIPP water system. WIPP compliance sampling 
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frequencies are the same as those listed in the table below with the exception of total coliform. Coliform 
sampling must only be completed quarterly. The sampling requirements for community systems are listed 
in the following table. 

Contaminant Ground Water 

Nitrate once per year 
Nitrite every three years 

Asbestos every nine years 

Arsenic, Barium, Cadmium, Mercury, 
Chromium, Fluoride, Selenium 

every three years 

Lead and Copper 

(for water systems of 501 to 3,300 
populations) 

initial sampling requires 20 sample sites 
for two six-month periods beginning on 
July 1,1993; requirements may be 
reduced when action levels are met for 
two consecutive sampling periods 

Synthetic Orqanics every three years 
Volatile Organics every three years 
Radionuclides every four years 
Turbidity not required 
Total f i l i f o r m nnrp ppr month 

3.2.8 Toxic Substances Control Act (TSCA) 
(15 U.S.C. sec. 2601 etseq.) 

The TSCA applies primarily to manufacturers, importers, and processors of toxic chemicals for 
commercial purposes. The WIPP site is not considered a manufacturer or processor of chemical 
products, and, therefore, most of the provisions of TSCA do not apply. The TSCA regulates the use of 
Poly-chlorinated Biphenyls (PCBs), asbestos, and materials containing PCBs and asbestos. DOE policy 
prohibits the use of PCB-containing materials in DOE-installed equipment at facilities like the WIPP site. 
Therefore, TSCA would not apply to DOE-installed equipment. At the present time, TSCA does not 
apply to the WIPP repository because there are no plans to ship PCB-contaminated wastes to the WIPP 
site. The WIPP site will comply with TSCA regulations contained in 40 CFR 761.60 and 761.65 with 
respect to any possible future storage or disposal of PCB-contaminated materials. Procurement of 
asbestos containing materials is also prohibited at the WIPP site. 
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3.2.9 Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) 
(7U.S.C.sec. 136etseq). 

The FIFRA authorizes the EPA to regulate the registration, certification, use, storage, disposal, trans
portation, and recall of pesticides. Recommended procedures for storage and disposal of pesticides and 
pesticide containers are contained in 40 CFR 165. The EPA at its discretion may exempt federal agencies 
from any FIFRA provisions if emergency conditions exist (40 CFR 166), FIFRA standards are considered 
mandatory for regular conditions at DOE facilities. DOE will continue to comply with the standards of 
FIFRA at the WIPP site. 

3.2.10 Endangered Species Act (ESA) 
(16U.S.C.sec. 1531 etseq). 

The ESA provides protection for threatened or endangered species of flora and fauna. Under Section 7 
of the Act and its implementing regulations in 50 CFR 402, the EPA is prohibited from authorizing 
activities "likely to jeopardize the continued existence of any endangered species or threatened species or 
result in destruction or adverse modification of habitat of such species.. . The Section 7 process may 
involve a biological assessment and "formal consultation" followed by the issuance of a . . .non biological 
opinion by the U.S. Fish and Wildlife Service for any species that is determined to be in potential 
jeopardy. According to the WIPP FEIS (DOE, 1980) and the SEIS (DOE, 1990a), the U.S. Fish and 
Wildlife Service lists four threatened or endangered species of plants or animals that could occur at the 
WIPP site. The U.S. Fish and Wildlife Service has determined that WIPP facility activities will have no 
adverse impacts on these species (Stigman, 1979). 

The New Mexico Department of Game and Fish (NMGF), and the U.S. Fish and Wildlife Service also 
lists 52 possible threatened and endangered species that habitate southeastern New Mexico. No critical 
habitat for terrestrial endangered species has been identified at the WIPP site (Stigman, 1979). As a 
result, the U.S. Fish and Wildlife service has not required the WIPP to complete a formal consultation or 
biological opinion processes under Section 7 of ESA. 

3.2.11 National Historic Preservation Act (NHPA) 
(16 U.S.C. sec. 470 et seq.) 

The NHPA was enacted to protect the nation's cultural resources and to establish the National Register of 
Historic Places. Since 1976, cultural resources investigations have recorded 98 archeological sites and 
numerous isolated artifacts within the 16-square^mile area enclosed by the WIPP site boundary. Thirty-
three sites are recorded within the central 4-square-mile area, including all of Zones I and II. The sites 
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are eligible for inclusion in the National Register as an archeological district. Investigations since 1980 
have pin pointed an additional 14 individual sites outside the central 4-square-mile area that are 
considered eligible for inclusion in the National Register (DOE, 1990a). The average archeological site 
density on WIPP facility lands, according to the WIPP FEIS (DOE, 1980), is 7.5 sites per square mile. A 
mitigation plan describing the avoidance and/or excavation of sites was submitted to the New Mexico 
State Historic Preservation Officer (SHPO) (Hart and Brausch, 1980; DOE and BLM, 1983). A 
determination of "no adverse effect from WIPP facility activities" on cultural resources was made by the 
SHPO in May 1980 (Merlan, 1980). A similar plan was submitted to the National Advisory Council on 
Historic Preservation. The Council concurred that the WIPP Mitigation Plan is appropriate to protect 
cultural resources (National Advisory Council on Historic Preservation, 1981). 

Other related legislation affecting WIPP facility lands include the Archeological Recovery Act, which was 
amended by the Archeological and Historic Preservation Act (AHPA) (16 U.S.C. sec. 469a et seq.). The 
AHPA requires the preservation of archaeological data affected as a result of any federal or federally 
related land modification activities. The Archaeological Resources Protection Act (16 U.S.C. 470aa-
47011) created improved protection measures for archaeological resources on federal lands and 
established procedures for federal land managers to issue permits for authorized excavation and removal 
of archaeological resources. 

In accordance with the WIPP Mitigation Plan, four archeological sites that could have been or that were 
actually disturbed by construction activities have been excavated. Avoidance of other archeological sites 
is carried out by DOE so there will be no adverse effects on known cultural resources from WIPP facility 
activities. No additional sites have been slated for excavation. 

Under the WIPP Land Withdrawal Act, the jurisdiction for managing the cultural resources within the 
WIPP Site boundary have been transferred to the DOE. A land management plan has been prepared for 
the WIPP withdrawal area by the DOE in consultation with the BLM and the state of New Mexico. The 
Land Management Plan was issued October 30, 1993. The LandManagement Plan provides 
opportunity for participation in the land use planning process by the public and local, state, and federal 
agencies. 

A MOU between the DOE and the BLM is being prepared and should be issued by May 1994. This 
MOU outlines the responsibilities of each agency with regard to land use management for the withdrawal 
area, and provides an additional mechanism to protect the withdrawal area from unallowable or 
inadvertent uses. The Land Management Plan and the MOU will serve to provide equitable and 
consistent administration of archaeological resources within the WIPP withdrawal area. 
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Prior to disturbing any surface area, WIPP reviews archaeological surveys to determine if the area in 
question has received an archaeological clearance. If the area has not already received a clearance, a 
subcontract is issued to a firm providing archaeological resources consulting, and the necessary survey is 
completed. If archaeological resources are discovered, appropriate mitigating measures are taken. 

3.2.12 Floodplain Management 
(Executive Order 11988) 

EO 11988 directs federal agencies to avoid making modifications that adversely impact floodplains, to 
consider alternatives to a proposed action, to provide early public review of proposed actions, and to 
propose mitigation measures for proposed actions within floodplains. Because the WIPP site is not 
located within a floodplain zone, EO 11988 does not apply to the WIPP facility. 

3.2.13 Protection of Wetlands 
(Executive Order 11990) 

EO 11990 requires that federal agencies consider the effects of proposed actions in wetlands, determine 
whether wetlands are present, assess the impacts, consider alternatives to a proposed action, provide for 
early public review, and propose mitigation measures for proposed actions that could affect wetlands. 
The WIPP facility is neither located within nor will it impact a wetlands area; therefore, EO 11990 does 
not apply to the WIPP facility. 

3.2.14 Environmental Radiation Protection Standards for Management and Disposal of 
Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes 
(40CFR191) 

The authority of the EPA to establish radiation protection standards for nuclear wastes is derived from 
the Atomic Energy Act, as amended; the Reorganization Plan No. 3 of 1970; and the Nuclear Waste 
Policy Act (NWPA) (Pub. L. 97-425). Since the mid-1970s, the EPA has been developing guidance and 
standards for the management and disposal of radioactive wastes. EPA's final rule, 
40 CFR 191, was published on September 19, 1985 (50 FR 38066). In a challenge by a coalition of 
environmental organizations and states, the U.S. Court of Appeals for the First Circuit vacated and 
remanded 40 CFR 191 to the EPA. The Court found, among other things, that the EPA did not protect 
groundwater as stringently as provided under the SDWA underground injection provisions [NRDC v 
EPA 824 F.2d 1258 (1st cir. 1987)]. The Second Modification to the Agreement for Consultation and 
Cooperation between the DOE and the state of New Mexico dated August 4, 1987, specified that, 
although the standards were on remand status, the DOE would continue to guide its performance 
assessment planning efforts as though the vacated regulations were still in effect. In the WIPP Land 
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Withdrawal Act of 1992 (PL 102-579), Congress reinstated all of the 40 CFR 191, Subpart B regulations 
with the exception of those that were specifically questioned by the court (i.e., Sections 191.15, 
Individual Protection Requirements and 191.16, Ground Water Protection Requirements). Congress also 
required the EPA to issue final disposal regulations by April 30, 1993. On February 10, 1993, the EPA 
proposed revised disposal regulations under 40 CFR 191, Subpart B (58 FR 7924). On December 20, 
1993, the EPA promulgated amendments to the final standard pertaining to individual and groundwater 
protection requirements (58 FR 66398). The standard applies to facilities regulated by the U.S. Nuclear 
Regulatory Commission and to facilities under the jurisdiction of the DOE that manage or dispose of 
spent nuclear fuel, high-level and TRU waste. The standard is divided into three subparts and these are 
described below. 

Subpart A, Environmental Standards for Management and Storage, sets the operational term 
requirements limiting annual doses to members of the public from management and storage operations at 
disposal facilities. For facilities operated by the DOE and not regulated by the U.S. Nuclear Regulatory 
Commission, the DOE must provide reasonable assurance that the annual dose to the public in the general 
environment will not exceed 25 millirem (mrem) to the whole body and 75 mrem to any critical organ. In 
accordance with DOE policy as delineated in DOE Order 5400.5, the WIPP facility maintains compliance 
with 40 CFR 191, Subpart A requirements. In the Second Modification to the Agreement for 
Consultation and Cooperation, DOE agreed with the state of New Mexico that the WIPP facility will 
comply with the standards of Subpart A upon the initial and future receipt of waste. 

Subpart B, Environmental Standards for Disposal, establishes several sets of long-term performance 
requirements for containment and individual protection and provides guidance for their implementation. 
Of particular significance to the WIPP are the containment provisions of 40 CFR 191.14, which require 
that radioactive waste disposal systems be designed to provide a reasonable expectation that cumulative 
releases of radionuclides from the repository over 10,000 years will not exceed levels specified in the 
standards. This degree of assurance is to be provided by a WIPP performance assessment conducted by 
the DOE. 

Subpart C was established to provide a level of protection for underground sources of drinking water 
consistent with that provided by regulations implementing the SDWA. EPA believes that compliance 
with Subpart C of the standard will constitute compliance with the SDWA. Subpart C requires a 
demonstration that a prospective disposal system will comply for 10,000 years with the primary SDWA 
regulations for radionuclides. These are the maximum contaminant levels (MCLs) codified in 
40 CFR 141.15 and 141.16 that were put into effect on January 19, 1994. 
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The LWA requires that the EPA must finalize criteria for certifying compliance with 40 CFR 191 by 
October 1984. These criteria will be codified as 40 CFR 194. Once the EPA establishes these criteria, 
the DOE will evaluate them as part of its compliance with the 40 CFR 191 disposal standards. 

3.2.15 Hazardous Materials Transportation Act (HMTA) 
(49 App. U.S.C. sec. 1801 etseq.; 49 CFR 106-179) 

The HMTA provides for safe intra- and inter-state transportation of hazardous/nuclear materials. The 
HMTA allows states to regulate the transport of hazardous/nuclear materials if regulations are consistent 
with the HMTA or U.S. Department of Transportation (DOT) regulations. The DOT regulations for 
hazardous/radioactive materials are contained in 49 CFR 171-177. Specifications for the kinds and 
designs of packages to be used for the transport of various types of radionuclides are contained in 49 
CFR 173, Subpart I (and parallel NRC regulations in 10 CFR 71). DOT regulations in 49 CFR 177 
provide a routing and quantity rule for highway shipments of radioactive material; 49 CFR 174 contains 
segregation rules for shipment by rail. In the Second Modification to the Agreement for Consultation and 
Cooperation dated August 4, 1987, the DOE agreed to comply with all applicable DOT regulations and 
the corresponding NCR regulations. 

3.2.16 Packaging and Transportation of Radioactive Materials 
(10 CFR 71) 

Regulations for shipping containers and the safe packaging and transportation of radioactive materials are 
under the authority of the NRC and the DOT. In the Second Modification to the Agreement for 
Consultation and Cooperation, the DOE agreed to comply with the applicable transportation regulations 
of the NRC. Packaging requirements for radioactive materials including the Type B packages to be used 
to transport waste to the WIPP facility are detailed in DOT regulations (49 CFR 173, Subpart I). This 
references the NRC regulations. The NRC regulations in 10 CFR 71 reference the DOT regulations in 49 
CFR 173. 

The NRC requirements for shipping containers apply to the certification of the TRUPACT-II shipping 
container, the container that will be used to transport radioactive waste to the WIPP facility. The 
TRUPACT-II container was certified by the NRC on August 30, 1989, after compliance with the 10 CFR 
71 requirement for Type B packaging was demonstrated (NRC, 1990). 

A container supplier inspection was conducted by NRC during the period of January 12-14, 1993. The 
scope of the audit was to determine whether procedures have been established, documented, and 
executed at DOE's WIPP facility that meet the quality assurance requirements of 10 CFR 71. The audit 
also determined whether packages were fabricated and maintained in accordance with the design 
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approved by the Commission. The NRC had no findings and stated that all quality assurance 
requirements of 10 CFR 71 were being followed. 

3.2.17 Department of Energy National Security and Military Applications of Nuclear 
Energy Authorization Act of 1980 

(Public Law 96-164) 

This Act, which authorized the WIPP Project, provides as follows: 

Not withstanding any other provision of law, the Waste Isolation Pilot Plant is 
authorized as a defense activity of the Department of Energy . . . for the express 
purpose of providing a research and development facility to demonstrate the safe 
disposal of radioactive wastes resulting from the defense activities and programs of the 
United States.. . . 

The statute provides for DOE consultation and cooperation with appropriate officials of the state of New 
Mexico with respect to public health and safety concerns. It also provides for a written agreement 
between the DOE and the appropriate officials of the state of New Mexico setting forth consultation and 
cooperation. In compliance, the DOE has entered into two agreements with the state of New Mexico: 
the Consultation and Cooperation (C&C) Agreement and the Working Agreement for the C&C 
Agreement. Both agreements have been modified several times (see Table 3-3). The most recent 
modification of the C&C Agreement is the Second Modification to the Consultation and Cooperation 
Agreement dated August 4, 1987. The Working Agreement for the C&C Agreement was last modified in 
March 1988. These agreements are implemented through the DOE and the New Mexico Radioactive 
Waste Consultation Task Force. In addition, the DOE interfaces regularly with the NMED and the New 
Mexico Legislature's Radioactive and Hazardous Waste Committee. 

3.2.18 Waste Isolation Pilot Plant Land Withdrawal Act 
(PL 102-579) 

On October 30, 1992, President Bush signed the Waste Isolation Pilot Plant Land Withdrawal Act 
transferring land from the public domain for use by the Department of Energy (DOE) for the 
construction, experimentation, operation, maintenance, disposal, shutdown, monitoring, and 
decommissioning activities at the WIPP. The LWA establishes an extensive regulatory framework that 
governs the conduct of the WIPP Test Phase and, if all requirements are successfully met, the Disposal 
Phase. 
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As a result of the LWA, the Secretary of Energy is required to develop a management plan to provide for 
grazing, hunting and trapping; wildlife habitat; the disposal of salt tailings; and mining. The WIPP Land 
Management Plan was submitted to Congress in October 1993 and will be maintained throughout the life 
of the facility, including through decommissioning of the site. 

Compliance with the following statutes or regulations is also required under the Act: 

Taylor Grazing Act 
Subchapter IV of the Federal Land Policy and Management Act 
Public Rangelands Improvement Act 
Materials Act of 1947 
Federal Mine Safety and Health Act of 1977 
Solid Waste Disposal Act 
40 CFR 191 
29 CFR 1910.120 
Clean Air Act 
Safe Drinking Water Act 
Toxic Substance Control Act 
Comprehensive Environmental Response, Compensation, and Liability Act 
All other applicable federal laws pertaining to public health and safety of the environment. 

The law also requires the DOE and the EPA to conform to several requirements prior to initiating both 
the Test Phase and Disposal Phase, including the EPA's review and approval of key WIPP programmatic 
documents. Roles and responsibilities for the Department of Interior, the Department of Labor, the 
Environmental Evaluation Group, the National Academy of Sciences, and the state of New Mexico are 
defined in the law. A summary of the provisions of the act-are-asfollows: 

The EPA must publish final radioactive waste disposal standards (40 CFR 191). 

The EPA must certify WIPP's compliance with 40~CFR 191, Subparts B and C. 

The EPA must determine that the DOE has complied with the terms and conditions of the 
NMD issued on November 14, 1990 (55 FR 47700). 
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• The federal Occupational Safety and Health Administration must certify that it has 
reviewed the DOE emergency response training programs and has concurred that such 
programs are in compliance with 29 CFR 1910.120. 

NOTE: As defined in the WIPP Land Management Plan, the DOE will continue current 
land management practices and maintain all applicable permits with external 
organizations. 

3.2.18.1 Federal Land Policy and Management Act 

(43 U.S.C. sees. 1701-1782) 

The Federal Land Policy and Management Act was enacted to ensure, among other things, that 

". . .public lands be managed in a manner that will protect the quality of scientific, scenic, 
historical, ecological, environmental, air and atmospheric, water resource, and archeological 
values; that, where appropriate, will preserve and protect certain public lands in their natural 
condition; that will provide food and habitat for fish and wildlife and domestic animals; and 
that will provide for outdoor recreation and human occupancy and use. . ." 

Under S. 1671, the Secretary of Energy is required to comply with Subchapter IV of the Federal Land 
Policy and Management Act. Subchapter IV establishes the authority for grazing fees, range 
betterment funds, grazing permits, and grazing advisory boards. Under LWA, the Secretary of 
Energy is empowered to administer these programs. 

3.2.18.2 Taylor Grazing Act 
(43 U.S.C. sec. 315 etseq.) 

This act is intended to prohibit injury to public grazing lands by preventing overgrazing and soil 
deterioration. The Act promotes the orderly use and/or improvement to public grazing lands by 
establishing grazing districts and a grazing permit system. As required by the LWA, the DOE must 
allow grazing to continue on WIPP facility land where grazing districts had been established prior to 
the date of enactment of the Land Withdrawal Act. The Department of Interior, in consultation with 
the DOE, will issue grazing permits on WIPP facility land. 
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3.2.18.3 Public Rangelands Improvement Act 

(43 U.S.C. sec. 1901 etseq.) 

The Public Rangelands Improvement Act establishes a national policy and commitment to 

Inventory and identify current public rangeland conditions and trends. 

Manage, maintain, and improve the condition of public rangelands in a manner that 
they become as productive as is feasible. 

Continue the policy of protecting wild free-roaming horses and burros and of removing 
and disposing of those excess animals that pose a threat to themselves, their habitat, 
and other rangeland values. 

As specified by the LWA, the DOE must administer WIPP facility lands as public rangelands. 

3.2.18.4 Executive Order 12548 — Grazing Fees 

EO 12548 orders the establishment of fees for grazing of domestic livestock on public rangelands. 
The Department of Interior, in consultation with the DOE, will establish grazing fees for WIPP 
facility lands. 

3.2.18.5 Materials Act of 1947 
(30 U.S.C. 601 etseq.) 

The Materials Act of 1947 pertains to the disposal of mineral materials (e.g., sand, stone, gravel, 
pumice, cinders, clay and etc.) on public lands. The disposal of vegetative materials (e.g., yucca, 
manzanita, mesquite, cactus, and timber or forest products) is also addressed. Under the LWA, the 
WIPP facility must dispose of those salt tailings not used for backfill, in accordance with the bidding, 
advertising, contract negotiation, and disposition of monies provisions (sections 602-603) of the 
Materials Act. 

3.2.18.6 Federal Mine Safety and Health Act of 1977 
(30 U.S.C. sec. 801 et seq.) 

Under the Federal Mine Safety and Health Act of 1977, the U.S. Department of Labor (DOL) is 
responsible for developing and enforcing regulations and standards to protect mine workers. Under a 
memorandum of understanding between the DOE and the DOL effective July 9, 1987, the Mine 
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Safety and Health Administration (MSHA) conducts periodic health and safety compliance inspections 
of WIPP facility underground operations. When the WIPP Land Withdrawal Act was signed into law 
on July 10, 1993, MSHA became the agency responsible for conducting at least four surface and 
underground safety inspections per year at the WIPP. 

MSHA conducted four inspections during 1993- in January, May, August, and December. The 
January and August inspections resulted in no surface or underground findings. One minor 
underground finding occurred during the May inspection, and eight minor surface findings were 
issued during the December inspection. All minor findings were abated before the MSHA inspector 
left the facility. 

3.2.19 Bald and Golden Eagle Protection Act 
(16U.S.C.secs.668-668d) 

The Bald and Golden Eagle Protection Act makes it unlawful to capture, kill, molest, or disturb these 
eagles, their nests, or their eggs anywhere in the United States. A permit must be obtained from the 
U.S. Department of the Interior to relocate a nest that interferes with resource development or 
recovery operations. The Act potentially applies to the WIPP facility because there is a possibility 
that these birds could be present on WIPP facility lands. 

However, surveys to identify raptor nests on WIPP facility lands since 1985 have thus for failed to 
locate any bald or golden eagle nests near operational activities. Through the Cooperative Raptor 
Research and Management Program at the WIPP facility the DOE will continue to monitor for raptor 
nests on WIPP lands and near operational buildings. 

3.2.20 Migratory Bird Treaty Act 
(16 U.S.C. sec. 703 etseq.) 

The Migratory Bird Treaty Act is intended to protect birds that have common migration patterns 

between the United States and Canada, Mexico, Japan, and Russia. The Act stipulates that it is 

unlawful to indiscriminately "kill. . . any migratory bird." It regulates the harvest of migratory birds 

by specifying the mode of harvest, hunting seasons, and bag limits. Although the WIPP facility is not 

located within a major migration corridor, there are migratory birds present on WIPP facility lands. 

As required by the Migratory Bird Treaty Act, the DOE will consult annually with the U.S. Fish and 

Wildlife Service with respect to impacts on migratory birds from the hunting activities permitted on 

WIPP facility lands. 
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3.2.21 Noise Control Act of 1972 
(42 U.S.C. sec. 4901 et seq.) 

According to the Act's policy clause in section 2(a)(3), the primary responsibility for noise control is 
vested in state and local governments. Federal regulation is deemed essential only for commercial 
noise sources requiring national uniformity of treatment (e.g., aircraft noise). However, federal 
agencies are required to comply with federal, state, interstate, and local requirements respecting 
control and abatement of environmental noise "to the fullest extent consistent with their authority" 
[section 4[a] and [b][l], [2]). 

DOE facilities are required to comply with the Occupational Safety and Health Administration 
(OSHA) standards in 29 CFR Part 1910, which include the Occupational Noise Exposure standards in 
29 CFR 1910.95. Any WIPP facility noise sources that exceed these standards will be mitigated 
(e.g., noise dampers have been installed in the WIPP facility underground air exhaust fans). There 
are no noise sources at the WIPP facility that would affect the general public. 

3.2.22 Occupational Safety and Health Administration Regulations 
(29 CFR Parts 1900-1999) 

Section 6(a) of the Williams-Steiger Occupational Safety and Health Act of 1970 provides that the 
Department of Labor (DOL) establish employee safety and health standards compatable with those 
that are commonly practiced in industry and that have been found to meet national consensus 
standards or established federal standards. DOE complies with OSHA standards and the OSHA safety 
and health management guidelines for all WIPP facility activities. In addition the WIPP facility has 
established safety procedures in accordance with DOE policy. The DOE-CAO recently submitted a 
Voluntary Protection Program (VPP) application to DOE Headquarters. 

3.2.23 National Defense Authorization Act - Fiscal Year 1989 

The DOE has contracted the New Mexico Institute of Mining and Technology to conduct independent 
reviews of the health and safety aspects of the design, construction, and operations of the WEPP 
facility, as required by the National Defense Authorization Act of 1989. The Environmental 
Evaluation Group (EEG) at the Institute performs the reviews. The DOE will cooperate, as 
appropriate, with the EEG reviews of health and safety practices at the WTPP facility. 
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3.2.24 Protection and Enhancement of Environmental Quality 

(EO 11514, as amended by EO 11991) 

EO 11514 directs federal agencies to 

Monitor, evaluate, and control their activities so as to protect and enhance the quality 
of the environment. 

Review their statutory authority, regulations, policies, and procedures in order to 
identify any deficiencies or inconsistencies that limit compliance with the NEPA. 

Develop procedures to ensure the public is informed of federal programs with 
environmental impact. 

Ensure that information regarding existing or potential environmental problems brought 
to light by research, development, demonstration, test, or evaluation activities is made 
available to federal agencies, states, counties, municipalities, institutions, and other 
appropriate entities. 

Comply their statutory authority, regulations, policies, and procedures in order to 
identify any deficiencies or inconsistencies that limit compliance with the NEPA. 

The DOE complies with CEQ regulations and public disclosure requirements by preparing NEPA 
documentation on WIPP Project activities as necessary. The DOE also conducts continuing 
comprehensive environmental monitoring programs at the WIPP site. 

3.2.25 Federal Compliance with Pollution Control Standards 
(EO 12088) 

The EO 12088 directs the head of each federal agency to ensure that all necessary actions are taken 
for the prevention, control, and abatement of environmental pollution. Each agency is responsible for 
compliance with applicable pollution control standards established by such statutes as the Clean Water 
Act, the Clean Air Act, the AEA of 1954, and others. Each agency must submit an annual plan for 
the control of environmental pollution at its facilities. This EO applies to the DOE in controlling 
pollution at the WIPP facility. 
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The Waste Minimization and Pollution Prevention Awareness Plan was approved by the DOE-WIPP 
Site Branch (WSB) on March 31, 1993. The plan will be reviewed annually and updated at least 
every three years. Pollution prevention awareness guidance is contained in the Resource Conservation 
and Recovery Act Compliance Manual (WP 02-6, 02-7) and its implementing procedures, and in the 
Environmental Compliance Manual (WP 02-5). These environmental compliance manuals are 
currently being revised to incorporate elements of the Waste Minimization and Pollution Prevention 
Awareness Program. 

The WIPP has developed a central inventory database to track the type and quantity of hazardous 
materials on site. The software to be used for the inventory database was installed in December 1993. 
Inventory data are now being entered in the database. Once data entry is completed, the inventory 
will be performed on a monthly basis. 
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3.3 Other Significant Environmental Issues 
An additional Environmental Management Assessment was conducted by EH-24 during the period 
from July 19 through July 30, 1993. The assessment areas covered and the subsequent WIPP findings 
are listed: 

Organizational Structure 1 
Environmental Commitment None 
Environmental Protection Programs 1 
Formality of Environmental Programs 3 
Internal and External Communications None 
Staff Resources, Training, and Development 1 
Program Evaluation, Reporting, and Corrective Action 2 
Environmental Planning and Risk Assessment None 
National Environmental Policy Act Programs 1 
Total 9 

Findings resulting from this audit have either been satisfactorily addressed or implementation plans 
have been developed to address all assessment findings. 
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Table 3-1 
Compliance Status with Major Environmental Regulations 

Applicable to the WIPP Project 

Statute/Regulation Status 

Atomic Energy Act No radioactive waste was received during CY93. 

Clean Air Act NESHAP data package and letter of notification submitted. No 
monitoring/reporting required until after receipt of waste. 

Clean Water Act Quarterly inspections of best management practices to comply with 
(stormwater retention basins) NPDB storm water general permit 
(NMR00A021) 

Comprehensive Environmental 
Response, Compensation, and 
Liability Act/Superfund 
Amendments and Reauthorization 
Act 

No Land Disposal Units (LDUs) exist at the site. No CERCLAsite 
cleanup required. Reports filed as required under SARA for 
hazardous substances are maintained on site. 

Endangered Species Act Permits to collect biological samples and to band non-endangered 
species of raptors are obtained. 

Federal Land Policy and 
Management Act 

The Land Management Plan was issued October 30,1993, as required 
by the WIPP Land Withdrawal Act. A MOU between the DOE and the 
BLM should be issued by May 1994. This MOU outlines the 
responsibilities the BLM and the DOE have with regard to land use 
management for the withdrawal area. 

Federal Insecticide, Fungicide, and 
Rodenticide Act 

All use of pesticides is approved by Industrial Safety and is performed 
by subcontractors. 

Hazardous Materials Transportation 
Act 

Hazardous wastes to be sent off site are reviewed to ensure 
compliance with HMTA. 

National Environmental Policy Act 
(as supplemented by DOE Order 
5440.1 E, National Environmental 
Policy Act Compliance Program) 

Mitigation Action Plan was prepared based on the RODs to the two 
WIPP EISs. Annual Mitigation Reports are prepared each year to 
status the commitments made in the RODs. All WIPP activities subject 
to the NEPA under DOE Order 5440.1 E are reviewed and the 
appropriate NEPA documentation is filed with the DOE- CAO. 

National Historic Preservation Act See "New Mexico Cultural Properties Act." 

*New Mexico Air Quality Control Act New Mexico does not yet have primacy for NESHAP for radionuclide 
pmi<5«;inn<? frnm n Q E farilffifiS 
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Table 3-1 
(continued) 

Compliance Status with Major Environmental Regulations 
Applicable to the WIPP Project 

Statute/Regulation Status 

New Mexico Hazardous Waste 
Management Regulations 

See "Resource Conservation and Recovery Act." NMED does not yet 
have primacy for all areas by the RCRA. 

New Mexico Radioactive Materials 
Act 

No radioactive wastes had been received at the WIPP by the end of 
CY93. 

*New Mexico Water Quality Act The DOE submits quarterly discharge monitoring reports to the NMED 
Groundwater Quality Bureau to comply with the requirements of the 
WIPP Discharge Plan, DP-831. 

New Mexico Wildlife Conservation 
Act 

See "Endangered Species Act." 

Resource Conservation and 
Recovery Act 

Hazardous-waste generator compliance: AH site-generated hazardous 
wastes were transported off-site within the 
90-day accumulation period. 
No-Migration Determination compliance: The third annual report was 
submitted to EPA on November 9,1993. 
Mixed-waste management Revision 3 of the Part B permit application 
was submitted to the NMED January 1993. The draft permit was 
issued by the NMED on August 24,1993. 
Underground Storage Tanks: Annual registration fee paid. 
Maintenance of inventory control records continues. 

Toxic Substances Control Act Procurement of asbestos-/PCB-containing materials not allowed. 
Other portions of TSCA not applicable. 
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Table 3-2 
DOE Orders and Agreements Affecting the WIPP Environmental Program 

ORDER NO. DATE TITLE ANNOTATION 

DOE 5400.1 

DOE 5400.2A 

DOE 5400.3 

DOE 5400.4 

DOE 5400.5 

DOE 5440.1 E 

DOE 5480.1 B 

DOE 5480.3 

DOE 5484.1 

AL 5484.1 

11/09/88 General Environmental 
Change 1- Protection Program 
06/29/90 

01/31/89 Environmental 
Compliance Issue 
Coordination 

02/22/89 Hazardous and 
Radioactive Mixed 
Waste Program 

10/06/89 Comprehensive 
Environmental Response, 
Compensation, and 
Liability Act Requirements 

02/08/90 Radiation Protection of 
Change 2- the Public and the 
01/07793 Environment 

11/10/92 National Environmental 
Policy Act 

03/27/90 Environmental Protection. 
Change 5- Safety and Health Protection 
05/10793 Program for DOE 

Operations 
07/09/85 Safety Requirements for the 

Packaging of Fissile and 
Other Radioactive Materials 

02/24/84 Environmental Protection, 
Change 7- Safety, Health Protection 
10/17790 Information Reporting 

Requirements 
08/23/82 Environmental Protection. 
Change 1- Safety and Health Protection 
10/24786 Information Reporting 

Requirements 

Establishes environmental protection 
program requirements, authorities, and 
responsibilities for DOE operations for 
ensuring compliance with federal and 
state environmental protection laws and 
regulations, federal executive orders, and 
internal department policies. 

Establishes DOE requirements for 
coordination of significant environmental 
compliance issues. 

Establishes DOE hazardous and 
radioactive mixed waste policies and 
requirements for RCRA compliance. 
Establishes basic requirements for 
implementation of the Superfund at DOE 
facilities. 

Establishes standards and requirements 
for operations of the DOE ana DOE 
contractors with respect to protection of 
the public and the environment against 
undue risk from radiation. 
Establishes DOE policy for 
implementation of the National 
Environmental Policy Act of 1969 
(PL 91-190). 
Establishes and overall framework of 
program requirements for safety, 
environmental, and health protection. 

Establishes requirements for packaging 
and transportation of radioactive 
materials for DOE facilities. 

Establishes requirements and 
procedures for reporting information 
having environmental protection, safety, 
or health significance to DOE operations. 

Albuquerque Operations Office 
implementation of 5484.1. 
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ORDER NO. DATE TITLE ANNOTATION 

DOE 5480.23 04/30/92 Nuclear Safety Analysis 
Reports 

DOE 5482.1 B 9/23/86 
Change-5 
05/10793 

Environmental, Safety 
and Health Appraisal 
Program 

To establish uniform requirements for 
the preparation and review of safety 
analyses of DOE operations which 
include the following: identification of 
hazards, their elimination or control, 
assessment of the risk, and documented 
management authorization of their 
operation. 

To establish the Environmental 
Protection, Safety, and HealthjES&H) 
appraisal program for the DOE. 

DOE 5500.3A 04/30/91 
Change 1-
02/27792 

DOE 5700.6C 

DOE 5820.2A 

DOE 6430.1 A 

08/21/91 

09/26/88 

04/06/89 

Planning, and 
Preparedness, for 
Operational Emergencies 

Quality Assurance 

Radioactive Waste 
Management 

General Design Criteria 

To establish requirements for the 
development of DOE site-specific 
emergency plans and procedures for 
radiological emergencies occurring in 
existing or planned DOE reactors and 
non-reactor nuclear facilities. It also 
requires that comprehensive emergency 
actions are planned, coordinated, and 
implemented to respond effectively to the 
on-site and off-site consequences of a 
radiological emergency at these facilities, 
and it provides for appropriate 
coordination between DOE and off-site 
officials to ensure the protection of 
on-site personnel, public health and 
safety, and the environment. 

To provide DOE policy, set forth 
principles, and assign responsibilities for 
establishing, implementing, and 
maintaining programs of plans and 
actions to ensure quality achievement in 
DOE programs. 
Establishes policies and guidelines by 
which DOE manages radioactive waste, 
waste byproducts, and radioactively 
contaminated surplus facilities. 
To provide general design criteria for use 
in the acquisition of DOE facilities and to 
establish responsibilities and authorities 
for the development and maintenance of 
these criteria. 
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Table 3-3 

Summary of Agreements Between the DOE and the State of New Mexico That Affect the WIPP Environmental 
Program 

Stipulated Agreement on Civil Action No. 81-0363 JB - This agreement, approved by the U.S. District Court 
proceedings, held in abeyance in the lawsuit against the DOE by the state of New Mexico, was executed on July 1, 
1981. The eight-page agreement assures that a binding, enforceable "consultation and cooperation" agreement 
will be entered into by the DOE and the state, and that the DOE will make a "good faith effort" to resolve certain 
state off-site concerns (which are covered in the Supplemental Stipulated Agreement). The Stipulated Agreement 
also addresses a number of additional studies and experiments to be conducted by the DOE for the Site Preliminary 
and Design Validation Phase of the WIPP facility. This agreement was signed by Jeff Bingaman (Attorney General, 
state of New Mexico) and Myles Flint (Attorney, U.S. Department of Justice), and was issued July 1,1981, by Juan 
G. Burciaga (U.S. District Judge, District of New Mexico). 

Agreement for Consultation and Cooperation - Usually referred to as the "C&C Agreement," this agreement is 
contained in Appendix A to the Stipulated Agreement. It affirms the intent of the Secretary of Energy to consult and 
cooperate with New Mexico with respect to state public health and safety concerns. It was signed in July 1981 by 
Bruce King (Governor, State of New Mexico) and James B. Edwards (Secretary, U.S. Department of Energy). 

Working Agreement for Consultation and Cooperation. Appendix B. Article IV. Revision I — This agreement, 
Appendix B to the Stipulated Agreement, identifies in Article IV over 60 "key events" and "milestones" in the 
construction and operation of the WIPP facility that must be reviewed by the state before they are commenced. 
Many environmental items are included. It was signed in March 1983 by Robert McNeill (Chairman, Radioactive 
Waste Task Force), and R. G. Romotowski, (Manager, Albuquerque Operations Office, U.S. Department of 
Energy). (Article IV of the Working Agreement was revised on April 8,1983). 

Supplemental Stipulated Agreement Resolving Certain State Off-Site Concerns Over WIPP — This agreement 
dated December 27,1982, addresses five state concerns including the need for state "verification" of the WIPP 
Environmental Monitoring Program. The concerns addressed are: state liability for a nuclear incident, emergency 
response preparedness, transportation monitoring of the WIPP facility waste, the WIPP facility environmental 
monitoring by the state, and upgrading of state highways. It was signed in December 1982 by Bruce King 
(Governor, State of New Mexico) et al., and R. G. Romotowski (Manager, Albuquerque Operations Office, U.S. 
Department of Energy). 

First Modification to the July 1.1981. Agreement for Consultation and Cooperation on WIPP by the State of New 
Mexico and the U.S. Department of Energy — This modification was signed November 30,1984, wherein the DOE 
and the state agree to address certain concerns of the state regarding: (1) the specific mission of the WIPP Project, 
(2) a demonstration of retrievability prior to waste emplacement, (3) post-closure control and responsibility, 
(4) completion of certain additional scientific testing and reports, (5) compliance with applicable federal regulatory 
standards for waste repositories, and (6) a program for encouraging and reporting on the hiring of New Mexico 
residents at the WIPP Project. It was signed in November 1984 by Joseph Goldberg (Secretary, Health and 
Environment Department, State of New Mexico), and R. G. Romotowski (Manager, Albuquerque Operations Office, 
U.S. Department of Energy). 

Second Modification to the July 1.1981. Agreement for Consultation and Cooperation on WIPP by the State of New 
Mexico and the U.S. Department of Energy — Signed August 4,1987, wherein theDOE and the state agree to 
address certain concerns of the state regarding: (1) surface and subsurface mining and drilling after closure of the 
WIPP site, (2) the disposal of salt tailings at the WIPP site, and (3) compliance with U.S. Environmental Protection 
Agency, U.S. Department of Transportation, and U.S. Nuclear Regulatory Commission regulations. It was signed in 
August 1987 by Garrey Carruthers (Governor, State of New Mexico) et al., and R. G. Romotowski, (Manager, 
Albuquerque Operations Office, U.S. Department of Energy). 
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Table 3-3 
(continued) 

Summary of Agreements Between the DOE and the State of New Mexico that Affect the WIPP Environmental 
Program 

1988 Modification to the Working Agreement of the Consultation and Cooperation Agreement Between the U.S. 
Department of Energy and the State of New Mexico on the Waste Isolation Pilot Plant — This modification deleted 
the sorbing tracer test from the list of required reports and substituted additional tests. In addition, the state is 
allowed to operate a fixed-air sampler in the mine ventilation effluent air stream. It was signed in March 1988 by 
Kirkland Jones (Deputy Director, New Mexico Environmental Improvement Division, State of New Mexico) et al., and 
R. G. Romotowski (Manager, Albuquerque Operations Office, U.S. Department of Energy). 

Environmental Oversight and Monitoring Agreement — This agreement states that the DOE will provide additional 
technical and financial support for state activities in environmental oversight, monitoring, access, and emergency 
response to ensure compliance with applicable federal, state, and local laws at several DOE facilities including the 
WIPP facility. It was signed in October 1990 by Garrey Carruthers (Governor, State of New Mexico; Dennis Boyd 
(Secretary, Health and Environment Department), and Bruce G. Twining (Manager, Albuquerque Operations Office, 
U.S. Department of Energy). 

Site-Specific Protocol for Implementation of the Environmental Oversight and Monitoring Agreement — Signed 
October 23,1992, this protocol describes the site-specific protocol for day-to-day activities involving NMED and 
DOE contract personnel stationed at the WIPP. This protocol is a result of the "Environmental Oversight and 
Monitoring Agreement of 1990" between the State of New Mexico and the DOE. It is designed within the context of 
the unique nature and purpose of the WIPP. 
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Table 3-4 
Active/Pending Permits for the Waste Isolation Pilot Plant During 1993 

Granting Agency Type of Permit Permit 
Number 

Granted/ 
Submitted 

Expiration Permit 
Status 

Department of the 
Interior. Bureau of 
Land Management 

Right-of-Way for 
Water Pipeline 

NM53809 8/17/83 None Active 

Department of the 
Interior. Bureau of 
Land Management 

Right-of-Way for the 
North Access Road 

NM55676 8/24/83 None Active 

Department of the 
Interior. Bureau of 
Land Management 

Right-of-Way for 
Railroad 

NM55699 9/27/83 None Active 

Department of the 
Interior. Bureau of 
Land Management 

Right-of-Way for 
Dosimetry and 
Aerosol Sampling 
Sites 

NM63136 7/31/86 None Active 

Department of the 
Interior. Bureau of 
Land Management 

Right-of-Way for 
Seven Subsidence 
Monuments 

NM65801 11/7/86 None Active 

Department of the 
Interior. Bureau of 
Land Management 

Right-of-Way for 
Aerosol Sampling 
Site 

NM77921 8/18/89 8/18/2019 Active 

Department of the 
Interior. Bureau of 
Land Management 

Right-of-Way for 
Ten Raptor Nesting 
Platforms 

NM82212 9/12/89 12/13/2019 Active 

Department of the 
Interior. Bureau of 
Land Management 

Right-of-Way for 
Survey Monument 
Installation 

NM82245 12/13/89 12/13/2019 Active 

Department of the 
Interior. Bureau of 
Land Management 

Approval to Drill 2 
New Test Wells on 
Existing Pads at 
P-1 and P-2 

None 9/18/86 None Active 

Department of the 
Interior. Bureau of 
Land Management 

Free Use Permit for 
Caliche 

NM-FU3-
91183 

8/18/93 8/18/94 Active 

New Mexico 
Environment 
Department 

Open Burning 
Permit to Train Fire 
Control Crews 

None 5/3/93 5/3/94 Active 

New Mexico 
Environment 
Department 

Operating Permit for 
two Backup 
Generators 

310-M-2 12/7/93 None Active 
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Table 3-4 
(continued) 

Active/Pending Permits for the Waste Isolation Pilot Plant During 1993 

Granting Agency Type of Permit Permit 
Number 

Granted/ 
Submitted 

Expiration Permit 
Status 

New Mexico 
Environment 
Department 

Submittal of Part B 
RCRA Permit 
Application 

Submitted 
to the 
NMED and 
EPA 
Region VI 
on 2/26/92 
and on 
2/27/92. 
Revisions 
were 
delivered to 
the NMED 
on 3/4/92 
and 
1/27/93. 

NMED 
declared 
permit 
administrat
ively 
complete 
7/22792. 
Draft permit 
issued 
8/24/93. 
Public 
comment 
period was 
held open 
to 7/14/94. 

New Mexico 
Environment 
Department 

Acknowledgement 
of Notification of 
Hazardous Waste 
Activity 

NM48901 
39088 

1/88 
Latest 
report 
delivered 
on 2/28/92 

None-
Contingent 
upon delivery 
of biennial 
report 

Active 

New Mexico 
Department of Game 
and Fish 

individual Banding 1961 
4/2/93 3/31/94 

Active 

New Mexico 
Department of Game 
and Fish 

Master Collecting 1894 
4/1/93 3/31/94 

Active 

New Mexico 
Department of Game 
and Fish 

Concurrence that 
WIPP construction 
activities will have 
no significant impact 
on State-listed 
threatened or 
endangered species 

None 5/26/89 None Active 

U.S. Department of 
the Intenor, Fish and 
Wildlife Service 

Master Personal 
Banding 

22478 
5/19/93 6/30/95 

Active 

U.S. Department of 
the Intenor, Fish and* 
Wildlife Service 

Concurrence that 
WIPP construction 
activities will have 
no significant impact 
on Federally-listed 
threatened or 
endangered species 

None 5/29/80 None Active 
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Table 3-4 
(continued) 

Active/Pending Permits for the Waste Isolation Pilot Plant During 1993 

Granting Agency Type of Permit Permit 
Number 

Granted/ 
Submitted 

Expiration Permit 
Status 

New Mexico 
Department of 
Finance and 
Administrative 
PlanningDivision, 
HistoricPreservation 
Bureau 

Concurrence that 
the DOE 
Archaeological 
Resources 
Protection Plan is 
adequate to mitigate 
any adverse impacts 
upon cultural 
resources resulting 
from construction of 
the WIPP facility 

None 7/25/83 None Active 

U.S. Environmental 
Protection Agency 

Notification of the 
presence of 2 
Underground 
Storage Tanks 

None 4/15/86 None Active 

U.S. Environmental 
Protection Agency 

New Mexico NPDES 
Storm Water 
General Permit 

NMROO 
A021 

12/31/92 12/31/97 Active 

New Mexico 
Commissioner of 
Public Lands 

Right-of-Way for 
High Volume Air 
Sampler 

RW-
22789 

10/3/85 10/3/2020 Active 
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Chapter 4 
Environmental Program Information 
The WIPP's policy is to conduct its operations in a manner that complies with all applicable 
environmental laws and regulations. 

4.1 Environmental Monitoring Plan 
The WIPP Environmental Monitoring Plan outlines a program that monitors a comprehensive set of 
parameters that detect and quantify present and potential future environmental impacts. 
Nonradiological portions of the plan focus on the immediate area surrounding the site. 

The goal of the EMP is to determine whether there are impacts during the preoperational phase of 
WIPP on the local ecosystem. Evaluation of the severity, geographic extent, and environmental 
significance of these impacts is important to future research and the mission of the facility. Although 
the WIPP has performed a detailed study of these impacts, additional samples will be collected and 
analyzed to investigate and explain trends or anomalies that may have a bearing on environmental 
impacts. 

As recommended in DOE/EP-0023 (i.e., Corley et al. 1981) and DOE/EH-0173T, the EMP monitors 
levels of naturally occurring radionuclides. This surveillance includes the monitoring of world-wide 
fallout and those expected in the WIPP waste. The geographic scope of radiological sampling is 
based on projections of potential release pathways (see Figure 5-1, Primary Pathway Exposure) and 
those in WIPP waste. The surrounding population centers are also monitored as sampling devices. 

As required by DOE Order 5400.1, the EMP is to be reviewed annually and updated every three 
years. The most recent EMP was updated in March 1994 (DOE/WIPP 94-024). 

4.2 Baseline Data 
Within the WIPP Environmental Monitoring section there are four programs currently in place, the 
NES, the RES, the Cooperative Raptor Research, and the WIPP Groundwater Surveillance Programs. 
Their purpose is to collect the data needed to detect and quantify possible impacts that construction 
and operational activities at the WIPP may have on the surrounding ecosystem. 
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Preliminary studies must be taken into effect when considering the WIPP environmental monitoring 
efforts because they contribute to the baseline data during the construction phase and are the 
predecessors to the long-term monitoring programs. These studies are: 

WIPP Site Characterization Program - instituted in 1976 by Sandia National 
Laboratories (SNL) to monitor air quality, background radiation levels, and 
groundwater quality (Pocalujka et al., 1979; 1980a, b, c; 1981a, b; Powers et al., 
1978; Lappin, 1989). 

WIPP Biology Program - began in 1975 with baseline studies of climate, soils, 
vegetation, arthropods, and vertebrates (Best, 1980). 

Investigations of the site geohydrology - conducted by the U.S. Geological Survey 
(USGS) at the request of the DOE. In addition, the NRC issued a contract to Columbia 
University to perform a study of radionuclide mobility in the highly saline 
groundwaters of the Delaware Basin (USGS, 1983). 

Radiological monitoring of air, water, and biological media - conducted by the Atomic 
Energy Commission (ACE) before and after the Project Gnome nuclear detonation 
(U.S. AEC, 1962a, b, c, d). 

4.3 Environmental Monitoring and Planning Activities 
This section addresses significant environmental activities that occurred during CY93. 

4.3.1 Waste Minimization Committee 
A Waste Minimization Committee was formed of representatives from groups generating or working 
with hazardous and/or large volumes of waste. The Committee prepared a Waste Minimization 
Charter, which outlines the Committee's responsibilities. 

The Waste Minimization Committee began a white bond paper and aluminum can recycling project on 
December 1, 1993. Various employee incentives are being used to promote these recycling programs. 
The WIPP site has been recycling approximately 3 tons of paper and 50 pounds of cans per month 
since this project began. 
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Other waste minimization activities for 1993 include: 

Off-site recycling of approximately 2,100 gallons of waste oil 
Reuse of cold-degreasing solvents at 6 solvent stations used for cleaning parts 
Off-site reclamation of 600 gallons of cold-degreasing solvents 
Substitution of nonhazardous for hazardous materials 
Exclusive use of recycled janitorial paper products 
Off-site recycling of approximately 150 lead-acid batteries 

On February 18, 1993, the WIPP completed the annual waste reduction report required by DOE 
Order 5400.1 and SEN 37-92. This report delineates waste reduction activities conducted at the 
WIPP in CY93. 

4.3.2 Environmental Training 
Environmental training was provided to those personnel associated with environmental operations at 
the WIPP. Training courses ranged in content from technical topics (e.g., the RCRA), to basic 
ES&H training. These courses were conducted both on-site by WIPP personnel and off-site by 
various contractors. Four people attended a six-week in-depth study of environmental compliance 
issues relevant to the DOE at the Environmental School of Excellence. 

4.3.3 WIPP Land Management Plan 
On October 30, 1992, WIPP Land Withdrawal Act (i.e., Public Law 102-579) was signed into law. 
The WIPP Land Withdrawal Area is comprised of 10,240 acres that have been transferred from the 
Department of Interior to the Department of Energy. 

One requirement of the Act is the preparation of a land management plan. The WIPP site Land 
Management Plan completed in October 1993 fulfills this requirement. This plan has been drafted by 
the DOE and the BLM in consultation with the state of New Mexico. This land management plan 
assures that future management of the withdrawal area will be consistent with the Federal Land Policy 
Management Act (FLPMA), the WIPP Land Withdrawal Act, and other applicable laws. The term of 
this land management plan is through the decommissioning phase of the WIPP facility. A separate 
plan for the post-commissioning phase is required by the Act and will be prepared at a later date. 

Management Goal 
The goal of the Land Management Plan is to manage the withdrawal area as it has been traditionally 
managed and to avoid, whenever possible, placing restriction on land use. It is not the intent of the 
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DOE to make the withdrawal area an exclusive-use area. However, some restrictions are needed to 
protect the long-term integrity of the WIPP repository. During operations, the safety and security of 
the facility must be maintained. The Act gives the DOE the authority to restrict activities in the 
withdrawal area to whatever extent it deems necessary to ensure the protection of the facility, the 
staff, and the public. 

As a complement to this land use plan, a MOU shall be executed between the DOE and the BLM as 
required by the Act. This MOU will outline responsibilities of each agency with regard to requests 
for the use of the withdrawal area. This MOU will also define the consultation role of other land 
management agencies adjacent to and in the vicinity of the withdrawal, (including the state of New 
Mexico and other federal agencies). 
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Chapter 5 
Environmental Radiological Program 
Information 
The following subsections provide a description of the various radiological programs constituting the 
EMP at the WIPP. The media that are analyzed radiologically are airborne particulates, soil, surface 
water, groundwater, and biotics. Parameters analyzed are in the primary pathway exposure model 
which could possibly influence the dose to man. 

5.1 Radioactive Effluent Monitoring 
The Radioactive Effluent Monitoring Program is described in the EMP. This plan defines the scope 
of the WIPP effluent and environmental monitoring programs during the operational life of the facility 
as indicated in Figure 5-1, Primary Pathways To Man For Radioactive Releases From The WIPP 
Site. 

The Environmental Regulatory Guide for Effluent Monitoring and Environmental Surveillance 
(DOE/EH-0173T), (DOE, 1991), requires that monitoring of liquid waste effluent streams be 
adequate to demonstrate compliance with dose limits in DOE Order 5400.5, Radiation Protection of 
the Public and the Environment (DOE, 1990). This order also requires that potential sources of 
contaminated airborne emissions be monitored. In CY93 no radioactive waste was received at the 
WIPP site, so no effluent sampling or release data are reported in this document. 

5.2 Environmental Radioactivity Monitoring 
The following subsections present the monitoring results of the EMP for CY93. These results include 
those for monitored subprograms such as aerosols, ambient radiation, terrestrial radioactivity, 
hydrologic radioactivity, and biotic radioactivity. It should be noted that in this report no off-site 
radiological analytical data are presented. The contract laboratory that was awarded the 1993 
radiological analytical contract was unable to meet the terms of the contract. Upon a review of the 
data submitted and an evaluation of the laboratory's performance, the WIPP decided to cancel the 
contract. Thus, no data concerning subprogram monitoring will be included in this report. 
Aggressive steps have been taken at the WIPP to issue another contract for radiological analytical 
services. It is expected that all environmental media sampled in 1994 will have associated data 
presented in the WIPP 1994 ASER. However, it should be noted that gross alpha and beta analysis of 
the air filters was conducted at the WIPP Low Level Counting Lab. 

5-1 



1993 WIPP Site Environmental Report 

The Statistical Summary of the Radiological Baseline Program for the WIPP (DOE/WIPP 92-037) 
provides an in-depth analysis of radiological data collected to meet the requirements of DOE Order 
5400.1. 

5.2.1 Atmospheric Radiation Baseline 
Continuous particulate aerosol samplers operate at eight locations, three within 1000 meters of the 
facility, four at local ranches and communities, and one as a sample control site (Figure 5-2). The 
continuous aerosol samplers presently in use maintain a regulated flow rate of approximately 950 
milliliters per second (two cubic feet per minute) of air through a 47-millimeter (1.9-inch) glass fiber 
filter. Table 5-1 lists the 1993 quarterly average concentrations of the alpha and beta activity on the 
low-volume aerosol filters from each location. 

Airborne particulate sampling was initiated in July 1985 at a few locations. Routine weekly filter 
collections and subsequent radiochemical analyses began in early 1986, except for in the Far Field 
location where data collection began in October 1986. Particulate filters were collected weekly at all 
locations in CY93. These filters were analyzed at the Environmental Low-Level Counting Lab at the 
WIPP where a weekly gross alpha and beta count of each filter was completed. 

Figure 5-3 shows the mean gross alpha concentrations for all eight sampling locations. The mean 
gross alpha concentrations in Figure 5-3 show limited fluctuation throughout the year and range from 
1.26 E-10 to 5.22 E-10 Bq/ml. These fluctuations appeared to be consistent among all sampling 
locations. 

The mean gross beta concentrations in Figure 5-3 fluctuate throughout the year within the range of 
1.23 E-09 to 9.74 E-10 Bq/ml. The individual gross alpha and beta concentrations reported for each 
location are documented in Appendix 1. 

Gross alpha and beta measurements provide an indication of naturally occurring radionuclide 
concentrations or changes in a specific radionuclide concentration. These measurements are screened 
to ensure that important radionuclides are not overlooked when measurements are performed. 

5.2.2 Ambient Radiation Baseline 
A Reuter-Stokes High Pressure Ionization Chamber designed to monitor low levels of gamma 
radiation in the environment was put into operation in May 1986. This unit is located at the WIPP far 
field location, which is 1000 meters northwest of the site. The detector used to measure low levels or 

gamma radiation, a pressurized ion chamber, measures levels of radiation from 1 to 
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100 microroentgen per hour (/xR/hr). Using the average rate of 7.4 fiR/hr, the estimated annual dose 
is approximately 65 millirem. The fluctuations noted are primarily due to calibration of the system 
and meteorological events (e.g., the high intensity thunderstorms that frequent this area in late 
summer). 

A seasonal drop in ambient radiation has been observed in the first and fourth quarters of each year. 
As stated in previous reports, this fluctuation may be due to variations in the emission and dispersion 
of Radon-222 from the soil around the WIPP site. These variations can be caused by meteorological 
conditions, (i.e., inversions), which would slow the rate of dispersion of radon and its progeny. 

5.2.3 Radiological Soil Monitoring 
Soil samples were collected in CY93. However, due to the contract laboratory's failure to meet the 
conditions of the contract (see section 5.2), no radiological soil sampling data will be presented in this 
report. Two years of baseline soil analysis data were previously documented in DOE/WIPP 92-037. 
A substantial baseline of soil analysis data that meets the requirements of DOE Order 5400.1 is 
available in the Statistical Summary of the Radiological Baseline Program for the WIPP, (DOE/WIPP 
92-037). 

5.2.4 Hydrologic Radioactivity 
The hydrologic radioactivity subprogram is designed to establish characteristic radioactivity levels in 
surface water bodies, bottom sediments, and groundwater. The following discussion of the 
hydrologic program includes sampling locations, data collected, and time these data were collected 
during 1993. It also details refinements made to the program since the publication of the Radiological 
Baseline Program Sampling Plan (Reith and Daer, 1985). 

Radiological Surface Water and Sediment Monitoring 
There were no radiological surface water or sediment samples collected in 1993. A substantial 
baseline of surface water and sediment analyses, one that meets the requirements of DOE 
Order 5400.1, is available in the Statistical Summary of the Radiological Baseline Program for the 
WIPP (DOE/WIPP 92-037). 

Radiological Groundwater Characterization 
Groundwater samples were collected in accordance with the Water Quality Sampling Program 
(WQSP). The primary objective of the WQSP is to obtain using rigorous field and laboratory 
procedures and protocols, representative groundwater data from selected wells. At each well site, the 
well is purged and the groundwater serially analyzed for specific field parameters. Once the field 
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parameters have stabilized denoting a chemical steady state with respect to those parameters analyzed, 
a final groundwater sample is collected and analyzed for radionuclides. The controlling document for 
the WQSP is the WIPP Water Quality Sampling Plan and Procedures Manual (WP 02-1, Rev 2). 

The primary water bearing units being evaluated by the WQSP are the Culebra and Magenta Dolomite 
members of the Rustler Formation. In 1993 groundwater data were gathered at 10 well locations. 
Data were collected at eight locations completed in the Culebra dolomite. Water quality data were 
also collected from two privately owned wells in the area near the WIPP site. These two private wells 
provide water for area livestock. An in-depth discussion of groundwater hydrology and a figure 
showing well locations is presented in Chapter 7.0, Groundwater Surveillance. 

5.2.5 Biotic Radioactivity 
Biotic samples were collected in CY93. However, due to the aforementioned problems concerning 
the laboratory contract, no radiological biotic sampling data will be presented in this report. Two 
years of baseline biotic analysis data were previously documented in DOE/WIPP 92-037. 

5.3 Assessment of Potential Dose to the Public 
In 1993 no waste was received at the WIPP. Therefore, the public could not be exposed to radiation 
due to WIPP operations. Documentation of naturally occurring background radiation is discussed in 
Chapters 5 and 7 of this report. 
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Table 5-1 
Activity Concentrations in Quarterly Averages of Low Volume Aerosol Filters 

(Bq/ml) 

FIRST QUARTER 1993 

LOCATION 
Carlsbad 
Smith Ranch 
Mills Ranch 
WIPP Far Field 
WIPP South 
WIPP East (1) 
Eunice 
South East Control 

ALPHA 
5.22 E-10 
4.75 E-10 
4.97 E-10 
4.86 E-10 
5.07 E-10 
5.26 E-10 
5.32 E-10 
5.04 E-10 

RFTA 
7.23 E-10 
9.64 E-10 
9.35 E-10 
9.24 E-10 
9.61 E-10 
9.47 E-10 
9.74 E-10 
9.74 E-10 

SECOND QUARTER 1993 

T o r ATTON 
Carlsbad 
Smith Ranch 
Mills Ranch 
WIPP Far Field 
WIPP South 
WIPP East (1) 
Eunice 
South East Control 

ALPHA 
2.62 E-10 
2.26 E-10 
2.64 E-10 
2.57 E-10 
2.54 E-10 
2.56 E-10 
2.78 E-10 
2.51 E-10 

RF.TA 
7.02 E-10 
7.11 E-10 
6.13 E-10 
6.01 E-10 
6.22 E-10 
6.01 E-10 
6.46 E-10 
5.74 E-10 

THIRD QUARTER 1993 

TnrATTON 
Carlsbad 
Smith Ranch 
Mills Ranch 
WIPP Far Field 
WIPP South 
WIPP East (1) 
Eunice 
South East Control 

ALPHA 
2.89 E-10 
2.45 E-10 
2.82 E-10 
2.87 E-10 
2.82 E-10 
3.20 E-10 
3.04 E-10 
2.50 E-10 

8.84 E-10 
8.54 E-10 
8.12 E-10 
8.51 E-10 
6.81 E-10 
8.30 E-10 
9.39 E-10 
7.94 E-10 

FOURTH QUARTER 1993 

TfiC ATTON 
Carlsbad 
Smith Ranch 
Mills Ranch 
WIPP Far Field 
WIPP South 
WIPP East (1) 
Eunice 
South East Control 

ALPHA 
2.52 E-10 
2.33 E-10 
2.77 E-10 
1.26 E-10 
2.11 E-10 
2.89 E-10 
2.93 E-10 
2.23 E-10 

1.60 E-09 
1.39 E-09 
1.29 E-09 
1.51 E-09 
1.47 E-09 
1.32 E-09 
1.27 E-09 
1.23 E-09 
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Chapter 6 
Environmental Nonradiological Program 
Information 
The EMP (DOE/WIPP 94-024) for the WIPP defines the scope and extent of the WIPP effluent and 
environmental monitoring programs and quality assurance and the quality control programs during the 
operational life of the facility. The monitoring program is divided into two segments - radiological 
and nonradiological monitoring. Nonradiological Environmental Surveillance, discussed in this 
chapter, is conducted by the Environmental Monitoring Section of the Environmental, Safety and 
Health Department. 

The principal functions of the NES are to: 

Detect and quantify the impacts of construction and operational activities at the WIPP 
on the surrounding ecosystem 

Continue the development of the ecological database for the Los Medanos Area that 
was initiated by the WIPP Biology Program 

Investigate unusual or unexpected elements in the ecological databases 

Provide environmental data that are important to the mission of the WIPP project, but 
which have not or will not be acquired by other programs 

This Chapter of the ASER presents and discusses data collected between January 1, 1993, and 
December 31, 1993, as part of the NES. Ecological monitoring at the WIPP include the following six 
subprograms: meteorological monitoring, air quality monitoring, wildlife population monitoring, 
surface disturbance and soil monitoring, vegetation monitoring, and water quality monitoring. In 
addition to the NES programs, Volatile Organic Compound are monitored as part of the air 
requirement for the NMD. The results of the environmental monitoring activities and discussions of 
significant findings are presented in this report. 
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6.1 Meteorology 
An important component of the NES is a meteorological station located 600 meters northeast of the 
site. The primary function c; the MET is to generate data to use for modeling atmospheric 
conditions. The data generated from the meteorological station are wind speed, wind direction, and 
temperatures at 3, 10, and 40 meters (10, 30, and 130 feet), with dew point and precipitation 
monitored at ground level. These parameters are measured continuously and the data are logged at 
fifteen-minute intervals. 

In addition to the primary meteorological station, the Atmospheric Monitoring Station (AMS) is 
located 1000 meters northwest of the site. At the AMS a secondary meteorological station measures 
and records temperature and barometric pressure at ground level and wind speed and wind direction at 
10 meters (30 feet). 

6.1.1 Climatic Data 
The mean annual temperature for the WIPP area in 1993 was 18°C (64° F). The mean monthly 
temperatures for the WIPP area ranged from 7°C (45° F) during January to 29.6° C (86° F) in June. 
Generally, maximum temperatures occur in June through September, while minimum temperatures 
occur in December through February. 

The last freezing day of the 1993-94 winter season was April 28, with a temperature of 0°C (32° F). 
The first freezing day of the 1993-94 winter season occurred October 27, with -1°C (30°F). The 
maximum temperature recorded was 43° C (109°F) on July 7. 

The annual precipitation at the WIPP site for 1993 was 24 cm (9.4 in), which is 18 cm (7 in) below 
1992 precipitation. In other words, the annual precipitation for 1993 was 43 percent less than that 
recorded for 1992. The average precipitation for the period 1989 through 1993 was 3 percent less 
than the previous 5-year period (36.8 cm [14.4 in]). Figure 6-1 displays the monthly precipitation at 
the WIPP. 

6.1.2 Wind Direction and Wind Speed 
The predominate wind direction in the WIPP area was from the southeast sector (135°). However, 
winds occurring in late spring were primarily from the west. Various storm systems move through 
this area that briefly alter the predominate southeasterly winds. Wind speed noted as calm (less than 
0.5 meters per second [mps]) occurred seven percent of the time. Winds of 1.4 through 2.7 mps were 
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the most prevalent over 1993, accounting for 37.2% of the time. Figure 6-2 displays the annual wind 
data at the WIPP for CY 1993. 

6.2 Environmental Photography 
Surface photography has been conducted at seven ecological study plots since 1984. Photographs are 
used to document year-to-year surface impacts at the study plots and are archived for future reference. 
Although some paths are noticeable in some plots due to foot traffic, very little surface disturbance 
was noted in the 1993 photographs. 

6.3 Air Quality Monitoring 
Five classes of pollutant gases are monitored 1000 meters (0.6 mile) northwest of the exhaust shaft at 
the WIPP site on a continuous basis. These are sulfur dioxide (SO2), carbon monoxide (CO), ozone 
(0 3), hydrogen sulfide (H2S), and oxides of nitrogen (NO, N0 2 , NOJ. The data generated by the 
analyzers showed these gases to be at the lower limit of detection, that is below the baseline 
concentrations set by the state of New Mexico. The permissible New Mexico state standard for the 
gases monitored at the WIPP are listed below: 

S0 2 0.02 ppm annual average 

0.10 ppm 24-hour average 

CO 8.70 per eight-hour average 

0 3 0.06 ppm per one hour average 

H2S 0.10 ppm per one half hour average 

N0 2 0.10 ppm 24-hour average 

The ambient gas monitors are extremely sensitive instruments that require semiannual recertification 
by a factory engineer. During CY93 the H2S, S0 2 and NOx analyzers were replaced with analyzers 
incorporating more modern technology. These instruments were installed late in CY93 and a 
long-term evaluation of the data generated by these instruments is unavailable at this time. However, 
initial indications show H2S, S0 2, and NOx data values at or below the lower level of detection for 
these analyzers. These data are consistent with data gathered- by the previous analyzers. 
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In addition, weekly measurements of Total Suspended Particulates (micrograms per cubic meter) are 
made from the particulates collected by the low-volume continuous air sampler at the Far-Field air 
sampling location. These filters can load with dust particles due to the arid climate of this area; 
however, this poses no health concern. 

6.4 Wildlife Population Monitoring 
Population density measurements of breeding birds and small nocturnal mammals are performed 
annually to assess the effects of WIPP activities on wildlife populations. Two permanent study plots 
adjacent to the WIPP facility are used for each of these two classes of wildlife. The data are compared 
to the data from two control sites for each class. Trap grids are used to measure small mammal 
populations, and 2,500-foot-long Emlen transects are used to measure bird population densities. 

6.4.1 Cooperative Raptor Research and Management Program 
In CY93 the Raptor Program focused on the impacts of human-related activities on four distinct 
groups of Harris' Hawks (Parabuteo unicinctus). During the course of the year, nest locations of the 
hawks were identified and nestlings were banded (in accordance with federal banding permit #22476 
and state banding permit #1961) with U.S. Fish and Wildlife bands and anodized aluminum color 
bands inscribed with alpha numeric codes. These groups will serve as indicators for the data-sharing 
network between the WIPP and the BLM. Moreover, nest locations of supplementary groups of 
Harris' Hawks, in addition to nest sites of divergent species (e.g., Swainson's Hawks, Chihuahuan 
Raven) were located. Nest locations were identified with Loran Navigators and provided to the BLM 
for incorporation into its land use determinations (e.g., oil and gas activities). 

In previous years, several oil wells that had been scheduled to be drilled in close proximity to active 
nest sites were relocated. Had the information from the wildlife monitoring program been unavailable 
to the BLM, the nests would have been disturbed. 

In 1994, the WIPP proposes to continue these activities in addition to examining the subtle territorial 
behaviors in the color-marked groups of Harris* Hawks. 

Guidance and assistance is welcomed from the local BLM office, the New Mexico Department of 
Game & Fish, and the U.S. Fish & Wildlife Service. In addition, WIPP will solicit program 
recommendations from University of Arizona raptor specialists. 
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6.4.2 Breeding Bird Densities 
The densities and distributions of breeding birds between the WIPP transects and the control transects 
conformed to patterns reported in previous years (Table 6-1). A greater number of species and a 
higher total density of birds were found in the Southeast 1 (SE-1) and the Northwest 2 (NW-2) 
transects, with an overall percentage increase of 0.23% and 32.3% respectively. The Control 1 
(CT-1) plot showed similar increases of 29.6%. The CT-1, SE-1 and NW-2 plots showed a 
substantial increase in densities of birds - 14 new species were observed. This increase is possibly 
due to major oil field activity north, south, east, and west of the 16-section land withdrawal area. 
Noise levels are markedly higher in areas with oil production activity and loss of habitat in these areas 
is apparent, possibly forcing the birds away from these areas toward the 16-section land withdrawal 
area. New oil field activity southwest of the site has, as predicted, resulted in an 11.1% decline of 
bird activity in the CT-2 transect. A new well was drilled just yards north of the existing CT-2 Emlen 
line. 

Insect dependant species continue to be more abundant near the site than in previous years. For 
example, there is a greater number of flycatchers. Populations of nesting barn swallows are also on 
the rise. A new seed eater species, pigeon, has been seen flying over the site but, to date, no nests 
have been found. A nest count was conducted on-site in June. The most common nester is the barn 
swallow. Forty-two active broods were located. Other on-site nesters include Western king birds 
(21 nests); house finches (2 nests); and house sparrow, Say's phoebe, killdeer, northern (Bullock's) 
oriole, and cactus wren (1 nest each). 

The monitoring of the 21.5-mile-line transect, begun in September of 1991, was conducted monthly to 
assess which species utilize this region year-round or as a fly-way during migration (Table 6-2). As 
most birds are migratory, the possibility of seeing rare, threatened, or endangered species during the 
Emlen transects is minute. Examples of these species include the Peregrine and Aplomado Falcons. 
Although never seen during the Emlen transects, these state and federally endangered falcons have 
been documented within range of the 21.5-mile transect and, indeed, are species WIPP activities 
could possibly affect. 

The 1993 observations on the 21.5-mile transect listed no threatened or endangered species; however, 
sightings which would be considered significant for this area are sandhill crane, Bewick's wren, pine 
siskin, cliff swallow, rock wren, mountain bluebird and blue-gray gnatcatcher. 
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From 1984 through 1993, WIPP avian surveys have identified 98 species that inhabit or migrate 
through the areas. Extensive avian studies in southeastern New Mexico suggest that there could be up 
to 300 species on-site. 

6.4.3 Small Nocturnal Mammal Population Densities 
Starting with the outbreak of Hanta virus in the spring of 1993, small nocturnal mammal censuses 
were conducted on two study plots rather than on the usual four. Midway through the census period 
there had been outbreaks of the virus in New Mexico and every state bordering New Mexico. The 
chief vector for the disease had been determined to be the deer mouse, Peromyscus maniculatus, a 
mammal encountered on all four transects. To protect researchers from possible exposure, the 
remaining 1993 censuses for NW-2 and CT-2 and all future censuses were cancelled until 
precautionary controls could be implemented. Recommendations from the New Mexico Environment 
Department, the Centers for Disease Control, and Los Alamos National Laboratories will be 
addressed and satisfied prior to reestablishment of this program in 1994. In addition to establishing 
safety procedures, blood serum samples will be extracted and analyzed for the presence of Hanta virus 
in specimens collected from southeastern New Mexico. 

Tables 6-3 and 6-4 summarize the results of the 1993 small mammal surveys in the Control 1 (Ctl) 
and WIPP Southeast 2 (SE2) trap grids. Grids are composed of 100 traps set in a 150m x 150m grid 
with traps spaced 15 meters apart. Trapping sessions began June 15, 1993, and ended June 24, 1993. 
Mammals were trapped using Sherman live traps baited with milo. 

Mammals were trapped and released for two weeks, three successive nights per week. Larger 
mammals, such as kangaroo rats, pains wood and hispid cotton rats, deer mice, and grasshopper mice 
were tagged with numbered ear tags. Silky pocket mice were marked with a stain on their side or 
head. Grid location of trapped individuals as well as genus, species, new or recapture, tag number or 
location of stain, sex, and weight were logged on Small Mammal Data sheets. From this data, 
population densities, actual numbers of captures for each genus, and travel distances for recaptured 
individuals were calculated. 

Population densities were calculated using the Schnabel Method (Tanner, 1978) for mark and 
recapture mammal trappings. Kangaroo rats were the most common species encountered. Tables 6-3 
and 6-4 list the actual number of captures rather than statistical populations for each plot. 

Within each grid, each rodent occupies a certain territory or range. By plotting data on recaptured 
animals, grid locations, and the total distance each animal traveled within the grids during the two 
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trapping sessions was determined. Of the 27 kangaroo rats surveyed, 5 were recaptured each night in 
the same trap location, whereas 13 out of 24 plains woodrats were captured in the same location. 
These figures show the woodrat is more likely to stay in its home range. Several Ord's kangaroo rats 
were recaptured 30 to 85 meters from their original capture locations, while those recaptured ventured 
49 meters from their original capture locations. According to these calculations, the Ords were more 
active in 1993 than in 1992 by an average of 30 meters. 1993 marked a decline for woodrat captures. 
Twenty-four individuals were captured and tagged. The average distance traveled by woodrats was 
9 meters. 

Females of both species were dominant in CT1; whereas males dominated in both species in SE2. 
Densities dropped significantly for the kangaroo rats in both grids sampled. A total of 24 wood rats 
were trapped in both plots for CY93. This is a moderate decline in total captures of woodrats in 1993 
and a moderate decrease in the 1985 to 1992 average. The overall decline in nocturnal rodent 
population may be attributed to the droughty conditions that prevailed in 1993. Rodents were more 
abundant in the control grids than in the WIPP grids; however, no grasshopper mice or silky pocket 
mice were captured. 

6.5 Surface and Subsurface Soil Monitoring 
Surface and subsurface soil monitoring was temporarily discontinued in CY92. Substantial analysis of 
soil was performed from 1984 to 1990. A detailed discussion of the non-radiological soil monitoring 
program is available in the report titled Summary of the Salt Impact Studies at the WIPP, 1984 to 
1990 (DOE/WIPP 92-038). This program could be reinstated if, in the future, elevated salt levels 
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and improved as precipitation began to increase in April. However, relatively little precipitation fell 
throughout the summer, resulting in stressed plants and drought conditions by the end of September. 

The CY93 vegetation monitoring data showed an increase, for the first time since 1989, of perennial 
grasses with their increasing proximity to the salt tailings. The total coverage of these grasses in all 
plots was relatively uniform over all distances from the tailings. Although densities of annuals and 
species richness were slightly greater in the nearfield plots, overall, species remained relatively 
uniform across all plots. A pattern observed from the 1989 through 1992 data, which was also seen in 
the 1993 data, is an increase in shrub cover with increasing proximity to the salt tailings. A departure 
from the 1989 through 1992 data was an approximately equal richness, overall, in the perennial grass 
cover as opposed to the decline observed in the past. This common effect of secondary salination may 
be declining as the salt tailings become more solidified through time. The responses of these plots to 
higher rainfall in later years will reveal whether adverse effects of salination will prevail or begin to 
abate in the structure of the plant community or whether these responses are only a short-term effect 
caused by short-term weather conditions. Weather conditions had a uniform effect on vegetation in all 
plots. Prodigious differential effects resulting from salt-induced physiological stress near the salt 
tailings was not observed. 

The mine tailings may not be having great negative effects on the surrounding plant communities in 
the form of eolian salt deposition. The nature of the salt is to become compacted and solidified by the 
heavy machinery and moisture. Run-off is collected in the catchment basin where it is evaporated to 
the atmosphere and absorbed into the soil. Any resulting salt crust is then weathered and partially 
dispersed to the surrounding area. This represents only a minimal deposit. Interestingly, wildlife has 
been observed using the salt tailings as a source of salt, similar to cattle using salt licks. 

6.7 National Pollutant Discharge Elimination System Data 
The WIPP completed the WIPP NPDES Storm Water Pollution Prevention Plan (PPP) in March 
1993. The NPDES Storm Water Permit rules require that a PPP be developed for each facility 
covered under the permit by April 1, 1993. The PPP identifies and assesses potential pollutant 
sources and describes all Best Management Practices that will be implemented to ensure that storm 
water runoff does not contact regulated pollutants. Additionally, the WIPP outlined a schedule for the 
implementation of all BMPs required to demonstrate compliance with all permit requirements. 

The completion of Best Management Practices identified in the WIPP NPDES Storm Water Pollution 
Prevention Plan include: 1) the construction of storm water retention basins to collect all Zone 1 
storm water discharges; 2) the covering of all material storage areas to prevent contact with 
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precipitation runoff; 3) the covering of the Sandia Diesel generators; 4) construction of berms around 
all material storage areas outside of Zone 1; and 5) the storage of all recycled batteries in the Excess 
Storage Area on spill containment devices. Additionally, disturbed areas that are no longer in use are 
being reclaimed. Reclamation of the unused portions of the Construction Landfill has been 
completed. 

The NPDES Storm Water Pollution Prevention Plan establishes a preliminary schedule for the 
initiation of reclamation activities for all but 16 of the Solid Waste Management Units (SWMUs) 
located within the WIPP Land Withdrawal Area. The Schedule for the completion of reclamation 
activities for these 16 SWMUs is contingent upon negotiation with EPA Region VI. The DOE does 
not anticipate that the assessment, remediation, and reclamation of these 16 SWMUs will be initiated 
until a Disposal Phase RCRA/HSWA permit is issued for the WIPP. 

6.8 Volatile Organic Compounds Monitoring 
As stated in Section 3.2.3, the WIPP has developed and implemented a Volatile Organic Compound 
(VOC) monitoring program to satisfy the air monitoring requirements of the NMD for the WIPP (55 
FR 47700). The data resulting from this program are reported in the NMD annual reports submitted 
to the EPA. As stated in Section 3.2.3, the most recent report titled, Waste Isolation Pilot Plant No-
Migration Determination Annual Report for the period of October 1991 through August 1992 
(DOE/WIPP 92-057), was submitted to the EPA on November 11, 1992. 

Unlike the other programs listed in this chapter, the WIPP VOC Monitoring Program is not included 
in the EMP for the WIPP (DOE/WIPP 88-025) and is not implemented by the Environmental 
Monitoring Section. Rather, the WIPP VOC Monitoring Program is implemented by the Dosimetry 
and Analytical Technology Section of the Environment, Safety and Health Department, and the 
implementing documents are specific to the program. These include VOC Monitoring Plan for Bin-
Room Tests (WP 12-6) and Volatile Organic Compounds Monitoring Quality Assurance Program Plan 
(WP 12-7). 

6.9 Reclamation of Disturbed Lands 
During CY93, the WIPP adopted contemporary reclamation techniques more conducive to a desert 
environment. Rather than using prescribed techniques involving deep ripping and tillage, WIPP used 
a shallow tillage reclamation drill. The use of this type of drill allows for the retention of critical sub-
moisture while distributing seed rates at determined intervals and desired depths. 
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Reclamation activities during CY93 consisted of fence construction around an existing reclamation 
site. The fence was constructed according to BLM specifications. Surface areas comprising a 
retention basin for water were hand seeded and minor erosion control measures were taken. 
Additionally, a construction landfill area was capped and reseeded in order to comply with NPDES 
stormwater discharge permit requirements. 

Due to the lack of precipitation during 1993, seed germination on reclamation sites was negligible. 
Success or failure of shallow-tillage reclamation techniques is contingent on precipitation. 

6.10 Seismic Activity 
There were a total of 76 earthquakes located within 300 kilometers of WIPP in 1993. Major readings 
on the Richter Scale were: 3.2 (Ruidoso, December 22, 1994), 3.1 (Presidio, July 15, 1994), 2.8 
(Odessa, June 23, 1994), and 2.5 (Hobbs, August 26, 1994). From June through December there 
was increased activity along the Central Basin Platform south of Odessa with 19 seismic events with 
readings ranging from 1.2 to 2.8. There were two events, 1.1 and 1.2, which were located near the 
Rattlesnake Canyon earthquake epicenter of January 2, 1992. 

Historically, the seismic information for the WIPP facility region before 1962 is based on chronicles 
of the effects of those tremors on people, structures, and land forms (called macroseismic evidence). 
Since 1962 virtually all seismic information is based on instrumental data recorded at various 
seismograph stations. Currently, seismicity is being monitored at the New Mexico Institute of Mining 
and Technology (NMIMT), Socorro, using data from a seven-station network centered on the WIPP 
(Figure 6-3). The stations are telemetered to the NMIMT Seismological Observatory. Seismicity is 
also being monitored from other New Mexico stations and from bordering states. 

Pre-1962 seismicity reported in New Mexico occurred in the Rio Grande Valley area between 
Albuquerque and Socorro and is associated with a structure known as the Rio Grande Rift. These 
earthquakes had intensities of Modified Mercalli V or greater as based upon the perceptions of people 
experiencing these quakes. More recently, from January 1, 1962 through November 28, 1974, 
seismicity near the site has been registered with readings as great as 3.8 in magnitude. 

Geologic structures and tectonism of the Permian Basin are associated with large-scale basin, inter-
basin, and basin-margin subsidence or emergence that occurred during the Paleozoic era. The WIPP 
facility is about 60 miles from the western margin of the Permian Basin. The basin is a broad 
structural feature made up of a series of Paleozoic sedimentary basins whose last episodes of major 
subsidence occurred during late Permian time. The area today is characterized by the basin filled with 
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thick evaporite layers and bordered by the Amarillo uplift to the north, the Marathon thrust belt to the 
south, and the Diablo Platform, Sacramento and Guadalupe Mountain orogenies to the west. All 
major tectonic elements of the Permian Basin were completely formed before deposition of the 
Permian salt-bearing rocks, and the region has been relatively stable since that time. Deep-seated 
faults are rare except along the west margin of the basin and no indications of younger deep-seated 
faults are noted. 

Central Basin Platform related seismicity may not be entirely tectonic, but instead, may be related to 
water injection and withdrawal for secondary recovery operations in oil fields. Similar evidence 
suggests that the June 16, 1978 event near Snyder, Texas, may have been induced by secondary oil 
recovery operations. The depth of the earthquake closely approximates the bottom of drillholes located 
in this gas producing area. 

There is little indication that significant magnitude events are likely to occur in the WIPP facility 
zone. There is no Quaternary fault offset, and seismic activity is low. Analysis of risk for the WIPP 
facility source zone suggests that in the event of 4.5 magnitude would have been the maximum 
historical event near the site of tectonic origin plus about one magnitude unit and an event of 5.5 as 
the maximum event recorded anywhere within the Permian Basin subregion, plus about one magnitude 
unit. 
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Figure 6-1 
1993 Precipitation 
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Figure 6-2 
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Table 6 - 1 
Summary of the 1993 EMLEN Breeding Bird Density Measurements in Birds per 40 ha. 

PLOTS: CT1 CT2 1993 84-93 NW2 SE1 1993 84-93 
AVERAGES AVERAGES 

BIRD SPECIES 

CATTLE EGRET 
SANDHILL CRANE 
KILLDEER 
WILSON'S PHALAROPE 
TURKEY VULTURE 
NORTHERN HARRIER 
SWAINSON'S HAWK 
HARRIS' HAWK 
OSPREY 
NORTHERN BOBWHITE 
SCALED QUAIL 
ROCK DOVE 
MOURNING DOVE 
GREATER ROADRUNNER 
COMMON BARN-OWL 
GREAT HORNED OWL 
BURROWING OWL 
COMMON POORWILL 
COMMON NIGHTHAWK 
LADDER-BACKED WOODPECKER 
WESTERN KINGBIRD 
SCISSOR-TAILED FLYCATCHER 
ASH-THROATED FLYCATCHER 
SAYS PHOEBE 
BARN SWALLOW 
CHIHUAHUAN RAVEN 
VERDIN 
CACTUS WREN 
LOGGERHEAD SHRIKE 
NORTHERN MOCKINGBIRD 
SAGE THRASHER 
CURVE-BILLED THRASHER 
CRISSAL THRASHER 
BELLS VIREO 
YELLOW-RUMPED WARBLER 
YELLOW WARBLER 
PYRRHULOXIA 
RUFOUS-SIDED TOWHEE 
GRASSHOPPER SPARROW 
LARK SPARROW 
BLACK-THROATED SPARROW 
SAGE SPARROW 
CASSIN'S SPARROW 
RUFOUS-CROWNED SPARROW 
CHIPPING SPARROW 
BREWER'S SPARROW 
WHITE-CROWNED SPARROW 
YELLOW-HEADED BLACKBIRD 
RED-WINGED BLACKBIRD 
BREWER'S BLACKBIRD 
BROWN-HEADED COWBIRD 
LARK BUNTING 
MEADOWLARK 
NORTHERN ORIOLE 
HOUSE SPARROW 
AMERICAN GOLDFINCH 
LESSER GOLDFINCH 
HOUSE FINCH 

TOTAL DENSITY IN 1993 PER 40ha. 
AVERAGE AVIAN DENSITY PER 40ha 

(1992-93) 

0.0 0.0 0.0 0.0 6.5 0.0 3.2 0.2 
8.6 0.0 4.3 0.2 0.0 0.0 0.0 0.0 
0.0 4.3 2.1 0.1 0.0 7.3 3.7 5.3 
0.0 0.0 0.0 0.0 8.6 0.0 4.3 0.2 
0.0 0.0 0.0 0.0 8.6 0.0 4.3 0.2 
0.0 0.0 0.0 0.6 0.0 0.0 0.0 2.1 
2.8 0.0 1.4 0.1 8.6 4.3 6.4 3.3 
0.0 4.3 2.1 1.1 0.0 0.0 0.0 0.0 
2.1 0.0 1.1 0.1 0.0 0.0 0.0 0.0 

13.4 17.2 15.3 10.9 14.3 11.7 13.0 10.3 
3.2 25.8 14.5 11.4 34.5 0.0 17.2 10.9 
0.0 0.0 0.0 0.0 5.3 0.0 2.6 0.1 

12.9 4.3 8.6 10.9 7.3 3.7 5.5 6.3 
0.0 0.0 0.0 0.0 17.2 8.6 12.9 8.2 
0.0 0.0 0.0 0.0 0.0 8.6 4.3 0.2 

12.2 0.0 6.1 6.0 0.0 0.0 0.0 0.1 
0.0 0.0 0.0 0.0 0.0 8.6 4.3 0.2 
0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.1 
0.0 8.6 4.3 2.8 10.7 17.2 13.9 7.5 
0.0 0.0 0.0 2.4 9.3 8.6 8.9 7.1 

11.3 11.8 11.5 9.4 18.8 15.6 17.2 15.8 
0.0 0.0 0.0 0.2 3.2 34.5 18.8 11.7 

11.2 8.6 9.9 7.3 12.0 12.0 12.0 10.9 
8.6 0.0 4.3 2.7 0.0 17.2 8.6 0.5 

17.2 0.0 8.6 0.5 7.9 31.0 19.4 18.0 
15.8 4.8 10.3 7.4 5.1 4.8 4.9 5.8 
0.0 0.0 0.0 0.0 17.2 0.0 8.6 0.5 

11.1 17.2 14.1 12.6 12.9 16.1 14.5 13.1 
7.7 7.9 7.8 9.1 9.1 5.4 7.2 5.2 

15.3 14.0 14.6 12.4 14.0 15.0 14.5 12.8 
3.2 0.0 1.6 0.1 0.0 2.1 1.0 0.1 
3.6 6.5 5.0 0.3 8.6 17.2 12.9 0.7 

17.2 0.0 8.6 5.3 0.0 8.6 4.3 4.7 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
0.0 0.0 0.0 0.0 17.2 34.4 25.8 1.4 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 

12.9 18.8 15.8 17.7 28.5 21.2 24.8 2Z6 
0.0 0.0 0.0 0.0 0.0 17.2 8.6 2.1 
0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 

35.5 53.8 44.6 36.9 44.1 53.8 48.9 40.6 
17.2 0.0 8.6 0.5 17.2 20.1 18.6 1.0 
28.3 0.0 14.1 11.7 55.9 34.4 45.1 30.4 

0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 
17.2 8.6 12.9 0.7 17.2 0.0 8.6 0.5 
17.2 17.2 17.2 8.7 14.3 8.6 11.4 7.4 
0.0 0.0 0.0 0.0 17.2 0.0 8.6 12.9 
0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.1 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 
0.0 17.2 8.6 4.8 60.2 0.0 30.1 18.7 

10.7 7.2 8.9 8.2 4.31 8.0 6.1 7.5 
19.9 0.0 9.9 8.8 0.0 21.5 10.7 11.9 
11.8 9.7 10.7 9.7 11.3 9.2 10.2 8.3 
8.6 0.0 4.3 3.2 18.6 0.0 9.3 6.6 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
0 0 ao ao 0.01 ao 17.2 M 0 9 

356.7 267.8 311.6 232.9 555.2 487.1 520.2 349.6 
303.9 284.5 294.3 208.9 465.6 486.5 476.0 308.6 

NUMBER OF SPECIES 1993 28 20 32 40 

TOTAL SPECIES OBSERVED1984-93 58 

Species in italics are considered threatened or endangered federally and/or by New Mexico. 

35 31 41 53 
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Table 6 - 2 
Observed Avifauna of Los Medanos and Surrounding Ecotones 

1993 

SPECIES 
MONTH OBSERVED J F M A M J J A S O N D TOTALS 

BIRD SPECIES 

BLACK-CROWNED NIGHT-HERON 0 0 0 >S25 209 26 0 0 0 0 0 0 >525 
SNOWY EGRET 0 0 0 0 66 42 8 0 0 0 0 0 66 
GREAT BLUE HERON 0 0 0 0 0 0 0 0 0 0 0 0 0 
SANDHILL CRANE 3 0 0 0 0 0 0 0 0 0 0 0 3 
BLUE-WINGED TEAL 0 0 0 0 0 0 0 0 0 0 0 0 0 
AMERICAN COOT 0 0 0 0 0 0 0 0 0 0 0 0 0 
SNOWY PLOVER 0 0 0 0 0 1 0 0 0 0 0 0 1 
BLACK-NECKED STILT 0 0 0 1 0 0 0 0 0 0 0 0 1 
KILLDEER 0 0 0 1 1 0 0 0 1 0 0 0 3 
SEMIPALMATED SANDPIPER 0 0 0 0 0 0 0 0 0 0 0 0 0 
LEAST SANDPIPER 0 0 0 0 0 0 0 0 0 0 0 0 0 
RING-BILLED GULL 0 0 0 0 0 0 0 0 0 0 0 0 0 
TURKEY VULTURE 0 0 1 1 16 17 4 16 10 0 0 0 65 
GOLDEN EAGLE 0 0 0 0 0 0 0 0 0 0 0 0 0 
NORTHERN HARRIER 5 4 8 10 0 0 0 1 4 7 1 9 49 
SHARP-SHINNED HAWK 0 0 0 0 0 0 0 0 0 0 0 0 0 
RED-TAILED HAWK 11 6 3 9 1 4 2 3 3 3 5 7 46 
SWAINSON'S HAWK 0 0 0 14 5 7 8 14 9 1 0 0 58 
ROUGH-LEGGED HAWK 0 0 0 0 0 0 0 0 0 0 0 0 0 
FERRUGINOUS HAWK 0 0 1 1 0 0 0 0 0 0 1 1 3 
HARRIS* HAWK 0 0 0 6 5 3 1 1 1 1 6 6 30 
AMERICAN KESTREL 0 0 0 1 0 0 0 1 5 0 0 0 7 
MERLIN 0 0 0 0 0 0 0 0 1 1 0 0 2 
PRAIRIE FALCON 1 0 0 0 0 0 0 0 0 0 0 0 1 
NORTHERN BOBWHITE 0 0 0 0 4 6 12 0 9 1 2 0 34 
SCALED QUAIL 0 1 1 9 3 4 3 9 6 10 0 8 54 
MOURNING DOVE 0 2 3 4 20 4 10 9 1 2 0 0 55 
GREATER ROADRUNNER 0 0 1 1 0 0 2 2 1 1 1 0 9 
GREAT HORNED OWL 0 0 1 3 1 0 0 0 0 0 0 0 5 
BURROWING OWL 0 0 0 0 1 5 1 0 0 0 0 0 7 
COMMON NIGHTHAWK 0 0 0 0 4 1 13 1 1 0 0 0 20 
LESSER NIGHTHAWK 0 0 0 0 0 0 0 0 0 0 0 0 0 
RED-SHAFTED NORTHERN FLICKER 0 0 0 0 0 0 0 0 0 0 0 0 0 
LADDER-BACKED WOODPECKER 2 0 1 2 0 5 0 0 2 1 0 1 14 
WESTERN KINGBIRD 0 0 0 6 14 14 17 1 1 0 0 0 53 
SCISSOR-TAILED FLYCATCHER 0 0 0 9 3 2 1 8 11 0 0 0 34 
ASH-THROATED FLYCATCHER 0 0 0 0 7 12 5 2 0 0 0 0 26 
SAYS PHOEBE 0 0 2 0 0 0 0 0 1 0 0 0 3 
HORNED LARK 0 0 0 0 2 0 0 3 4 0 0 0 9 
CLIFF SWALLOW 0 0 0 3 0 0 0 0 0 0 0 0 3 
BARN SWALLOW 0 0 0 4 0 0 2 0 1 0 0 0 7 
CHIHUAHUAN RAVEN 0 0 11 30 46 30 16 6 0 0 0 0 139 
VERDIN 0 0 0 2 2 0 2 0 0 0 0 0 6 
BEWICKS WREN 1 0 0 0 0 0 0 0 0 0 0 0 1 
ROCK WREN 0 0 0 0 0 0 0 0 4 1 0 0 5 
CACTUS WREN 5 6 24 7 23 7 27 23 16 20 1 7 166 

OBSERVED MONTHLY SUBTOTALS 28 19 57 >649 433 190 134 100 92 49 17 37 

OBSERVED SPECIES SUBTOTALS 7 5 12 22 20 18 18 16 21 12 7 7 
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Table 6-2 
(Continued) 

Observed Avifauna of Los Medanos and Surrounding Ecotones 
1993 

SPECIES 
MONTH OBSERVED J F M A M J J A S O N D TOTALS 

BIRD SPECIES 
RUBY-CROWNED KINGLET 0 0 0 0 0 0 0 0 0 0 1 0 1 
BLUE-GRAY GNATCATCHER 0 0 0 0 0 0 0 0 0 0 0 1 1 
MOUNTAIN BLUEBIRD 0 0 0 0 0 0 0 0 0 6 0 0 6 
HERMIT THRUSH 0 0 0 0 0 0 0 0 0 0 0 0 0 
LOGGERHEAD SHRIKE 4 2 12 4 6 2 10 26 9 9 3 14 101 
NORTHERN MOCKINGBIRD 0 0 0 3 34 46 35 6 2 8 0 0 134 
SAGE THRASHER 0 0 0 1 2 1 2 0 3 1 0 0 10 
CURVE-BILLED THRASHER 0 0 0 1 0 0 0 0 0 0 0 0 1 
CRISSAL THRASHER 1 0 1 0 0 0 2 0 0 0 0 1 5 
AMERICAN PIPIT 0 0 0 0 0 0 0 0 0 0 0 0 0 
WILSON'S WARBLER 0 0 0 0 0 0 0 0 0 0 0 0 0 
YELLOW-RUMPED WARBLER 0 0 0 0 0 0 0 0 0 0 0 0 0 
MACGILLIVRAYS WARBLER 0 0 0 0 0 0 0 0 0 0 0 0 0 
PYRRHULOXIA 23 11 15 26 46 77 94 15 12 2 0 1 322 
BLUE GROSBEAK 0 0 0 0 3 1 1 0 0 0 0 0 5 
LAZULI BUNTING 0 0 0 0 0 0 0 0 0 0 0 0 0 
GREEN-TAILED TOWHEE 0 0 0 0 0 0 0 0 0 0 0 0 0 
RUFOUS-SIDED TOWHEE 0 0 0 0 0 0 0 0 0 0 0 0 0 
CANYON TOWHEE 3 0 0 0 2 0 0 0 1 1 0 0 7 
GRASSHOPPER SPARROW 0 0 0 0 0 0 0 0 0 0 0 0 0 
VESPER SPARROW 0 0 0 0 0 0 0 0 0 0 0 0 0 
SONG SPARROW 0 0 0 0 0 0 0 0 0 0 0 0 0 
LARK SPARROW 0 0 0 0 0 0 0 0 0 0 0 0 0 
BLACK-THROATED SPARROW 53 23 29 38 69 79 69 14 11 7 1 2 395 
SAGE SPARROW 4 0 17 2 0 0 0 0 0 7 0 0 30 
CASSIN'S SPARROW 0 0 71 84 62 77 48 1 0 3 0 0 346 
CHIPPING SPARROW 0 0 0 0 4 0 0 7 0 0 0 0 11 
BREWER'S SPARROW 0 0 0 0 2 2 2 0 1 0 0 3 10 
DARK-EYED JUNCO 0 0 0 0 0 0 0 0 0 0 1 0 1 
WHITE-CROWNED SPARROW 10 0 1 0 0 0 0 0 0 0 0 0 11 
YELLOW-HEADED BLACKBIRD 0 0 0 0 2 0 0 1 0 0 0 0 3 
RED-WINGED BLACKBIRD 0 0 0 0 0 0 0 0 0 0 0 0 0 
BREWER'S BLACKBIRD 0 0 0 39 0 0 0 0 0 0 0 0 39 
BROWN-HEADED COWBIRD 0 0 0 0 3 2 6 3 0 0 0 0 14 
LARK BUNTING 125 52 80 212 2 0 0 41 18 3 0 0 533 
MEADOWLARK 18 13 57 25 24 53 53 7 8 33 4 0 295 
SCOTTS ORIOLE 0 0 0 0 0 0 0 0 0 0 0 0 0 
NORTHERN ORIOLE 0 0 0 0 0 5 1 6 2 0 0 0 14 
PINE SISKIN 0 0 14 29 1 0 0 0 0 0 0 0 44 
AMERICAN GOLDFINCH 0 0 14 95 0 0 0 0 0 0 0 0 109 
LESSER GOLDFINCH 0 0 0 0 0 0 0 0 0 0 0 0 0 
HOUSE FINCH 38 0 0 0 0 0 0 0 0 0 0 0 38 

OBSERVED MONTHLY SUBTOTALS 279 101 311 559 262 345 323 127 67 80 10 22 TOTAL 
OBSERVED SPECIES SUBTOTALS IS J 11 13 15 11 12 n 10 11 _5 _6 SPECIES 

OBSERVED 
1993 MONTHLY TOTALS 307 120 368 120 695 535 457 227 159 129 27 59 62 
1993 SPECIES TOTALS 17 10 23 35 35 29 30 27 31 23 12 13 

1992-93 MONTHLY AVERAGES 
1992-93 SPECIES AVERAGES 

1243.0 571.0 579.5 948.5 693.5 570.0 565.5 328.0 240.5 211.0 138.5 171.0 
20.0 17.5 26.0 39.5 37.5 28.5 31.5 26.0 29.5 24.0 17.0 20.0 

Note: Species without data were observed in previous years but not in 1993. 
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Table 6-3 
Summary of 1993 Small Nocturnal Mammal Densities 

MEASUREMENTS ARE INDIVIDUALS PER 150M X.150M TRAP GRID 

ORD'S KANGAROO RAT 

SILKY POCKET MOUSE 

NORTHERN GRASSHOPPER 
MOUSE 

PLAINS WOODRAT 

WHITE-FOOTED MOUSE 
AND DEER MOUSE 

TOTAL DENSITY 

CONTROL GRIDS 
AVE AVE 

CT1 CT2 1993 85-

20 NA NA 25 

0 NA NA 11 

0 NA NA 7 

21 NA NA 12 

4 NA NA .25 

45 NA NA 55 

WIPP GRIDS 
AVE AVE 

NW2 SE2 1993 85-92 

NA 11 NA 19 

NA 0 NA 4 

NA 0 NA 7 

NA 21 NA 6 

NA 4 NA 2 

NA 36 NA 38 

Table 6 - 4 
Actual Captures of Nocturnal Mammals in 1993 

AVE 

CT1 

ORD'S KANGAROO RAT 18 

WHITE FOOTED/DEER MOUSE 4 

PLAINS POCKET MOUSE 0 

GRASSHOPPER MOUSE 0 

PLAINS WOOD RAT 12 

HISPID COTTON RAT 0 

AVE AVE AVE 

CT2 1993 91-92 NW2 SE2 1993 91-92 

NA NA 34 NA 10 NA 27 

NA NA .25 NA 4 NA 3 

NA NA 6 NA 0 NA 3 

NA NA 5 NA 0 NA 3 

NA NA 9 NA 15 NA 6 

NA NA 2 NA 0 NA 4 

NOTE: 1993 AVERAGES ARE NOT INCLUDED AS THE DATA SET IS INCOMPLETE. 
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Table 6-5 
WIPP 1993 Fall Vegetation Report 

ACRO 

SASA 
PRGL 
QUHA 
ARFI 
CHPU 
YUCA 

CYON 
TROC 
CRPO 
OXGL 
DALA 
MAPI 
MELE 

CBN 
LECO 
SPFL 
SPGI 
PAST 
ARPU 
ERSE 
EROX 

CRTE 
EUMI 
EUGL 
HECO 
ERAN 
HYFL 
HEAN 
VEEN 

CONTROL 1 
COVER FREQ 

0.00 0.00 
0.54 1.72 
6.59 21.03 
1.66 5.30 
0.00 0.00 
1.61 5.14 

0.49 1.56 
0.10 0.32 
2.22 7.09 
0.26 0.83 
0.12 0.38 
0.14 0.45 
0.90 287 

2.39 7.63 
226 7.21 
0.00 0.00 
0.22 0.70 
1.01 3.22 
8.70 27.77 
0.16 0.51 
0.72 230 
0.04 0.13 

019 0.61 
0.31 0.99 
0.04 013 
0.00 0.00 
0.06 0.19 
0.12 0.38 
0.42 134 
0.06 019 

TREE. SHRUB, CACTI. YUCCA 

WESTERN SOAPBERRY 
HONEY MESQUrTE 
SHINNERY OAK 
THREAD-LEAF SAGE WORT 
SOUTHWEST RABBITBRUSH 
PLAINS YUCCA 

PERENNIAL FORBS 

DUNE FLATSEDGE 
PRAIRIE SPIDER-WORT 
LEATHER-WEED CROTON 
SMOOTH OXYBAPHUS 
WOOLLY DALEA 
rrUTLEAF GOLDENWEED 
PLAINS BLACKFCOT 

PERENNIAL GRASSES 

SANDBUR 
FALLWITCHGRASS 
MESA DROPSEED 
GIANT DROPSEED 
SAND PASPALUM 
PURPLE THREE-AWN 
LOVEGRASS (SESSIUSPICA) 
RED LOVEGRASS 
GRASS COTYLEDON 

ANNUAL FORBS 

TEXAS CROTON 
PRAIRIE SPURGE 
RIDGE-SEED SPURGE 
BINDWEED HELIOTROPE 
ANNUAL WILD-BUCKWHEAT 
YELLOW WOOLLY-WHrTE (BIENNL) 
ANNUAL SUNFLOWER 
GOLDEN CROWNBEARO 

ANNUAL GRASS 

FALSE BUFFALO GRASS MUSQ 0.00 0.00 0.00 0.07 0.30 0.10 

• ACRONYM: 4 letter abbreviation of the scierrtjfie name COVER: Foliar cover in percent FREQUENCY: Percent of sample DENSITY: Annual plants per square meter 

D E N S 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.05 
0.20 
0.05 
0.00 
0.05 
0.05 
0.05 
0.05 

CONTROL2 
COVER FREO DENS 

0.06 0.26 0.00 
206 8.66 0.00 
8.00 34.41 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.45 1.93 0.00 

0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.16 0.69 0.00 
0.56 2 41 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

1.04 4.47 0.00 
3.15 13.55 0.00 
0.49 2.11 0.00 
141 6.06 0.00 
0.86 3.70 0.00 
230 9.89 0.00 
1.05 4.52 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

1.31 5.63 0.25 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.22 0.95 0.15 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.06 0.26 0.05 
0.00 0.00 0.00 

TREE. SHRUB. CACTI. YUCCA ACRO 
• NORTHWEST 1 

COVER FREQ DENS COVER 
•NORTHWEST 2 

FREQ DENS 

HONEY MESQUITE PRGL 0.00 0.00 0.00 
SHINNERY OAK QUHA 7.16 24.17 0.00 
THREAD-LEAF SAGE WORT ARFI 3.41 11.51 0.00 
SOUTHWEST RABBITBRUSH CHPU 0.16 0.54 0.00 
YELLOW EVENING PRIMROSE CASE 0.12 0.40 0.00 
PLAINS YUCCA YUCA 0.00 0.00 0.00 
PLAINS PRICKLYPEAR OPPO 0.00 0.00 0.00 

PERENNIAL FORBS 

DUNE FLATSEDGE CYON 0.00 0.00 0.00 
SMOOTH OXYBAPHUS OXGL 0.00 0.00 0.00 
WOOLLY DALEA DALA 0.00 0.00 0.00 
THREADLEAF SENECIO SELO 0.00 200 0.00 
RIDDELLSENECIO SESP 0.80 270 0.00 

PERENNIAL GRASSES 

SANDBUR CEIN 6.40 21.60 0.00 
FALLWrTCHGRASS LECO 3.11 10.50 0.00 
MESA DROPSEED SPFL 0.12 0.40 0.00 
GIANT DROPSEED SPGI 287 9.69 0.00 
LITTLE BLUESTEM ANSC 0.00 0.00 0.00 
SAND PASPALUM PAST 1.04 3.51 0.00 
PURPLE THREE-AWN ARPU 4.50 15.19 0.00 
BLACK GRAMA BOER 0.00 0.00 0.00 
LEHMANNS1 LOVEGRASS ERLE 0.00 0.00 0.00 
LOVEGRASS (SESSIUSPICA) ERSE 0.06 0.20 0.00 
GRASS COTYLEDON 0.00 0.00 0.00 

ANNUAL FORBS 

TEXAS CROTON CRTE 0.06 0.20 0.05 
PRAIRIE SPURGE EUMI 0.16 0.54 0.05 
RIDGE-SEED SPURGE EUGL 0.06 0.20 0.05 
BINDWEED HELIOTROPE HECO 0.12 0.40 0.05 
ANNUAL WILD-BUCKWHEAT ERAN 0.00 0.00 0.00 
NEALLEY BEE-BLOSSOM GASU 0.00 0.00 0.00 
LIMONC1LLO PETE 0.19 0.64 0.05 

0.02 0.06 0.00 
9.42 2B.90 0.00 
3.59 11.01 0.00 
0.12 0.37 0.00 
0.12 0.37 0.00 
0.94 288 0.00 
0.04 0.12 0.00 

0.12 0.37 0.00 
0.10 0.31 0.00 
0.30 0.92 0.00 
0.25 0.77 0.00 
0.00 0.00 0.00 

292 8.96 0.00 
5.60 17.18 0.00 
0.00 0.00 0.00 
1.19 3.65 0.00 
1.87 5.74 0.00 
1.20 3.68 0.00 
1.94 5.95 0.00 
0.57 1.75 0.00 
0.30 0.92 0.00 
0.00 0.00 0.00 
0.02 0.06 0.00 

0.25 0.77 0.20 
0.71 2.18 0.65 
0.74 2.27 1.75 
0.00 0.00 0.00 
0.12 0.37 0.10 
0.19 0.58 0.05 
0.00 0.00 0.00 

ANNUAL GRASS 

FALSE BUFFALO GRASS MUSQ 0.00 0.00 0.00 0.07 0.21 0.15 

' ACRONYM: 4 letter abbreviation of the scientific name COVER: Foliar cover in percent FREQUENCY: Percent of sample DENSTTY: Annual plants per square meter 
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Table 6-5 
(Continued) 

WIPP 1993 Fall Vegetation Report 

TREE. SHRUB, CACTI, YUCCA ACRO 
• SOUTHEAST 1 

COVER FREQ OENS COVER 

0.81 
7.96 
3.54 
1.79 

0.00 
0.00 
0.19 
0.00 
0.12 

157 
3.77 
0.00 
1.10 
0.00 
0.70 
3.10 
022 
0.00 
0.00 
0.12 

0.06 
025 
035 
0.06 
0.40 
0.00 
0.06 
0.00 

ANNUAL GRASS 

FALSE BUFFALO GRASS MUSQ 0.04 0.14 0.05 022 0.83 0.10 

'ACRONYM: 4 letter abbreviation of the scientific name COVER: Foliar cover in percent FREQUENCY: Percent of sample DENSITY: Annual plants per square meter 

•EAST1 

HONEY MESQUITE PRGL 5.75 20.17 0.00 
SHINNERYOAK QUHA 7.44 26.10 0.00 
THREAD-LEAF SAGE WORT ARFI 2.97 10.42 0.00 
PLAINS YUCCA YUCA 0.00 0.00 0.00 

PERENNIAL FORBS 

LEATHER-WEED CROTON CRPO 0.06 021 0.00 
SMOOTH OXYBAPHUS OXGL 0.06 021 0.00 
WOOLLY DALEA DALA 0.06 021 0.00 
SLENDER GREENTHREAD THSI 0.19 0.67 0.00 
THREADLEAF SENECIO SELO 0.00 0.00 0.00 

PERENNIAL GRASSES 

SANDBUR CSN 1.94 6.80 0.00 
FALLWITCHGRASS LECO 0.06 021 o.x MESA DROPSEED SPFL 156 5.47 0.00 
GIANT DROPSEED SPGI 0.44 1.54 0.00 
LITTLE BLUESTEM ANSC 0.56 1.96 0.00 
SANDPASPALUM PAST 0.35 1.23 0.00 
PURPLE THREE-AWN ARPU 3.70 1298 0.00 
BLACK GRAMA BOER 0.00 0.00 0.00 
LEHMANNS' LOVEGRASS ERLE 0.04 0.14 0.00 
LOVEGRASS (SESSIUSPICA) ERSE 0.06 021 0.00 
RED LOVEGRASS EROX 0.85 Z98 0.00 

ANNUAL FORBS 

TEXAS CROTON CRTE 025 0.88 0.05 
PRAIRIE SPURGE EUMI 0.42 1.47 020 
RIDGE-SEED SPURGE EUGL 1.30 4.56 225 
BINDWEED HELIOTROPE HECO 0.00 0.00 0.00 
ANNUAL WILD-BUCKWHEAT ERAN 0.00 0.00 0.00 
WINGED PIGWEED CYAT 0.19 0.67 0.05 
NEALLEY BEE-BLOSSOM GASU 0.00 0.00 0.00 
UMONCILLO PETE 022 0.77 030 

•SOUTHEAST 2 
FREO DENS 

3.07 0.00 
30.16 0.00 
13.41 0.00 

6.78 0.00 

0.00 0.00 
0.00 0.00 
0.72 0.00 
0.00 0.00 
0.46 0.00 

5.95 0.00 
1429 0.00 

0.00 0.00 
4.17 0.00 
0.00 0.00 
Z65 0.00 

11.75 0.00 
0.83 0.00 
0.00 0.00 
0.00 0.00 
0.46 0.00 

0.23 0.05 
0.95 0.10 
1.33 0.30 
023 0.05 
1.52 0.25 
0.00 0.00 
023 0.05 
0.00 0.00 

TREE SHRUB. CACTI. YUCCA ACRO COVER FREQ 

HONEY MESQUITE 
SHINNERYOAK 
THREAD-LEAF SAGE WORT 
PLAINS YUCCA 

PRGL 
QUHA 
ARFI 
YUCA 

5.75 
5.90 
1.75 
3.03 

21.86 
22.43 

6.65 
1152 

PERENNIAL FORBS 

LEATHER-WEED CROTON 
WOOLLY DALEA 
PLAINS BLACKFOOT 
THREAD-LEAF BROOMWEED 

CRPO 
DALA 
MELE 
XAMI 

0.41 
0.56 
0.44 
1.69 

1.56 
2.13 
1.67 
6.42 

PERENNIAL GRASSES 

SANDBUR 
FALLWirCHGRASS 
MESA DROPSEED 
SANDPASPALUM 
PURPLE THREE-AWN 
HAIRY GRAMA 
PLAINS BRISTLEGRASS 

CBN 
LECO 
SPFL 
PAST 
ARPU 
BOW 
SEMA 

1.36 
0.41 
0.62 
0.54 
3 2 2 
0.12 
025 

5.17 
1.56 
236 
2.05 

1224 
0.46 
0.85 

ANNUAL FORBS 

TEXAS CROTON 
PRAIRIE SPURGE 
RIDGE-SEED SPURGE 

CRTE 
EUMI 
EUGL 

0.06 
0.16 
0.04 

023 
0.61 
0.15 

DENS 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.05 
0.15 
0.05 

ANNUAL GRASS 

' ACRONYM: 4 letter abbreviation of the scientific name COVER: Foliar cover in percent FREQUENCY: Percent of sample DENSITY: Annual plants per square meter 
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Figure 6-3 
WIPP Seismograph Station Locations 

Chavez County 
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Definitions of Acronyms 

ANTR - Antelope Ridge 
CBET - Carlsbad East Tower 
CL2B - Carlsbad Station 2B 
CL7 - Carlsbad Station 7 

CPRX - Caprock 
GDL2 - Guadalupe Mountains 
HTMS - Hat Mesa 
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Chapter 7 
Groundwater Surveillance 
Current groundwater surveillance activities at the WIPP are outlined in the WIPP groundwater 
Monitoring Program Plan and Procedure Manual (WP 02-1, Rev 2). WP 02-1, Rev. 2, is a Quality 
Assurance document that contains program plans for each of the activities performed by groundwater 
surveillance personnel. Detailed procedures for performing specific activities such as pumping system 
installations, field parameter analysis, and document and QA records management are also contained 
in WP 02-1, Rev 2. Groundwater surveillance activities are also defined in the EMP. 

The objective of the Groundwater Surveillance Program (GSP) is to determine the physical and 
chemical characteristics and maintain surveillance of groundwater levels of the groundwater 
surrounding the WIPP facility, both before and throughout the operational lifetime of the facility. The 
GSP also fulfills the requirements set forth in DOE Order 5400.1. 

Background water quality data were collected from the 1985 through the 1990 sampling period. 
DOE/WIPP 92-013, "Background Water Quality Characterization Report for the Waste Isolation Pilot 
Plant," evaluates the background water quality data from the 1985 through the 1990 sampling period. 
This background data will be compared to water quality data collected throughout the operational life 
of the facility. Pre-operational data will be gathered in the interim period and utilized to strengthen 
the background data and to evaluate the need to make adjustments to comparison criteria. Data 
generated by groundwater surveillance programs are also useful in determining future regulatory 
needs and land use decisions, and in updating information for site documents such as the EMP. 

The data obtained by the Water Quality Sampling Program (WQSP) in 1993 supported three major 
programs at the WIPP: (1) site characterization; (2) performance assessment (in compliance with 
40 CFR 191); and (3) the EMP. Each of these programs requires a unique set of analyses and data, 
but overlap of analytical needs does occur. Particular sample needs .are defined by each program. In 
addition to the characterization of groundwater the WQSP supported radionuclide monitoring for the 
Environmental Analysis and Compliance section of the WID. Results of radionuclide sampling are 
discussed in chapter 5 of this report. The NMED was on hand at each sampling event to collect 
samples for independent evaluation. 

The WIPP is located within the Pecos Valley section of the Southern Great Plains physiographic 
province (Powers et al., 1978). The primary industries in the area that could contribute to pollution 
of the groundwater are local potash mining, gas and oil drilling, and cattle ranching. Geologic and 
lithologic descriptions of the area surrounding the WIPP site can be found in documents such as the 
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EMP, DOE/WIPP 90-008, Groundwater Protection Management Program Plan, or USGS 83-4016 
(Mercer, 1983). 

The rock units that were sampled in 1993 are in descending order; the Dewey Lake Redbeds and the 
Culebra dolomite. Fluids from these rock units have been collected either from wells at the WIPP or 
from privately owned wells (windmills). Groundwater sampling at WIPP focuses on the Culebra 
dolomite Member of the Rustler Formation. The Culebra dolomite is the most significant water 
bearing unit within the vicinity of the WIPP. No known hydrologic connection exists between the 
repository horizon and the Culebra dolomite. Surveillance of the characteristics of the water 
contained in the Culebra dolomite is beneficial to the WIPP because it provides data that can be used 
to determine if the characteristics of water in the Culebra are changing. It also provides additional 
data for use in hydrologic models designed to predict long-term performance of the repository (i.e., 
the Performance Assessment). 

Groundwater surveillance activities during 1993 consisted of two separate programs: groundwater 
quality sampling and groundwater level measurements. Groundwater surveillance programs utilize 58 
well bores to gather data. Six of these well bores are equipped with production inflated packers that 
allow groundwater to be sampled from more than one producing zone through the same well bore. 

Groundwater quality data were gathered from 10 well locations. Data were collected at eight locations 
completed in the Culebra dolomite and from two privately owned wells in the vicinity of the WIPP 
that are completed in the Dewey Lake Redbeds. 

The water quality sampling process has been developed around the logistics of using groundwater 
wells that were originally constructed for characterization and not for groundwater monitoring 
activities. The WIPP site has been given a conditional No-Migration Determination and is not 
required to have a monitoring program in compliance with the RCRA. The original wells are 
therefore being used for surveillance. Most of the wells are constructed with J-55 or K-55 iron casing. 
In order to decrease the sampling bias created by well construction deficiencies, combined with the 
low transmissibilities of the formations involved, a labor intensive sampling process has been 
initiated. Because of the time required to collect representative samples and because of the number of 
wells to be sampled, wells are sampled only once per year. A sampling episode is referred to as a 
"sampling round." Each yearly sampling round consists of the collection of two types of samples: 
serial samples and final samples. Serial samples are taken periodically, while the well is being 
purged. Data on key physical and chemical parameters (known as field parameters) are collected and 
compared to past serial sampling data until it is determined that a chemical steady state has been 
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reached. A chemical steady state is usually defined as +\- 5% of the average of the three to five 
preceding parameter measurements on the final day of serial sampling from previous sampling rounds. 
Stabilization of these field parameters is a function of purging arid is used as an indicator to determine 
if the groundwater is representative of the zone being sampled. A final sample is collected once it has 
been determined that the pumped groundwater has achieved-a representative state. This sample is sent 
off-site to a contract laboratory for analysis. 

7.1 Groundwater Quality 
Sampling for groundwater quality was performed at 10 well locations including two privately owned 
well sites during 1993 (Figure 7-1). With the exception of the two privately owned wells, each well 
was purged a minimum of 24 hours prior to the commencement of the serial sampling phase of the 
purging process. Field analyses for Oxidation Reduction Potential (Eh), pH, Specific Gravity, 
Specific Conductance, Alkalinity, Chloride, Divalent Cations, and Total Iron were performed on a 
periodic basis during serial sampling. These field parameters were used as indicators, during the 
purging process to better determine when the formation water being pumped had reached a 
representative state. Normally this process required seven to ten days to complete. Following the field 
analysis of the final serial sample, samples were collected and shipped to an independent, contract 
laboratory for analysis. Parameters of analyzed by the contract laboratory are listed in Table 7-1. 

The total gallons of water removed from the Culebra dolomite member of the Rustler Formation 
during 1993 as a result of groundwater surveillance activity was approximately 22,732 gallons. The 
data from the final sample analyses show relative consistency when compared to background data. 
Tables 7-2 through 7-9 contain average results of data collected from the Culebra dolomite during 
1993 as compared to background data for major constituents of the background matrix. None of the 
waste stream Volatile Organic Compounds for which analyses were run showed any detectable 
concentrations. 

Water quality of the Culebra in the vicinity of the WIPP is naturally poor and the waters are not 
suitable for human consumption or for agricultural purposes. The waters contain naturally high 
concentrations of total dissolved solids and mineral constituents, primarily chloride, calcium, 
magnesium, sodium and potassium (Mercer, 1983). Although a number of wells within the vicinity of 
WIPP contain less than 10,000 mg/1 Total Dissolved Solids (TDS) the chloride and sulfate 
concentrations in these wells are well above limits set by water quality standards. The generally poor 
quality of the waters has historically posed a problem when it comes to analyzing these waters because 
it tends to interfere with the performance of standard laboratory equipment such as the Atomic 
Absorption or the Inductive Coupled Atomic Plasma, causing detection limits to be inconsistent. 
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The only usable water in the area of the WIPP is from wells completed in the Dewey Lake Redbeds, 
which produce water from discontinuous saturated zones of thin lenticular sands that are believed to 
be locally recharged (Mercer 1983). The water quality of the Dewey Lake Redbeds are generally 
considered to be fresh water, suitable for agricultural purposes and marginal for human consumption. 
Two wells were sampled in the Dewey Lake Redbeds, these were: Ranch well, located approximately 
3 and 2 tenths miles south of the WIPP site, and Barn well, located approximately 3 and 4 tenths 
miles south of the WIPP site. Each of these wells showed elevated levels of nitrate in the groundwater 
analysis. Ranch well showed the highest average concentration (16.9 mg/1) and the Barn well 
concentration was 10.5 mg/1. The most probable source of these nitrate concentrations are the large 
numbers of livestock that utilize these wells for drinking water. A comparison of 1993 analytical data 
results to background data are presented in Tables 7-10 and 7-11 for data collected from the Dewey 
Lake formation. 

7.2 Groundwater Level Surveillance 
In October 1988, WID was tasked with conducting a groundwater level surveillance program in the 
area of the WIPP site. Fifty-eight well bores were used to sample six water bearing zones in the 
WIPP area. The two zones of primary interest were the Culebra dolomite and Magenta dolomite 
members of the Rustler Formation: forty-six measurements were taken in the Culebra dolomite and 
11 measurements were taken in the Magenta dolomite. Two measurements were taken in the 
Rustler/Salado contact and Dewey Lake formation; one measurement each was taken in the Bell 
Canyon, the Forty-niner and the Unnamed Lower Member. Locations of groundwater-level 
surveillance sites are pictured in Figure 7-2. 

Groundwater elevation measurements in the Culebra dolomite indicate that the generalized directional 
flow of groundwater is north to south in the vicinity of WIPP (Figure 7-3). However, caution should 
be used when making assumptions based on groundwater-level data alone; studies in the Culebra 
dolomite have shown that fluid density variations in the Culebra dolomite can affect flow direction 
(Crawley, 1988 and Davies, 1989). One should also be aware that the fractured media of the Culebra 
dolomite coupled with variable fluid densities can cause localized flow patterns to have little or no 
relationship to general flow patterns (Mercer, 1983 and Crawley, 1988). 

Groundwater flow directions in the Magenta dolomite appear to be generally from an east to west 
direction across the WIPP site (Figure 7-4). Studies have not been performed to determine spacial 
variations in the fluid densities in the Magenta dolomite to the same magnitude as those the Culebra 
dolomite. It is very possible if not likely that density variations do occur in the Magenta dolomite. 
Therefore, the potential may exist that to some extent flow patterns in the Magenta dolomite may be 
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affected by variations in fluid density. Also flow through the fractured media of the Magenta 
dolomite may well dictate the behavior of localized flow patterns. 

Groundwater level measurements taken in 1993 show a general trend toward rising water levels. The 
increase in water levels may be attributed to the natural recovery of water bearing formations near the 
WIPP to levels near those noted by Mercer in 1983. Mercer's 1983 report was produced prior to the 
onset of large-scale pumping tests that removed huge volumes of water from the Magenta and Culebra 
members of the Rustler Formation from 1984 through 1988. Also, the grouting of the four shafts that 
provide access to the WIPP underground has recently been completed, sealing off the inflow of water 
from these formations into the shaft area. Significant recovery of the Magenta and Culebra members 
in the immediate vicinity of the WIPP will probably occur in CY 1994 due to the completion of the 
grouting process. 
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Table 7-1 
Parameters Analyzed During Calendar Year 1993 

Specific Conductance Boron 

Sulfate Cadmium 

Total Dissolved Solids Calcium 

Total Suspended Solids Chromium 

•Densitv Iron 

PH Lead 

Alkalinitv Lithium 

Bromide Magnesium 

Chloride Mercurv 

Fluoride Potassium 

Iodide Selenium 

Nitrogen, NO, (AS N) Silica 

Total Organic Carbon Silver 

Total Organic Halogens Sodium 

Phenol, Total Carbon Tetrachloride 

Orthophosphate (AS P) Methylene Chloride 

Arsenic Trichloroethvlene 

Barium l, 1,1 -Trichloroethane 

Beryllium Freon-113 
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FIGURE 7-1 
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Table 7-2 
H-02c, Culebra 

Round 5 Comparison To Background Characterization 

Parameter 1993 Average Concentration 
(mq/1) 

Background Concentration Interval 
(mq/l) 

Rnrnn Q 7 ^ q-1? 

Calcium 603 589-841 

Iron 0.37 0-1.9 

Lithium 0.229 0.26-0.72 

Magnesium 185 152-181 

Potassium 86 86-119 

Sodium 1.775 0-5.270 

Alkalinity 45.2 52-60 

Bromide 9.17 0-5 

Chloride 3.060 2.396-6.737 

Fluoride 2.21 2.1-2.2 

PH 7.38 7.38-8.04 

Sulfate 2,700 2.061-3,806 

Total Dissolved Solids 9.285 7.612-15.689 

Arsenic <0.003 i0.014 

Barium 0.006 <0.05 

Beryllium <0.0025 <0.05 

Cadmium <0.0025 i0.08 

Chromium <0.01 s0.4 

Lead <0.025 i0.5 

Mercury <0.002 <0.0002 

Selenium <0.002 <0.05 

Silica 12 6.1-14 

Silver <0.025 s0.20 

Iodide <1.0 1-9 

Nitrate as (N) <0.10 s0.30 

Phenolics <0.1 i0.097 

Phosphate AS (P) <0.02 s0.03 

Total Oraanic Carbon 1.26 5-7 

Total Organic Halogen 0.0166 i0.14 
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Table 7-3 
H-03b3, Culebra 

Round 8 Comparison To Background Characterization 
• 

1 Parameter 1993 Average Concentration 
(mg/l) 

! 
Background Concentration Interval 

(mg/l) 

1 Boron 22.5 19-32 
! 
i Calcium 1.210 1.193-1.527 

Iron 0.36 0.14-0.47 ! 
i 

i Lithium 0.54 0.15-0 82 

Maqnesium 621 710-826 

Potassium 448 372-534 

Sodium 12.100 16 140-17 900 

Alkalinity 41 46-54 ' 

Bromide 26.6 ! 7-41 

: Chloride 27.600 26.742-30838 I 

! Fluoride 1.27 1.5-16 

pH 7.32 6.85-7.66 

Sulfate 5.275 4.537-4 823 

Total Dissolved Solids 52.500 53.130-55.170 

Arsenic <0.003 <0.10 

Barium <0.005 <0.06 ! 

Beryllium <0.028 -.0.15 

Cadmium 0.002 <0.07 

Chromium <0.005 0.007-0.4 

Lead <0.016 <0.50 

Mercury <0.0002 <0.001 

Selenium <0.003 <0.50 

Silica 9.83 4.5-13 

Silver <0.013 <0.10 

Iodide <1.0 <2.0 

Nitrate as (N) <0.10 <0.20 

Phenolics <0.10 <0.033 

Phosphate AS (P) <0.02 <0.06 

Total Oraanic Carbon 0.70 <2.0 

Total Organic Halogen 0048 0.14-0 42 

» 
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Table 7-4 
H-04b, CULEBRA 

Round 8 Comparison To Background Characterization 

Parameter 1993 Average Concentration 
(mg/l)l 

Background Concentration Interval 
(mg/l) 

| Rnrnn 1 4 ? 14-91 

Calrinm RR9 fif)4-741 

Irnn <1 nn n 4n-n 55 

I I ithium D39R n 95-n 5R 

i Magnpsium 339 3R5-4RR 

Potassium 173 5 179-9R1 

Snriinm 5 97D 5 R95-R 955 

Allfalinitv 49 4 51-79 

Rrnmidp 40 3 31-R3 

Chlnririp ; 7 350 1,9RR-19n99 

Riinririp 1 89 1 7-9 9 

pH 7 97 R 30-7 R9 

Sulfate fibrin 4 447-R513 

Tntai nissnlv/pri Snliris 9nRnn 17 010-93 050. 
: Arspnir <nnn.3 < n m 
; 

Raritim <nri9 < n m 

' Rpryllinm <nm <nn5 

r.ariminm nnn.45 <ooo5 

Chromium <nm <0 30 

I pari nr)97R <oo5 

Mprntiry <n nnri9 <nnni7 

| Selenium <nnn5 <oo5 

Silirra 11 R 5R-14 

i Silver n n < o i o 

Inriirie <1 14 <9n 

Nitrate AS (Nn <n9n < n m 

Phpnnlins < n m <0 09R 

Phosphate AS (P^ <nn9 <oo3 

Tntal Organic Carhnn 0 59 3n.5n 

Total Organin Halgen nniPR n nR-n R4 
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TABLE 7-5 
H-05b, CULEBRA 

Round 8 Comparison To Background Characterization 

Parameter 1993 Average Concentration 
(mg/l) 

Background Concentration Interval 
(mg/l) 

Rnrnn _2ZJ_ ?8-35 

jCalciuxa. _L3Q5_ JL2Q5=UaZ5_ 

Iron 1 38 1 8-3? 

..Lithium 0 84 0 6-1 3 

Magnpgiiim 1,670 1,5B6-?,094 

Potassium 883 1 n m . i 3R7 

Sodium 41 ,?oo 44,5?6-55,955 

Alkalinity- 30 9 39-47 

i Bromide 681 ?4-99 

Chlnririp 84,500 8An«s-Qi «as 
FlunridR 0 77 0 7-1? 

_pfcL 7 08 R B R - 7 - H 

Snlfatp 8535 5,914-7,646 

Tntal nissnlx/pri Snliris JAQfinn iA9f in«- iMnga 

Arsenic <nnnR <0 1 
Rarinm <nn? <0 5 

Beryllium. <0 01 <0 05 

ftariminm <0 0006 < n n 

r.hrnmium <n nn?s s0 3 

I Pari nnng <:1 0 

Mercury <0 00? <n nnns 
Splpninm <nnns LL3_ 

Silica 5 99 <?1 

Silver <n nnR3 <01 

InrliHp 3 R 1 <?n 

Mitmtp AS (M) 0 1 0 tDA. 

Phennlics < n m •̂ 0 51 

PhngphatP AS (P) <0 0? <n-n 

Tntal Organic Carhnn 

Tntal Organic Halogen 

J1Z9_ <4 0 

0 059 -.7 6 
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Table 7-6 
H-06b, Culebra 

Round 8 Comparison To Background Characterization 

Parameter 1993 Average Concentration 
(mg/I) 

Background Concentration Interval 
(mg/I) 

I 

• Rnrnn 11 4 7 7-10 7 

! Calrtium ? i 4 n i 1 7D7-? « R 
; Iron <?4r> n ? - n f i 
! I "rthinm 

i 

<r)RR n 3 . n 7 
i 

j Magnesium 1 nnp 791.1 nas 
I 
| Potassium 3 R R 33n-55fi 

' Snriinm i 7 4 *n 1 4 ^ 0 - 1 7 7 1 0 

Alkalinity an 9 i - m i 

Rmmirie 3 R 7 1?-R? 

; r.hlnririp 31 « n 7R81R-34 4R? 

Flnnririp 1 ?R 1 9-1 5 

i P H RR7 fi 18-7 37 

; Sulfate s??n 3,093-3 W 7 
i 
i Tntal Dissnlvpri Snliris R1 45D 5RR31-R4RR9 

Arpspnir: <nnr>R <n5 
i 

! Rarium <nn9 < m 
1 
1 Rpryllium < n n w nnR 
! Cadmium <nnn? <nns 

Chromium <nnn3 n ??.n 45 

1 pari <nn i <f)83 

Mprniry <nnm <nnm9 

Splpnium <nnn?; -.1 3 

| Silina 1 7 4 R3-?5 

' Silver <nnri4 < m 

; Inriirie <1 n <?n 

i Nitrate AS (N) <n?5 <n? 
i 
: Phpnnlics < n m nnn4-nniR 

'• Phnsphatp AS (P) <nn? <nn? 
1 Tntal Organic: Carhnn 1 94 <7D 

Tntal Organic Halogen ! f)?B : n i R - 3 D 
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Table 7-7 
H-11b3, Culebra 

Round 7 Comparison To Backround Characterization 

Parameter 1993 Average Concentration 
(mg/lj 

Background Concentration 
Interval 
(mg/l) 

Rnrnn ?71 79-31 

Calcium 1,145 1,379-1,655 

Iron 1^1 <1 n 

ithinm 0 979 0 5-0 6 

Magnpsinm 848 1,038-1,77? 

Potassium 1,010 654-990 

Sodium 78,650 35,169-45,43? 

Alkalinity 4? 6 44-58 
BromiriP 48 4 18-90 

Chlnririe 64,000 570R7-77,AQ7 

RtioririP <sn 1 0-1? 

-ptL 7 3Q JBL95=7_22_ 

finlfatP 7,405 5,843-7,397 
Total niggnlv/pri SoliHg i-nsnn 1 1 3 7 0 5 - 1 7 3 0 0 5 

Arspnio <0 003 <;015 
Rarinm JLQ1A. <010 
Rpryllium JLQ04. <0 05 

Cadmium <nnoi3 0 06-0 09 

Chromium <0 005 0 3 7 - 4 0 

J_ead_ JLQia. JL60_ 

.Mercury <0 00? <n nnn/i 

.Selenium. <ooo3 <0 50 

.Silica fifi* 4 1-15 

.Silver nniQ Q 1 - Q 7 

loriirip 1 15 <?0 

Nitrate AS (N) <1 n <Q3Q 

I . Phennlics <010 ^0 0? 

Phosphate AS (P) <nn? ;0 04 

Total Organic. Carhnn 1 R 3 . 3 0 

Tntal Organic Halogen 0 069 -,1 5 
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Table 7-8 
H-14, Culebra 

Round 6 Comparison To Background Characterization 

Parameter 1993 
Average 

Concentration mg/l 

Background 
Concentration 
Interval mg/l 

I Rnrnn Pflf i 11 
i 

Oalninm 1 RSS 1 SfU-9 19Q 

i Irnn 1 SR m - n s 

I i th inm n^PR o.3Q-n SR 

Magnps i i im s i s 4S1-R13 

Potass ium 911 933-957 

Sor i i t im ? P W 9 7SD-4 1R4 

Alkalinity ? R ? 35-43 

Rromir ip 1 3 R 9-1R 

nh lnr i r i f i Qnsn R QS4.Q 779 

' Fluorir ip ->->-> r )1-9 f i 

7 S3 S R9-R SO 

Sul fatp ? n ? s 1 9D9-9 991 
i 
; Tota l nissnlx/pri Sol ids i R , m n 14f i - f i f i -19Rf i7 

I Arspnir: < n n m < n n s 
i 
: Rar ium 0 017 < n n s 

Rpryl l inm <n nn?7 < n n s 

' Ca r im inm n n m s <nriR 

C h r o m i u m <nnns n?-p.4 

1 pari <nr ) i3? <ns 

, Mpmnry <nnn-? <n nnrw 
i y 

j Rp lpn inm <nnn3 < n n s 

i Silioa m o s 5 5-14 
1 
• Silver < n r m < m 

! loriiriP 1 R7 <2.0 

• MitratP as (Nl\ < ? n <n/ in 

[ Phpnnl ios < n m nn.RR-m 4 

Phnsphatp AS (P) <nn? •rnns 

Tota l O rgan i r P.arhnn 1 ri7 <?n 

! Tota l D r g a n i r Ha logpn nr>R n flR-1 1 
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Table 7-9 
WIPP-19, Culebra 

Round 8 Comparison To Background Characterization 

PARAMETER 1993 
AVERAGE 

CONCENTRATION mg/l 

BACKGROUND 
CONCENTRATION 
INTERVAL mg/l 

Rnrnn 2 7 R 27 -34 

Calr inm 1 3R5 1 441-1 91Q. 

Irnn 1 Q5 *?n 

I fthiirm n 4 5 r>3. i 1 

Magnpfiinm Q17 9R1-9 23Q 

Pntasfiinm 5nR 5R5.Q13 

TRoriiiim •?•? onn 2 3 9R2-32 R5R 

Alkalinity 4Rn 51-7fl 

Rrnmirip 41 1 22-12R 

Chlnririp 41 R5D 33 201-54 5 2 0 

Flnnririp 1 04 n.R-1 1 

nH 7 115 fi 7 5 - 7 33 

Sulfate 5 5fin 5 0.Q7-5 7R3 

Total nissnlupri Snliris 7 5 R 5 n RR,3RP-m3 151 

Arspnin <n n m < f } 5 

Rarinm <nn? <n5n 

Rpryllinm < n m <nsn 

Cariminm <nnm <n5n 

Chrnminm <nnn3 <:2n 

I pari <no i <5n 

Mprmiry <nn5 <nnn2 

Rplpnmm <nnn3 <nsn 

Rilina R1R ^4 4n 

Rili/pr < n m <1 n 

Inriirip 2nf i <2n 

NrtratP AR (N) <n25 ^0.1? 

Phpnnlirs < m ^nniQ 

Phnsphatp AR (P) <nn? ^nn3 

Tntal Organin Carhnn 9 R 4 2-7 

Tntal Organic: Halogen 133 n 57 -3 0 
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Table 7-10 
Barn Well, Dewey Lake 

Round 7 Comparison To Background Characterization 

Parameter 1993 Average 
Concentration ' 
mg/l 

BACKGROUND 
CONCENTRATION 
INTERVAL mg/l 

Calcium 52.4 47-85 

Manganese <0.13 <0.015 

Sodium 80.9 74-142 

Alkalinity 200 262-291 

Chloride 36.0 32-49 

Fluoride 1.87 2.5-2.7 

PH 7.10 6.37-8.17 

Sulfate 141 167-246 

Total Dissolved Solids 545 606-729 

Aresnic <.003 <0.05 

Barium 0.026 <0.2 

Cadmium <0.006 <0.005 

Chromium <0.01 s0.02 

Copper <0.025 s0.03 

Lead <0.25 <0.05 

Mercury <0.002 <0.0002 

Selenium <0.002 <0.05 

Silver 0.0275 <0.01 

Zinc <0.05 s0.03 

Nitrate AS (N) 10.45 7.1-9.6 

Phenolics <0.10 <0.008 

Total Organic Carbon 0.865 <4.0 

Total Organic Halogen 0.08 <;0.15 
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Table 7-11 
Ranch Well, Dewey Lake 

Round 8 Comparison To Background Characterization 

Parameter 1993 
Average 

Concentration mg/l 

Background 
Concentration 
Interval mg/l 

Calcium 601 283-397 

Magnesium <0.013 <0.015 

Sodium 182 " 115-270 

Alkalinity 143 215-256 

Chloride 268 318-470 

Fluoride 1.17 0.7-1.5 

PH 7.31 6.75-7.58 

Sulfate 1575 700-1299 

Total Dissolved Solids 3580 2818-3302 

Arsenic <0.003 <0.01 

Barium 0.0060 <0.20 

Cadmium 0.003 <;0.01 

Chromium <0.01 s0.07 

Copper <0.025 <0.025 

Lead <0.026 <;0.08 

Mercury <0.002 <0.0008 

Selenium <0.002 <0.079 

Silver <0.025 s0.02 

Zinc <0.05 0.02-0.16 

Nitrate AS (N) 16.9 110-120 

Phenolics <0.1 s0.022 

Total Organic Carbon 0.19 3-4 

Total Organic Halogen 0.045 *0.4 
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Figure 7-2 
Ground Water Level Surveillance Wells 
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494B:POTSUR 

Figure 7-3 
Potentiometric Surface of the Culebra Dolomite Member 

of the Rustler Formation near the WIPP Site 
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Figure 7-4 
Potentiometric Surface of the Magenta Dolomite Member 
of the Rustler Formation near the WIPP Site as of 12-93 
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Chapter 8 
Quality Assurance 
This chapter outlines the Quality Assurance/Quality Control goals and procedures for the radiological 
and nonradiological monitoring programs at the WID and at the off-site subcontractor laboratories. 
The purpose of the program is to monitor the reliability, accuracy, and precision of all data, and to 
detect and correct problems in the sample collection, preparation, analysis, and the data evaluation 
phases. 

QA comprises all of the planned and programmed events undertaken to ensure the validity of the 
results of the monitoring program. Included in the QA Program is the QC task specific and provides 
a context for assessing the performance of equipment, instruments, and procedures. The QA/QC 
program for the WIPP environmental programs is established within the framework of the overall 
Quality Assurance Program Manual of the Westinghouse Electric Corporation, Waste Isolation 
Division. 

A comprehensive QA program has been implemented to ensure that the data collected reflect actual 
concentrations in the environment and have been obtained prior to commencement of operations. In 
other words, these data must provide a sound baseline for comparison with operational-phase data that 
reflect potential impacts of the WIPP. The focus of this program includes: 

Collect samples at all locations according to procedures based on accepted practices and 
widely recognized methodologies and criteria 

Review and revise procedures as appropriate to minimize uncertainty due to sampling 
error while maintaining comparability and continuity between past and future data 

Verify data through a continuing program of analytical laboratory quality control, 
including the performance of inter-laboratory cross-checks, duplicate sample/split 
radiological analysis, and sample splits provided to the EEG, and NMED. 

Adherence to policies set forth by federal QA regulations include the following: ASME NQA-1, 
Quality Assurance Program Requirements for Nuclear Facilities (ASME, 1989); EPA; 
QAMS-005/80, Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans 
(EPA, 1980); DOE Orders 5400.1 (DOE, 1990d), 5400.3 (DOE, 1989), 5700.6C (DOE, 1991); and 
the Environmental Regulatory Guide for Radiological Effluent Monitoring and Environmental 
Surveillance (DOE/EH-0173T, 1991). 
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8.1 Sample Collection Methodologies 
Written procedures are important because they not only provide guidance to field personnel for 
samples collected in the field but also form the basis of an auditable program. To ensure compliance 
with the written procedures, the QA Department periodically conducts surveillance, inspection, and 
internal audits. An inspection report surveys personnel performance in one activity. A surveillance 
assesses a procedure accordii g to specifications and standards described in WP 13-011. An internal 
audit, which is a more comprehensive investigation, evaluates the adequacy and effectiveness of the 
QA program's implementation, related procedure's, and practices. An audit may include review of 
procedures, file management, and test equipment. Audits are conducted according to WP 13-005. 

Sampling procedures are contained in the following documents: 

WIPP Groundwater Monitoring Program Plan and Procedure Manual (WP 02-1) 
WIPP Environmental Procedures Manual (WP 02-3) 
WID Quality Assurance Program Description (WP 13-1, Rev. 14) 

Sampling procedures describe the methods for determining sample location, the timing of collection, 
equipment calibration, shipment method, and the specific steps to be taken for sample collection, 
analysis, and shipment. The sampling procedures also provide program requirements for data entry, 
sample tracking, and record-keeping. These procedures ensure that the data collected and entered 
accurately reflect conditions at the WIPP site. Standard sample location codes are used for reporting 
results for all environmental programs. 

The current guiding document provides details on the sampling procedures and cites the document 
containing those procedures. Chapter 11 of the EMP defines the policies and practices that are 
followed to ensure the data are accurate, complete, representation, and comparable. 

The data collected in the NES monitoring programs are analyzed as stated in DOE/EH-0023 (Corley 
et al., 1981). Section 8.0 of the EMP discusses at length the statistical procedures used to analyze the 
data. 

Following the policies and procedures outlined in the various documents above, the WIPP conducted 
one internal audit and seven QA surveillances in 1993 on the environmental programs at the WIPP. 
These evaluations resulted in seven program deficiency reports (PDRs) being issued. To date, six of 
the PDRs have been closed out and the final PDR will be closed out in September 1994. 
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8.2 Revision of Procedures 
One of the responsibilities of data collection personnel is to assess collection and analysis 
methodologies. Field procedures, analytical procedures, and laboratory methodologies are periodically 
scrutinized for adequacy. Procedures and methodologies that require modification are modified 
according to the criteria set forth in WP 15-101. Additionally, radiological samples are split with the 
EEG and the NMED to act as a check that procedures are adequate and that data results are 
comparable among the WIPP, the EEG, and the NMED samples. All procedure manuals are 
reviewed regularly, updated, and expanded as necessary. 

8.3 Interlaboratory Comparisons 
The WIPP Low-Level Counting Laboratory (LLCL) participated in the DOE Environmental 
Measurements Laboratory (EML) Quality Assessment Program (QAP). The DOE-EML QAP not 
only provides an external method of ensuring the quality of LLCL analysis, but also provides a 
method for demonstrating the LLCL's analytical capabilities. 

The EML measures its performance as the ratio of a laboratory's reported results to its results. 
Results are categorized as falling within the accepted ratio range of 0.8-1.2, 0.5-1.5 and, outside the 
accepted ratio range (0.5-1.5). The LLCL fell within the accepted 0.8-1.2 range for all analytical 
results reported. 

Only analysis of water and air filters for gamma emitting nuclides was performed due to the lack of 
sample preparation facilities at the WIPP site. The WIPP is in the process of obtaining a modular 
sample preparation laboratory. Once the laboratory is installed the WIPP will have the on-site 
capability to perform actinide analysis and preparation of sample matrix other than water and air 
filters. The WIPP anticipates participation in the DOE-EML QAP for more variety of sample 
matrices will further demonstrate the analytical abilities of the LLCL. 

The WIPP was accepted for participation in the Environmental Protection Agency Intercomparison 
Program in the fall of 1993. This program will serve as an additional method of ensuring the quality 
of the analyses performed by the LLCL. 

8.4 Laboratory Quality Control 
During CY93 the WIPP extended contracts to the following analytical laboratories: 
Ross Analytical Services Inc. in Strongsville, Ohio, and Accu-Labs. in Golden, Colorado. 
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These laboratories must adhere to and provide evidence of the following compliance with the ASME 
NQA-1: 

Routine calibration of instruments 

Frequent source and background counts (as appropriate) 

Routine yield determinations of radiochemical procedures 

Replicate/duplicate, and blank analyses to check precision 

Analyses of reagents to ensure chemical purity that could affect the results of the 
analytical process 

Each laboratory will have a written and implemented QA program that utilizes standard 
analysis methods for each parameter studied. 

Participation in interlaboratory cross-checks can reveal outdated, previously acceptable 
lab procedures that are currently unsuitable or inadequate. Steps are then taKen to find 
updated methodologies. The laboratories providing chemical analytical services for the 
WIPP are required to participate in interlaboratory cross-checks conducted by the EPA. 

8.5 Record Keeping 
Records generated in support of the EMP are controlled and maintained in accordance with 
DOE Order 1324.2A, Records Description (DOE, 1992), and WIPP Records Management Procedures 
(WP 15-030). All original records are maintained in fire resistant file cabinets until they are 
transmitted to the WTPP Project Records Services (PRS) for permanent filing (WP 15-030). All 
records including raw data, calculations, computer programs, or other data manipulation media are 
subject to review and verification under the WIPP Quality Assurance Program. The Environmental 
Monitoring Section is responsible for validating of these records before transmitting them to the PRS 
center in accordance with the Records Inventory Disposition Schedule. 

Records (i.e., reports of analyses and sample receipt forms transmitted by contract analytical 
laboratories) are dated upon receipt and a copy made for QC review as specified in NES/RES QA/QC 
Implementation Procedures (WP 02-302). Specific record and data management procedures including 
those referencing data manipulations are implemented according to the WIPP Groundwater 
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Monitoring Program Plan and Procedures Manual, "RES Data Management Procedure" 
(WP 02-305), and NES Data Management Procedure (WP 02-334). 

The WIPP complies with record-keeping requirements issued under 40 CFR Part 61, Subpart H 
(EPA, 1985B), which pertain to atmospheric radionuclide emissions (WP 02-301). In addition unless 
regulations are amended in the future, records development pursuant to these criteria (i.e., Medical, 
Health and Safety Records) will be maintained at least 30 years as specified in DOE 1324.2A (DOE, 
1992), Chapter V, Attachment 1, Schedule 25. 

Consistent record-keeping in all aspects of the Environmental Monitoring Programs are a part of QA 
requirements. Section 10 of the EMP lists of the required records and reports and the laws, 
regulations, or DOE Orders that contain the requirements. Records are maintained in accordance with 
WP 15-030, Records Management. 

8-5 



1993 WIPP Site Environmental Report 

This page intentionally left blank. 



CHAPTER 9 

REFERENCES 

„ . . . -»• •:• 



Chapter 9 
References 
American National Standards Institute/American Society of Mechanical Engineers (ASME/NQA-1), 
1986, Revised 1989, Quality Assurance Program Requirements for Nuclear Facilities, NQA-1-1989. 

Atomic Energy Commission, Project Gnome: Project Manager's Report, Washington, D. C , 1962a. 

Atomic Energy Commission, Project Gnome Final Report: Weather and Surface Radiation Prediction 
Activities, PNE-126F, Washington, D. C , 1962b. 

Atomic Energy Commission, Project Gnome Final Report: Off-Site Radiological Safety Report, 
PNE-132F, Washington, D. C , 1962c. 

Atomic Energy Commission, Project Gnome Final Report: On-Site Radiological Safety Report, 
PNE-133F, Washington, D. C , 1962d. 

Hart, J. S., and L. M. Brausch, Plan to Mitigate Effects on Archeological Resources; Site and 
Preliminary Design Validation (SPDV), Waste Isolation Pilot Plant, Eddy County, New Mexico, 
International Technology Corporation, Albuquerque, New Mexico, 1980. 

Powers, D. W., et al., (eds.), Geological Characterization Report, Waste Isolation Pilot Plant 
(WIPP) Site, SAND 78-1596, Sandia National Laboratories, Albuquerque, New Mexico., 1978. 

Reith, C. C. and G. Daer, Radiological Baseline Program for the Waste Isolation Pilot Plant: 
Program Plan, WTSD-TME-057, Waste Isolation Pilot Plant, Carlsbad, New Mexico, 1985. 

Reith, C. C , et al., Ecological Monitoring Program for the Waste Isolation Pilot Plant, Semi-Annual 
Report: July-December 1984, WTSD-TME-058, Waste Isolation Pilot Plant, Carlsbad, New 
Mexico., 1985. 

U. S. Department of Energy, DOE/EH-0349, Environmental Management Assessment of the WIPP, 
Carlsbad, NM, My 1993. 

U. S. Department of Energy, DOE/WIPP 88-008, Ecological Monitoring Program at the Waste 
Isolation Pilot Plant, Annual Report, Calendar Year 1987, 1988. 

9-1 



1993 WIPP Site Environmental Report 

U. S. Department of Energy, DOE/WIPP 88-009, Annual Site Environmental Monitoring Report for 
the Waste Isolation Pilot Plant, Calendar Year 1987, 1988. 

U. S. Department of Energy, DOE/WIPP-89-001, Annual Water Quality Data Report for the Waste 
Isolation Pilot Plant, 1989. 

U. S. Department of Energy, DOE/WIPP 89-005, Annual Site Environmental Report For the Waste 
Isolation Pilot Plant, Calendar Year 1988, 1989. 

U. S. Department of Energy, DOE/WIPP 88-025, Operational Environmental Monitoring Plan for 
the Waste Isolation Pilot Plant, Waste Isolation Pilot Plant, Carlsbad New Mexico., 1989. 

U. S. Department of Energy, Final Safety Analysis Report, Waste Isolation Pilot Plant, WP 02-9, 
Waste Isolation Pilot Plant, Carlsbad, New Mexico, 1990. 

U. S. Department of Energy, DOE/WIPP 90-003, Waste Isolation Pilot Plant Site Environmental 
Report for Calendar Year 1989, 1990. 

U. S. Department of Energy, DOE/WIPP 90-008, Waste Isolation Pilot Plant Groundwater 
Protection Management Plan, 1990. 

U. S. Department of Energy, DOE/WIPP 89-003, DOE, Waste Isolation Pilot Plant No-Migration 
Variance Petition, Revision 1, 1990d. 

U. S. Department of Energy, DOE/WIPP 91-008, Waste Isolation Pilot Plant Site Environmental 
Report for Calendar Year 1990, 1991. 

U. S. Department of Energy, DOE/WIPP 91-025, 1990 Annual Water Quality Data Report for the 
Waste Isolation Pilot Plant, WIPP Project, Carlsbad, New Mexico, 1991. 

U. S. Department of Energy, DOE/WIPP 91-054, Environmental Protection Implementation Plan for 
the Waste Isolation Pilot Plant, 1991. 

U. S. Department of Energy, DOE/WIPP 91-059, Waste Isolation Pilot Plant No-Migration 
Determination Annual Report for the Period November 1990 through September 1991, Waste Isolation 
Pilot Plant, Carlsbad, New Mexico, 1991. 

9-2 



1993 WIPP Site Environmental Report 

U. S. Department of Energy, 1992, Resource Conservation and Recovery Act Part B Permit 
Application, DOE/WIPP 91-005, Revision 1.0, Waste Isolation Pilot Plant, Carlsbad, NM. 

U. S. Department of Energy, DOE/WIPP 92-013, Background Water Quality Characterization Report 
for the WIPP, 1992. 

U. S. Department of Energy, DOE/WIPP 92-037, Statistical Summary of the Radiological Baseline 
Program for the WIPP, 1992. 

U. S. Department of Energy, DOE/WIPP 92-038, Summary of the Salt Impact Studies at the WIPP, 
1984 to 1990, 1992. 

U. S. Department of Energy, DOE/WIPP 92-039, A Study of Disturbed Land Reclamation Techniques 
for the WIPP, 1992. 

U. S. Department of Energy, WP 02-3, Environmental Procedures Manual, 1988. 

U. S. Department of Energy, WP 02-1, Rev. 2, Groundwater Monitoring Program Plan and 
Procedures Manual, 1990. 

U. S. Department of Energy, Environmental Measurements Laboratory, HASL-300, Environmental 
Measurement Laboratory Procedures Manual, (revised annually). 

U. S. Department of Energy, Implementation of the National Environmental Policy Act (NEPA), DOE 
Order AL 5440. IE, Albuquerque Operations Office, Albuquerque, New Mexico. 

U. S. Department of Energy, 1981, Department of Energy/Waste Isolation Pilot Plant, Record of 
Decision, Fwterai ftp-gist^ Vol. 46, No. 18, pp. 9162-9164. 

U. S. Department of Energy, Final Environmental Impact Statement, Waste Isolation Pilot Plant, 
DOE/EIS-0026, Vols. 1 and 2, Washington, D.C., 1980. 

U. S. Department of Energy, DOE/EH-0023, A Guide for Environmental Radiological Surveillance at 
U.S. Department of Energy Installations, U.S. Department of Energy, Washington, D. C , 1981. 

U. S. Department of Energy, Quality Assurance, DOE Order 5700.6C, Washington, D.C., 1986. 

9-3 



1993 WIPP Site Environmental Report 

U. S. Department of Energy, General Environmental Protection Program, DOE Order 5400.1, 
Washington, D.C., 1988a. 

U. S. Department of Energy, Radiation Protection of the Public and the Environment, DOE Order 
5400.5, Washington, B.C., 1988b. 

U. S. Department of Energy, Radioactive Waste Management, DOE Order 5820.2A, Washington, 
D.C., 1988d. 

U. S. Department of Energy, Hazardous and Radioactive Mixed Waste Program, DOE Order 5400.3, 
Washington, D.C., 1989. 

U. S. Department of Energy and U.S. Department of Labor (DOL), 1987, Memorandum of 
Understanding Between the U.S. Department of Energy and the U.S. Department of Labor, signed 
June 1987 by Roy L. Bernard, Administrator for Metal and Nonmetal Mine Safety and Health, U.S. 
Department of Labor, and R. G. Romotowski, Manager, Albuquerque Operations Office, U.S. 
Department of Energy. 

U. S. Department of Energy 1990a, Final Supplement Environmental Impact Statement, Waste 
Isolation Pilot Plant, DOE/EIS-0026-FS, U.S. Department of Energy, Office of Environmental 
Restoration and Waste Management, Washington, D.C. 

U. S. Department of Energy, 1990c, Record of Decision, Waste Isolation Pilot Plant, Eederal 
Register, Vol. 55, No. 121, pp. 25689-25692. 

U. S. Department of Energy, 1991a, Final Safety Analysis Report Addendum, Dry Bin Scale Test, 
WP 02-9, Revision 0, Waste Isolation Pilot Plant, Carlsbad, NM. 

U. S. Department of Energy, 1991b, Waste Isolation Pilot Plant RCRA Part A Permit Application, 
Waste Isolation Pilot Plant, Carlsbad, NM. 

U. S. Department of Energy, Environmental Regulatory Guide for Radiological Effluent Monitoring 
and Environmental Surveillance, DOE/EH-0173T, January 1991. 

U. S. Department of Energy, Records Description, DOE Order 1324.2A, Washington D.C., 1992 

9-4 



1993 WIPP Site Environmental Report 

U. S. Environmental Protection Agency, 1990b, Notice Proposing to Grant a Conditional Variance to 
the Department of Energy Waste Isolation Pilot Plant (WIPP) from Land Disposal Restrictions, 
Federal Register, Vol. 55, No. 67, pp. 13068-13094. 

U. S. Environmental Protection Agency 1990c, Conditional No-Migration Determination for the 
Department of Energy Waste Isolation Pilot Plant (WIPP), Federal Register, Vol. 55, No. 220, 
pp. 47700-47721. 

U. S. Environmental Protection Agency, Interim Guidelines and Specifications for Preparing Quality 
Assurance Project Plans, EPA Publication QAMS-005/80, December 29, 1980. 

U. S. Environmental Protection Agency, 1986, State Authorization to Regulate the Hazardous 
Components of Radioactive Mixed Wastes Under the Resource Conservation and Recovery Act, 
Fp.dp.ra1 Agister, Vol. 51, No. 128, pp. 24504-24505. 

U. S. Geological Survey, Geohydrology of the Proposed Waste Isolation Pilot Plant Site, Los 
Medanos Area, Southeastern New Mexico, USGS 83-4016., 1983. 

U. S. Nuclear Regulatory Commission, 1990, Certificate of Compliance for Radioactive Materials 
Packaging, No. 9218, U.S. Nuclear Regulatory Commission, Washington, D.C. 

Westinghouse Electric Corporation, 1991, VOC Monitoring Plan for Bin-Room Tests, WP 12-6, 
Waste Isolation Pilot Plant, Carlsbad, New Mexico. 

Westinghouse Electric Corporation, 1992, Volatile Organic Compounds Monitoring Quality Assurance 
Program Plan, Revision 1, WP 12-7, Waste Isolation Pilot Plant, Carlsbad, New Mexico. 

Westinghouse Electric Corporation, 1992, WID Quality Assurance Manual, WP 13, Rev. 14,. 

9-5 

http://Fp.dp.ra1


1993 WIPP Site Environmental Report 

This page intentionally left blank. 



IUSQUIR^DLC • 

DISTRIBUTION^ 

- • - . * * L»?i^r'sJH J^msS^-^^^y^ 



Chapter 10 
Required Distribution 
WIPP Public Reading Room 
National Atomic Museum 
Albuquerque Operations Office 
P.O. Box 5400 
Albuquerque, NM 87115 

Ms. Mary Elms 
Carlsbad Public Library 
101 S. Halagueno St. 
Carlsbad, NM 88220 

Martin Speare Memorial Library 
New Mexico Tech 
Campus Station 
Socorro, NM 87801 

Pannell Library 
New Mexico Junior College 
5317 Lovington Highway 
Hobbs, NM 88240 

Ms. Elisa Monnet 
SNL Waste Mgmt. & Transpt. 
Organization 6332 
P.O. Box 5800 
Albuquerque, NM 87185 

Ms. Norma McCallum 
New Mexico State Library 
325 Don Gaspar 
Santa Fe, NM 87503 

Raton Public Library 
244 Cook Avenue 
Raton, NM 87740 

List 
Ms. Joan Ogbazghi 
DOE/Forrestal Bldg. 
Public Library Reading Room 
1000 Independence Ave. SW 
Washington D. C. 20585 

SNL Technical Library 
Attn: Reports Reference Desk, 3144 
P.O. Box 5800 
Albuquerque, NM 87185 

Ms. Kathleen Keating 
Zimmerman Library 
Government Publication Dept. 
University of New Mexico 
Albuquerque, NM 87138 

Document Control 
Office of Scientific and Tech. 
Technical Information Center 
P.O. Box 62 
Oak Ridge, TN 37830 

Mr. John T. Conway, Chairman 
Defense Nuclear Facilities 
Safety Board 
625 Indiana Ave., NW, Suite 700 
Washington, DC 20004 

Reference Librarian 
Thomas Brannigan Memorial Library 
200 E. Picacho 
Las Cruces, NM 88005 

Public Reading Room 
P.O. Box 5400 
Albuquerque, NM 87185-5400 

10-1 



1993 WIPP Site Environmental Report 

R. H. Neill, Dir. 
Environmental Evaluation 
State of New Mexico 
7007 Wyoming, NE, Suite F2 
Albuquerque, NM 87109 

Roswell Public Library 
301 N. Pennsylvania 
Roswell, NM 88201 

Mr. J. Kenney 
Environmental Evaluation Group 
P.O. Box 3149 
Carlsbad, NM 88220 

Albuquerque Bernallio Library 
501 Copper Ave. NW 
Building 080 
Albuquerque, NM 87138 
U. S. Department of Energy 

U. S. Department of Energy 
EH-22 
3-G 092/FORS 
1000 Independence Avenue, S.W. 
Washington, D.C. 20585 

EM-34 
323 Trevion 
12800 Middlebrook Rd 
Germantown, MD 20874 

U. S. EPA 
Region VI 
Suite 1200 
1445 Ross Avenue 
Dallas, TX 75202-2733 

U.S. Department of Energy 
Albuquerque Field Operations Office 
P.O. Box 5400 
Pennsylvania and H Street 
Albuquerque, NM 87185-5400 

New Mexico Environment Department 
WIPP Site 
P.O. Box 3090 
Carlsbad, NM 88221-3090 

Judith M. Espinosa, Sec. 
Harold Runnels Building 
1190 St. Francis Drive 
P.O. Box 26110 
Santa Fe, NM 87502 

Neil Weber 
New Mexico Environment Department 
1190 St. Francis Drive 
P.O. Box 26110 
Santa Fe, NM 87502 

Carlsbad Environmental 
Monitoring & Research Center 
Attention: Director 
800 W. Pierce St. 
Carlsbad, NM 88220 

University of California at Los Angeles 
Wootyo Hone 
405 Hilgard Ave. 
Los Angeles, CA 90024 

10-2 



; , : > . ; • " ' 



1993 W1PP Site Environmental Report 

Appendix 1 

Gross Alpha and Beta 
Concentrations 

Reported by Location 



Carlsbad 
1993 Gross Alpha / Gross Beta 

ST 

> 5° 
JET » 

3.20E+00 

3.00E+00 

2.80E+00 

2.60E+00 

2.40E+00 

2.20E+00 

2.00E+00 

1.80E+00 

1.60E+00 

1.40E+00 

1.20E+00 

1.00E+00 

8.00E-01 

6.00E-01 

4.00E-01 

2.00E-01 

0.00E+00 

0 1 2 3 4 5 G 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 
Week Number 

• Gross Alpha o Gross Beta 694B:6S01a 



Eunice 
1993 Gross Alpha / Gross Beta 

9 
g o 

m l 

1.70E+00 

1.60E+00 

1.50E+00 

1.40E+00 

1.30E+00 

1.20E+00 

1.10E+00 

1.00E+00 

9.00E-00 

8.00E-01 

7.00E-01 

6.00E-01 

5.00E-01 

4.00E-01 

3.00E-01 

2.00E-01 

1.00E-01 

0 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 2122 23 24 25 26 27 28 29 30 3132 33 34 35 36 37 38 39 40 4142 43 44 45 46 47 48 49 50 5152 
Week Number 

• Gross Alpha Gross Beta •594B:6501b 



Mills Ranch 
1993 Gross Alpha / Gross Beta 

1.90E+00 

1.80E+00 

1.70E+00 

1.60E+00 

i 
1.50E+00 
1.40E+00 
1.30E+00 

? 1.20E+00 

A-3 

B
q

/m
l 

m
es

lO
E

 

1.10E+00 
1.00E+00 

E 9.00E-01 

8.00E-01 

7.00E-01 

6.00E-01 

5.00E-01 

4.00E-01 

3.00E-01 

2.00E-01 

1.00E+00 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 
Week Number 

• Gross Alpha o Gross Beta 694B:6501e 



Smith Ranch 
1993 Gross Alpha / Gross Beta 

- l i i 

* erg 

E 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 
Week i lumber 

• Gross Alpha o Gross Beta 694B:6501h 



WIPP East 
1993 Gross Alpha / Gross Beta 

- • a 

2.00E+00 

1.90E+00 

1.80E+00 

1.70E+00 

1.60E+00 

1.50E+00 

1.40E+00 

1.30E+00 

1.20E+00 

1.10E+00 

1.00E+00 

9.00E-01 

8.00E-01 

7.00E-01 

6.00E-01 

5.00E-01 

4.00E-01 

3.00E-01 

2.00E-01 

1.00E+00 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 

Week Number 

• Gross Alpha o Gross Beta 694B:6501» 



WIPP Far Field 
1993 Gross Alpha / Gross Beta 

2.20E+00 

2.10E+00 

2.00E+00 

1.90E+00 

1.80E+00 

1.70E+00 

1.60E+00 

1.50E+00 

^ 1.40E+00 

E ° 

"I 
t 

1.30E+00 

1.20E+00 

1.10E+00 

1.00E+00 

9.00E-01 

8.00E-01 

7.00E-01 

6.00E-01 

5.00E-01 

4.00E-01 

3.00E-01 

2.00E-01 

1.00E+00 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 
Week Number 

Gross Alpha Gross Beta •=1946:65019 



WIPP South 
1993 Gross Alpha / Gross Beta 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 

Week Number 

Gross Alpha o Gross Beta 694B:6501 



South East Control 
1993 Gross Alpha / Gross Beta 

X I. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 
Week Number 

Gross Alpha o Gross Beta 694B.6501C 



METRIC ERA CTIONS 
Multiple Decimal Eauivaient Prefix Svmbol 

106 1,000,000 mega- M 
103 1,000 kilo- k 
102 100 hecto- h 
10 10 deka- da 
10-1 0.1 deci- d 
10-2 0.01 centi- c 
10-3 0.001 milli- m 
10-6 0.000001 micro- H 
10-9 0.000000001 nano- n 
10-12 0.000000000001 pico- P 
10-15 0.000000000000001 femto- f 
10-18 0.000000000000000001 atto- a 

METRIC CONVERSION TABLE 
MultiDlv l a Equals M ultiplv fiy Equal? 

in. 2.54 cm cm 0.394 in. 
ft 0.305 m m 3.28 ft 
ac 0.404 ha ha 2.47 ac 
mi 1.61 km km 0.621 mi 
lb 0.4536 kg kg 2.205 lb 

liq. qt. - U.S. 0.946 i i 1.057 liq. q t - U.S. 
ft2 0.093 m2 m2 10.764 ft2 
mi2 2.59 km2 km2 0.386 mi 2 

«3 0.028 m3 m3 35.31 «3 
d/m 0.450 pCi pCi 2.22 d/m 

pCi/l (water) 10-9 uCi/ml (water) uCi/ml (water) 109 pCi/l (water) 
pCi/m3 (air) 10-12 uCi/cc (air) jiCi/cc (air) 1012 pCi/m3 (air) 

TRADITIONAL AND INTERNATIONAL SYSTEMS OF 
RADIOLOGICAL UNITS 
(Traditional units are in parentheses.) 

Expression in Terms 
Quanti ty Name Symbol of Other Units 

absorbed dose Gray 
(rad) 

Gy 
rad 

J/Kg-1 
10-2Gy 

activity Becquerei Bq 1 dps 
(curie) Ci 3.7 x 101" Bq 

dose equivalent Sievert Sv J/Kg-1 
(rem) rem 10-2Sv 

exposure Coulomb per 
kilogram C/Kg-1 

(roentgen) R 2.58x10-»C/Kg-1 
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ABSTRACT 

The Waste Isolation Pilot Plant (WIPP) is being constructed at a depth of 
650 m in bedded halites of the Salado'Formation. The geologic setting of 
the WIPP site has been active for at least 250 million years, and is 
presently responding to the end of the last pluvial period, within the 
10,000-year time scale of regulatory interest. Both construction of the 
WIPP facility and WIPP site-characterization activities impose additional 
transient effects, some of which will last until the hydrologic and 
structural closure of the facility. 

The Bell Canyon Formation beneath the WIPP facility contains shales, 
siltstones, and sandstones. Studies suggest that no channel sandstone is 
present in the Bell Canyon beneath the WIPP site. Fluid movement would be 
downward if drilling interconnected the Bell Canyon with the Rustler 
Formation, the first water-bearing zone above the WIPP facility. 

The Salado and Castile Formations contain abundant bedded halites and 
anhydrites, and deform in response to gravity. Fluids play a major role in 
this deformation, although the regional permeabilities of both units are 
extremely low. Pressurized brines may be present within the Castile 
Formation 200 m or more beneath the WIPP waste-emplacement panels. The 
hydrologic and structural characteristics of the Salado change within an 
altered zone extending a few meters from the WIPP underground workings. 

Distribution 
Category UC-70 
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The permeability within this altered zone is enhanced, and deformation 
includes local opening of preexisting fractures in anhydrite and formation 
of new fractures in halite. Within a few meters of the facility the Salado 
characteristics become those of the far field, in which permeability is 
extremely low and deformation is dominated by creep. Brine seepage into 
the WIPP facility is extremely slow, and involves transient behavior 
resulting from the combined effects of deformation, low permeability, and 
ventilation. 

At the WIPP site, the hydrology and geochemistry of the Rustler Formation 
and younger units overlying the Salado are dominated by confined flow 
within the Culebra dolomite. Rustler karst is- not present at the WIPP 
site, but is present in and near Nash Draw. The combination of modern 
heads and transmissivities of units other than the Culebra indicates the 
potential for limited vertical flow within the Rustler, and from the Salado 
into the Rustler, but is not consistent with infiltration of water from the 
surface to the Rustler carbonates at the WIPP site. Isotopic studies 
indicate that surficial water was required for formation of secondary 
gypsum veins within the Dewey Lake Red Beds overlying the Rustler. The 
distribution of hydrochemical facies in Culebra groundwaters and the 
results of stable-isotope, radiocarbon, and uranium-disequilibrium studies 
are all consistent with the interpretation that there is no modern recharge 
to the Rustler at the WIFP site, and that a change of flow directions in 
the Culebra dolomite has occurred over approximately the last 10,000 years. 

The transmissivity of the Culebra dolomite varies by approximately 6 orders 
of magnitude at and near the WIPP site. The transmissivity in the central 
portion of the site, including the locations of all four WTPP shafts, is 
low (less than 10*6 m^/s). Higher Culebra transmissivities are found 
south, northwest, and west of the site, especially in Nash Draw. 
Fracturing within the Culebra affects local hydrology and contaminant 
transport, but is not significant in regional-scale behavior at and near 
the site, at least so long as the present distribution of head potentials 
is not significantly disturbed. 
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SUMMARY 

The Waste Isolation Pilot Plant (WIPP), which is designed for receipt, 
handling, storage, and permanent isolation of defense-generated transuranic 
wastes, is being excavated at a depth of approximately 655 m in bedded 
halites of the Permian Salado Formation of southeastern New Mexico. Site-
characterization activities at the present WIPP site began in 1976. Full 
construction of the facility began in 1983, after completion of "Site and 
Preliminary Design Validation" (SPDV) activities and reporting. Site-
characterization activities since 1983 have had the objectives of updating 
or refining the overall conceptual model of the geologic, hydrologic, and 
structural behavior of the WIPP site and providing data adequate for use in 
WIPP performance assessment. 

This report has four main objectives: 

1. Summarize the results of WIPP site-characterization studies carried 
out since the spring of 1983 as a result of specific agreements between 
the U.S. Department of Energy and the State of New Mexico. 

2. Summarize the results and status of site-characterization and 
facility-characterization studies carried out since 1983, but not 
specifically included in mandated agreements. 

3. Compile the results of WIPP site-characterization studies into an 
internally consistent conceptual model for the geologic, hydrologic, 
geochemical, and structural behavior of the WIPP site. This model 
includes some consideration of the effects of the WIPP facility and 
shafts on the local characteristics of the Salado and Rustler 
Formations. 

4. Discuss the present limitations and/or uncertainties in the 
conceptual geologic model of the WIPP site and facility. 

The objectives of this report are limited in scope, and do not include 
determination of whether or not the WIPP Project will comply with 
repository-performance criteria developed by the U.S. Environmental 
Protection Agency (40CFR191). When combined, the results of recent and 
previous geologic studies of the WIPP site form a conceptual model, 
summarized below. The model presented is limited to aspects relevant to 
WIPP site characterization and, ultimately, performance assessment. 

The overall geologic and hydrologic setting of the WIPP site area has been 
transient (not steady-state) since before the beginning of deposition of 
the Bell Canyon Formation, approximately 250 million years ago, and will 
continue to be transient after effective closure of the WIPP facility. 
Some events, such as crystallization of secondary minerals within the 
Salado Formation approximately 200 million years ago and formation of the 
Mescalero caliche 400,000 to 500,000 years ago, have taken place on a very 
long time scale relative to WIPP performance assessment, which must 
consider only a 10,000-year time frame. Two types of transient response 
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have occurred or are occurring at and near the WIPP site within the 10,000-
year time frame of regulatory interest. These are: a) the continuing 
natural response of the geologic and hydrologic systems to the end of the 
last pluvial period (period of decreased temperatures and increased 
precipitation) in southeast New Mexico; and b) the continuing responses to 
hydrologic, geochemical, and structural transients resulting from WIPP site 
characterization and facility construction. The transient responses 
induced by the presence of the WIPP underground workings will continue 
until reequilibration following effective structural and hydrologic closure 
of the facility. 

The Bell Canyon Formation, consisting largely of shales, siltstones, and 
sandstones, contains the first relatively continuous water-bearing zone 
beneath the WIPP facility. In some parts of the northern Delaware Basin, 
the unit contains permeable channel sandstones that are targets for 
hydrocarbon exploration. Recent studies suggest that the upper Bell Canyon 
at the WIPP site does not contain any major channel sandstone. This 
decreases the probability of the Bell Canyon serving as a source of fluids 
for dissolution of overlying evaporites at the WIPP. These same studies 
indicate that the final direction of fluid flow following interconnection 
of the Bell Canyon, Salado, and Rustler Formations within a drillhole would 
be downward into the Bell Canyon, after accounting for density increases in 
the fluids due to dissolution of halite within the Salado. It is assumed 
here that the measured hydrologic characteristics of the Bell Canyon 
Formation are more significant to WIPP performance assessment than those of 
underlying units. The head distribution within the upper Bell Canyon near 
the WIPP site indicates flow towards the northeast. 

Both regional studies and studies within the WIPP facility indicate that 
the Castile and Salado Formations, both of which are made up predominantly 
of layered anhydrites and halites, should be considered as low-permeability 
units that deform regionally in response to gravity. In general, 
permeabilities and fluid-flow rates in both units are very low and are 
insensitive to stratigraphy. Formation permeabilities in the Castile and 
Salado Formations remote from the WIPP excavations are generally less than 
0.1 microdarcy, and the regional water content of Salado halites is up to 2 
weight percent. Exceptions include local brine occurrences in Castile 
anhydrites and gas occurrences in the Salado Formation, both of which are 
fracture-controlled, can be large in volume, and can be under pressures 
high enough to cause fluid flow to the surface. No major gas occurrence 
within the Salado Formation has been encountered at the WIPP site. In 
fact, where it has been possible to measure far-field brine pressures 
within the Salado, the pressures, permeabilities, and available brine 
volumes combine to indicate the potential for only very limited fluid flow 
upwards into^ the overlying Rustler Formation. It is not certain that the 
Castile and Salado Formations are hydrologically saturated regionally. 

Pressurized Castile brines have been encountered in Castile anhydrite in 
hole WIPP-12, approximately 1.5 km north of the centeT of the WIPP site. 
Geophysical studies indicate that Castile brines may be present beneath a 
portion of the WIPP waste-emplacement panels, consistent with earlier 
assumptions. These brines are stratigraphically 200 m or more below the 
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WIPP facility horizon and are not of concern except in the case of human-
intrusion breach of the facility. 

In the western part of the Delaware Basin, extensive halite dissolution has 
apparently taken place in both the Castile and Salado Formations. However, 
much of the variability in structure and internal stratigraphic thicknesses 
within the Castile and Salado Formations results from deformation and 
original depositional variability, rather than from evaporite dissolution. 
Regional or far-field deformation of the Castile and Salado Formations 
involves pressure solution as a major mechanism, due to the presence of 
intergranular fluids, but occurs too slowly to be of future concern to the 
WIPP Project. Structures within hole DOE-2 "result from deformation rather 
than dissolution. 

The hydrologic and structural characteristics of the Salado Formation in 
the disturbed zone generated by the presence of the WIPP facility are 
different than thosê  in the far field. Formation permeability within a 
couple of meters of the underground workings at the facility horizon 
increases significantly. Near-field deformation of the Salado Formation 
involves both the opening of preexisting fractures in anhydrite beneath the 
facility horizon (Marker Bed 139) and generation of new fractures in 
halite. Fluid contents in the disturbed zone at the facility horizon 
decrease in response to facility ventilation and/or deformation. Within a 
few meters of the underground workings, both hydrologic and structural 
behavior of the Salado Formation become essentially those of the far field. 
Brine seepage into the WIPP facility includes a significant transient 
phase, which will probably last until effective facility closure. The 
results of preliminary hydrologic testing in the Salado Formation adjacent 
to the WIPP air-intake shaft indicate extremely low permeabilities, with no 
apparent stratigraphic variability. The results also indicate that 
development of a disturbed zone around the WIPP shafts is less extensive 
than at the facility horizon. The extent, characteristics, and importance 
of the disturbed-rock zones around the WIPP shafts and at the facility 
horizon remain .to be determined in detail. 

At and near the WIPP site, the Rustler Formation should be considered as a 
layered unit of anhydrites, siltstones, and halites, containing a thin and 
variably fractured carbonate unit, the Culebra dolomite. The Culebra 
dolomite is the first continuous water-bearing unit above the WIPP facility 
and, at the WIPP site, is at least an order of magnitude more permeable 
than other members of the Rustler Formation, including the Magenta 
dolomite. The transmissivities of Rustler anhydrites at the WIPP site are 
too low to measure. As a result, the Culebra dominates fluid flow within 
the Rustler Formation at the WIPP site and is the most significant pathway 
to the accessible environment from the WIPP facility, except for direct 
breach to the surface by human intrusion. The transmissivity of the 
Culebra varies by approximately six orders of magnitude in the region 
containing the WIPP site. The Culebra transmissivity in the central 
portion of the site, including the locations of all four WIPP shafts, is 
low. Higher Culebra transmissivities are found in areas southeast and 
northwest of the central part of the site. Fluid flow rates within the 
Culebra are very low at the site center and in regions to the east, but 
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relatively high within Nash Draw. Modern flow in the Culebra is confined 
and largely north-south in the area of the WTPP site. 

Fluid flow and geochemistry within the Culebra dolomite and shallower units 
are in continuing transient response to the marked decrease or cessation of 
local recharge at approximately the end of the last pluvial period. Both 
bulk chemistry and isotopic relations within Culebra fluids are 
inconsistent with modern flow directions if steady-state confined flow is 
assumed. Because of the relative head potentials within the Rustler 
Formation at and near the WIPP site, there must be a small amount of 
vertical fluid flow between its members, even though the permeabilities of 
Rustler members other than the Culebra dolomite are quite low. Where 
measured successfully, the modern head potentials within the Rustler 
prevent fluid flow from the surface downward into the Rustler carbonates. 
These results do not prohibit either the modern movement of fluids from the 
underlying Salado Formation upwards into the Rustler Formation or the 
downward movement of Dewey Lake waters into the Rustler Formation during or 
even after the cessation of local recharge at the end of the last pluvial 
period. They do, however, suggest that recharge from the surface to the 
Rustler Formation is not now occurring at the WIPP site. The results of 
stable-isotope, radiocarbon, and uranium-disequilibrium studies are also 
consistent with the interpretation that there is no measurable modern 
recharge to the Culebra dolomite from the surface at and near the WIPP 
site. The transient hydrologic response of the Rustler Formation to the 
end of the last pluvial period has involved at least some change in flow 
directions in the Culebra dolomite. Although the modern flow is largely 
north-south, the results of uranium-disequilibrium studies suggest that 
flow was more easterly during previous recharge. 

Within and near Nash Draw, evaporite karst is operative within the Rustler, 
as evidenced by the continuing development of small caves and sinkholes in 
near-surface anhydrites and gypsums of the Forty-niner and Tamarisk 
Members. There is no evidence of karstic hydrology in the Rustler at and 
near the WIPP site. However fracturing of some portions of the Culebra 
dolomite is sufficient at the site to strongly affect both hydraulic and 
transport behavior on the hydropad scale, i.e., over distances of approxi
mately 30 m. Interpretation of multipad interference tests conducted both 
north and south of the center of the WIPP site indicates that this fractur
ing need not be incorporated into numerical modeling of the regional-scale 
hydraulic behavior of the Culebra east of Nash Draw. Similarly, detailed 
transport calculations indicate that effects due to fracturing are not 
significant in regional-scale transport within the Culebra dolomite at and 
near the WIPP site, at least as long as the modern head distribution is not 
significantly disturbed and the calculated flow directions and transport 
properties are representative. 

The Dewey Lake Red Beds overlying the Rustler Formation consist largely of 
siltstones and claystones, with subordinate sandstones. In tested 
locations, the Dewey Lake may be hydrologically unsaturated, but is too low 
in permeability for successful hydrologic testing. South of the WIPP site, 
near an area where the unit may be receiving modern recharge, sandstones 
within the Dewey Lake locally produce potable water. In general, water 
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levels within the Dewey Lake Red Beds, like those in the underlying Rustler 
Formation, must be in transient response to the end of the last pluvial 
period. Isotopic relations suggest that surficial waters have been 
involved in the formation of secondary gypsum veins- within the Dewey Lake, 
but that the Dewey Lake and Rustler hydrologic systems are largely 
separate. 

The major near-surface units at the WIPP site are the Gatuna Formation and 
Mescalero caliche. The sandstones and stream-channel conglomerates within 
the Gatuna indicate that major changes in local climate have occurred over 
(at least) the last 600,000 years. The widespread preservation of the 
Mescalero caliche indicates not only the" relative structural stability of 
the Livingston Ridge surface (on which the WIPP surface facilities are 
sited) over the last 400,000 years, but also that infiltration over this 
same time period has not been sufficient to dissolve a layer of carbonate 1 
to 2 m thick. 

A 
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SUMMARY OF SITE-CHARACTERIZATION STUDIES CONDUCTED 
FROM 1983 THROUGH 1987 AT THE WASTE ISOLATION 

PILOT PLANT (WIPP) SITE. SOUTHEASTERN NEW MEXICO 

1.0 INTRODUCTION 

The Waste Isolation Pilot Plant (WIPP) in southeastern New Mexico (Figure 
1.1) is designed for the receipt, handling, storage, and disposal of 
defense-generated transuranic (TRU) wastes. The WIPP underground 
facilities are currently being constructed at a depth of approximately 655 
m in bedded halites in the lower portion of the Salado Formation (Table 
1.1). First receipt of waste is scheduled for October 1988. 

WIPP site-characterization activities began in 1976 with the drilling of 
hole ERDA-9 near the center of the site (Sandia National Laboratories and 
United States Geologic Survey, 1983) (Figure 1.2). As used here, the term 
"WIPP site" specifically refers to the sixteen square miles of T22S, R31E 
contained within WIPP Zone 3 and shown in Figure 1.2. This terminology is 
used for internal consistency within the report. Construction of the WIPP 
facility and monitoring of its underground structural and hydrologic 
behavior began in 1981, with construction of two shafts and limited 
underground workings. 

WIPP site-characterization and facility-characterization studies through 
March 1983 are documented in several reports, including: 1) the WIPP 
Geologic Characterization Report (Powers et al., 1978); 2) the WIPP Final 
Environmental Impact Statement (FEIS) (U.S. Department of Energy, 1980); 
and 3) both summary and topical reports completed as part of the WIPP Site 
and Preliminary Design Validation (SPDV) effort (e.g., Beauheim et al., 
1983a; Borns et al., 1983; Lambert, 1983; Popielak et al., 1983;.Weart, 
1983; Wood et al., 1982). 

After the SPDV studies were completed and documented, the U.S. Department 
of Energy and the State of New Mexico agreed to several additional site-
characterization activities, which, with one exception, were scheduled for 
completion by January 1988. The. specific studies are described in 
Appendices I and II to the "Agreement for Consultation and Cooperation 
Between [the U.S.] Department of Energy and the State of New Mexico on the 
Waste Isolation Pilot Plant" (1981), and are referred to here as "C&C 
studies." Some non-C&C studies, such as a major regional-scale 
interference test of the Culebra dolomite, have also been carried out since 
1983. A reactive-tracer experiment in the Culebra dolomite, originally a 
C&C study, was deleted during 1987, by agreement between DOE and the State 
of^New Mexico. Studies agreed to in lieu of the reactive-tracer experiment 
should, with a few exceptions, be completed and reported by approximately 
December 1988. 

Thus, formal WIPP site-characterization activities will end approximately 
December 1988. However, understanding of the geologic, hydrologic, and 
geochemical behavior of the WIPP facility (and site) will continue to 
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TEXAS 

Figure 1.1: Setting of the WIPP site relative to the northern Delaware Basin. Selected geomorphic 
features and some holes referred to in text but not shown in Figure 1.2 are also 
included. Modified from Figure VI-1 of Lambert (1983). 



Table 1.1: Generalized stratigraphic column of the Delaware Mountain Group 
and younger sedimentary rocks at and near the WIPP site. 
Figure 2-1 of Beauheim (1987c). 
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Figure 1.2: Boreholes at and near the WIPP site referred to in text. Holes were drilled as part of 
the site-characterization of the WIPP, as ranchers' wells, or as potash or hydrocarbon 
exploration holes. Only exploration holes which have been hydrologically tested are 
included. 



develop after that time. Geotechnical work in and near the WIPP facility 
will extend into the period of operational demonstration, especially to 
complete characterization of the hydrologically and structurally disturbed 
zones around the underground workings and access shafts, in direct support 
of WIPP performance assessment. Data collected during these studies must 
support a full evaluation of expected facility performance against criteria 
developed by the U.S. Environmental Protection Agency (40CFR191) in their 
present or revised form. The structural, hydrologic, and nuclide-
containment behavior of the WIPP facility, including potential far-field 
paths of nuclide release to the accessible environment, will be monitored 
throughout the WIPP operational period. 

1.1 Report Objectives 

This report has four main objectives. These are to: 

1. Summarize the results of C&C studies carried out since the Spring 
of 1983. 

2. Summarize the results and/or status of site-characterization and 
facility-characterization studies carried out since 1983 but not 
mandated by the C&C Agreement. 

3. Compile the results of WIPP site-characterization studies into an 
internally consistent conceptual model for the geologic, hydrologic, 
geochemical, and structural behavior of the WIPP site. This model 
includes preliminary consideration of the local effects of the WIPP 
facility and shafts on the Salado and Rustler Formations. 

4. Discuss the present limitations and/or uncertainties in the 
conceptual geologic model of the WIPP site and facility. 

The objectives of the report are limited in scope and do not include 
determination of whether or not the WIPP Project will comply with 
repository-performance criteria developed by the U.S. Environmental 
Protection Agency (40CFR191). Whether or not the WIPP will comply with 
40CFR191 must be demonstrated by the WIPP performance-assessment activity 
within five years following first emplacement of waste. The objective of 
this report is to develop as complete a conceptual model as possible for 
use in the required performance assessment. 

1.2 Structure of Report 
•i 

The remaining parts of this section (1.0) contain: 

1. A general discussion of the stratigraphic setting and variability 
of sedimentary rocks within the northern Delaware Basin that have been 
of interest during WIPP site characterization (Section 1.3). 
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2. A general discussion of the technical issues of interest in WIPP 
site (and facility) characterization (Section 1.4). Emphasis in this 
discussion is on technical areas of site characterization which have 
been actively pursued since 1983. 

The sections making up the body of the report (2.0 through 4.0) are 
generally ordered in stratigraphically upward sequence. This structure is 
a matter of convenience, and is not intended to imply relative priorities 
of the different issues and units discussed. 

Within each technical section, recent studies in the formation(s) of 
interest are discussed in relation to the topics or issues outlined in 
Section 1.4. The final section of the report, Section 5.0, attempts to 
compile the results of the three preceding sections into an internally 
consistent conceptual model for the geologic, hydrologic, structural, and 
geochemical behavior of the WIPP site. 

1.3 General Stratigraphic Setting of the WIPP Site and Facility 

As shown in Figure 1.1, the WIPP site is located in southeastern New 
Mexico, in the northern portion of the Delaware Basin. The generalized 
stratigraphy in the vicinity of the WIPP is summarized in Table 1.1. 
Regional stratigraphic relationships and characteristics are discussed in 
detail in Powers et al. (1978). 

The Delaware Basin became a distinct structure by the late Pennsylvanian 
Period to early Permian Period, approximately 280 million years ago. 
Approximately 250 million years ago, the reef now represented by the 
Capitan limestone began to grow around the margins of the developing basin, 
and the sandstones, shales, and carbonates now making up the Delaware 
Mountain Group (DMG) were deposited within the basin. Most of the Capitan 
limestone is relatively massive. Some portions of the unit are hydrologi-
cally active and support local karst hydrology, including the formation of 
large cavities such as Carlsbad Caverns. The Delaware Mountain Group, 
which is limited to the basin, contains three major subdivisions, the 
Brushy Canyon, Cherry Canyon, and Bell Canyon Formations (in ascending 
stratigraphic order). Only the Bell Canyon Formation is considered here, 
as it is the first regionally continuous water-bearing formation beneath 
the WIPP facility. The hydraulic behavior of the Bell Canyon Formation is 
assumed to be more significant than that of any underlying units in WIPP 
breach scenarios. 

The Bell Canyon Formation is divided into five informal members, the Hays 
sandstone; Olds sandstone, Ford shale, Ramsey sandstone, and Lamar 
limestone (in ascending stratigraphic order). The individual members vary 
in thickness and lithology. As shown in Figure 1.3, the upper Bell Canyon 
sandstones tend to be elongated and laterally discontinuous, in the nature 
of "channel sands." Individual sands are separated laterally by strati
graphically equivalent siltstones and/or shales. Near the WIPP site, the 
Bell Canyon Formation consists of a layered sequence of sandstones, shales/ 
siltstones, and limestone 300 m or more in thickness (Powers et al., 1978). 
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Figure 1.3: Lateral distribution and thicknesses of channel sands in the 
informal Ramsey member of the Bell Canyon Formation in the 
northern Delaware Basin, including holes DOE-2 and Cabin 
Baby-1. Simplified from Figure 2-2 of Davies (1983). 
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Within the northern Delaware Basin, the sandstones and shales of the Bell 
Canyon Formation are overlain by the thick-bedded sequence of anhydrites 
and halites of the Castile Formation, also of Permian age. As shown in 
Table 1.1, the Castile Formation near the WIPP site normally contains three 
relatively thick anhydrite/carbonate units and two thick halites. Both 
anhydrites and halites contain abundant anhydrite and/or carbonate laminae, 
may be strongly deformed internally, and are variable in local thickness. 
The thickness of the Castile Formation near the WIPP site is approximately 
400 m. 

The Salado Formation, of Late Permian (Ochoan) age, is 530 to 610 m thick 
at and near the WIPP site, and is generally bedded on a scale of 0.1 m to 
1 m. It contains 45 numbered "anhydrite" marker beds of variable thickness 
(MB101 through MB145 with increasing depth). Between marker beds, the 
Salado consists of layered halites of varying purity and accessory 
mineralogy; anhydrite (CaSO/O , clays, and polyhalite (K2MgCa2(804)4-2H20) 
are dominant accessory minerals. The WIPP facility horizon is between 
MB138 and MB139. 

The Salado Formation is overlain by the Rustler Formation, also of Ochoan 
age. As shown in Table 1.2, the Rustler contains five members. Two, the 
Magenta and Culebra dolomites, are somewhat variable gypsiferous dolomites. 
The Culebra and Magenta dolomites vary mainly in the concentration of 
fractures and the local occurrence of silty zones. The other three members 
of the Rustler (unnamed lower member. Tamarisk Member, and Forty-niner 
Member in upward succession) consist of varying proportions of anhydrite, 
siltstone/claystone, and halite. The major mineralogical variability 
within the Rustler Formation as a whole is in the degree of alteration of 
anhydrite to gypsum and the presence or absence of halite, both generally 
interpreted to result from evaporite dissolution. Some of this 
variability, however, may reflect original depositional patterns. The 
Rustler ranges from 83 m to 130 m in thickness at the WIPP site, depending 
on the extent of evaporite dissolution and/or depositional variability. 

The Culebra dolomite is the first laterally continuous unit above the WIPP 
facility to display significant permeability. Barring direct breach to the 
surface, the Culebra dolomite provides the most direct pathway between the 
WIPP facility and the accessible environment. The hydrology and fluid 
geochemistry of the Culebra dolomite are quite complex. The unit displays 
wide ranges in hydraulic properties, local flow and transport mechanisms, 
and geochemistry. As a result of these factors, the Culebra has received a 
great deal of study in WIPP site characterization, both before and since 
1983. 

The Rustler Formation at the WIPP is overlain by the Dewey Lake Red Beds 
(the uppermost unit of the Ochoan Series) consisting largely of siltstones 
and claystones, with subordinate sandstones. The unit is approximately 30 
m to 170 m thick at and near the WIPP site, varying at least in part due to 
post-depositional erosion. Where relatively thick and hydraulically 
unsaturated, the Dewey Lake Red Beds form a low-permeability buffer zone 
between the surface and relatively soluble carbonates and/or sulfates in 
the underlying Rustler Formation. In some areas, however, the unit is 
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thinned by local erosion and/or is hydraulically saturated. Where 
sufficiently thin, the Dewey Lake may not present an effective barrier to 
vertical fluid movement from the surface into the Rustler, depending on the 
local fluid pressures within and above the Rustler Formation. Where 
saturated, the Dewey Lake may, in some areas, serve as a source of fluids 
to the underlying Rustler Formation. The depositional age of the Castile, 
Salado, and Rustler Formations, as well as the.Dewey Lake Red Beds, ranges 
approximately from 245 million to 230 million years. Over approximately 
the eastern half of the WIPP site, the Dewey Lake Red Beds are overlain by 
the (undivided) Dockum Group of sandstones and shales of Triassic age. 

Table 1.2: Generalized stratigraphy of the Rustler Formation at and near 
the WIPP site. Adapted from Snyder (1985). 

Age Member 
Approximate 
Thickness (m) 

Generalized Character in 
"Unaltered" Sections 

Permian/ Forty-Niner 
Ochoan 

45+ Anhydrite 
Halite and Siltstone 
Anhydrite 

Magenta 
Dolomite 

6-9 Thinly Laminated Gypsiferous 
Dolomite; Local Anhydrite 

Tamarisk 65+ Anhydrite 
Halite and Siltstone 
Anhydrite 

Culebra 
Dolomite 

6-10 Finely Crystalline, Vuggy, 
Gypsiferous Dolomite; Local 
Siltstone 

Unnamed 44+ Alternating Halite, Siltstone, 
Anhydrite 
Laminated Siltstone 

The shallowest and youngest stratigraphic units at the WIPP site proper, 
except for recent surficial sands, are the Gatuna Formation, the Mescalero 
caliche, and the Berino soil. The Gatuna Formation, the upper part of 
which is approximately 600,000 years in age, consists of siltstones, sands, 
and stream-laid conglomerates, deposited in a wetter climate than is now 
present in southeast New Mexico. The Mescalero caliche, 410,000 to 510,000 
years in age, is relatively continuous in the vicinity of the WIPP site and 
supports the Livingston Ridge surface on which the site is located (Figure 
1.1). The Berino soil, approximately 250,000 years old, is a thin horizon, 
and is much less widespread than either the Gatuna or the Mescalero. 
Together, the Gatuna Formation, Mescalero caliche, and Berino soil indicate 
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some of che variability of Che climace in soucheascern New Mexico over Che 
lasc 600,000 years and che relacive scruccural scabilicy of che Livingscon 
Ridge surface over che lasC 400,000 Co 500,000 years. 

Localized gypsice-spring deposics, approximacely 25,000 years in age, occur 
along che eascern flank of Nash Draw, buc are noC currencly accive. Around 
che northwest margin of che Delaware Basin, packrac middens indicate chat 
che climace approximacely 10,500 years ago was significancly wetter than 
that ac presenc. The recenc surficial windblown sands aC and near Che WIPP 
sice are almosc all scabilized by vegeCaCion. South of Che sice, however, 
chere is an area in which surficial dunes appear Co be accive. Ic is from 
chese dunes chac che area has derived ics name, "Los Medanos." 

1.4 Technical Issues of InCeresc in WTPP Sice and Facility 
Characcerizacion 

This seccion concains brief discussions of several cechnical issues of 
general inceresc in sice characcerizacion of Che WIPP, including some 
consideracion of che WIPP facilicy iCself. The mosc general issues are 
discussed firsc. Afcer chac, che approach is generally scracigraphic, in 
parallel wich che scruccure of che reporc as a whole. DeCailed referencing 
of individual Cechnical scudies is noC included here, buc is included in 
Seccions 2.0 chrough 4.0, where appropriace. 

1.4.1 TransienC Versus Steadv-ScaCe Geologic. Hvdrologic. and Geochemical 
Setcing of che WIPP 

In order for che expected behavior of Che WIPP facility to be evaluated 
against che EPA's repository-performance guidelines (40CFR191). it must be 
demonstraced chac che scruccural, hydrologic, geochemical, and transport 
behavior of the WIPP facility and environs are adequately understood to 
provide satisfactory predictions over at least the 10,000-year time frame 
of regulatory interest. "Structural behavior," as the term is used here, 
includes both far-field and near-field mechanical deformation of 
scracigraphic unics. Far-field scruccural behavior is behavior independenc 
of che presence of Che WIPP facility, especially the underground workings. 
Near-field behavior is the behavior of the portions of the Salado and 
Rustler Formations that have been disturbed by the presence of the WIPP 
facility. "Hydrologic behavior" includes descripcion of Che discribucion 
of hydrologic propercies, fluid pressures, and direccions of fluid flow. 
As che cerm is used here, however, it does not include investigation of 
chemical equilibrium between fluid and rock. "Geochemical behavior" 
includes botĥ  bulk chemiscry and isotopic relations resulting from rock-
water interaction, but is largely limited to consideration of natural 
chemical transport and reactions between rocks and fluids, independent of 
waste. "Transport behavior" includes consideration of the mechanisms of 
contaminant transport in Rustler groundwaters and the relative importance 
of different transport mechanisms; it does not include consideration of any 
specific radionuclides that will or will not be a part of the WIPP 
radionuclide inventory. 
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Two basic assumptions are possible concerning the overall geologic setting 
of the WIPP site. The simplest assumption, implicitly made in the WIPP 
FEIS (U.S. Department of Energy, 1980), is that the entire geologic system 
at the WIPP is at steady state on the time scale of regulatory interest. 
Under this assumption, the geology, hydrology, and geochemistry of the WIPP 
site should be constant with (or independent of) time for at least the 
period of regulatory concern to waste isolation. 

However, the overall geologic and hydrologic settings of the WIPP site have 
been transient (not steady-state) since before the beginning of deposition 
of the Bell Canyon Formation, approximately 250 million years ago, and will 
continue to be transient long after effective closure of the WIPP facility. 
Some events, such as crystallization of secondary minerals within the 
Salado Formation approximately 200 million years ago and formation of the 
Mescalero caliche 400,000 to 500,000 years ago, have taken place on a very 
long time scale. Two types of transient response are occurring at and near 
the WIPP site within the 10,000-year time frame of regulatory interest. 
These are: a) the continuing natural response of the geologic and 
hydrologic systems to the end of the last pluvial period (period of 
decreased temperatures and increased precipitation) in southeast New 
Mexico; and b) the responses to man-induced hydrologic, geochemical, and 
structural transients resulting from site characterization and facility 
construction. 

Thus, there is abundant evidence that the overall setting and behavior of 
the WIPP site are transient on at least three geologic and two human-
induced time scales. The time scales of transient behavior range from at 
least tens of millions of years 'in the cases of secondary mineralization 
and fracture formation within the'Salado Formation (independent of the WIPP 
facility) to tens of years in the case of pressure transients imposed on 
the Rustler Formation by shaft construction and hydrologic testing. The 
evidence for transient behavior of the WIPP site comes from a broad range 
of geologic, hydrologic, geochemical, and structural studies. The WIPP 
performance-assessment activity will ultimately determine which transient 
phenomena are significant to the long-term performance of the WIPP 
facility. 

1.4.2 Dissolution of Evaporitic Rocks at and near the WIPP Site 

Evaporite dissolution, i.e., dissolution or alteration of halite, 
anhydrite/gypsum, and/or the sulfatic carbonates of the Rustler, Salado, or 
Castile Formations by groundwaters, has been an issue of major interest in 
WIPP site characterization. The fundamental reason for this has been the 
need jto evaluate the possibility that, although the Permian evaporites at 
the WIPP site have been in existence for approximately 240 million years, 
they might be regionally or locally dissolved on the 10,000-year time scale 
of regulatory interest. If this occurred, then evaporite dissolution could 
play a major role in breach of the WIPP facility, by short-circuiting the 
transport of radionuclides from the facility to the accessible environment. 

There are four settings in which evaporite dissolution is or has been of 
interest in WIPP site characterization. These include: 
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1. Regional-scale stratabound dissolution of evaporites, especially 
halite, within the Castile and Salado Formations. In stratabound 
dissolution, fluid movement is predominantly parallel to bedding. 
Stratabound dissolution has probably taken place in the western part of 
the Delaware Basin, as indicated by the absence of halite from both the 
Castile and Salado Formations in Figure 1.4. If stratabound 
dissolution within the Castile reached the WIPP site, mechanical 
collapse of the overlying Salado Formation would occur, possibly 
resulting in direct breach of the facility. If stratabound dissolution 
within the Salado reached the WIPP, direct breach of the facility might 
result. 

The possibility of stratabound dissolution reaching the WIPP site 
itself on the 10,000-year time scale of interest was evaluated as part 
of site-characterization activities prior to 1983. There is general 
agreement that stratabound dissolution of the Castile and/or Salado 
Formations will not reach the WIPP facility in the 10,000-year time 
frame of interest. In addition, recent interpretations indicate that 
much of the variability in the thicknesses of the Castile and Salado 
Formations is due to deformation and original depositional variability, 
rather than to evaporite dissolution. This should result in slower 
estimated dissolution rates. 

2. Dissolution of Castile and/or Salado halites by localized upward 
intrusion of halite-unsaturated fluids from the upper portion of the 
Bell Canyon Formation into the overlying units. If such dissolution 
occurred immediately beneath the WIPP site, the resulting mechanical 
subsidence might directly breach the WIPP facility. If this 
dissolution mechanism is in fact feasible, the locations at which it 
might occur in the future are not predictable with the present 
understanding of hydrology in the northern Delaware Basin. 

At the WIPP site, one basinal structure within the Salado Formation was 
proposed in 1983 as a possible result of subsidence resulting from 
point-source dissolution of Castile and/or Salado halites. This 
structure has since been investigated by the drilling, coring, and 
hydrologic testing of hole DOE-2 (Figure 1.2). No evidence of 
evaporite dissolution was found in hole DOE-2. The DOE-2 structure is 
the result of syndepositional and postdepositional deformation of the 
Castile and Salado Formations, rather than of evaporite dissolution. 
This conclusion, together with earlier studies indicating that the only 
proven "breccia pipes" in the northern Delaware Basin result from 
dissolution within the Capitan limestone and occur only directly above 
this unit (Snyder and Gard, 1982), indicates that point-source 
dissolution of Castile and/or Salado evaporites is not operative either 
within the main part of the basin or at the WIPP site. 

3. Dissolution of halite from within the Rustler Formation by strata-
bound flow. East of the WIPP site, the Rustler Formation contains 
abundant halite (salt) in the Forty-niner, Tamarisk, and unnamed 
members. West of the WIPP site, for example in Nash Draw, the Rustler 
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HinUJUIDlUI LIMIT OF SALADO HALITE 
BELOW MARKER BED 136 
(Intarprattd by Andtrcon. 1981) 

Figure 1.4: Generalized distribution of the Castile and Salado Formations 
in the Delaware Basin, with emphasis on distribution of 
halites. Slightly modified from Figure VII-1A of Lambert 
(1983) and including, in part, the interpretation of Anderson 
(1981). 
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Formation is totally devoid of halite (Figure 1.5). If Rustler varia
bility is due to evaporite dissolution and if stratabound dissolution 
reached the WIPP site within 10,000 years, the overburden at the WIPP 
would be significantly reduced, perhaps leading to breach. 

The variability within the Rustler Formation has conventionally been 
thought to result from regional-scale stratabound evaporite dissolu
tion, based on the assumption that the distribution of halite was 
originally uniform. It has also traditionally been assumed that dis
solution of Rustler evaporites was a recent phenomenon, linked to the 
growth of Nash Draw over the last 600,000 years. These two assumptions 
maximize both the total amount of halite dissolved from the Rustler and 
the rate at which this dissolution occurs. There is considerable dis
agreement concerning the uniformity and amount of stratabound evaporite 
dissolution within the Rustler Formation. However, even with the two 
"conservative" assumptions outlined above, i.e., assumptions thought to 
maximize the potential impact to the WIPP, it does not appear feasible 
for the Nash Draw structure to extend to the WIPP site on the time 
scale of regulatory interest. 

A. Evaporite dissolution within the Rustler Formation as a result of 
vertical fluid flow. This second potential evaporite-dissolution 
mechanism involving the Rustler Formation at and near the WIPP site 
requires local recharge, from the surface to the Rustler Formation, of 
waters * unsaturated in halite and anhydrite/gypsum. If this vertical 
movement of unsaturated fluids occurs to a significant degree, the 
resulting local evaporite dissolution within the Rustler might result 
in local high-permeability channels or pathways within the Rustler 
Formation. The final result of such dissolution would be the 
generation of a "karstic" hydrologic system. In such a system, the 
hydrology and transport behavior would be dominated by relatively 
narrow high-permeability pathways or channels, even though most of the 
unit would consist of low-permeability "blocks." The hydrology of at 
least part of the Rustler Formation within Nash Draw, where the Rustler 
is exposed at the surface, is known to be karstic, and includes the 
continuing formation of small caves and sinkholes in anhydrites of the 
Forty-niner and Tamarisk Members. Such a hydrologic and transport 
system within the Rustler Formation at the WIPP site itself might 
provide a means for rapid transport of nuclides from the WIPP facility 
to the accessible environment. 

A comprehensive approach has been taken to the question of Rustler 
karst at the WIPP site. Field studies have evaluated the surface-
geological evidence for and against significant surface infiltration 
and possible development of karstic cavities below. Hydrologic 
measurements, including regional-scale pumping tests, have charac
terized the present distribution of hydraulic properties and relative 
head potentials within the Rustler at and near the WIPP. Isotopic 
studies have estimated the isolation or residence times of Rustler 
waters, estimated the relative importance of vertical and stratabound 
fluid flow within the Rustler and Dewey Lake, and evaluated the extent 
to which the entire Rustler hydrologic setting is transient. 
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Figure 1.5: Generalized halite distribution within the Rustler Formation 
at and near the WIPP site. Slightly modified from Figure 9 of 
Chaturvedi and Channell (1985). Zone 1: no halite present 
within the Rustler Formation; Zone 2: halite present only 
below the Culebra Member; Zone 3: halite present between 
Culebra and Magenta Members; Zone 4: halite present above the 
Magenta Member. 
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The combined results of these studies indicate that vertical recharge 
from the surface to the Rustler is not active at the WIPP site. Where 
measured successfully, the calculated residence or isolation time of 
Rustler groundwaters at the WIPP site is greater than 10,000 years. 
There must have been changes in flow directions within the Culebra 
dolomite within the last (approximately) 10,000 years. The isotopic 
results do indicate that some vertical fluid flow has taken place, 
especially within the Dewey Lake Red Beds. In addition, local 
development of karstic channels or porosity within Rustler anhydrites 
does appear to have been a consequence of vertical infiltration of 
fluids from the surface in the WIPP-33 structure, approximately 1 km 
west of the western boundary of Zone 3. However, the WIPP-33 structure 
is unique at and near the WIPP site and is not now significantly 
active. Regional-scale pumping tests of the Culebra dolomite have not 
identified any major or dramatic high-transmissivity structures similar 
to those expected if Rustler karst involving the Culebra were present 
at the WIPP site. 

1.4.3 Directions of Fluid Flow to Be Expected if the Rustler and Bell 
Canvon Formations Are Interconnected 

In the effort to be "conservative," i.e., to not underestimate the impact 
of breaches of the WIPP facility, it was assumed in the WIPP FEIS (U.S. 
Department of Energy, 1980) that fluid flow in the event of interconnection 
of the Rustler and Bell Canyon Formations would be upward into the Rustler. 
This issue, as well as the distribution of hydrologic properties within the 
Bell Canyon Formation, has since been investigated in testing of the holes 
Cabin Baby-1 and DOE-2, near the southern and northern boundaries of the 
WIPP site, respectively (Figure 1.2). 

The results of hydrologic testing in both Cabin Baby-1 and DOE-2 suggest 
that the WIPP site is not directly underlain by a high-permeability channel 
sand in the upper part of the Bell Canyon (Figure 1.3). If such a sand is 
present, it must be more narrow than those shown in Figure 1.3. This 
decreases the potential, already concluded by Wood et al. (1982) to be 
negligible, for any significant upward migration of Bell Canyon fluids into 
overlying evaporites in the absence of a drillhole. In addition, the fluid 
pressures and brine densities measured in both Cabin Baby-1 and DOE-2 
indicate that, in the event of interconnection of the Bell Canyon, Salado, 
and Rustler Formations within a drillhole, the final direction of fluid 
flow would be downward into the Bell Canyon Formation. This conclusion 
assumes that both Bell Canyon and Rustler fluids become saturated as a 
result of local halite dissolution within the Salado Formation. 

1.4.4 Distribution and Origin of Brine Occurrences within Castile 
Anhydrites 

In the northern Delaware Basin, highly pressurized brines have been 
encountered locally in fractured anhydrites of the Castile Formation during 
drilling from the surface. The known distribution of these Castile brine 
occurrences as of 1983 is shown in Figure 1.6. Castile brines have been 
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Figure 1.6: Generalized distribution of Castile brine occurrences and 
approximate extent of the Castile "Disturbed Zone" in the 
northern Delaware Basin. Distribution of Castile brines is 
simplified from Figure G-ll of Popielak et al. (1983). 
Approximate boundaries of Castile "Disturbed Zone" are from 
Figure 1-1 of Borns et al. (1983). Closed triangles represent 
holes in which Castile brines have been encountered. ERDA-9 
is included for reference, but does not penetrate Castile 
Anhydrite III completely. 
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encountered largely in hydrocarbon-exploration drillholes both north and 
northeast of the WIPP site (i.e., between the WIPP site and the margin of 
the basin). However, brine was also encountered southwest of the WIPP 
site, at the Belco well. During WIPP site characterization, Castile brines 
have been encountered in hole WIPP-12, approximately 1.6 km north of the 
site center, and in ERDA-6, approximately 8 km northeast of the site 
center. 

Two basic hypotheses have been put forward to explain the origin of Castile 
brines, namely that the occurrences are due to: 

1. Migration of connate Castile fluids from halites into anhydrites 
fractured as a result of local deformation. 

2. Isolation of meteoric waters within the fractured Castile 
anhydrites, following episodic lateral hydrologic connection of the 
Castile Formation and the Capitan limestone. 

Because of the localized but widely distributed occurrence of Castile 
brines in the vicinity of the WIPP site, it has previously been assumed for 
purposes of performance assessment that Castile brine is present beneath 
the WIPP facility itself. Since the upper Castile anhydrite is 
stratigraphically 200 m or more beneath the WIPP facility horizon, this 
brine is of concern only in the event of a drilling intrusion which 
connects the brine occurrence with the facility. A recent surface-
geophysical survey over an area including the WIPP waste-emplacement panels 
is consistent with the presence of Castile brines beneath a portion of the 
panels. 

1.4.5 Deformation of the Castile and Salado Formations 

Borns et al. (1983) define a structurally "Disturbed Zone" (DZ) (Figure 
1.6) within the Castile Formation, based largely on the systematic loss of 
coherent seismic response. The deformation of the Castile Formation within 
the DZ involves both anhydrites and halites, and is associated with the 
known occurrences of Castile brines. Although the overall mineralogies of 
the Salado and Castile Formations are similar, the two units are layered on 
different scales. Regional deformation of the Salado Formation is largely 
in response to regional deformation of the underlying Castile Formation. 

Recent results indicate that fluids and pressure-solution mechanisms play a 
major role in far-field deformation of both the Castile and Salado 
Formations. This has been investigated both theoretically and by 
examination of core collected in hole DOE-2. The time scale of regional 
deformation of the Salado and Castile Formations is from thousands to 
millions of years, too long to be of concern in evaluation of the future 
performance of the WIPP facility. 

Construction of the underground WIPP facility, resulting in generation of a 
large void space at a depth of 650 m within a stratigraphic section that is 
predominantly halite, results in a strong local mechanical response within 
the Salado Formation. The near-field mechanical response of the Salado 
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Formation around the WIPP facility involves both higher stresses and 
deformation rates than expected in natural or far-field deformation. At 
least during early closure, near-field creep deformation appears to involve 
mechanisms such as dislocation climb. It is presently not known when, or 
if, pressure solution will become a dominant mechanism in creep closure of 
the WIPP facility. 

Creep, however, is not the only near-field process involved in closure of 
the WIPP facility. Marker Bed 139 (MB139), approximately 1 m below the 
WIPP facility horizon, is fractured from pre-excavation processes, i.e., 
processes not related to excavation of the WIPP facility. The opening of 
these fractures, in addition to formation of fractures within Salado 
halites, plays a significant role in the near-field structural response to 
excavation of the WIPP facility. 

Monitoring of these structural "excavation effects" is ongoing, and will 
continue through the operational phase of the WIPP. The time scale of 
near-field mechanical effects began with the beginning of construction of 
the WIPP facility and will continue until structural reequilibration 
following complete closure of the facility. Therefore, the time of 
interest may be 100 years or more, depending on both the long-term behavior 
of the facility and the types and amounts of both waste and backfill that 
are emplaced. 

1.4.6 Fluid Flow within the Salado Formation 

Salado halites were assumed to be anhydrous at the time of the WIPP FEIS 
and SPDV activities, with the exception of small amounts of fluid 
inclusions and water bound up in hydrous minerals. Fluid flow into the 
WIPP facility under this assumption would be very small in volume, directly 
stress-related, and transient. Long-term steady-state fluid flow would be 
zero. 

Recent hydrologic measurements from the surface and within the WIPP 
facility, combined with geochemical studies within the facility, indicate 
t.hat grain-boundary fluids are present within the Salado Formation, and 
that the unit should be considered as a very low-permeability material in 
which fluid residence times in the far field are on the order of millions 
of years. There are, however, major increases in both permeability and 
fluid-pressure gradients within the Salado Formation within a few meters of 
the WIPP facility at and near the facility horizon. The recent results 
suggest that, while there are major stress-related transient effects, long-
term fluid flow into the facility will reach some very low but non-zero 
steady-state rate, and will continue until effective hydrologic closure of 
the facility. On the basis of preliminary hydrologic testing results, the 
development of an altered or disturbed zone around the WIPP shafts appears 
to be much more limited than at the facility horizon. 
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1.4.7 Present-Day Hydrology. Transport Behavior, and Geochemistry of the 
Rustler Formation 

The Culebra Dolomite Member of the Rustler Formation is the first laterally 
continuous water-bearing zone above the WIPP facility. Transport within 
the Culebra dolomite constitutes the major transport mechanism from the 
WIPP facility to the accessible environment, except for direct transport to 
the surface. Therefore, there is great interest in determining the modern 
distribution of hydraulic and nuclide-transport properties within the 
Culebra. 

The hydrologic characteristics of the Culebra dolomite are complex. The 
transmissivity of the unit varies by approximately four orders of magnitude 
at and near the WIPP site, with relatively high-transmissivity regions both 
southeast and northwest of the site center. However, the center of the 
WIPP site, including all four shaft locations, is in a region of low 
Culebra transmissivity (permeability). The relatively transmissive parts 
of the Culebra contain fractures that dominate both hydraulic and transport 
behavior on the scale of individual three-hole hydropads (approximately 
30 m between holes). If these fractures were to dominate flow and 
transport behavior on the "regional" scale considered here, i.e., over the 
3.2-kilometer distance between the center of the WIPP site and the boundary 
of WIPP Zone 3 (Figure 1.2), nuclide-transport times to the accessible 
environment would be greatly decreased relative to times estimated without 
considering fractures. 

Numerical modeling of Rustler hydrology through 1983 was based on testing 
only at single holes and individual three-hole hydropads, and ignored 
possible fracturing. Since 1983, two regional-scale interference tests 
have been conducted in the Culebra, one centered at the H-3 pad and one at 
hole WIPP-13 (Figure 1.2). Hydraulic effects of fracturing have been 
evaluated in detail at the H-3 and H-ll hydropads. The interpretation of 
the regional-scale multipad interference tests indicates that fracturing 
need not be included in modeling simulation of Culebra hydrologic behavior 
at this scale, since test calculations with and without fractures have 
produced very similar results. 

In addition, detailed calculations completed in 1987 indicate that although 
fracturing plays a major role in local or pad-scale contaminant transport 
within parts of the Culebra, radionuclide transport to the accessible 
environment can realistically be modeled using the porous-medium 
approximation, at least so long as the present pattern of head 
distributions within the Culebra is not significantly perturbed and the 
transport properties and flow paths assumed in the calculations are 
representative. This conclusion may or may not be valid in the case of a 
breach involving a Castile brine reservoir at high fluid pressures. 

Through 1983, numerical modeling of Rustler hydrology also ignored both the 
geochemical variability of Rustler fluids and possible effects of variable 
fluid density on directions of fluid flow. Both numerical methods and data 
bases for evaluation of groundwater flow in the region of the WIPP site 
have developed significantly since that time. Recent groundwater-flow 
calculations, which include effects of variable brine density, indicate 
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that modern fluid flow within the Culebra dolomite is generally north-south 
in the vicinity of the WIPP site. Flow rates vary greatly, being rapid 
down the axis of Nash Draw, but extremely slow across the WIPP site proper. 
While the assumption of hydrologic steady state appears adequate for 
modeling of head potentials within the Culebra dolomite, groundwater flow 
across the WIPP site within the Culebra is sufficiently slow to make the 
assumption of hydrologic steady-state inadequate for detailed modeling of 
long-term flow directions and rates. However, the changes in flow rates 
and directions as a function of time appear not to be dramatic at the WIPP 
site itself. Groundwater flow is quite slow in this area. 

As noted, Culebra fluids are quite variable. Recent work indicates that 
they can be broken into four distinct geochemical facies. The general 
distribution of fluid compositions is inconsistent with steady-state 
confined fluid flow in the present flow directions. The mineralogy of the 
Culebra dolomite is widely variable, but without' sharp regional 
distinctions, since dolomite, clays, and gypsum/anhydrite are all 
widespread. Halite has not been reliably identified in Culebra core, 
except for that which may have been introduced during drilling. The 
analyzed Culebra fluid compositions form a variable but continuous 
population, all of which reflect exposure to evaporitic rocks. 
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2.0 BELL CANYON FORMATION 

The Delaware Mountain Group is divided into the Brushy Canyon, Cherry 
Canyon, and Bell Canyon Formations, all of which are predominantly of 
shales, siltstones, and sandstones. Only the Bell Canyon is considered 
here, since it is the first regionally continuous water-bearing zone 
beneath the WIPP facility. The hydraulic behavior of the Bell Canyon is 
assumed here to be more significant than that of underlying units in WIPP 
breach scenarios. 

There have historically been two reasons for interest in the Bell Canyon 
Formation in WIPP site characterization. First, the Bell Canyon has been 
proposed by some as a source of fluids for local or point-source 
dissolution of halite in the overlying Castile and Salado Formations. This 
mechanism and general conclusions regarding its validity at the WIPP site 
are summarized in general terms in Section 2.1, based on work completed 
through 1983. Second, it must be assumed for purposes of performance 
assessment that at least one drillhole from the surface will penetrate the 
WIPP facility. It may then be important to estimate the distribution of 
permeable zones within the Bell Canyon at the WIPP site and to estimate 
directions of fluid flow that might result from an open borehole 
penetration that connected the Bell Canyon with fluid-bearing zones within 
the Rustler Formation, especially the Culebra dolomite. The character of 
the Bell Canyon and expected directions of fluid flow between the Culebra 
and the Bell Canyon at the WIPP site are discussed in Section 2.2. 

2.1 Potential for the Bell Canyon Formation to Serve as a Source of Fluids 
for Dissolution of Evaporites in the Castile and Salado Formations 

Anderson (1978, 1981) and Davies (1983) have proposed a major role for the 
Bell Canyon Formation in point-source dissolution of overlying evaporites. 
The proposed mechanism involves: 1) recharge of halite-unsaturated fluids 
to the Bell Canyon Formation from the Capitan limestone; 2) upward movement 
of these fluids into (at least) the lower halite of the Castile Formation; 
3) halite dissolution within the Castile Formation; 4) subsidence and 
disruption of the Castile and overlying Salado Formations as a result of 
halite dissolution; 5) downward flow of halite-saturated brines back into 
the Bell Canyon Formation; and 6) removal of brines through the Bell Canyon 
Formation. An important characteristic of this hypothesis proposal is that 
it is not possible to predict localities of future point-source evaporite 
dissolution. 

Wood et al. (1982), as part of the WIPP SPDV studies, addressed the 
potential, for fluids within the upper Bell Canyon Formation to dissolve 
evaporites within the Castile Formation. For this evaluation, it is 
assumed that: 1) a permeable sandstone is present at the top of the Bell 
Canyon Formation, i.e., a Ramsey channel sand (Figure 1.3); 2) the 
effective thickness of the sandstone is 30 m; and 3) the transmissivity of 
the sandstone ranges from 1.0 x 10"6 to 2.8 x 10"6 m^/s. Any decrease in 
sandstone permeability or shifting of the sandstone to positions below the 
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top of the Bell Canyon would reduce the potential for dissolution of 
overlying evaporites. 

For the range of hydraulic properties and gradients considered, and 
assuming the Ramsey sand is at the top of the Bell Canyon, Wood et al. 
(1982) conclude that: 

1. Except at locations adjacent to the Capitan limestone, only 
diffusional dissolution is possible directly above, the Bell Canyon. 
Salt directly above the top of the Bell Canyon, assuming diffusional 
processes, is calculated to dissolve at a vertical rate of 
approximately 0.003 m per 10,000 years. This would have negligible 
effect on the WIPP facility. 

2. Allowing for an order-of-magnitude increase in flow velocities 
within the Bell Canyon Formation, dissolution would still be too slow 
to maintain open cavities within Castile halites at depth. Such 
cavities are required to maintain the high-permeability pathways 
necessary for dissolution due to the density-flow mechanism outlined 
above. 

3. Even allowing for the maximum potential dissolution rates at the 
top of the Bell Canyon from both diffusive and convective mechanisms, 
no significant evaporite dissolution as a result of fluid flow from 
within the Bell Canyon should be observed at the WIPP facility for at 
least 10,000 years. 

In addition, Lambert (1983) concludes that the Bell Canyon Formation itself 
shows no evidence of either modern hydraulic connection with a source of 
halite-unsaturated fluids (such as the Capitan limestone) or any effective 
path for brines to exit the Delaware Basin. Instead, Lambert interprets 
the Bell Canyon fluids as having very long residence times and concludes 
that their compositions reflect extensive rock-water interaction, evolving 
isotopically and geochemically away from compositions representative of 
meteoric recharge. 

Thus, studies at the end of the WIPP SPDV phase indicated that the Bell 
Canyon Formation was not dissolving evaporites near the WIPP site. As 
discussed in Section 3.0, however, this question was later investigated 
directly by the drilling, coring, and hydrologic testing of hole DOE-2, 
near the northern boundary of WIPP Zone 3 (Figure 1.2). 

2v2 Expected Directions of Fluid Flow Between the Bell Canyon and 
Rustler Formations 

The information on freshwater-equivalent heads in the Rustler and Bell 
Canyon Formations available through 1983 is summarized in Mercer (1983). 
At that time, the freshwater head within the Bell Canyon Formation at the 
center of the WIPP site, approximately 1040 m AMSL, was 120 m greater than 
the expected freshwater head in the Culebra dolomite at the same location, 
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approximately 920 m AMSL. (All elevations here are given relative to mean 
sea level.) This is consistent with the assumption made in the WIPP FEIS 
(U.S. Department of Energy, 1980) that fluid flow would be upwards into the 
Rustler if the Bell Canyon and Rustler were interconnected in an open hole. 
However, this "conservative" assumption, i.e., the assumption with most 
apparent impact to WIPP performance assessment, neglects: a) the original 
density of fluids in the Bell Canyon and Culebra; b) possible increases in 
both Bell Canyon and Culebra fluid densities due to dissolution of halite 
within the Salado Formation; c) possible effects of fluid potentials 
within the Salado Formation or elsewhere within the Rustler Formation; and 
d) possible changes in fluid density as a result of entrainment of waste 
from within the WIPP facility. 

In the event of a drillhole breach interconnecting the Bell Canyon, 
Castile, Salado, and Rustler Formations, it is reasonable to assume that 
local dissolution of halite within the Salado Formation would take place, 
resulting in an average fluid density of approximately 1.2 g/cm->, the 
approximate density of saturated NaCl brine. Under this assumption, Bell 
Canyon brine at the center of the WIPP site would stand to an elevation of 
approximately 835 m in an open hole, some 445 m above the WIPP facility, 
but approximately 210 m below land surface, and more than 200 m lower than 
the Bell Canyon freshwater-equivalent head of approximately 1040 m. 
Assuming that local halite dissolution within the Rustler or upper portion 
of the Salado Formations led to a final density of Culebra brine of 
1.2 g/cm^, the Culebra near the center of the WIPP site would support a 
column of brine to an elevation of approximately 900 m, 20 meters below the 
freshwater-equivalent head within the Culebra, but some 65 m higher than 
supported by the underlying Bell Canyon Formation. 

Therefore, if brine saturation by halite dissolution is considered, the 
data available as of 1983 are consistent with the interpretation that 
interconnection of the Bell Canyon Formation and the Culebra dolomite in an 
open drillhole through the WIPP facility should result in downward movement 
of contaminated brine into the Bell Canyon Formation. However, the 
calculated direction of fluid flow depends on assumed fluid densities. 
Fluid might move upward until the Bell Canyon and Culebra fluids were 
saturated with halite, at which time downward flow would begin. In 
addition, these results depend on the assumption that no significant fluid 
or gas pressures are generated within the Salado Formation or WIPP 
facility. As of 1983, however, predicted directions of fluid flow were 
limited in reliability, because heads and fluid densities in the Culebra 
dolomite and Bell Canyon Formation had not: been measured together in the 
same hole. Two holes penetrating the Bell Canyon Formation very near the 
WIPP site have since been drilled and/or hydrologically tested. The 
results from hole Cabin Baby-1 are discussed in Section 2.2.1, and those 
from hole DOE-2 in Section 2.2.2. 

2.2.1 Results from Hole Cabin Babv-1 

Cabin Baby-1, a hydrocarbon exploration hole, was originally drilled 
through the Castile Formation and the upper 35 m of the Bell Canyon 
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Formation in 1974 and 1975. At that time, all of the Ramsey and part of 
the Olds members of the Bell Canyon were penetrated. The hole depth at 
that time was 1265 m below land surface. As described in Beauheim et al. 
(1983b), the hole was deepened to a total depth of 1308 m in 1983 to allow 
hydrologic testing, fluid sampling, and monitoring of Bell Canyon fluid 
levels. The deepening allowed testing of most of the Hays sandstone member 
underlying the Olds, in addition to all of the Olds and Ramsey members. 

The results of hydrologic testing of the Bell Canyon in Cabin Baby-1 and 
DOE-2 are summarized in Table 2.1. Only the lowermost "sand" member of the 
Bell Canyon, the Hays, is significantly permeable in Cabin Baby-1, with an 
interpreted transmissivity of between 1.7 x 10"? and 5.1 x 10"' nfi/s. The 
description of the Hays member by Beauheim et al. (1983b) indicates that it 
is siltstone. The estimated transmissivities of the overlying Olds and 
Ramsey members are less than 10"8 nfi/s. Core from the Ramsey member is not 
available from Cabin Baby-1. 

Table 2.1: Summary of hydrologic test results from the Bell Canyon 
Formation in Cabin Baby-1 and DOE-2. Data from Table 6 of 
Beauheim et al. (1983b) and Table 7-2 of Beauheim (1986). 

Effective 
Test Interval 

(m big) Unit 

Cabin Babv 

1230-1246 Lamar 
1247-1257 Ramsey 
1259-1269 Olds 
1271-1308 Hays 

DOE-2 

1263-1272 Ramsey 
1276-1285 Olds 
1297-1318 Hays 

K(md) T(m2/s) 

6 x 10- 4 5.7 x lO-H 
2.3 x 10-2 . 8.7 x 10*2 1.7 x 10*9 . 6.3 x 10-9 
2.2 x 10-2 . 8.2 x 10-2 2.1 x 10'9 - 7.9 x 10*9 

0.57 - 1.7 1.7 x 10-7 . 5.1 x 1 0-7 

8.4 x 10-2 . 9.4 x io-2 5.8 x 10-9 . 6.5 x 1 0-9 
9.8 x 10-2 . o.ll 7.1 x 10-9 . 8.2 x 10*9 

2.3 - 2.4 5.7 x 10-7 . 6.0 x 10"7 

Fluid samples were successfully collected from the Hays and Olds members of 
the Bell Canyon in Cabin Baby-1, as was a mixed sample from the entire 
exposed Bell Canyon. The presence of the tracer added to the drilling 
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fluid indicates that all of the water samples are slightly contaminated 
with drilling fluid. Therefore, the reported specific gravity of fluid 
from the Hays sandstone (1.120 - 1.134) may be slightly too high (Beauheim 
et al., 1983b). 

At the end of operations in 1983, the penetrated portion of the Bell Canyon 
in Cabin Baby-1 was isolated by a packer emplaced in the lower anhydrite of 
the Castile Formation, and a monitoring tube was installed to the surface 
to allow long-term monitoring of a composite Bell Canyon fluid, level. As 
of October 1986, the composite Bell Canyon fluid level in Cabin Baby-1 was 
stabilized at an elevation of approximately 920 m (Saulnier et al., 1987). 
Assuming that a specific gravity of 1.12 represents Bell Canyon fluids in 
the hole, and that the fluid column is supported by the effective pressure 
at the top of the Hays member at an elevation of -255 m, the calculated 
pressure at this elevation is 12.81 MPa. This pressure in the Bell Canyon 
in Cabin Baby-1 would support a column of brine having a density of 1.20 
g/cm^ to an elevation of 842 m. 

Culebra fluid pressures and properties in Cabin Baby-1 are contained in 
LaVenue et al. (1988). These results indicate a Culebra freshwater-
equivalent head of approximately 913 m. At the elevation of the base of 
the Culebra in this hole, approximately 856 m, this requires a fluid 
pressure of approximately 0.55 MPa. Assuming a final brine density of 
1.2 g/cp3 after halite dissolution, this is equivalent to a brine column 
supported to an elevation of 903 m. 

The expected saturated-brine head in the Culebra in Cabin Baby-1, 903 m, is 
61 m higher than the composite saturated-brine head in the Bell Canyon in 
the same hole, 842 m. Thus, under the assumptions used here and consistent 
with extrapolations from regional data available as of 1983, the final 
direction of fluid flow in the event of an open drillhole interconnecting 
the Bell Canyon and Salado Formations with the Culebra dolomite at Cabin 
Baby-1 would be downward. 

2.2.2 Results from Hole DOE-2 

Hole DOE-2, located near the center of the northern boundary of WIPP Zone 3 
(Figure 1.2), was drilled in two stages to a total depth of 1318 m, between 
August 1984 and June 1985 (Mercer et al. , 1987). In addition to the 
shallower units in the hole, the Ramsey, Olds, and Hays "sandstone" members 
of the Bell Canyon Formation were hydrologically tested (Table 2.1), as 
described by Beauheim (1986). 

The results pf testing in DOE-2 are similar to those in Cabin Baby-1, in 
which the lower "sand," the Hays, is the only unit with appreciable 
permeability or transmissivity. Estimated transmissivities for the Hays in 
DOE-2 range from 5.7 x 10"' to 6.0 x 10" 7 m 2/s, similar to the upper 
estimate of transmissivity for the same zone in Cabin Baby-1. Estimated 
transmissivities of the Ramsey and Olds members in DOE-2 range only from 
5.8 x 10" 9 to 8.2 x 10* 9 m2/s, similar to the upper range of estimated 
transmissivities for the same members in Cabin Baby-1. The lithologic log 
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contained in Mercer et al. (1987) indicates that all three members are 
fine-grained sandstones, rather than siltstone. 

After hydrologic testing, the Bell Canyon in DOE-2 was isolated for 
monitoring of a composite fluid level (Beauheim, 1986). As of March 1986, 
the composite fluid level had "stabilized" at an elevation of approximately 
925 m. Assuming that the measured specific gravity of 1.10 (Mercer et al., 
1987) is representative for the Bell Canyon fluids, and that the composite 
Bell Canyon head is controlled by fluid pressures at the top of the Hays 
member at an elevation of -243 m, this requires a fluid pressure of 
12.5 MPa at this elevation. This pressure would support a column of brine 
having a density of 1.2 g/cm^ to an elevation of approximately 827 m. 

The Culebra freshwater-equivalent head in DOE-2 is approximately 934 m 
(LaVenue et al., 1988). Using the measured fluid density of 1.04 g/cm-* 
(Uhland et al., 1987) for the Culebra in DOE-2, a freshwater-equivalent 
head of 934 m requires a pressure of 1.47 MPa at the base of the Culebra, 
at an elevation of 784 m. Assuming a final Culebra brine density of 
1.2 g/cm^ following halite dissolution, the Culebra fluid pressure at DOE-2 
would support a brine column of density 1.2 g/cm^ to an elevation of 
approximately 909 m, 82 m higher than supported by the composite Bell 
Canyon head in the same hole. Under the assumptions used here, the final 
direction of fluid flow in the event of an open hole interconnecting the 
Bell Canyon, Salado, and Culebra at DOE-2 would be downward. 

Wood et al. (1982) estimate that the transmissivities of sandstones within 
the Bell. Canyon Formation normally range from 1.0 x 10"^ to 2.8 x 
10-6 m2/s; although they report a maximum value of 1.7 x 10"5 m2/s. This 
range is approximately one order of magnitude greater than the transrais-
sivity of the Hays member in Cabin Baby-1 and DOE-2, and more than two 
orders of magnitude greater than the transmissivities measured in the Olds 
and Ramsey members in the same holes. Therefore, the Ramsey member in 
Cabin Baby-1 and DOE-2 does not appear to be part of one of the channel 
sands shown in Figure 1.3. Given that Cabin Baby-1 and DOE-2 are the only 
two holes very near to WTPP Zone 3 that penetrate the Bell Canyon, this 
result does not guarantee that no channel sandstone is present in the Bell 
Canyon beneath the WIPP site. Given the general trend of the channel sands 
shown in Figure 1.3, it does suggest that any channel sand present would 
have to be at least as narrow as the sand shown at the eastern edge of the 
WIPP site. Cabin Baby-1 lies along the trend of this sand, however, 
indicating that this channel is not continuous towards the southwest. 

The recent results in both DOE-2 and Cabin Baby-1 are consistent with the 
conclusion that the final direction of fluid flow resulting from 
interconnection of the Bell Canyon Formation and the Culebra dolomite at or 
near the WIPP site would be downwards into the Bell Canyon, contrary to 
assumptions maintained in the WIPP FEIS. There are some- limitations to 
this conclusion. There might be upward fluid movement until the Bell 
Canyon and Culebra fluids became essentially saturated with halite, at 
which time downward flow would begin. In addition, these results depend on 
the assumption that flow rates within the Bell Canyon and Culebra dominate 
any fluid pressures generated within the Salado Formation. This assumption 
appears generally valid, however, given the low fluid-flow rates normally 
encountered within the Salado Formation (Section 3.0). 
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3.0 CASTILE AND SALADO FORMATIONS 

The major halite-bearing units at and near the WIPP site are the Castile 
and Salado Formations. Both units contain halites of varying purity and 
thickness. The two halites within the Castile Formation are normally 
thick, contain abundant sulfate/carbonate laminae, and are separated by two 
relatively thick anhydrites. The bedded halites within the Salado 
Formation contain accessory minerals such as polyhalite, clay, and 
anhydrite, and are separated by numerous anhydritic marker beds and related 
clay seams. Locally the middle portion of the Salado Formation contains 
commercial potash mineralization, at a level some 300 m stratigraphically 
above the WIPP facility horizon. The underground workings in the WIPP 
facility are being developed at a depth of approximately 655 m within 
bedded halites and anhydrites in the lower Salado. The halitic interval 
containing the WIPP facility horizon is approximately 8 m thick, and is 
situated between anhydrite marker beds MB138 and MB139. The Castile and 
Salado Formations are discussed together here, since halite is a major 
component of both, and many of the processes of interest involve both 
units. 

The Castile Formation overlies the Bell Canyon Formation (Delaware Mountain 
Group). Near the WIPP site, the Castile normally contains a sequence of 
three thick anhydrites (Anhydrite I at the bottom and Anhydrite III at the 
top), separated by two thick halites (Halites I and II). The thickness of 
the Castile Formation at and near the WIPP site is approximately 400 m. 
Anderson et al. (1972) provide a general stratigraphic description of the 
Castile, including the more than 200,000 sulfate/carbonate laminae that 
occur throughout both halites and anhydrites within the unit. Bedding 
within Castile anhydrites ranges from massive (approximately 30 m) to 
laminar (see, for example, Mercer et al., 1987). Individual beds in the 
Salado are often 1 m thick or less. The unit nominally contains 45 
anhydrite marker beds, numbered from Marker Bed 101 (MB101) to MB145 with 
increasing depth. The Salado Formation is about 600 m thick at the WIPP 
site. 

In some areas, both total thickness and the thickness of stratigraphic 
intervals within the Castile and Salado Formations are variable. The 
origin and timing of this variability are discussed in Section 3.1. This 
variability has played a significant role in WIPP site characterization, 
since variable halite (and anhydrite) thicknesses could have at least three 
origins: 

1. Initial depositional variability (e.g., Lambert, 1983; Boras and 
Shaffer, 1985). 

2. Gravity-driven deformation, in which dense anhydrites sink into 
less dense halites, with compensating formation of salt-cored domes or 
anticlines (Borns et al., 1983; Boras and Shaffer, 1985). 

3. Evaporite dissolution, by which halites are preferentially 
dissolved by contact with unsaturated groundwaters (Anderson, 1978; 
Davies, 1983). 
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Significant volumes of fluid are not normally encountered in drilling 
either the Castile or Salado. There are exceptions, however. Highly 
pressurized brines have been encountered in the uppermost Castile anhydrite 
in some hydrocarbon-exploration and stratigraphic test holes near the WIPP 
site (Figure 1.6). These fluids are under sufficient pressure to flow to 
the land surface. The origin and distribution of Castile brines at and 
near the WIPP site is discussed in Section 3.2. 

As mentioned previously, the WIPP facility is presently being developed 
within the bedded halites and anhydrites of the lower Salado Formation. In 
order to place the WIPP facility within a proper regional perspective, it 
is necessary to characterize the behavior of the Salado Formation on both 
the regional scale and adjacent to the WIPP facility itself. The charac
teristics of the Salado are locally different as a result of "excavation 
effects" from construction of the WIPP facility. These transient effects 
demonstrably occur on time scales of interest in performance assessment. 
Recent studies examining the structural, hydrologic, and geochemical 
characteristics of the Salado Formation in and near the WIPP facility are 
discussed in Section 3.3. These studies are progressing, and will play a 
critical part in monitoring the behavior of the WIPP facility during the 
operational phase. The discussion of these activities is preliminary. 

3.1 Regional and Local Variability. Deformation, and Dissolution 
of the Castile and Salado Formations 

3.1.1 Regional Relationships and Behavior 

As mentioned above, both aggregate and internal thicknesses within the 
Castile and Salado Formations vary locally. The variability near the WIPP 
site is shown in Figure 3.1. Holes WIPP-12, DOE-2, and WIPP-11 lie. within 
the southern part of the Castile "Disturbed Zone" (DZ) shown in Figure 1.6, 
while hole Cabin Baby-1 lies outside this zone. Since ERDA-9 penetrates 
only the upper portion of the Castile Formation, the possible extension of 
the DZ beneath the WIPP facility has not been determined by drilling. The 
Castile and Salado Formations in hole Cabin Baby-1 are assumed here to 
represent the "undisturbed" character of these units near the WIPP site. 

In the cross section shown in Figure 3.1, the total thickness of the 
Castile is known only in holes Cabin Baby-1 and DOE-2. The Castile is 409 
m thick in Cabin Baby-1 and 302 m thick in DOE-2. The apparent thickness 
of Anhydrite I is 72 m in Cabin Baby-1 and 80 m in DOE-2. Therefore, we 
assume here that the thickness of Anhydrite I is not significantly variable 
on the scale of the WIPP site, and that, south of DOE-2, Anhydrite I is not 
strongly involved in structures within the Castile and overlying Salado. 
Apparent stratigraphic thicknesses from the top of the Castile to the top 
of Anhydrite I range from 222 m at DOE-2 to 372 m at WIPP-11. The assumed 
undisturbed thickness, that at Cabin Baby-1, is 337 m. 

Much of the variability within the Castile Formation in Figure 3.1 is in 
halite thickness. For example, the anomalously thick Castile at WIPP-11 
includes a thickness of 311 m for Halites I and II, compared with a 
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thickness of 167 m for the same units in Cabin Baby-1. At the other 
extreme, a total of only 2 m of Castile halite is present in DOE-2; Halite 
II is completely missing. 

However, Anhydrites II and III also vary in thickness. Their total 
apparent thickness (drilled thickness, ignoring dip) in WIPP-11 is 61 m, 
compared to 219 m in DOE-2. Both values differ significantly from the 
total thickness of the two units in Cabin Baby-1, 170 m. These 
relationships indicate that, at least locally, anomalously thick halites 
within the Castile Formation are combined with anomalously thin anhydrites. 
Conversely, anomalously thin Castile halite, as in DOE-2, is combined with 
anomalously thick anhydrite. These results are inconsistent with halite 
dissolution being the only cause of variability in the thickness of the 
Castile Formation at the WIPP site. 

Locally, the antithetic relations between anhydrite and halite thicknesses 
within the Castile are consistent with a similar relationship between 
overall thicknesses of the Salado and Castile Formations. The Salado is 
625 m thick at Cabin Baby-1 and 602 m thick in ERDA-9. However, at WIPP-11 
and WIPP-12, where the underlying Castile is anomalously thick, the Salado 
is unusually thin, 420 and 540 m, respectively. On the other hand, the 
Castile is relatively thin at DOE-2, and the apparent thickness of the 
Salado at DOE-2 is 647 m, greater than at either Cabin Baby-1 or ERDA-9. 

Thus, the variable thicknesses of the combined Salado and Castile Forma
tions at and near the VIPP site appear due to internally compensating 
variations in thicknesses of both anhydrites and halites. The origin of 
compensating anhydrite and halite thicknesses may be either depositional, 
as suggested by Lambert (1983) and Borns and Shaffer (1985), or a conse
quence of later gravity-driven deformation, as discussed in Borns et al. 
(1983). The Castile and Salado variability considered here at the WIPP 
site proper is very similar to that considered by Borns and Shaffer (1985) 
at the Poker Lake structures well south of the WIPP. 

There is considerable evidence for both syndepositional and postdepo-
sitional deformation within the Castile Formation, as summarized by Borns 
et al. (1983) and Borns (1983). These authors distinguish three stages of 
deformation, listed in the sequence of development: 

1. Formation of discontinuous isoclinal folds interpreted to be 
approximately syndepositional in age, i.e., to have occurred in soft 
sediments. These structures include displacive crystal growth in both 
anhydrites and carbonate laminae. Characteristically, the syndeposi
tional structures are confined to a single layer, and may include 
disruption of the affected layer. 

2. Asymmetric folding, including formation of crenulation cleavage, 
boudinage (separation) of carbonates, and convolute folding of 
anhydrite stringers within halites. Borns (1983) attributes a 
widespread subhorizontal fabric within Castile halites to folding at 
this stage. The axial planes of convolute folds in anhydrite stringers 
within Halites I and II are also subhorizontal. Borns (1983) 
interprets these relations to indicate that major deformation within 
the Castile often involves lateral movement of halite. 
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3. Late-stage near-vertical fractures and veins, which cross-cut 
earlier structures. These fractures may be either open, or filled with 
halite, anhydrite, and/or gypsum. 

Syndepositional deformation was probably driven by gravity acting on 
original depositional slopes, or by responses to density contrasts within 
still-soft sediments. Borns et al. (1983) attribute later deformation to 
some combination of direct gravity-driven deformation resulting from 
deposition of dense anhydrites over less-dense halites and regional tilting 
of the Delaware Basin. On the large scale, the gravitic driving force for 
internal deformation of the Castile and overlying Salado Formations is 
clear. Above Anhydrite I, the Castile includes two thick anhydrites, with 
densities of approximately 2.95 g/cm^. Each unit was deposited above thick 
halite with a density of 2.2 to 2.25 g/cm^. Modeling discussed in Borns et 
al. (1983) indicates that, for the relatively thick-bedded Castile, these 
density contrasts should be sufficient to drive deformation in which the 
anhydrites effectively sink into underlying halites. Layering within the 
Salado is too thin to support such deformation; the Salado structures 
appear essentially to follow those in the underlying Castile as a rela
tively passive marker. 

However, a driving force for deformation can be effective only if there are 
appropriate deformation mechanisms operating in the rocks involved. There 
have been three major studies into possible deformation mechanisms within 
the halites of the Castile and Salado. Munson (1979) assumed that deforma
tion within the units is anhydrous. Munson concludes (Figure 3.3) that 
deformation under generic conditions for either a high-level-waste or TRU 
facility in halite would occur by an undefined mechanism, except at rela
tively high stress levels. At high stress levels, deformation would be 
dominated by creep mechanisms involving dislocation climb. 

In contrast, Borns et al. (1983) associate structures within deformed 
portions of the Castile and Salado with the presence of fluids, and 
conclude that pressure solution plays a major role in controlling the 
regional deformation of both units. During pressure solution, deformation 
proceeds as a result of the migration of mineral constituents from regions 
of high stress to regions of low stress by means of diffusion through 
grain-boundary fluids. In the interpretation of Borns et al. (1983), the 
participation of fluids during deformation of the Castile and Salado 
Formations is indicated by veins containing both halite and anhydrite, as 
well as by anhydrite recrystallization in stress shadows. Recent studies 
of fluid contents within Salado halites indicate contents of as high as 2 
weight percent (see Section 3.3), more than required for pressure solution 
to be operative (Borns, 1987b). 

•i 

Borns (1987b) estimates deformation fields for halite, including pressure 
solution as a deformation mechanism (Figure 3.4). Field n C in this figure 
includes the temperature and stress regimes estimated for regional 
deformation at and near the WIFF site by Borns et al. (1983), while field 
"B" is an analogous field for natural deformation of halites estimated by 
Carter and Hansen (1983) and Heard (1972). Pressure solution plays a major 
role in halite deformation within the conditions of both fields and assumed 
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material properties, so long as the volumetric strain rate is not greater 
than approximately 10"13 s"l. As discussed by Borns (1987b), the maximum 
strain rates at which pressure solution is a dominant deformation mechanism 
depend on the character and thickness of the grain-boundary fluids. 

The estimated strain rates for far-field deformation at the WIPP site, not 
including near-field deformation around the WIPP facility itself, are 
consistent with pressure solution. Based on a range of estimated strain 
rates of between 3 x 10"^ and 10"^^ s*l, the range of times calculated for 
formation of the WIPP-12 anticlinal structure, estimated to have undergone 
1% volumetric strain, is 1.1 x 10^ to 10 6 years (Borns et al., 1983). Near 
an underground facility such as the WIPP facility, however, early-time 
strain rates are probably too rapid for pressure solution to be a major 
deformation mechanism. Reported volumetric strain rates in such a setting 
are as high as 10"H s"* (Borns, 1987b), and may be even higher during 
initial transient closure. 

In summary, the understanding of far-field deformation within the Castile 
and Salado Formations is consistent with the interpretations that: 

1. Pressure solution, in which deformation results from mineral 
constituents being transported from high-stress to low-stress domains 
by means of an intergranular fluid or film, plays a major role in 
regional deformation of evaporites at and near the WIPP site. Since 
only approximately 0.2 volume percent (0.1 weight percent) fluid is 
required for pressure solution to be operative in halite, more than 
enough fluid is present within the Salado and Castile Formations at and 
near the WIPP site. 

2. Much of the deformation within the DZ may have been effectively 
syndepositional (i.e., Permian) in age, although this is not the last 
period of deformation that has taken place. 

3. The driving force behind regional-scale evaporite deformation at 
and near the WIPP is gravitational, due to the depositional emplacement 
of dense anhydrites over less dense halites. There is, however, a 
regional overprinting due to Pleistocene tilting of the entire northern 
Delaware Basin. 

4. Deformation such as that known to occur within the DZ, even if it 
does progress toward the WIPP, is unlikely to reach the WIPP site 
within 10* years, the minimum estimated time required for formation of 
the WIPP-12 structure. 

5. It is not known whether or when pressure solution will become an 
important mechanism in closure of the WIPP facility itself. At early 
times close to the facility, i.e., at relatively high stresses and 
deformation rates, mechanisms involving dislocation climb (and 
fracturing) should dominate. At later times and/or at greater 
distances from the underground workings, i.e., at lower stresses and 
deformation rates, pressure solution may dominate. 
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3.1.2 The DOE-2 Structure 

The recognition of gravity as a driving force for regional-scale 
deformation of the Castile and Salado Formations and the probable role of 
pressure solution in such deformation does not rule out the possibility of 
halite removal by dissolution. The absence of halite within the Castile in 
the western part of the Delaware Basin (Figure 1.4) is interpreted as 
partly due to halite dissolution in response to regional tilting and uplift 
of the basin. However, as summarized by Neill et al. (1983), there is 
generally agreement that blanket or stratabound dissolution within the 
Castile and Salado Formations is not a feasible mechanism for breach of the 
WIPP facility on the regulatory time frame. Regional-scale evaporite 
dissolution within the Castile and Salado Formations is not discussed 
further here. 

Both Anderson (1978, 1981) and Davies (1983) proposed that evaporites in 
the Castile and/or Salado Formations may be locally dissolved by halite-
unsaturated fluids moving upwards from the Bell Canyon Formation (see 
Section 2.0). Subsidence of the overlying evaporites, especially the 
Salado Formation, would result. Hole DOE-2 was drilled specifically to 
investigate a depression in HB124 in the middle portion of the Salado 
Formation (Figure 3.1; see also Figure 2-2 of Mercer et al., 1987). 
However, the DOE-2 structure is interpreted as being due to lateral and 
vertical deformation of the Castile and Salado Formations, rather than 
evaporite dissolution.. 

The expected position of the top of the Castile Formation (Anhydrite III) 
in DOE-2 was at an elevation of between 230 and 260 m. However, the top of 
the Castile in DOE-2 was actually at an elevation of 102 m, more than 120 m 
lower. The base of the Castile in DOE-2, at an elevation of -199 m, is 
consistent with regional trends, indicating that the structure does not 
extend below the top of Anhydrite I. 

Laminae within the upper Castile anhydrite in DOE-2 are strongly deformed, 
with vertical bedding and discontinuous folds at various depths (Mercer et 
al., 1987; Boms, 1987a). These structures are consistent with syndepo-
sitional deformation. Other structures seen in the Salado and Castile 
Formations in DOE-2, such as pull-apart structures and fibrous vein infil-
lings, are interpreted by Boms as postdepositional. As noted by Boms 
(1987a), removal of Castile halite from DOE-2 by dissolution should have 
left in place many of the anhydrite "laminae" originally present in Halites 
I and II. No such dissolution residues were identified in core collected 
in hole DOE-2. The very thin Castile halite in DOE-2 (approximately 2 m) 
is compensated by unusually thick halites within the overlying Salado 
Formation. As shown in Figure 3.1 and noted in Table 3-3 of Mercer et al. 
(1987), halites within the informal lower member of the Salado Formation 
(from MB126 to the top of the Castile) in hole DOE-2 are 96 m thicker than 
in the same stratigraphic interval in hole WIPP-12, and 204 m thicker than 
in WIPP-11. 

The DOE-2 structure is interpreted as being due to both lateral and 
vertical deformation of the Castile and Salado Formations, rather than to 
evaporite dissolution. The structural understanding of the Salado and 

37 



Castile does not allow prediction of where such a structure might develop 
in the future. Drilling and testing of hole DOE-2 indicates that no such 
structure remains unexamined at and near the WIPP site. Estimated times 
required for 1% strain in the structure at WIPP-12 indicates, however, that 
the time required for generation of a significant structure as a result of 
gravitationally driven deformation probably exceeds the 10,000-year time 
frame of regulatory interest. 

3.2 Occurrence and Origin of Pressurized Brines within Anhydrites 
of the Castile Formation 

Uncertainties about the original thicknesses, rates of gravity-driven 
deformation, and regional and local dissolution rates of Castile halites 
relate to natural phenomena affecting the reliability of long-term 
extrapolations of WIPP performance. One issue, the possible presence of 
pressurized Castile brines beneath the WIPP facility itself, plays a direct 
role in evaluation of the possible consequences of human intrusion into the 
WIPP facility. This is because, when encountered in drillholes, such 
brines can rise to the land surface; they would be capable of directly 
transmitting entrained waste to both the Rustler and the land surface. A 
geophysical survey conducted in 1987 indicates that Castile brines may be 
present beneath a portion of the WIPP waste-emplacement panels, consistent 
with previous assumptions made in WIPP performance assessment. 

The known occurrences of Castile brines in the northern Delaware Basin as 
of 1983 (Figure 1.6) are taken from Popielak et al. (1983). Brines have 
been encountered in fractured Castile anhydrites in several hydrocarbon-
exploration drillholes both north and northeast of the WIPP site, between 
the WIPP site and the margin of the Delaware Basin. In addition, Castile 
brines were encountered southwest of WIPP in the Belco well, approximately 
6.5 km from the center of the site. During WIPP site characterization, 
pressurized Castile brines have been encountered in holes WIPP-12, approxi
mately 1.6 km north of the site center, and ERDA-6, approximately 8 km 
northeast of the site center. 

Brine volumes in the two occurrences have been estimated on the basis of 
flow tests and drillstern testing, but remain somewhat uncertain because of 
limited early flow data and the assumptions necessary concerning both 
fracture porosity and rock-mass compressibility in the absence of 
observation holes. Estimated brine volumes in the two occurrences range 
between 9.5 x 10^ and 105 barrels for ERDA-6 and between 5 x 10 6 and 17 x 
10 6 barrels for the WIPP-12 occurrence (Popielak et al., 1983; Neill et 
al., 1983). 

Because of the apparent large volume of the WIPP-12 reservoir, it is 
reasonable to postulate that this reservoir extends beneath all or part of 
the WIPP facility. However, geophysical studies prior to 1983 were 
unsuccessful in determining whether or not Castile brines were present 
beneath the WIPP facility (Borns et al., 1983). Nonetheless, as a result 
of the occurrence of Castile brine in WIPP-12, it was assumed through 1983 
that these brines were present beneath the WIPP facility (Channell, 1982; 
Bard, 1982; Case et al., 1982). A geophysical survey using transient 
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electromagnetic methods was made directly over the WIPP waste-emplacement 
panels in 1987 (Earth Technology, 1987), to determine the presence or 
absence of Castile brines beneath the facility. The results contained in 
Earth Technology (1987) are summarized in Figures 3.5 and 3.6. 

As discussed in Section 2.0, the WIPP is underlaid by the Bell Canyon 
Formation. While the permeability of the upper portion of the Bell Canyon 
Formation is variable, the entire unit appears to be a good electrical 
conductor. Therefore, the dominant conductive layer beneath the WIPP 
facility appears to be the Bell Canyon. However, the apparent variations 
in depth to the first major conductor appear to exceed the estimated depth 
uncertainty for the geophysical method used, 75 m (Figure 3.6). At some of 
the locations, the interpreted depth to the first major conductor lies 
significantly above the depth of the top of the Bell Canyon Formation, 
i.e., within the Castile Formation. On the basis of this interpretation, 
brine may be present within the Castile Formation under part of the area 
outlined by the WIPP waste-emplacement panels (Earth Technology, 1987). 

However, the combination of the depths to the first major conductor 
indicated in Figure 3.5 and stratigraphic depths indicated in Figure 3.1 
suggests that the brine occurrence is limited. The depth to the top of the 
Bell Canyon is 1230 m in Cabin Baby-1 and approximately 1250 m in ERDA-9 
(assuming linear variation between Cabin Baby-1 and DOE-2). Therefore, 
conductor depths greater than 1300 m in Figure 3.5 almost certainly reflect 
the Bell Canyon Formation. At the other limit, the depth to the bottom of 
the Salado is 861 m in ERDA-9 and 821 m in Cabin Baby-1. Since the minimum 
interpreted depth to the conductor is 988 m, the conductor does not appear 
to be within the Salado Formation anywhere in the surveyed area. The depth 
to the bottom of Anhydrite III is 959 m in Cabin Baby-1, and is assumed to 
be approximately 950 m in ERDA-9. Assuming 75 m vertical uncertainty in 
the geophysical soundings, this implies that apparent conductor depths of 
less than approximately 1025 m are consistent with brine occurrence within 
Anhydrite III. This interpretation suggests that brine is present within 
Anhydrite III under only the furthest northern and northeastern parts of 
the waste-emplacement panels. To date, pressurized Castile brines have 
been found only within fractured portions of the uppermost anhydrite 
present, Anhydrite II in ERDA-6 and Anhydrite III in WIPP-12. 

The results shown in Figure 3.5 are based on one-dimensional modeling. 
Preliminary attempts at three-dimensional interpretation of the results 
indicate that the lateral resolution of the interpretation cannot be 
improved by more complex modeling approaches. Therefore, the "conserva
tive" interpretation is that Castile brines are present beneath at least 
the northern portion of the WIPP waste-emplacement panels, consistent with 
both the most recent work and earlier assumptions. 

Two basic hypotheses have been put forward to account for the occurrences 
of Castile brines: 

1. Migration of connate Castile fluids into fractured anhydrites as a 
result of local deformation (Boras et al., 1983; Popielak et al., 
1983). 
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Figure 3.5: Contour map of apparent depth to first major deep conductor in 
survey including area of WIPP waste-emplacement panels, in 
meters. The heavily dashed rectangle outlines the surface 
projection of the WIPP waste-emplacement panels. Simplified 
from Figure 3-3 of Earth Technology (1987). 
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2. Isolation of meteoric waters within fractured anhydrites following 
episodic hydrologic connection of the Castile with the Capitan 
limestone (Lambert and Carter, 1984). 

According to the first hypothesis, the brines would be localized by 
deformation of the Castile Formation. The brines would occur in relatively 
low-pressure areas, such as the crests of domal or anticlinal structures 
similar to those encountered at WIPP-12 and ERDA-6. Such brines might 
continue to be generated by slow gravitationally driven deformation during 
and after the WIPP operational phase. Borns (1983) estimated that the 
reduction of porosity of the Castile halites by 0.2% required to generate 
the volumes of brine encountered in the WIPP-12" domal structure would 
likely be indistinguishable in bulk-property measurements. As pointed out 
by Borns (1987b), mechanical displacement and/or fluid movement during 
gravity-driven deformation need not be continuous. From a mechanical point 
of view, the emplacement of Castile brines appears consistent with either 
continuous or episodic deformation, and would result in indistinguishable 
changes in the properties of surrounding Castile halites. However, as 
discussed in Section 3.1, regional deformation within the Castile Formation 
is probably too slow to be of concern in the performance of the WIPP 
facility. 

Lambert and Carter (1984) conclude, on the basis of uranium-disequilibrium 
studies, that the Castile brine occurrences were neither in-place nor remo-
bilized connate Castile fluids. They conclude that the brine occurrences 
are the result of isolation of waters resulting from intermittent or epi
sodic lateral hydraulic connection of the Capitan limestone and Castile 
anhydrites. Local fracturing of the Castile anhydrites is still required. 
Lambert and Carter (1984) specifically conclude that: 

1. The residence or isolation times for the Castile brines at ERDA-6 
and WIPP-12 are between 360,000 and 880,000 years. 

2. The extent of buildup in 234u/238u r a t i o s expected to result from 
continuous exposure of fresh rock to fluids during gravity-driven 
deformation is not seen. 

3. Therefore, the mode of emplacement of the Castile brines must be 
episodic in character. The relevant episodic feature of the system is 
interpreted by Lambert and Carter (1984) to be hydraulic connection 
between the Castile anhydrites and the Capitan limestone. Any future 
brine generation, according to this interpretation, would require 
hydrologic reconnection of the Capitan and Castile. 

In summary, recent geophysical studies indicate that brines are probably 
present within Castile anhydrites under a portion of the WIPP waste-
emplacement panels. The brines are 250 m or more stratigraphically below 
the WIPP facility horizon. Although the detailed distribution of the 
brines remains unknown, this is not of special concern, since the presence 
of Castile brines beneath at least a portion of the WIPP facility has been 
and will continue to be assumed in WIPP performance assessment. The 
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raechanism(s) giving rise to Castile brine occurrences are not completely 
known. However, both mechanisms proposed, fluid migration in response to 
episodic deformation and isolation of fluids resulting from episodic 
interconnection of the Capitan limestone and Bell Canyon Formation, are 
unlikely to generate significant additional brine beneath the WIPP facility 
in the 10,000-year time scale of regulatory interest. 

3.3 Recent Hvdrologic. Geochemical. and Structural Studies 
of the Salado Formation 

As mentioned above, the WIPP facility is presently being developed within 
bedded halites and anhydrites of the Salado Formation, at an average depth 
of approximately 655 m. This section attempts to place the WIPP facility 
within a proper perspective relative to both local and regional-scale 
hydrologic and structural behavior of the Salado Formation. Differences in 
Salado behavior as a result of the presence of the WIPP facility are 
considered as "excavation effects." 

Section 3.3.1 discusses the hydrologic behavior of the Salado Formation as 
interpreted from testing conducted from the surface and within the WIPP 
facility. Section 3.3.2 describes the present understanding of the fluid 
geochemistry and mineralogy of the Salado Formation, based on recent and 

t ongoing studies within the WIPP facility. Section 3.3.3 discusses the 
interim results of ongoing investigations into the structural behavior of 
the Salado Formation adjacent to the WIPP facility, with emphasis on Marker 
Bed 139 (MB139), a relatively thick anhydritic marker bed approximately 1 m 
below the WIPP facility horizon. 

3.3.1 Regional-Scale and Near-Facility Hydrology of the Salado Formation 

3.3.1.1 Hvdrologic Testing from the Surface and at the Facility Horizon--
Unlike the case in the Castile Formation, significant brine flows have not 
been encountered in hydrologic testing of.the Salado Formation from the 
surface. However, two anomalous phenomena have been encountered in the 
Salado. First, pressurized gas has been encountered in some holes drilled 
from the surface and near the mining face in WIPP excavations. In the most 
dramatic case, nitrogen gas was encountered in the upper portion of the 
Salado in hole AEC-8, at a depth between 335 m and 391 m, during reworking 
of the hole approximately one year after original drilling (Table 3.1; 
Mercer, 1987). The gas pressure was sufficient to partially remove the 
drillstem from the borehole. A large volume of gas, approximately 6 x 10^ 
m^, was allowed to flow to the surface without apparent depletion of the 
reservoir (Mercer, 1987). Gas has also been locally encountered during 
construction of the WIPP facility, as described in Deal and Case (1987). 
To date, all gas occurrences within the WIPP facility have been small, 
although the largest such occurrence did result in a 0.4-m diameter disk 
being blown out of the face being mined. Second, as shown in Table 3.1, 
long-term monitoring at some holes penetrating the Salado Formation 
indicates a slow buildup of fluid pressure. The maximum pressure measured 
to date is 3.3 MPa (472 psig) at WIPP-12. This pressure is generated 
within the Salado, since it was measured before the hole was deepened into 
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Table 3.1: Summary of known Salado gas occurrences and measured wellhead 
pressures from surface drilling. Gas-occurrence data are 
modified from Table 2 of Mercer (1987). Fluid-pressure data 
are from the text of Mercer (1987). 

Gas Occurrences 

Hole Comments 

ERDA-9 
ERDA-6 
AEC-7 
AEC-8 
P-7 
P-12 
P-20 

At 430 m; trace of H2S 
At 561 m; blew for 30 min. 
At 491 m; blew for 1 hour 
At 335-391 m; blew for several months 
Many kicks 
Hole unloaded fluid over weekend 
Slight blow at TD of 608 m 

B. Pressures Measured at Surface 

Hole Comments 

Cabin Baby 
WIPP-12 
WIPP-13 
WIPP-11 
DOE-2 
AEC-7 

1.4 MPa 
2.94 MPa, before deepening 
2.93 MPa, hole open to Castile and Salado 
0.12 MPa 
0 
0 
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the Castile Formation and intersected Castile brines (Section 3.2). The 
rate at which Salado brine pressures build up is very slow and, as noted by 
Mercer (1987), the pressures appear to be supported by only very small 
volumes of fluid. Complete reduction of the 1.6 Mpa (228 psig) pressure at 
the WTPP-12 wellhead in 1985 was achieved by release of approximately 5 
gallons of brine. In some holes, for example DOE-2 and AEC-7, no long-term 
pressure buildup has been observed. 

The published results of "successful" hydrologic tests of the Salado from 
the surface (Table 3.2) indicate permeabilities from approximately 0.01 
microdarcy to a high of 25 microdarcies. Ongoing evaluation indicates 
that, as a result of instrumentation limitations, testing-time limitations 
or problems with pressure or flow stabilization, data from the Salado in 
DOE-2 are the most reliable, indicating a maximum permeability of 0.3 
microdarcies. It has not been possible in testing from the surface to 
identify any discrete sources for this fluid or to determine any strati-
graphic effects. 

Table 3.2: Summary of Salado hydrologic properties interpreted in hydro-
logic testing from surface. Modified from Tables 3 through 9 
of Mercer (1987). Ongoing interpretation indicates that only 
results from hole DOE-2 are reliable. 

Hole Comments 

AEC-7 550.8-581-3 m; MB 126; gas. perm. 3 x 10"6 D 
AEC-7 672.7-703.2 m; MB 139; figs perm. 12-21 x 10"6 D 
ERD'A-9 436.8-452.9 m; MB 118, 119; perm. 0.1-0.7 x 10"6 D 
ERDA-9 613.9-638.3 m; MB 136, 137; perm. 0.6-3.2 x 10"6 D 
ERDA-9 765.7-798 m; Cowden, lower Salado; perm. 1.6-2.2 x 10"6 D 
ERDA-9 799.5-876 m; lower Salado; perm 0.4-6.5 x 10"6 D 
ERDA-9 799.5-826.9 m; lower Salado; perm. 0.7-25 x 10'6 D 
Cabin Baby 230.7-828.2 m; entire Salado; perm. 0.01-0.1 x 10-6 n 
DOE-2 669-703.8 m; MB 138, 139; perm. <0.3 x 10*6 D 

However, there has been only limited "success" in field testing of the 
Salado from the surface. There appear to be two causes for this. First, 
the formation permeability appears in many cases to be below the testable 
minimum for the equipment used, approximately 0.01 to 0.1 microdarcy. For 
example, testing of all intervals in holes AEC-8, ERDA-10, and WIPP-12 was 
unsuccessful due to the low permeability and limitations to the test 
equipment. The most recent results included in Table 3.2, based on testing 
in Cabin Baby-1 in 1983 and DOE-2 in 1985, suggest an upper permeability 
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limit of approximately 0.3 microdarcies. As noted by Mercer (1987), it is 
not clear that any of the successful tests indicate the permeability of 
undisturbed halite, since the test intervals almost always include one or 
more interbeds. Second, in the case of hole WIPP-12, hole "ageing" during 
the seven years between hole completion and attempted testing of the Salado 
made it extremely difficult to find locations in the borehole that allowed 
successful setting of packers to isolate intervals for drillstem testing. 
The tentative interpretation is that this ageing involves loosening of 
grain boundaries in halites, with a concomitant increase in local 
permeability around the borehole. 

Flow testing of the Salado Formation within the WIPP facility is still in 
its early stages. Preliminary results indicate that the presence of the 
WIPP facility has a strong impact on the hydrologic behavior of nearby 
portions of the Salado Formation. The results of initial gas-flow testing 
in the WIPP facility are described by Stormont et al. (1987). Inter
pretation of this testing indicated that apparent gas permeabilities are 
very low at distances of greater than approximately 2 m from the under
ground workings, with no distinguishable stratigraphic variability. 
Stormont et al. (1987) calculate a "far-field" permeability of less than 1 
microdarcy for the Salado. 

Stormont et al. (1987) identify a zone of markedly increased permeability 
within approximately 2 m of the underground workings, on the basis of 
marked increases in gas flow rates at constant injection pressure. The 
apparent increases in permeability are especially dramatic near room center 
lines, in both room roofs and floors. In addition, the magnitude of the 
local increases in permeability appear to be a function of both time and 
room width. Stormont et al. (1987) note Chat their measurements are 
consistent with time-dependent development of a dilatant or "damaged" zone 
around the underground workings, and that this zone may well be only 
partially saturated. Finally, Stormont et al. (1987) indicate that the 
interpretation of their tests was complicated by uncertainties in the 
degree of saturation of the Salado, pressure-threshold effects inherent in 
gas-flow testing in either a partially or fully saturated medium, and local 
flow inhomogeneities due to fracturing in the disturbed or altered zone 
near the facility. 

Recent brine-flow testing within the WIPP facility described by Peterson et 
al. (1987) has eliminated some of the problems inherent in gas-flow 
testing. Peterson et al. (1987) describe tho results of long-term (240-
day) shut-in brine-flow tests in two holes. One hole penetrated "intact" 
halite and the other "intact" anhydrite in MB139, both at a distance of 8 
to 9 m from the underground workings. Assuming complete saturation within 
the tested Hzones, the results indicate far-field permeabilities of 
approximately 0.001 microdarcy for intact halite, and 0.01 microdarcy for 
MB139. In addition, apparent steady-state "pore" pressures of 8.3 HPa and 
10.3 MPa were measured in the two holes. Peterson et al. (1987) note that 
there is some uncertainty in both estimated permeabilities and fluid 
pressures, due to the long test times required. 

Gas-flow testing of the same two holes prior to brine-flow testing, at a 
gas -injection injection pressure of 2.1 HPa, indicated halite and marker-
bed permeabilities approximately one order of magnitude greater than 
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indicated in the later brine-flow testing. These higher permeabilities are 
similar to those reported by Stormont et al. (1987). Gas-flow testing 
after brine-flow testing indicated effectively zero permeability. The 
reasons for this complexity are not clear. It may well be that initial 
gas-flow testing utilized unsaturated flow paths resulting from near-hole 
dilatancy, and that these flow paths were later saturated during brine-flow 
testing. 

However, it is not clear that the Salado Formation is completely saturated, 
even in the far-field. For example, the gas "blows" locally encountered in 
drilling the Salado from the surface (see Table 3.1) indicate that high-
pressure gases occur locally within the unit. Unfortunately, it cannot be 
determined whether the initial pressures in these occurrences represent 
regional partial saturation or are a result of exsolution of dissolved 
gases as a result of stress release around drilled holes. The large gas 
flow in the Salado in hole AEC-8 occurred approximately one year after 
initial hole completion. Experience during the development of the WIPP 
facility also indicates the local occurrence of gas within the Salado at 
high pressure, perhaps approaching the local lithostatic pressure of 16 
MPa. Release of gas concentrated along a fracture nearly parallel to the 
facility working face resulted in a small blowout during mining operations, 
as described by Deal and Case (1987). Later drilling in front of the same 
working face encountered gas at a depth of approximately 3 m. However, 
because gas occurrences within the WIPP facility have all been near faces 
being actively mined, it cannot be demonstrated that they were at 
lithostatic pressure before release. They may result from exsolution of 
dissolved gases during stress release near the excavation. Other 
observations by Deal and Case,, such as the widespread exsolution of gas 
from brines collected within the WTPP facility and local bubbling of brine 
seeps on ribs within the facility, further suggest that gas may play a 
major role in at least the near-field hydrologic behavior of the Salado 
Formation. 

Thus, the results of recent permeability testing within the Salado 
Formation, both within the WIPP facility and from the surface, are 
generally consistent with a far-field permeability of approximately 0.001 
to 0.1 microdarcy. It is not certain whether the Salado is saturated or 
partially saturated regionally; in the altered zone near the WIPP facility, 
it appears to be partially saturated. There are marked near-field 
increases in Salado permeability near the WIPP facility, resulting from 
fracturing and possibly matrix dilatancy. The development of a 
hydrologically altered zone around workings at the WIPP facility horizon 
appears to depend on both time and geometry. The ultimate extent of this 
zone and the rate or extent of its elimination or reduction during the 
finaj. stages of facility closure remain unknown at present, but will be 
examined carefully during the early operational phase. 

3.3.1.2 Hvdrologic Testing Adjacent to the WIPP Air-Intake Shaft--Barring 
a direct breach of the WIPP as a result of human intrusion, the successful 
long-term performance of the facility largely depends on the success with 
which the facility shafts are plugged or sealed. Present planning calls 
for emplacement of shaft seals in both the Salado Formation and the unnamed 
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lower member of the Rustler Formation. Therefore, it is important to know 
the distribution of hydrologic properties within both units adjacent to the 
WIPP shafts. A preliminary series of hydrologic tests was conducted at 
several levels in the WIPP waste-handling shaft during 1987. Additional 
testing and monitoring of the hydrologic characteristics of both the 
Rustler and Salado Formations adjacent to the WIPP air-intake shaft is 
planned. 

The objectives of the preliminary hydrologic testing adjacent to the WIPP 
waste-handling shaft, results of which are described in Saulnier and Avis 
(1988), were to: 

1. Determine if a significant fractured or altered zone had developed 
around the concrete shaft liner in the shaft since its completion. 

2. Estimate the radial extent of the hydrologic cone of depression 
resulting from construction of the waste-handling shaft. 

3. Determine "far-field" hydrologic properties for previously untested 
zones in the lower unnamed member of the Rustler Formation and levels 
in the Salado Formation at which it is anticipated that plugs might be 
placed at the end of the WIPP operational phase. 

Testing in the waste-handling shaft was carried out in subhorizontal 
drillholes, using three distinct test zones. The detailed experimental 
instrumentation is described in Stensrud et al. (1988). Zone 1 extended 
from the hole "bottom" approximately 7.9 m outside the shaft to a depth of 
some 5.7 m, Zone 2 from approximately 4.8 m to 3.7 m, and Zone 3 from 
approximately 2.9 to 1.6 m. There was, however, some variability in both 
test-zone depths and the relationship between Zone 3 and the shaft liner. 
No shaft liner was present below the 850-foot level. The shaft liner was 
thin enough in the lower Rustler for Zone 3 to test entirely within the 
rock mass. At the 850 level, however, the thickened shaft liner in the 
keyway dictated that Zone 3 in one hole included the interface between rock 
and shaft liner. (English depth units are used here for consistency with 
depth records within the shaft). 

The results of the preliminary testing in the waste-handling shaft are 
summarized in Table 3.3 and Figures 3.7 and 3.8. Tested lithologies 
include mudstone and claystone in the unnamed lower member of the Rustler 
(at the 782 and 805-foot depths, respectively) and halites, an anhydrite, 
and a polyhalite within the Salado Formation (850 and 1320-foot depths). 
All of the tested intervals are extremely low in permeability. Hydraulic 
conductivities listed in Table 3.3 range only from 10"^ to 10"13 m/s. 
This corresponds to an approximate range in permeability of one order of 
magnitude,"1 from 0.001 to 0.01 microdarcy. There is no consistent increase 
in conductivity towards the shaft (from Zone 1 to Zone 3) in any of the 
rock types tested, except at the 850-ft level. In the 850W hole,-
pressurized fluids flowed into the borehole at the liner/rock interface. 
The precise origin of these fluids remains to be determined. 
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Table 3.3: Summary of results of 1987 hydrologic testing in the WIPP 
waste-handling shaft. From Saulnier and Avis (1988). 

Test Zone 
Boreho] Le Lithology Depth Int. Test Period Pressure Hydraulic Formation 

(Feet from Pulse Conductivity Pressure 
Shaft Wall) (psi) (m/s) (psi) 

W782W Silty 1) 18.6-26.0 07/18-22/87 113.3 1.0 E-13 90 
Mudstone 2) 12.3-15.9 07/20-22/87 108.3 1.0 E-14 140 

3) 5.4- 9.5 07/21-22/87 99.4 1.0 E-14 140 
U805V Silty 1) 18.6-26.0 07/11-15/87 94.5 5.0 E-14 225 

Claystone 2) 12.3-15.9 07/13-15/87 105.1 1.0 E-14 140 
3) 5.4- 9.5 07/14-15/87 97.8 1.0 E-14 110 

W805SW Silty 1) 18.6-26.5 08/28-31/87 102.9 6.0 E-15 275 
Claystone 2) 12.3-15.9 Not Tested 1.0 E-14* 90* 

3) 5.4- 9.5 08/29-31/87 92.6 2.0 E-14 70 
U850U Halite 1) 18.6-26.0 07-30/08-03/87 97.6 1.0 E-13 40 

2) 12.3-15.9 08/2-3/87 116.5 1.0 E-13 40 
3) 5.4-9.5 07-31/08-3/87 90.39 Not Analyzable* 

V850SE Halite 1) 23.2-36.0 08/19-24/87 103.5 3.0 E-14 50 
2) 16.8-20.5 08/21-24/87 103.1 3.0 E-14 30 
3) 10.0-14.1 08/22-24/87 100.7 2.0 E-14 90 

V1320E Halite/ 1) 18.6-41.8 08/11-17/87 173.3 2.0 E-14 550 
Anhydrite 2) 12.3-15.9 08/14-17/87 52.6 3.0 E-14 450 
Polyhalite 3) 5.4- 9.5 08/15-17/87 53.0 3.0 E-14 100 

*Zone 2 analysis from pressure buildup after shut-in, August 28 to 31, 1987. 

Physical limitations to the testing system dictated that Zone 3 not extend 
any closer than approximately 1.6 m from the inside of the shaft. 
Therefore, even if the one or two holes tested at each level are represen
tative and adequately characterize the permeability at the tested levels, 
it can only be argued that the results indicate that no damaged zone 
presently extends more than 2 m into the rock mass. This includes any 
damage zone resulting from blasting during construction of the shaft. In 
addition, because of scheduling constraints, all of the testing was 
relatively short-term. Longer-term testing might identify changes in 
hydraulic properties near the shaft. 

The permeabilities listed in Table 3.3 indicate no significant strati-
graphic variability. All of the tests indicate extremely low permeability, 
roughly one order of magnitude less than estimated from measurements from 
the surface. One reason for this may be that the holes tested here were 
nearly horizontal; as a result, at least part of the fluid flow was 
vertical, perpendicular to layering. The results may imply that vertical 
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permeability in both the lower part of the Rustler Formation and the Salado 
Formation is less than horizontal permeability, consistent with experience 
in other layered rock types. 

Testing adjacent to the waste-handling shaft did indicate a distinct zone 
of decreased fluid pressures around the shaft at the 805-foot and 1320-foot 
levels, in claystone and halite/anhydrite/polyhalite, respectively (Figure 
3.8). The cone of fluid-pressure depression apparently extends outward to 
greater than one shaft diameter at these levels. The fluid-pressure 
profiles at the 782-foot and 850-foot levels may be indeterminate because 
of effects of equipment compliance (Saulnier and Avis, 1988). The 
generation of a hydraulic cone of depression around the shaft was expected, 
consistent with responses noted earlier in the Culebra dolomite to 
construction of the WIPP exploratory shafts (see Haug et al., 1987). The 
behavior of this zone outside the Culebra as a function of time remains 
unknown. 

Interpretation or prediction of long-term flow behavior into the shaft 
would require an observation hole, so that fluid storativities within 
affected units could be estimated. A nearby observation hole does not 
exist for the waste-handling shaft. However, hole H-16 was drilled and 
instrumented in 1987, approximately 17 m from the centerline of the WIPP 
air-intake shaft, specifically to investigate the near-field hydraulic 
response of all members of the Rustler Formation to construction of the 
shaft, and to provide monitoring data adequate for long-term predictions. 

The hydrologic testing completed to date adjacent to the waste-handling 
shaft is preliminary, as is the interpretation of test results. The 
results to date allow limited fracturing, since only one or two holes was 
tested at each level. To better determine the presence or absence of 
fracturing by direct hydrologic measurement, arrays of three or more holes 
would be needed at each level. The fact that fluids were encountered at 
the liner/rock interface in one hole at the 850-foot level demonstrates 
that fluid movement at the shaft-liner/rock interface is possible locally, 
and that a single drillhole is not sufficient to characterize the source or 
behavior of these fluids. Non-intrusive geophysical methods similar to 
those described in Section 3.3.1.3 may aid in characterization of any 
altered zone around the WIPP shafts. 

3.3.1.3 Brine Contents and Brine Seepage into the WIPP Facility--
Geophysical studies within the WIPP facility aimed at characterization of 
the near-field disturbed rock zone are interim, and will continue during 
the early part of the WIPP operational phase. The presently available 
results, summarized in Borns and Stormont (1987) and Pfeifer (1987), 
indicate both that there is near-field variability in the water content and 
hydrologic properties of the Salado Formation and that water contents of 
Salado halites in the far-field are approximately twice that estimated at 
the time of the WTPP SPDV studies. 

The results of a series of electrical conductivity measurements within the 
WIPP underground workings (Pfeifer, 1987) are shown in Figure 3.9. Two 
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different instrumentation systems were used in these measurements. The 
EM31 system investigates the effective electrical conductivity to a depth 
of approximately 2 m, the EM34 system to a depth of up to 20 m into the 
adjacent rock mass. The apparent conductivity near the underground 
workings, measured with the EM31 system, is lower (resistivity is higher) 
than that measured at greater depth with the EM34 system. In Figure 3.9 
this variation in resistivity is compared with a published correlation 
between water contents and resistivities of halites. The results are 
consistent with a water content of approximately 1% (by weight) near the 
mine opening and 2% or greater in the far field. Recent geophysical 
moisture and density measurements within the WIPP facility (Hudson, 1987) 
also are consistent with water contents of approximately 2 weight percent 
in Salado halite in the far field. 

The recent results indicate that far-field water contents within the Salado 
Formation, estimated to average approximately 2 weight percent, are greater 
than previously expected. For example, estimated water contents of samples 
analyzed during SPDV activities ranged from a mean of 0.6 weight percent to 
a maximum of 1.8 weight percent, compared to mean and maximum values of 
0.22 and 1.06 weight percent estimated from measurements on core from hole 
ERDA-9 (Beauheim et al., 1983a). The earlier estimates were made either on 
core material or on hand specimens collected during mining. 

The combination of significant interconnected fluid contents and non-zero 
permeabilities within the Salado. Formation in both the far-field and near 
the WIPP facility dictates that there be some fluid flow into the facility 
until effective hydrologic closure of the facility takes place. Two 
studies, both in their early stages, investigate the amounts and character
istics of fluid flow into the facility. One study, summarized in Deal and 
Case (1987), is a long-term study to characterize flow into the WIPP 
facility (exclusive of shafts) at ambient temperature. The second study, 
summarized in Nowak and McTigue (1987), is part of an experimental program 
using electrical heaters to simulate emplacement of defense-generated high-
level waste (DHLW). A knowledge of ambient-temperature behavior is 
required in this study as a baseline for interpretation of later super
imposed thermal effects. 

Two lines of evidence summarized by Deal and Case (1987) indicate the 
complexity of ambient-temperature fluid flow into the WIPP facility from 
the Salado Formation. First, brine "seeps" often form within a few days on 
mined faces, and are indicated by the development of localized salt crusts 
or efflorescences on the walls. The seeps often appear to stop flowing 
after approximately one month. However, investigation of the salt deposits 
indicates that fluid flow may only decrease rather than ceasing entirely, 
and that the rate at which mine ventilation removes water locally exceeds 
the inflow rate at long times. Second, highly variable amounts of both 
brine and dissolved gas are intersected in drillholes within the WIPP 
facility. Minimum flow rates are apparently zero. The maximum flow rate 
was approximately 0.5 liter per day. One hole has produced approximately 
235 liters of brine, and produced at a roughly steady-steady rate of 0.2 
liters per day (Deal and Case, 1987). However, this hole apparently 
intersects numerous near-field fractures in HB139 related to the 
construction of the WIPP facility, and is unusual. Most of the measured 
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flow rates range from a few hundredths to a few tenths of a liter per day. 
Deformation near the facility strongly influences fluid flow. Deal and 
Case (1987) note that fluid flow into most holes within the WIPP facility 
is initially zero or nearly zero. This phase is normally followed by a 
relatively rapid rise to some maximum flow rate, after which flow slowly 
reduces to some relatively steady-state but decreasing value. 

Work summarized in Nowak and McTigue (1987) investigates flow into one 
0.9-m (36-inch) and three 0.76-m (30-inch) diameter holes emplaced as part 
of experiments simulating and overtesting emplacement of DHLW. Water was 
continuously removed from the holes by use of dry nitrogen. A baseline 
ambient-temperature flow of 5 to 15 grams/day was collected in each hole 
after an initial transient phase. The average flow of 10 grams per day 
extrapolates to a steady-state flux of approximately 1.6 cmVday/m2 of 
excavation wall. After the heaters were turned on, there was a rapid 
increase in flow rate to some peak value, followed by a reduction to near 
steady-state flow. Apparent steady-state flow rates were 50 to 80 g/day in 
the two holes containing 1.5 kW heaters, and 8 to 10 g/day in the two holes 
containing 470 W heaters. The integrated fluid flow into the most strongly 
heated holes was 36 to 38 kg of fluid after 600 days. This mass is 
significantly greater than the 0.1 kg collected after two years in similar 
experiments conducted in domal salts at the Asse Mine, Germany (Nowak and 
McTigue, 1987). The difference suggests a significant difference between 
fluid flow in domal salts and in bedded salts, such as those at the WIPP. 
< 
Parametric numerical modeling described by Nowak and McTigue (1987) 
indicates that: 

1. Pore-pressure measurements in both the near-field and far-field 
domains of the Salado Formation are needed to determine far-field and 
near-field flow behavior, since the observed transient effects 
resulting from seepage appear at present to be limited to the very 
near-field domain. 

2. The transient stage of flow into the WIPP waste-emplacement rooms 
will last until connected pore space in both the rooms and any altered 
zone around the facility is either effectively eliminated or comes to 
pore-pressure equilibrium with the surrounding Salado. The 
calculations indicate that transient -flow, ignoring closure, might last 
for more than 5000 years. 

3. The rock volume effectively involved in flow within the Salado may 
be limited, rather than a significant portion of the formation. 
However, the affected volume must increase with time. 

In summary, recent hydrologic results in the Salado Formation indicate that 
the unit has a far-field permeability of less than 0.1 microdarcy. It has 
not been possible to determine either stratigraphic effects or the presence 
of effective fracturing in the far-field environment. The brine content of 
Salado halites appears to be up to 2 weight percent in the far-field, 
roughly twice that previously expected. Where it has been possible to 
measure Salado brine pressures, the calculated heads indicate very limited 
fluid flow upwards into the overlying Rustler Formation. The permeability 
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of the Salado locally increases markedly within two meters of excavations 
at the WIPP facility horizon. The increase in permeability appears to be 
both time-dependent and geometry-dependent, and to involve significant 
fracturing. The Salado Formation may be only partially saturated in both 
the near-field and far-field environments. The low permeability of the 
Salado Formation, mine ventilation, and rapid mechanical deformation near 
the WIPP facility result in markedly transient fluid flow into the 
underground workings. At present, the time-scale of transient flow, volume 
of the Salado involved in flow, and final fluid volumes to be expected 
within the WIPP facility remain to be precisely determined. 

3.3.2 Geochemical and Mineralogical Studies of the Salado Formation Near 
the Facility Horizon 

The mineralogy and stratigraphy of the Salado Formation are somewhat 
complex. The general mineralogy of the units is summarized by Bodine 
(1978), and mineralogy near the WIPP facility horizon by Stein (1985). 
Bodine (1978) noted that Salado clays were unusually depleted in aluminum 
and enriched in magnesium. The recent work by Stein (1985) does not 
include detailed clay mineralogy, but does indicate the nearly ubiquitous 
occurrence of authigenic quartz and magnesite near the WIPP facility 
horizon, in addition to widespread occurrence of anhydrite, gypsum, and 
polyhalite as accessory minerals within halites. 

As mentioned in Section 3.3.1, it has not been possible to sample Salado 
fluids during drilling or testing from the surface. However, Salado fluids 
have been sampled within the WIPP facility, and are continuing to be 
collected, as described in Deal and Case (1987). The compositional results 
available to date for Salado fluids collected within the WIPP facility are 
described in Stein and Krumhansl (1986), and directly address both the 
character of fluids within the Salado Formation and the validity of 
assumptions held through 1983 concerning the types of fluids within the 
unit. 

It was assumed through 1983 that Salado halites were anhydrous, with the 
exception of fluid inclusions and the water of hydration of hydrated 
minerals such as clays and polyhalites. Both the compositions and ages of 
fluid inclusions within Salado halites were poorly constrained. The 
compositional results for Salado fluid inclusions and macroscopic brine 
occurrences within the WIPP facility, summarized by Stein and Krumhansl 
(1986), are shown in Figure 3.10. The open and half-open squares in Figure 
3.10 represent the compositions of individual fluid inclusions extracted 
from crystals of halite. The circles and crosses represent the composi
tions of macroscopic fluids collected from the WIPP facility, respectively 
from brine "seeps" on the walls and holes in the floor. 

The fluid-inclusion compositions and compositions of fluids from seeps and 
holes form two distinct populations in terms of their respective Na/Cl and 
K/Mg weight ratios. Therefore, fluids encountered within the WIPP facility 
cannot primarily arise from the migration of fluid inclusions. Stein and 
Krumhansl (1986) relate the compositions of fluid-inclusion Groups I (half-
open squares in Figure 3.10) and II (open squares) to alteration of brines 
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originally resulting from evaporation of seawater. They interpret the 
controlling mechanisms to be crystallization of polyhalite and magnesite. 
Polyhalite formation drives fluid compositions to the left of the seawater-
evaporation line in K/Mg space (Group I), while formation of magnesite 
drives fluid compositions to the right (Group II). The compositional 
effects of these reactions are summarized in the reactions included as part 
of Figure 3.10. 

Both polyhalite and magnesite are widespread accessory minerals within 
Salado halites (Stein, 1985). Radiometric age dating of polyhalites from 
the WIPP (Brookins and Lambert, 1987) indicates crystallization ages of 
from 195 to 216 million years, i.e., from approximately 25 to 45 million 
years after deposition. The age of magnesite formation is unknown, but is 
assumed to be similar to that of polyhalite. On this basis, Stein and 
Krumhansl (1986) conclude that brines contained in fluid inclusions from 
samples near the WTPP facility horizon are roughly 200 million years old. 

The fluids from weeps and seeps in the WIPP facility are enriched in 
potassium relative to both fluid inclusions and fluids expected from 
seawater evaporation (Figure 3.10). As discussed by Stein and Krumhansl 
and noted by Bodine (1978), the Salado clay-mineral assemblage is unusually 
Mg-rich. Stein and Krumhansl (1986) conclude that the relatively K-rich 
composition of fluids from weeps and seeps reflects the effects of the 
growth of these Mg-enriched silicates on grain-boundary fluids. While it 
is not possible to place a specific age on the grain-boundary fluids, it is 
known that the kinetics of such reactions are very slow. Therefore, Stein 
and Krumhansl (1986) conclude that the residence time of grain-boundary 
fluids within the Salado Formation must be at least several million years. 
The marked variability of fluids as a function of stratigraphy near the 
WIPP facility horizon, noted by Stein and Krumhansl, is consistent with 
there being little or no vertical fluid movement. 

There is additional geochemical evidence for both the presence and timing 
of rock-water interactions involving fluids from the Rustler/Salado contact 
and deeper evaporite horizons at and near the WIPP. As summarized by 
Lambert and Harvey (1987), there is a body of consistent radiochronological 
evidence indicating the absence of any pervasive recrystallization of the 
evaporite section in approximately the last 200 million years. The 
internally consistent evidence consists of: a) K-Ar dating of polyhalites 
(K2MgCa2(S04)4-2H20); b) Rb/Sr isochrons on sylvites (KC1); and c) both Rb-
Sr and K-Ar ages on langbelnite (K2Mg2(S04)3). Apparent ages on leonite 
(K2Mg(S04)2'4H20) are younger than ages on other minerals. Both Rb-Sr and 
K-Ar ages of clay minerals are significantly greater than the depositional 
age of the enclosing evaporites, suggesting that secondary reactions 
involving the clays have not completely altered their compositions. Thus, 
while the accessory magnesite near the WIPP facility horizon has not been 
dated, there is abundant radiometric evidence that the last major 
recrystallization of the Salado Formation occurred approximately 200 
million years ago. 

Available isotopic evidence for strong rock-water interactions in 
evaporitic rocks at and below the Rustler/Salado contact is summarized in 
Figure 3.11. These data and their implications for fluid flow are 
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discussed by Lambert and Harvey (1987) relative to interpretations made by 
both O'Neil et al. (1986) and Knauth and Beeunas (1986). 

O'Neil et al. (1986) consider the linear relationship between the isotopic 
composition of Castile brines (represented by brines from ERDA-6), fluid 
inclusions from the lower Salado in hole ERDA-9, and "modern meteoric 
water" (represented by fluids from Nash Draw and the western part of the 
WIPP site). They conclude that the trend reflects varying amounts of (ver
tical) mixing of Castile brines and modern near-surface waters. Lambert 
and Harvey (1987) conclude that large-scale mixing of fluids should involve 
major recrystallization of the evaporite section. They conclude, based on 
the radiometric-dating results discussed above, that such recrystallization 
has not taken place in the last 200 million years. Since they also con
cluded that large-scale mixing of fluids within an evaporite section would 
require recrystallization, the lack of significant recrystallization within 
the Salado is taken to indicate that there is no significant modern 
vertical mixing of Castile and surface fluids (Lambert and Harvey, 1987). 

Instead, Lambert and Harvey (1987) consider the Castile fluids from ERDA-6, 
ERDA-9 fluid inclusions, and numerous fluids sampled from the Rustler/ 
Salado contact as a single group (Figure 3.11). They conclude that these 
fluids form a variable population reflecting a mechanism by which 
increasing deviation of fluids from the meteoric compositional field 
results from increasing rock/water ratios, with resulting increasing 
interaction of fluids with hydrous minerals, especially clays, gypsum, and 
polyhalite. However, the isotopic character of rock-water reactions 
involving both gypsum and polyhalite are partially undefined at present. 

One group of data shown in Figure 3.11 is not consistent with any single 
mechanism or trend of rock-water interaction within the Salado Formation. 
As noted, the trend including data from ERDA-6 brines, ERDA-9 fluid 
inclusions, and Rustler/Salado fluids appears to be continuous. However, 
fluids sampled directly in holes penetrating MB139 (samples MB139-850 and 
MB139-4) and in weeps within the nearby Duval Potash Mine (samples BT26 and 
BT48) are quite distinct. The isotopic composition of Salado fluid 
inclusions at the WIPP facility horizon reported by Knauth and Beeaunas 
(1986) are distinct and different from the character of inclusions from the 
Salado in ERDA-9. The reasons for the distinctions in fluid-inclusion 
analyses are not known, but may, as noted by Lambert and Harvey (1987), 
involve the different fluid-extraction techniques used by the different 
authors. The reason for the apparently distinct isotopic character of 
fluids from MB139 is not known at present. The available data indicate 
only a small isotopic distinction between fluid inclusions and macroscopic 
fluids collected at the WIPP horizon, in spite of the significant 
compositional differences between the two types of fluids noted by Stein 
and Krumhansl (1986). 

In summary, the recent geochemical and hydrologic studies of the Salado 
Formation are generally internally consistent, but are incomplete at the 
present time. Hydrologic measurements indicate a far-field Salado 
permeability of less than 0.1 microdarcy. This indicates that, independent 
of local complications caused by the presence of the WIPP facility itself, 
fluid flow within the Salado is non-zero but extremely slow. The work by 
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Stein and Krumhansl indicates that the brine in fluid inclusions within 
Salado halites is on the order of 200 million years old, and is not the 
major source of fluid in the WIPP facility. Rather, the variable fluids in 
the WIPP underground workings appear to be grain-boundary fluids which have 
residence times within the Salado Formation of at least several million 
years. The variability in fluid compositions near the WIPP facility 
horizon is consistent with there being little or no vertical fluid 
movement. The isotope systematics and radiometric age dating of the Salado 
brines and minerals, considered together, are not consistent with 
derivation of Salado brines by modern large-scale vertical mixing of 
Castile and surficial waters. 

3.3.3 Marker Bed 139 and the Structural Behavior of the Salado Formation 
near the WIPP Facility. 

Marker Bed 139, an anhydritic marker bed about 1 m in average thickness, 
occurs approximately 1 m or less below the WIPP facility horizon. Detailed 
study of MB139 began in 1983, because of concern that undulations on the 
top of the unit might be the result of deformation at some time after 
deposition or diagenesis (Jarolimek et al., 1983). If this were true, it 
is conceivable that such deformation might impact the WIPP facility during 
either the operational or regulatory time frames. The results of both 
Jarolimek et al. (1983) and Borns (1985) indicate, however, that the 
undulations on the upper surface of MB139 are depositional in origin. 

Recent interest has focused on the mechanical and hydrologic fluid-flow 
behavior of MB139 near the WIPP underground workings. Observed behavior in 
room closure to date, especially, in the oldest or "SPDV" rooms, indicates 
time-dependent opening of fracture's in both MB139 and the halitic interval 
between MB139 and the room floors. It may be necessary to excavate MB139 
in some areas before the end of operations, to provide an unaltered 
locality for emplacement of seals at the facility level. The mineralogy 
and structure of MB139 also provide information concerning long-term 
mechanical and fluid behavior within anhydritic portions of the Salado 
Formation, independent of the WIPP facility. Work examining MB139 and its 
role in excavation effects near the WIPP facility horizon is progressing; 
therefore, the discussion here is preliminary. 

Borns (1985) investigated the stratigraphy and structure of MB139 in some 
detail, using core from a five-hole array drilled specifically for this 
purpose. The general level of internal complexity within MB139 is shown in 
Figure 3.12. The unit is bounded above and below by irregular contact 
zones. The lower contact zone (Zone V), often referred to informally as a 
"clay seam," is clay-rich and locally indicates some erosion and embayment 
of the top of the underlying polyhalitic halite. The upper contact zone 
(Zone I) is quite irregular in thickness, and contains structures 
indicative of shallow water deposition, such as mounds of halite hopper 
crystals. Borns (1985) concludes that the irregularities on the upper 
surface of MB139 are primary or depositional in origin, resulting from 
shallow-water depositional processes such as wave traction. This 
conclusion is in agreement with conclusions originally reached by Jarolimek 
et al. (1983). 
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POLYHAUTIC HAUTE 
WITH CLAY 

ZONE I: UPPER CONTACT. CLAY LAYER WITH INTERLAYERED 
HALITE. POLVHALITE AND CLAY. CLUSTERS OF HALITE 
CRYSTALS. CONTACT WITH ZONE II IS SHARP WHERE 
DEFINED »Y CLAY SEAM 

> ZONE II: POLYHALITIC ANHYDRITE WITH PATCHES OF RELICT 
ANHYDRITE. CONVOLUTE STYLOLITES. SWALLOWTAIL 
GROWTH STRUCTURES 

> ZONE III: EOUAL PROPORTIONS RELICT ANHYDRITE AND POLY
HAUTIC ANHYDRITE. COMMONLY FISSILE. NUMEROUS SUB-
HORIZONTAL FRACTURES. WHICH ARE PARTIALLY FILLED 
WITH HAUTE 

• ZONE IV: INTERLAYERED HALITE AND ANHYDRITE. ANHYDRITE 
SHOWS PULLAPART STRUCTURES. LAYERING IS SUB-
HORIZONTAL 

ZONEV: LOWER CONTACT ZONE. CLAY LAYER. THE LOWER 
BOUNDARY OF THE CLAY IS UNDULATORY WHERE CLAY 
INFILLS EMBAYMENTS IN LOWER SURFACE. THESE 
STRUCTURES DO NOT REFLECT STRUCTURES IN ZONES 
ABOVE 

POLYHALITIC HAUTE 
WITH CLAY 

Figure 3.12: Generalized stratigraphic and structural cross section of 
MB139. The figure demonstrates the internal variability of 
the unit and the character of both upper and lower contacts. 
Figure 3 of Boms (1985). 
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The detailed investigations by Borns also revealed significant internal 
zonation and variability within the body of MB139. An upper zone within 
the unit (Zone II) is characterized by extensive replacement of original 
anhydrite by polyhalite (Figure 3.12), and by the presence of convoluted 
stylolites. Both features are interpreted to result from fluid movement 
after deposition. Based on the available radiometric ages on Salado 
polyhalites (Section 3.3.2), it may be that the formation of polyhalite 
MB139 occurred as much as 45 million years after deposition. However, 
polyhalites from within MB139 have not yet been dated. Zone IV, the 
internal zone directly above the basal contact, contains interlayered 
halite and anhydrite, with some replacement - of anhydrite by later halite, 
again indicating fluid movement at some time. Anhydritic laminae in this 
zone show pull-apart structures with horizontal extension. 

Within Zone III, the central portion of MB139, replacement of anhydrite by 
polyhalite is less complete than in Zone II. This zone also contains 
numerous sub-horizontal fractures, which are partially filled with halite 
and polyhalite. In some cases, inclined fractures extend from Zone III 
into or across the overlying Zones I and II. The cores investigated by 
Borns (1985) were drilled with air; halite was probably not removed from 
the fractures in Zone III during drilling. On this basis, Borns (1985) 
concludes that the partially healed subhorizontal fractures in the central 
part of MB139 predate the construction of the WIPP facility. 

The time of formation of the fractures in MB139 is not known in detail. 
Borns (1985) suggests that they may have formed in response to long-term 
variations in the overburden pressure at the stratigraphic level of the 
WIPP facility. Alternatively, as noted by Borns (1985), the fractures may 
be a response to previous and/or ongoing gravity-driven deformation of the 
underlying Castile Formation. The horizontal orientation of most of the 
partially healed fractures favors an origin related to unloading. 

An estimate of the variations in overburden pressure at the WIPP facility 
horizon, extrapolated from estimated variations in overburden at the 
contact between the Rustler and the Dewey Lake, is shown in Figure 3.13. 
The overburden pressure at the WIPP facility horizon is estimated to have 
varied between approximately 16 and 42 HPa since the end of deposition of 
the Dewey Lake Red Beds. The estimated overburden pressure at the end of 
the Cretaceous period, 42 MPa, is 2.6 times that at present. Based on 
stratigraphic interpretations, the reductions in overburden near the ends 
of the Cretaceous and Tertiary Periods appear to have been relatively 
sudden. If the interpretations of Borns (1985) are correct, and the sub-
horizontal fractures within Zone III of MB139 formed by unloading in 
response to rapid erosion and removal of overburden, it follows that the 
formation of the fractures and at least initial movement of the halite-
saturated fluids which resulted in their partial healing are probably 
either early Tertiary or early Pleistocene in age, i.e., that both fracture 
formation and fluid movement occurred either approximately 60 million or 
approximately 2 million years ago. 

The mineralogical variability of MB139 and the occurrence of partially' 
healed fractures within the central part of the unit have implications for 
both fluid flow and structural behavior of the unit. The widespread 

63 



42 

32 -

MPa 

12 

1— y F~ __,._ _ 

— mm 

21 — .V 

- / 

i 
20J -

111 
17.3 

16 

TRIASSIC 
' 1 

JURASSIC CRETACEOUS 
1 

TERTIARY 
I 

200 100 

MILLION YEARS BEFORE PRESENT (MYBP) 

Figure 3.13: Variations in approximate overburden pressure at the UIPP 
facility horizon as a function of time. Overburden estimates 
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replacement of anhydrite by polyhalite indicates significant fluid 
movement, possibly some 45 million years after deposition. The replacement 
of anhydrite and partial healing of fractures by halite may indicate a 
second period of fluid movement at least 2 million years ago. The 
available hydrologic information for the Salado Formation at the WIPP site 
indicates that the far-field permeability within MB139 (and other anhydrite 
marker beds) is not significantly greater than that of the Salado halites 
themselves. 

Pre-existing fractures within MB139 provide pre-existing planes of weakness 
that control or influence the near-field mechanical response around the 
WIPP excavation. Ongoing studies indicate that these fractures open 
locally in response to excavation. In the near-field altered zone, the 
resulting permeability is quite high. In the far-field, the permeability 
of MB139 appears no greater than that of surrounding halites. For 
confidence in plugging or sealing at the level of the WIPP facility 
horizon, it must ultimately be demonstrated either that fractures in MB139 
will eventually reheal as a result of facility closure, or that damaged 
portions of the unit have been removed or grouted before seal emplacement. 
Characterization and delineation of the hydrologically and/or structurally 
altered zones around the WIPP facility horizon and shafts are ongoing, and 
will continue into the early operational phase of the facility. 
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4.0 RUSTLER FORMATION AND YOUNGER UNITS 

As noted previously, much effort in WIPP site characterization has been 
focused on the Culebra Dolomite Member of the Rustler Formation, because 
this unit is the first laterally continuous water-bearing zone above the 
WIPP facility. The Culebra has continued to receive attention since 1983. 
However, work since 1983 has included other members of the Rustler 
Formation as well as shallower units. Section 4.0 discusses all units 
above the Salado as a group. Section 4.1 discusses hydrologic testing of 
the Rustler Formation and Dewey Lake Red Beds, and Section 4.2 discusses 
both field and numerical studies of the transport properties of the Culebra 
dolomite. Together, Sections 4.1 and 4.2 constitute a conceptual model of 
the modern flow and transport behavior within the shallow part of the WIPP 
stratigraphy, with emphasis on the•Culebra dolomite. Section 4.3 discusses 
geochemical studies addressing both bulk-compositional and isotopic varia
bility within the Rustler Formation and Dewey Lake Red Beds. Section 4.4 
discusses studies into the overall geologic behavior of the Rustler and 
shallower formations at and near the WIPP site. Together, Sections 4.3 and 
4.4 summarize available evidence concerning the transient geologic behavior 
in the region of the WIPP site for units above the Salado Formation. 

4.1 Hvdrologic Testing of the Rustler Formation and Dewev Lake Red Beds 

The Rustler Formation at and near the WIPP site has been hydrologically 
tested and interpreted at three geometric scales, which are discussed 
sequentially from the smallest to the largest scale in this section. The 
smallest-scale of testing is conducted in single holes. Recent single-hole 
hydrologic testing has provided: 1) local or point transmissivity values 
for all members of the Rustler Formation except the Tamarisk Member, but 
with emphasis on the Culebra dolomite; 2) indications of the presence or 
absence of local hydraulically effective fracturing and wellbore damage 
within the Culebra; 3) information on relative head potentials within the 
Rustler; and 4) some indication of the distribution of properties and 
degree of hydraulic saturation within the Dewey Lake Red Beds. As 
discussed by Beauheim (1987b), single-hole testing is carried out by means 
of pumping, drillstem, slug-injection, slug-withdrawal, or pressure-pulse 
tests, depending on the local permeability or transmissivity. Single-hole 
testing is interpreted here in terms of transmissivities (in units of 
m2/s). Use of this term assumes that the unit being tested is homogeneous 
across the tested interval. This assumption has been examined directly at 
hole H-14, in which two separate but overlapping intervals were tested in 
the Culebra dolomite. The results at H-14 indicate a factor of about 2 in 
vertical variability in transmissivity within the Culebra within a given 
hole. Recent single-hole testing of the Rustler Formation and Dewey Lake 
Red Beds is discussed in Section 4.1.1. 

Single-hole tests do not indicate the extent to which either point 
transmissivity values or fracturing effects can be extrapolated laterally. 
Hydraulic behavior within the Culebra dolomite is, therefore, also examined 
at the "hydropad" scale. WIPP hydropads nominally contain three holes, 
located at the corners of an equilateral triangle 30 m on a side. 
Hydrologic information at the pad scale is collected by "interference" 
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testing. During this type of testing, at least two of the three holes on 
the pad are pumped sequentially in separate tests; the two unpumped holes 
in each test are used for observation. The objectives of interference 
hydrologic testing at the pad scale are to collect average or effective 
hydrologic-property data over distances of some 30 m, and to determine if 
fracturing effects are significant at this scale. 

In the region of the WIPP site, single-pad hydraulic interference tests 
have been completed at the H-2, H-3, H-4, H-5. H-6, H-7, H-9, and H-ll 
hydropads. Detailed interpretation including evaluation of the effects of 
fracturing has been completed only for tests at the H-3 and H-ll hydropads, 
discussed in Section 4.1.2. Interference testing at the H-3 and H-ll pads 
has been interpreted using a "dual-porosity" approach, in which the Culebra 
is assumed to consist of an array of matrix blocks (primary porosity), 
separated by regularly spaced fractures (secondary porosity). 

At some "large" scale, assuming that fracture spacing and properties are 
not too irregular, the effects of fracturing should become insignificant, 
i.e., it should become possible to model the flow and/or contaminant-
transport behavior of a fractured rock unit such as the Culebra adequately 
using the porous-medium assumption. The scale at which this simplification 
is valid, however, may vary significantly with different rock types in dif
ferent geologic or hydrologic settings. During WIPP site characterization, 
possible regional hydraulic effects of fracturing have been investigated by 
"multipad interference testing" of the Culebra dolomite. In this type of 
testing, one hole is pumped for a relatively long period of time, generally 
a month or more, while surrounding holes are used to observe hydraulic 
responses over an area of several square miles. Depending on the distances 
and extent of fracturing involved, effects due to fracturing may or may not 
be evident between the pumped hole and some of the observation holes. 

Interpretation of multipad interference testing allows estimation of 
transmissivities and storativities within the tested area, provides 
information concerning the regional relationship between fluid densities 
and flow directions, and has allowed investigation of the interaction 
between WIPP shafts and the Culebra. Two major multipad interference 
tests, centered at the H-3 hydropad and at hole WIPP-13, have been carried 
out to date at the WIPP. Additionally, regional hydraulic information has 
been collected by observing hydrologic responses to WIPP shaft-sinking and 
shaft-sealing operations. Regional-scale hydrologic interpretation of the 
Rustler Formation, with emphasis on the Culebra dolomite, is discussed in 
Section 4.1.3. Interpretation on the regional scale indicates that frac
turing need not be incorporated into regional-scale simulation of fluid 
pressures (head potentials) within the Culebra at and near the WIPP site, 
because pressure responses are relatively rapid, even on this scale. The. 
assumption of steady state is adequate in modeling the modern Culebra head 
potentials. However, groundwater flow times are slow enough in the 
vicinity of the WIPP site to make the assumption of steady-state confined 
flow within the Culebra inadequate for simulation of long-term flow paths 
and flow times. 
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4.1.1 Single-Hole Hydraulic Testing and Interpretation 

4.1.1.1 Transmissivity Distribution within individual Units--Prior to 
1985, hydrologic testing at and near the WIPP site was either interpreted 
using the porous-medium assumption or did not identify significant effects 
due to fracturing (e.g., Barr et al., 1983). More recently, Beauheim 
(1986, 1987b) has identified significant fracture effects in hydraulic 
testing of several holes, using the code INTERPRET. As described in detail 
by Beauheim (1986, 1987b), INTERPRET utilizes a "pressure-derivative" 
technique to determine whether or not significant pressure responses due to 
fracturing are present. In this approach, hydraulically effective frac
turing is indicated by a flexure in the plot of dimensionless pressure 
derivative or drawdown versus dimensionless time (Figure 4.1.1). This 
flexure reflects a transition from "early" times, in which fluids are 
effectively produced only from within the fractures, to "late" times, in 
which fluid is produced from both fractures and matrix, but in which fluid 
release from the matrix to the fractures is generally the rate-limiting 
process. The transmissivity interpreted from behavior after this transi
tion is referred to as "system" transmissivity. 

At the time of the WIPP FEIS (U.S. Department of Energy, 1980) the suita
bility of the VIPP site was evaluated largely on the basis of possible 
releases from the site to Malaga Bend, on the Pecos River approximately 
26 km from the WIPP site (Figure 1.1). Requirements for repository 
performance developed by the Environmental Protection Agency (40CFR191) 
were released in 1985. Although they may not be in their final form, these 
requirements place increased emphasis on evaluation of possible releases of 
radionuclides to the "accessible environment" near the facility. The 
definition of the accessible environment is not yet final. The WIPP 
Project has greatly increased the size and reliability of the hydrologic 
data base for the Rustler Formation since 1985, especially for the Culebra 
dolomite at and near the WIPP site. Table 4.1 contains the best local 
estimates of transmissivity used in modeling the hydrology of the Culebra 
dolomite from 1983 through 1987 and demonstrates the growth in this data 
base. Table 4.2 summarizes the results of recent single-hole testing in 
the Culebra dolomite. 

Estimated Culebra transmissivities at the WIPP site area and within Nash 
Draw range over approximately six orders of magnitude, from 2.15 x 
10-9 m 2 / s a t p.is to 1.34 x 10'^ n»2/s at WIPP-26 (Tables 4.1 and 4.2). In 
addition to the growth in the Culebra data base evident in Table 4.1, many 
of the holes have been retested over the last five years. In some cases 
recent testing and interpretation have significantly changed earlier 
estimated transmissivities. However, the more recently estimated Culebra 
transmissivities are not consistently higher or lower than older values. 
At H-1 and DOE-2, recent data and interpretation indicate a significantly 
higher Culebra transmissivity. At H-3 and DOE-1, recent work indicates a 
lower local transmissivity than estimated earlier. In cases such as P-15, 
P-17, H-4, and WIPP-30, retesting and/or reinterpretation of earlier 
results has not resulted in any significant change in estimated Culebra 
transmissivity. In all cases, however, the more recent data and 
interpretations are better documented than older work, as a result of the 
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Table 4 . 1 : Transmissivity data bases used in numerical modeling of the 
Culebra dolomite in Barr e t a l . (1983), Haug e t a l . (1987), and 
LaVenue e t a l . (1988). 

Barr ec a l . (1983) Haug ec a l . (1987) LaVenue ec a l . (1988) 
Transmissivicy Transmissivity Transmissivity Transmissivity 

Well (fc 2 /day) (fc2/day) (.fz^/day) (m 2/sec) 

H-l 0.07 0.07 0.8 8.60 x 10-7 
H-2 0.4 0.56 0.'52 5.59 x 10-7 
H-3 19 3.7 2.3 2.47 x 10-6 
H-4 0.9 1.1 0.95 1.02 x 10*6 
H-5 0.2 0.16 0.14 1.51 x 10*7 
H-6 73 74 74 7.96 x 19-5 
H-7 >1000 1120 1030 1.11 x 10-3 
H-8 16 6.7 8.2 8.82 x 10-6 
H-9 230 170 160 1.72 x 10-* 
H-10 0.07 0.07 0.07 7.53 x 10-8 
H-ll -. 10 26 2.80 x 10*5 
H-12 .- 0.04 0.18 1.94 x 10*7 
H-14 -- -- 0.31 3.33 x 10-7 
H-15 -. -. 0.12 1.29 x 10-7 
H-16 • - • • 0.7 7.53 x 10*7 
H-17 -- -• 0.2 2.15 x 10-7 
H-18 -. .-
UIPP-12 -- -- 0.03 3.23 x 10-8 
UIPP-13 -- -- 69 7.42 x 10-5 
WIPP-18 -- -- 0.3 3.23 x 10-7 
VIPP-19 .- -- 0.6 6.45 x 10-7 
UIPP-21 -- • - 0.25 2.69 x 10*7 
WIPP-22 -- .. 0.37 3.98 x 10-7 
UIPP-25 270 270 270 2.90 x 10-* 
WIPP-26 1250 1250 1250 1.34 x 10-3 
UIPP-27 650 650 650 6.99 x 10-* 
VIPP-28 18 18 18 1.94 x 10-5 
UIPP-29 1000 1000 1000 1.08 x 10-3 
WIPP-30 0.3 0.3 0.3 3.22 x 10-7 
P-14 140 233 214 2.30 x 10-* 
•P-15 0.07 0.08 0.09 9.68 x 10-8 
P-17 1* • 1.7 1.3 1.40 x 10-6 
P-18 0.001 0.002 0.002 2.15 x 10-9 
DOE-1 -- 33 11 1.18 x 10*6 
DOE-2 -- 36 89 9.57 x 10*6 
ERDA-9 -- • • 0.47 5.06 x 10*7 
CABIN BABY -- .. 0.28 3.01 x 10-7 
ENGLE -- -- 43 4.62 x 10*5 
USGS-1 515 515 515 5.54 x 10-* 

21 Values 25 Values 38 Values 38 Values 
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Table 4.2: Detailed summary of recent single-well test results in the 
Culebra dolomite. Slightly modified from Table 5-3 of Beauheim 
(1987b). 

Culebra Interval 
Interval Tested Test Transmissivitv Skin 

Well m (ft) m (ft)* Type (ft2/day) (m2/s) Factor 

H-l 206-213.1 205.7-214.3 
-

(676-699) 675-703) slug #1 1.0 1.1 x 10-6 --
slug #2 0.83 8.9 x 10-7 --
slug #3 0.83 8.9 x 10-7 --
slug #4 0.83 8.9 x 10-7 --

H-4c 149.4-157.3 150.6-158.5 
(490-516) (494-520) slug 0.65 7.0 x 10-7 --

H-8b 179.2-187.1 175.0-190.2 
(588-614) (574-624) pumping 8.2 8.8 x 10-6 -7.2 

H-12 250.9-259.1 249.9-271.3 
(823-850) (820-890) slug #1 0.18 1.9 x 10-7 --

slug #2 0.18 1.9 x 10-7 --

H-14 166.1-174.3 162.5-167.9 
(545-572) (533-550.7) DST/FBU 0.096 1.0 x 10*7 -0.8 

DST/SFL 0.10 1.1 X 10-7 --
DST/SBU 0.10 1.1 x 10-7 -1.3 

H-14 166.1-174.3 162.5-175.0 
(545-572) (533-574) DST/FBU 0.30 3.2 x 10-7 -1.1 

DST/SBU 0.31 3.3 x 10-7 -1.8 
slug 0.30 3.2 x 10-7 --

H-15 262-4-269.1 260.0-271.3 
(861-883) (853-890) DST/FBU 0.15 1.6 x 10-7 2.6 

DST/SBU 0.15 1.6 x 10-7 2.9 
slug 0.10 1.1 X 10-7 --

H-16 213.4-221.0 212.4-223.7 
(700-725) (697-734) DST/FBU 0.85 9.1 x 10-7 0.0 

J DST/SBU 0.85 9.1 x 10-7 -0.3 
slug 0.69 7.4 x 10-7 --

H-17 215.2-222.8 214.3-224.0 
(706-731) (703-735) DST/FBU 0.21 2.3 x 10-7 -1.5 

DST/SBU 0.22 2.4 x 10-7 . -1.2 
slug 0.22 2.4 x 10-7 
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Table 4.2: Detailed summary of recent single-veil test results in the 
Culebra dolomite. Slightly modified from Table 5-3 of Beauheim 
(1987b). (Continued) 

Well 

Culebra 
Interval 
m (ft) 

Interval 
Tested 
D (ft)* 

Test 
Type 

Transmissivitv 
(ftVday) (m2/s) 

Skin 
Factor 

H-18 210.3-217.3 
(690-713) 

208.8-217.6 
(685-714) DST/FBU 

DST/SBU 
slug 

2.2 
2.2 
1.7 

2.4 
2.4 
1.8 

X 
X 
X 

10-6 
10-6 
10-6 

-0.2 
-1.0 

WIPP-12 246.9-254.5 
(810-835) 

248.4-256.0 
(815-840) slug #1 

slug #2 
0.10 
0.097 

1.1 
1.0 

X 
X 
10-7 
10-7 

--

WIPP-18 239.9-246-3 
(787-808) 

239.0-245-7 
(784-806) slug 0.30 3.2 X 10-7 --

WIPP-19 230.4-237.4 
(756-779) 

229.8-237.7 
(754-780) slug 0.60 6.5 X 10-7 --

WIPP-21 222.2-229.5 
(729-753) 

221.6-228.9 
(727-751) slug 0.25 2.7 X 10-7 --

WIPP-22 226.2-232.9 
(742-764) 

228.0-234.7 
(748-770) slug 0.37 4.0 X 10-7 --

WIPP-30 192.3-199.0 
(631-653) 

191.7-199.6 
(629-655) slug #1 

slug #2 
0.18 
0.17 

1.9 
1.8 

X 
X 
10-7 
10-7 : ; 

P-15 125.9-132.6 
(413-435) 

125.0-133.5 
(410-438) slug #1 

slug #2 
0.090 
0.092 

9.7 
9.9 

X 
X 
10-8 
10-8 

--

P-17 170.1-177.7 
(558-583) 

170.1-178.6 
(558-586) slug #1 

slug #2 
1.0 
1.0 

1.1 
1.1 

X 
X 
10-6 
10-6 

--

P-18 ' •< 277.1-285.9 277.1-286.5 
(909-938) (909-940) slug 4 x 10-3/7 x 10-5 

ERDA-9 214.6-221.6 214.9-221.9 
(704-727) (705-728) slug #1 0.45 4.8 x 10-7 

slug #2 0.47 5.1 x 10-7 
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Table 4.2: Detailed summary of recent single-well test results in the 
Culebra dolomite. Slightly modified from Table 5-3 of Beauheim 
(1987b). (Concluded) 

Culebra Interval 
Interval Tested Test Transmissivitv Skin 

Well m (ft) m (ft)* Type (ft2/day; ) <m2/s> Factor 

Cabin 153.3-161.2 153.3-161.2 
baby-1 (503-529) (503-529) slug #1 0.28 3.0 x 10*7 --

slug #2 0.28 3.0 x 10-7 --

DOE-1 250.2-256.9 
(821-843) 

249.9-256.9 
(820-843) pumping/ 

drawndown L 28 3.0 x 10-5 -5.1 
recovery 11 1.2 x 10*5 -6.0 

Engle 200.9-207.6 197.5-208.2 
(659-681) (648-683) pumping 43 4.6 x 10-5 4.2 

•Actual intervals open to the wells. 

increase in documentation requirements over the ten-year span of WIPP site 
characterization. The interpreted test data from recent single-hole 
testing at and near the WIPP site are included in Beauheim (1987b). Raw 
data, test histories, and test instrumentation for all hydrologic testing 
at the WIPP for approximately the last five years are contained in a series 
of six hydrologic data reports: Hydro Geo Chem (1985); INTERA and Hydro Geo 
Chem (1985); INTERA (1986); Saulnier et al. (1987); Stensrud et al. (1987); 
and Stensrud et al. (1988). 

Transmissivities listed in Tables 4.1 and 4.2 are not identical in all 
cases. Transmissivity estimates included in Table 4.1 from three-hole 
hydropads, such as the H-4 pad, are effective transmissivities. In single-
hole tests, this is the same as the measured value. In the case of three-
hole hydropads, however, the effective transmissivity is the square root of 
the product of the estimated maximum and minimum transmissivities on the 
pad. The calculated effective transmissivity, which is used in regional-
scale modeling (Section 4.1.3), generally does not correspond directly to 
any of the measured single-hole values on the same pad. 

As'' mentioned above, Culebra transmissivities at and near the WIPP site and 
within Nash Draw range over approximately six orders of magnitude, from 
more than 10"3 m2/s to less than 10"** m^/s. However, this variability is 
not random. A large area of low transmissivities (less than approximately 
10"6 m2/s) is present near the center of the WIPP site, extending to the 
east, southeast, and southwest (Figure 4.1.2). This zone includes holes 
WIPP-12, 18, 19, 21, and 22; H-l, 2, 4, 5, 10, 12, 14, 15, 16, and 17; 
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Figure 4.1.2: Transmissivity of the Culebra dolomite in relation to the 
distribution of halite within the Rustler Formation. Figure 
6-2 of Beauheim (1987b). Halite distribution-modified from 
Snyder (1985). Transmissivities in this figure are given in 
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74 



P-15, 17, and 18; ERDA-9, and Cabin Baby-1 (see also Figure 1.2). Within 
this low-transmissivity region, relatively high Culebra transmissivities 
(greater than approximately 10*5 nfi/s) have been measured southeast of the 
site center, in holes DOE-1 and H-ll. The transmissivity measured on the 
H-3 pad (2.0 x 10*6 m^/s) is transitional between transmissivities at H-ll 
and DOE-1 and those in the low-transmissivity domain north and southwest of 
H-3. 

A continuous zone of variable but high Culebra transmissivity appears to be 
present northwest, west, and south of the site center. This zone includes 
holes H-6, 7, and 9; WIPP-13, 25, 26, 27, 28, and 29; D0E-2 and P-14; and 
the Engle well (see Figures 1.1 and 1.2). The Culebra transmissivity in 
hole H-18 (1.8 x 10*6 to 2.4 x 10-6 m2/s) is transitional between those in 
adjacent higher-transmissivity and lower-transmissivity domains. 

There are some limitations in the Culebra data base, in spite of the fact 
that Culebra transmissivities have now been estimated at 39 separate 
localities at and near the WIPP site and within Nash Draw. For example, 
although the low-transmissivity zone near the site center is interpreted 
here to be continuous to the southwest, there is no direct measurement of 
Culebra transmissivity in the interval between holes H-14 and H-2. At 
present there is also no direct field evidence of connection between the 
region containing holes DOE-1 and H-ll and the region to the south con
taining hole H-9. Quantitative integration of point data into a regional 
transmissivity pattern for the Culebra and evaluation of some of the 
uncertainties mentioned here are discussed in Section 4.1.3. 

Single-hole Culebra tests in which the system transmissivity is less than 
10"o m^/s generally do not show signs of fracturing, while holes with 
higher transmissivity do. To a first approximation, fracturing within the 
Culebra (and the Rustler as a whole) appears to be related to the removal 
of halite. As discussed by Mercer (1983), Snyder (1985), and Beauheim 
(1987b), there is a general correlation between the distribution of halite 
within the Rustler Formation (Figures 1.5 and 4.1.2) and transmissivity of 
Rustler members, especially the Culebra dolomite. The distribution of 
halite within the Rustler Formation is briefly discussed in Section 4.4.2. 

However, the correlation between halite distribution and Culebra 
transmissivity is neither unique nor completely reliable. With the 
exception of WIPP-30 and possibly H-10, the Culebra in holes in which there 
is no halite in the unnamed lower member of the Rustler are highly 
transmissive. In WIPP-30, there is no halite within the Rustler, and the 
Culebra transmissivity is quite low. Without exception, the Culebra 
transmissivity is low if Rustler halite is present above the Culebra. 
Wheije there is Rustler halite present only beneath the Culebra, the 
correlation is not completely reliable, perhaps because of complications 
involving the response of the Culebra to evaporite dissolution in the upper 
part of the Salado Formation. For example, holes DOE-2 and WIPP-13, in the 
western part of the region in which halite is present beneath the Culebra 
(Figure 4.1.2), are highly transmissive, but hole H-18 is not. In the 
southeastern part of the WIPP site, holes P-17 and H-3 are relatively low 
in transmissivity, but the transmissivity at H-ll and DOE-1 is greater than 
10*5 m2/s. As discussed by Beauheim (1987b), examination of the detailed 
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Rustler isopachs summarized in Snyder (1985) does not indicate any 
consistent reason for the high transmissivities at H-ll and DOE-1. 

The significance of the distinction between dual-porosity (fractured) and 
porous-medium behavior in single-hole hydraulic testing is not completely 
straightforward. The apparent absence of fracturing in a test does not 
indicate a total absence of fractures, nor does fracturing in single-hole 
hydraulic testing indicate that far-field or long-term hydraulic or 
transport behavior near a given hole is or would be dominated by fracture 
effects. At one extreme, very local fracturing in a very low-
transmissivity test interval may play a role in the very early pressure 
responses, but may not be evident because of wellbore-storage and fluid-
flow surge effects at the beginning of a test. Any low-transmissivity hole 
listed in Tables 4.1 and 4.2 may contain fractures which are not apparent 
because of the testing techniques and instrumentation used. However, the 
effects of these fractures should be extremely localized. At the other 
extreme, intense fracturing may lead to high transmissivity, but result in 
such small block sizes that fluid flow from the matrix blocks is 
"immediately" the rate-limiting step. Dual-porosity effects would not be 
evident during testing at such a site, and the tested interval would behave 
hydraulically as an equivalent porous medium. This type of behavior may be 
applicable, for example, in the highly-transmissive portions of the Culebra 
within Nash Draw; however, testing results in Nash Draw have not yet been 
investigated using INTERPRET. The hydraulic behavior of the highly-
transmissive Culebra in the Engle well (4.6 x 10*5 m2/ s) does not show 
dual-porosity effects. However, this behavior is tentatively attributed by 
Beauheim (1987b) to wellbore and near-wellbore conditions, rather than to 
extreme fracturing of the test interval. 

In addition, the fact that testing at a given hole does not indicate local 
fracturing does not guarantee that there is not fracturing nearby. Single-
hole testing at WIPP-21 indicates a Culebra transmissivity of 2.7 x 
10*7 m2/ s, with no dual-porosity effects. This hole responded strongly and 
rapidly to both the H-3 multipad interference test and activities in both 
the waste-handling and exhaust shafts. This behavior probably reflects the 
presence of a "low-storativity" structure, which could be a single fracture 
or fracture zone connecting the region near WIPP-21 with the two WIPP 
shafts, but not intersecting WIPP-21 itself; 

Single-hole testing may also be strongly affected by drilling-induced near-
well effects, which can make the test hole appear either more or less 
transmissive than the surrounding rock mass. As discussed by Beauheim 
(1986, 1987b), marked examples of such "skin" effects were found in testing 
in holes DOE-2 and WIPP-13. In the extreme example of hole DOE-2, the 
initial estimate of minimum transmissivity was 2.4 x 10*5 m 2 / S - The 
calculated "skin factor" was +31 (Beauheim, 1986). For comparison, a hole 
so badly damaged that it would not produce fluid at all would have a skin 
factor of plus infinity. At the WIPP, positive skin factors have, in some 
cases, been reduced by acid treatment. Treatment of hole DOE-2 with 
hydrochloric acid removed the near-hole damage effects, and increased the 
interpreted transmissivity by a factor of 4, from 2.4 x 10"5 v?-/s, to 9.6 x 
10-5 m 2 / s (Table 4.1). The calculated skin factor at DOE-2 decreased from 
+31 to -4.7. A skin factor of less than zero indicates good connection of 
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the physical wellbore with fractures within the rock mass and results in an 
apparent well radius greater than that of the physical diameter of the 
hole. The Culebra in several holes listed in Table 4.2 exhibits negative 
skin factors, indicating good connection of the test hole with the 
surrounding rock mass. 

As mentioned above, the presentation of data in terms of transmissivity 
explicitly assumes that the tested interval is vertically homogeneous. 
Data included in Table 4.2 indicate that Culebra transmissivity at H-14 
varies with vertical position within the unit. While drilling this hole, 
it was possible to find a packer seat within the Culebra. Testing of the 
upper Culebra was then followed by testing-of the entire unit. The calcu
lated transmissivity of the upper 1.7 m of the Culebra is 1.1 x 10-7 m2/s, 
while that of the entire 8.2 m thickness of the unit is 3.3 x 10"7 m 2/s. 
This indicates that the transmissivity of the lower 6.5 m of the Culebra in 
hole H-14 is approximately 2.2 x 10"' rn^/s. The results at H-14 indicate 
that the Culebra cannot be assumed to be vertically homogeneous, since the 
transmissivity of individual zones within the unit vary by a factor of 
about 2. The results at H-14 are in qualitative agreement with the varia
bility indicated by results of tracer-injection tests at holes H-l, H-2c, 
H-3, and P-14 (Mercer and Orr, 1979). 

Because the Culebra dolomite is generally more permeable than the Magenta 
dolomite at and near the WIPP site, less testing of the Magenta has been 
completed at the WIPP. Older transmissivity data for the Magenta dolomite 
are contained in Mercer (1983) and Gonzalez (1983a). The results of recent 
testing of the Magenta dolomite in H-14, H-16, and DOE-2 are included in 
Table 4.3. Overall, reported Magenta transmissivities range from approxi
mately 5.9 x lO"9 m2/s in hole H-14 to 4.0 x 10' 4 m2/s in WIPP-25. Magenta 
transmissivities greater than approximately 10"^ m2/s are known only in and 
near Nash Draw and the small valley south of the WTPP site (Figure 1.2). 

As mentioned in Section 1.0, modeling of Rustler hydrology through 1983 
assumed that the Culebra and Magenta dolomites were completely confined. 
This is equivalent to assuming that the unnamed lower, Tamarisk, and Forty-
niner members of the Rustler have zero permeability. Indeed, standard 
hydrologic testing techniques are inapplicable to these units at the WIPP 
site because of their low permeabilities. Recent advances in testing, 
data-collection, and interpretation techniques have allowed meaningful 
examination of these units at three locations: DOE-2, H-14, and H-16 
(Table 4.3). Even in the recent testing, however, it has only been 
possible to test the transmissivities of claystones and siltstones within 
the non-carbonate members of the Rustler. The claystones and siltstones in 
the Tamarisk and Forty-niner Members occur near the center of each unit, 
and are separated from the Magenta or Culebra by a zone of anhydrite/gypsum 
(Tattle 1.2). The anhydrites within the Rustler still cannot be tested from 
the surface, since their in situ transmissivities are less than 
approximately lO"1* vfi/s (Beauheim, 1986; 1987b). In addition, it still 
has not been possible to measure the transmissivity of the Tamarisk 
claystone, due to its low transmissivity. 
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Table 4.3: Summary of available transmissivity information for members of 
the Rustler Formation in holes H-14, H-16, and DOE-2. Slightly 
modified from data contained in Tables 5-2 and 5-3 of Beauheim 
(1987b) and Table 7-2 of Beauheim (1986). 

Zone depth 
(a) 

Test interval 
(m) 

Transmiss ivity 
(m2/s) 

H-14 • 

Forty-niner 
"claystone" 

118.9 - 123.4 116.1 - 124.7 3.2 x 10- 8 - 7.6 x 10*8 

Magenta 129.2 - 136.6 128.0 -136.6 5.7 x 10-9 . 6.o x 10-9 

Culebra 166.1 - 174.3 162.5 - 175.0 3.2 x 10-7 . 3.3 x io-7 

H-16 

Forty-niner 
"claystone" 

171.6 - 175.0 170.7 - 177.1 2.4 x 10-1° - 6.0 x 10-9 

Magenta 179.8 - 187.8 179.5 - 189.3 2.6 x 10*8 . 3.0 x 10-8 

Culebra 213.4 - 221.0 212.4 - 223.7 7.4 x 10-7 . 9.1 x io-7 

Unnamed member 
siltstone 

237.1 - 256.6 225.2 - 259.4 2.4 x 10-10 . 2.9 x 10-10 

DOE-2 

Forty-niner 
"claystone" 

204.2 - 207.5 202.4 - 209.1 2.7 x 10-9 . 1.2 x 10-8 

Magenta 213.1 - 220.1 213.4 - 220.1 1.1 x 10-9 

Culebra 251.2 - 257.9 251.2 - 257.9 9.6 x 10*5 

The transmissivity of the Magenta at H-14, H-16, and DOE-2 is 1.1 x 10* 9 to 
3.0 x 10*8 m 2 / s (Table 4.3). The transmissivity of the claystone in the 
overlying Forty-niner in the same holes is comparable, 5.6 x 10"9 to 1.2 x 
10*8 m2/s. The siltstone within the unnamed lower member of the Rustler 
has been successfully tested only in hole H-16, in which it has an 
estimated transmissivity of between 2.4 x 10-1° and 2.9 x 10*10 m2/ s. The 
transmissivity of the Culebra in DOE-2, H-14, and H-16 ranges from 1.1 x 
10*7 to 9.6 x 10*5 m2/s, at least one order of magnitude greater than that 
of any of the surrounding units. 
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The results at H-14, H-16, and DOE-2 indicate that the Culebra is the most 
significant water-bearing unit within the Rustler at and near the WIPP 
site, consistent with earlier assumptions, although in some holes (H-10, 
WIPP-12, P-15) the Culebra transmissivity is similar to the Magenta 
transmissivities measured at H-14, H-16, and DOE-2. However, the recent 
results are inconsistent with previous assumptions, in that they suggest 
that stratabound fluid flow within the portion of the Rustler above the 
Culebra dolomite may occur as much through the Forty-niner claystone as 
through the Magenta, except where the Magenta is significantly fractured. 
At and near the WIPP site, both the Magenta and the Forty-niner claystone 
are more transmissive than the bounding anhydrites; no data are available 
concerning the transmissivity of the Tamarisk claystone. There must be a 
qualitative increase in the transmissivities of the Tamarisk and Forty-
niner anhydrites somewhere between the WIPP site and Nash Draw, however, 
since evaporite karst in and near Nash Draw involves formation of small 
caverns and sinkholes within the Tamarisk and Forty-niner Members, as 
briefly discussed in Section 4.4. 

4.1.1.2 Head Distribution within the Rustler Formation and between the 
Rustler. Dewev Lake, and Salado--As mentioned previously, numerical 
modeling of Rustler hydrology through 1983 assumed the Culebra and Magenta 
were completely confined, and that the transmissivities of other units 
within the Rustler were negligible. The results discussed in the preceding 

* section indicate that the transmissivities of claystones or siltstones 
within the Rustler are locally measurable at,the WIPP site, and are similar 
in magnitude to that of the Magenta dolomite, except where the Magenta is 
fractured. However, the transmissivity of the Culebra dolomite is normally 
at least one order of magnitude greater than that of other units within the 
Rustler at and near the WIPP site, and the transmissivities of Rustler 
anhydrites at and near the WIPP site are too low to measure. These results 
suggest that flow within the Culebra dolomite, parallel to layering, is the 
dominant factor in the hydrology of the Rustler Formation at the WIPP site. 
However, as discussed briefly in this section, fluid pressures and 
densities have been measured locally in units both above and below the 
Culebra. 

Therefore, unless the Rustler anhydrites and/or Tamarisk claystone have 
absolutely zero permeability, there must be some vertical fluid flow within 
the Rustler. The amount of this flow is not known quantitatively, and 
cannot be measured directly in the field. At one extreme, vertical fluid 
flow may be completely negligible relative to stratabound flow within the 
Culebra dolomite. At the other extreme, "karstic" hydrology might occur 
within the Rustler Formation at the WIPP site, involving surficial recharge 
from the surface to the Rustler carbonates and/or anhydrites. In order for 
fluid flow to take place from the surface to the carbonate members of the 
Rustler Formation, the head potential within the Forty-niner must be 
greater than that within the underlying Magenta dolomite, regardless of the 
head potential or state of saturation within the Dewey Lake Red Beds. The 
relationships among the effective hydraulic heads of the various members of 
the Rustler Formation, the Salado, and the Dewey Lake in the central 
portion of the WIPP site are shown in Figure 4.1.3. The flow directions 
indicated include the expected effects due to variable brine densities. 
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VERTICAL HYDRAULIC-HEAD RELATIONS AMONG THE 
RUSTLER MEMBERS AT THE WIPP SITE 
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Figure 4.1.3: Head relations among units in the Rustler Formation and 
between the Rustler, Dewey Lake Red Beds, and Salado at the 
WIPP site. Figure 6-3 of Beauheim (1987b). 
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Figure 4.1.3 is based, in part, on testing of the Rustler and lower Dewey 
Lake Red Beds at H-14, H-16, and DOE-2. The transmissivity of the lower 
Dewey Lake was too low for successful testing, i.e., less than approx
imately lO'H m^/s. In fact, testing was unable to determine whether the 
Dewey Lake is hydraulically saturated. The regional pattern of hydrologic 
saturation within the Dewey Lake is not well known (Mercer, 1983); only 
very limited evidence has been found for local saturation at the WIPP site. 
South of the WIPP site, water is locally produced from the Dewey Lake, 
perhaps from lenticular sands within the unit (Mercer, 1983). Wells 
probably producing from within the Dewey Lake include the Pocket, Fairview, 
and Ranch wells indicated in Figure 1.2. As noted by Mercer (1983) the 
region east of the Ranch well includes thick active dune sands, and may 
serve as a location for local recharge to the Dewey Lake (see also Section 
4.3.2). 

In holes H-14 and H-16, consistent with the relationships shown in Figure 
4.1.3, the Magenta head is greater than the head in the Forty-niner 
claystone (Beauheim, 1987b). Therefore, modern fluid flow between these 
two members is upward, rather than downward. Since water at these two 
holes is not moving from the top of the Rustler downwards into the Magenta, 
it cannot be moving from the. surface down into the Magenta dolomite. 

The Dewey Lake Red Beds at H-14 and H-16 may not be saturated. If not, 
fluid flow from the surface to the Forty-niner claystone is not likely. 
Given the uncertainty in regional saturation and head potentials within the 
Dewey Lake Red Beds the results at H-14 and H-16 do not rule out fluid 
movement from the surface downward into the Forty-niner claystone or the 
upper anhydrite in the Forty-niner and/or into the Magenta dolomite in some 
areas; i.e., where the Dewey Lake is saturated. Also, these results do not 
eliminate the possibility of flow between the Dewey Lake Red Beds and the 
Rustler carbonates in the past, if heads within the Dewey Lake Red Beds and 
Forty-niner were higher at that time relative to heads within the Magenta. 

Magenta heads near the center of the WIPP site are greater- than Culebra 
heads (Figure 4.1.3), consistent with downward flow between these two 
units. As indicated in Figures 17 and 18 of Mercer (1983), the difference 
in heads between the two units tends to increase towards the east and 
decrease towards the west, primarily due to a general east-to-west decrease 
in Magenta heads. Within and near Nash Draw, the heads within the two 
units are similar; in some places in and near Nash Draw, (H-7a, WIPP-26, 
WIPP-28), the Magenta is unsaturated (Mercer, 1983). 

Vertical flow from the Magenta to the Culebra has been considered in 
regional-scale modeling of Culebra hydrology (Section 4.1.3.1). However, 
as noted above and indicated in Figure 4.1.3, it has not been possible to 
meas'ure either transmissivities or head potentials within either the 
claystone or anhydrites in the Tamarisk at or near the WIPP site. Vertical 
flow between the Magenta and Culebra is discussed further by Mercer (1983) 
and Beauheim (1987b). The possible consequences of such flow, as 
considered in numerical modeling of Culebra hydrology (Haug et al., 1987), 
are briefly considered in Section 4.1.3.1. 
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As noted by Mercer (1983) and Beauheim (1987b), the head potentials in the 
silty portion of the unnamed lower member of the Rustler are greater than 
within the Culebra over much of the area of the WTPP site. Thus, fluid 
flow into the Culebra from the underlying unnamed member and possibly the 
Salado Formation is possible at both of these locations. However, as 
indicated in Figure 4.1.3, it has not been possible to measure either 
transmissivities or head potentials within the claystone, halite, or 
gypsum/anhydrite in the upper part of the unnamed lower member. The pos
sible implications of vertical fluid flow from the unnamed member into the 
Culebra in numerical modeling of Culebra hydrology are briefly discussed in 
Section 4.1.3.1. 

4.1.2 Single-Pad Interference Testing 

Interference testing at the scale of a single hydropad is designed to 
provide data concerning the hydrologic effects of both fracturing and 
"anisotropy" at a geometric scale of some 30 m. If the test interval 
behaves as a porous medium at the hydropad scale, interference testing 
yields an "anisotropy tensor," which indicates local directions of maximum 
and minimum transmissivities. If, however, the porous-medium assumption is 
not valid at this scale, i.e., if fracturing effects are significant, 
testing at this scale normally provides average system transmissivities and 
storativities along the independent pairs of flow paths. Section 4.1.2.1 
describes the detailed results of single-pad interference testing at the 
H-3 hydropad, and Section 4.1.2.2 the detailed results of testing at the 
H-ll pad. Detailed interpretation of pad-scale interference testing has 
only been completed to date for these two locations. Interpretation of 
results obtained at the H-2, H-4, H-5, H-6, H-7, and H-9 pads is ongoing. 

4.1.2.1 Interference Testing at the H-3 Hvdropad--Beauheim (1987a) 
interprets hydraulic data collected at the H-3 hydropad (Figure 4.1.4) 
during single-hydropad testing in 1984 and the H-3 multipad interference 
test conducted in 1985 and 1986. Hole H-3b3 was the pumped hole during the 
1984 test, and H-3b2 the pumped hole during the H-3 multipad test. 

The characteristic drawdown response in both pumped and observation holes 
at the H-3 pad is shown in Figure 4.1.1. As noted in Section 4.1.1, the 
inflection in dimensionlesa pressure at early dimensionless times indicates 
fracturing at H-3. In fact, the responses of observation holes on the H-3 
pad to the beginning of pumping during both single-pad and multi-pad 
testing tests were practically instantaneous. Observation holes H-3bl and 
H-3b3 responded within five seconds to the beginning of pumping in H-3b2 
during the multipad test. The peak drawdowns in the observation holes were 
90% or more of the drawdown in the pumped hole, even in the relatively 
short 1984 test. As a result, it was necessary to interpret the responses 
of observation holes on the H-3 pad as if these holes were a part of the 
pumped hole. This conclusion is supported by the fact that the calculated 
effective hydraulic radius of the pumped well in the 1984 testing (H-3b3) 
is approximately 146 m (Beauheim, 1987a). This interpretation, however, 
makes it impossible to determine storativities along the flow paths at the 
H-3 pad. 
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H-3b3 
• SURFACE LOCATIONS 
O DEVIATED LOCATIONS AT DEPTH 

OF CULEBRA MIDPOINT 

BEARINGS RELATED TO TRUE NORTH 

Figure 4 . 1 . 4 : Physical layout of the H-3 hydropad. The f igure i s a plan 
view, showing pos i t i ons and distances between we l l s both at 
the surface and where penetra t ing the Culebra dolomite. 
Figure 4 . 1 of Kelley and Pickens (1986). 
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The results of interference testing on the H-3 pad are summarized in Table 
4.4. There is no significant difference between the interpreted 
transmissivities of the three holes on the H-3 pad, since the range in 
values is only from 3.1 to 3.2 x 10"6 m2/s for the 1984 testing and 1.8 to 
1.9 x 10*6 m2/s for the multipad test. Therefore, there is no apparent 
anisotropy in the hydraulic properties at H-3. There is, however, a 
decrease of approximately 50% between the average transmissivity at H-3 
interpreted from the 1984 testing, in which the pumping phase lasted 14 
days at an average pumping rate of 4.0 gpm, and that interpreted from the 
H-3 multipad interference test, in which the pumping phase lasted 62 days, 
at an average rate of 4.8 gpm. Beauheim (1987a) attributes this difference 
to either a real difference in transmissivity .between holes H-3b3 and 
H-3b2, the specific wells pumped in the two tests, and/or to the fact that 
the average transmissivity of the relatively large volume investigated 
during the long-term H-3 multipad test is lower than the average trans
missivity of the volume investigated in the shorter-term 1984 testing. 
Consistent with this latter interpretation, the original H-3(bl) trans
missivity of 2.0 x 10"5 m2/s reported by Mercer (1983) is based on a 
combination of bailing/recovery and slug tests, both of short duration. 

Table 4.4 includes estimates of both "skin factor" and the "storativity 
ratio" for individual holes on the H-3 pad. Calculated skin factors range 
from -7.3 to -8.1. As discussed by Beauheim (1987a), the strongly negative 
skin factors indicate direct connection of all three wellbores with frac
tures, consistent with the interpreted effective radius of 146 m for hole 
H-3b3. Although the storativities of the observation holes on the H-3 pad 
could not be calculated, Beauheim (1987a) does calculate "storativity 
ratios" (omegas), the ratio of fluid storativity within the fractures 
(secondary porosity) to that of the entire system of matrix plus fractures 
(primary plus secondary porosity). The calculated values range from 0.03 
to 0.25. As noted by Saulnier (1987), most fractured-rock systems have a 
storativity ratio less than 0.1. The storativity ratios at the H-3 pad 
indicate unusually high storage within fractures, perhaps due to the 
vugginess of the Culebra. 

4.1.2.2 Interference Testing at the H-11 Hvdropad and Comparison with 
Results at the H-3 Pad--Saulnier (1987) summarizes the interpretation of 
pad-scale interference testing carried out at the H-11 hydropad (Figure 
4.1.5) in 1984 and 1985. During 1984, holes H-llbl, H-llb2, and H-llb3 
were each pumped in individual tests lasting from 12 to 21 hours. The 1985 
test, in which H-llb3 was the pumped hole, lasted for 32 days. However, 
complications with instrumentation during the 1985 testing resulted in four 
distinct pumping and recovery periods. The resulting superposition of 
effects complicates interpretation of the 1985 results. 

The results of interference testing at H-11 are included in Table 4.4. The 
interpreted transmissivities for pumped holes and for flow paths between 
pumped and observation holes on the H-11 pad range from 1.2 x 10*5 t o 3,0 x 
10*5 m2/s. With the exception of the interpreted transmissivity of H-llbl 
during 1984 pumping the range is only 2.5 x 10*5 to 3.0 x 10* 5 m 2/s. 
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Table 4.4: Summary of single-pad interference testing results for the 
Culebra dolomite at the H-3 and H-11 hydropads. Slightly 
modified from data contained in Tables 6-1 and 6-3 of Beauheim 
(1987a) and Table 6.1 of Saulnier (1987). 

Transmissivity Skin Storativity Flow 
(m2/s) Factor Storativity Ratio (w) Ratio(A) 

H-3(D 

H-3b3 (1984) 
pump 

H-3bl (obs.) 
H-3b2 (obs.) 

H-3b2 (1986) 
pump 

H-3bl (obs.) 
H-3b3 (obs.) 

H-llbl (1984) 
pump 

H-llb2 (obs.) 
H-llb3 (obs.) 

H-llb2 (1984) 
pump 

H-llbl (obs.) 
H-llb3 (obs.) 

H-llb3 (1984) 
pump 

H-llbl (obs.) 
H-llb2 (obs.) 

H-llb3 (1985) 
pump 

H-llbl (obs.) 
H-llb2 (obs.) 

3.1 x 10-6 

3.2 x 10-6 
3.2 x 10-6 

1.8 x 10-6 

1.9 x 10-6 
1.9 x 10-6 

1.2 x 10-5 

2.5 x 10-5 
2.8 x 10*5 

2.7 x 10-5 
2.6 x 10-5 

2.8 x 10-5 

2.7 x 10-5 

2.6 x 10-5 

3.0 x 10-5 

2.7 x 10-5 
2.8 x 10*5 

-7.8 

-7.3 
•7.6 

•8.1 

•7.7 
•8.0 

•3.3 

0.07 

-4.4 

-4.6 

8 x 10-4 
5.5 x 10-4 

6.1 x 10-4 
4.5 x 10-4 

6.3 x 10-4 
7.2 x 10-4 

2.9 x 10-3 
2.6 x 10*3 

0.25 -
0.04 -

0.03 -

0.25 • 
0.10 • 

0.01 1.3 x 10-9 

0.35 2.0 x 10-6 
0.35 1.3 x 10-6 

0.43 2.0 x 10-6 
0.40 3.8 x 10-6 

0.01 2.3 x 10*6 

0.30 1.3 x 10-6 
0.30 1.3 x 10-6 

0.01 3.7 x 10-7 

0.07 5.0 x 10-6 
0.07 5.8 x 10-6 

(1) All holes H-3 pad interpreted as part of pumped hole; therefore, 
storativities not available, but skin factors and point transmissivi-
ties available for all holes. 

(2) Observation holes on H-11 pad well-behaved; therefore, transmissivi-
ties, except for pumped hole, are averages between observation and 
pumped hole. 
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H-11 HYDROPAD 

O BOREHOLE LOCATIONS AT DEPTH OF 
CULEBRA MIDPOINT (CIRCA 226 m bgs.) 

BEARINGS RELATED TO TRUE NORTH 

ure 4 . 1 . 5 : Physical layout of the H-11 hydropad. The f igure i s a plan 
view, showing p o s i t i o n s and dis tances between w e l l s both at 
the surface and where pene tra t ing the Culebra dolomite. 
Modified from Figure 3 .1 of Saulnier (1987). 
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The behavior of observation holes on the H-11 pad is consistently different 
than that observed on the H-3 pad. Although the observation holes on the 
H-11 pad displayed dual-porosity behavior, their response to the beginning 
and ending of pumping was sufficiently-delayed to allow interpretation as 
observation holes, rather than as part of the pumped well. The calculated 
effective hydraulic radius of H-llb3, consistent with the behavior of the 
observation holes, is 4.9 m (Saulnier, 1987), as compared to an effective 
radius of 146 m at the H-3 pad (Beauheim, 1987a). 

Comparison of the hydrologic behaviors at the H-3 and H-11 pads indicates 
that the hydraulic effectiveness of fracturing at a given site need not be 
proportional to the transmissivity. The interpreted transmissivity of 
H-llb3 during pumping of this hole in 1984 is 2.8 x 10"5 u£/s, as compared 
to a transmissivity of 3.1.x 10'6 nt/s for hole H-3b3 in 1984 testing at 
the H-3 pad. However, the effective radius of H-3b3 is 146 m, while that 
of H-llb3 is 5 m. In addition, the observation holes at the H-3 pad had to 
be treated as part of the pumped well, while observation holes at the H-11 
pad behaved properly as observation wells. As shown in Table 4.3, the 
calculated skin factors at the H-3 pad, which range from -7.3 to -8.1, are 
consistently more negative than those at the H-11 pad, which range from 
-3.3 to -4.6. 

Interpretation of behavior along the assumed radial flow paths between 
observation and pumped wells on the H-11 pads indicates average hydraulic 
storativities between 4.5 x 10"^ and 2.9 x 10*3, with the higher values 
interpreted from testing in 1985. These storativities are higher than 
regional storativities calculated by Beauheim (1987a) from multipad testing 
at the H-3 pad (7.4 x 10"6 to 3.0 x 10'5, see Table 4.6). As at the H-3 
pad, calculated storativity ratios at H-11 range from 0.01 to 0.43, higher 
than normal for fractured media. 

Calculated interporosity-flow parameters (lambdas) at H-11 range from 1.3 x 
10-9 c o 5.8 x 10- 6 (Table 4.4). As noted by Saulnier (1987), the 
definition of the parameter lambda includes the ratio of the matrix 
permeability (permeability of the primary-porosity system) to permeability 
of the fractures (secondary-porosity system). Therefore, the calculated 
results indicate that there is a strong contrast between matrix and 
fracture permeabilities at the H-11 pad. As also indicated by Saulnier 
(1987) , interpretation of the calculated lambda values at the H-11 pad is 
consistent with effective block or slab dimensions of 0.3 to 1.0 m. The 
available information on the effective block size in fractured portions of 
the Culebra dolomite is discussed further in Section 4.2, based on the 
results of testing with conservative tracers at the H-3 hydropad. 

UsingH the system transmissivities interpreted from 1984 testing and an 
average storativity of 6.3 x 10"^, Saulnier (1987) estimates the extent and 
orientation of hydraulic "anisotropy" at H-11. The calculated maximum 
transmissivity vector of 3.3 x 10"5 vfi/s is oriented 5.8 degrees north of 
east, and the calculated minimum transmissivity vector of 2.1 x 10"5 m^/s 
5.8 degrees west of north' (Table 4.5). The- calculated ratio of 1.6:1 
between maximum and minimum transmissivities at H-11 indicates only a small 
degree of anisotropy. However, the presence of fractures at this site 
indicates that these results are only qualitative; because of the 
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fractures, directional variations in properties are almost certainly not 
continuous. Also, since the indicated directions of maximum and minimum 
transmissivity do not coincide with any direct flow paths on the H-ll pad, 
there is no guarantee that either the maximum or minimum values are 
reliable. 

Table 4.5: Summary of apparent hydraulic anisotropy of the Culebra 
dolomite. Compiled from results contained in Saulnier (1987) 
and Gonzalez (1983b). 

Orientation 
TMAX (m2/s) THIN («n2/s) TMAX/TMIN o f TMAX 

Sj,£e 

H-4(D 2.9 x 10- 6 1.1 x 10" 6 2.6 N76W 

H-5 2.4 x 10* 7 9.7 x 10" 8 2.5 N25W 

H-6 1.1 x 10- 4 5.2 x 10- 5 2.1 N29W 

H-ll(2) 3.3 x 10-5 2.1 x 10*5 1.6 N84E 

(1) Data for H-4, H-5, and H-6 from Gonzales (1983b). 
(2) Data for H-ll from Saulnier (1987). 

The available interpretations of anisotropy within the Culebra dolomite are 
summarized in Table 4.5. Earlier interpretations at the H-4, H-5, and H-6 
pads all explicitly make the porous-medium assumption (Gonzalez, 1983b). 
The interpretation of Saulnier (1987) is based on the calculated system 
transmlssivities. The available interpretations indicate transmissivity 
ratios between 1.6:1 and 2.6:1, with a direction of between N84E and N76V 
for the major transmissivity vector. For calculated major Culebra trans-
missivities between 2.4 x 10* 7 mfys and l.lx 10" 4 &*•/& and minor transmis-
sivities between 9.7 x 10"8 and 5.2 x 10"'» m2/s there appears to be less 
than a factor of three hydraulic anisotropy. The available results 
indicate that there is no consistent orientation of maximum Culebra 
transmissivity. 

j 
4.1.3 Multioad Interference Testine 

As noted in the introduction to Section 4.0, the best method of estimating 
the regional distribution of properties within a variable hydrologic unit 
is by regional-scale testing and interpretation. At the HIPP site, two 
regional-scale multipad interference tests of the Culebra dolomite have 
been completed, centered at the H-3 hydropad and at hole VIPP-13. The H-3 
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multipad interference test and related analytical interpretation and 
regional-scale modeling of Culebra hydrology are discussed in Section 
4.1.3.1. The WTPP-13 test and related interpretative and modeling studies 
are discussed in Section 4.1.3.2. 

4.1.3.1 The H-3 Multipad Interference Test and the Regional Culebra Model 
of Haug et al. (1987)--The pumping phase of the H-3 multipad interference 
test (Figure 4.1.6) extended from October 15, 1985, to December 16, 1985. 
Recovery monitoring continued until April 16, 1986, when the data-
acquisition system at the H-3 pad was turned off. Raw data from the test 
are included in INTERA (1986). Analytical interpretations of both detailed 
results at the H-3 pad and average or apparent transmissivities and 
storativities between H-3b2 (the pumped hole) and the numerous observation 
holes are reported by Beauheim (1987a). Analytical interpretation of 
regional flow patterns generated in response to the test, with emphasis on 
evaluation of a linear-flow regime af holes H-3, H-ll, and DOE-1, is 
reported by Tomasko and Jensen (1987). Numerical calculation or simulation 
of Culebra transmissivities, heads, and fluid densities on the regional 
scale are reported by Haug et al. (1987), as well as modeling of the 
transient pressure responses to the H-3 multipad test. 

Beauheim (1987a) describes the analytical (as opposed to numerical) 
interpretation of hydraulic data collected during the H-3 multipad 
interference test. Results on the H-3 pad itself are discussed in Section 
4.1.2. The regional distribution of Culebra properties, based on 
Beauheim's analytical interpretation, is summarized in Table 4.6. The 
analytical, approach used to interpret' responses at observation holes 
necessarily assumes both radial flow into the pumped hole and homogeneous 
or average properties between pumped hole and individual observation holes 
(Beauheim, 1987a). Therefore, transmissivity values listed in Table 4.6 
are apparent average values for an assumed radial flow path between H-3b2 
and the listed observation hole. Beauheim (1987a) found it necessary to 
correct both pre-test and post-test heads for the relatively long-term 
transient behavior of some water levels at and near the WIPP site (Table 
4.6). This transient behavior is in response to some combination of 
hydrologic testing, shaft sinking and sealing operations, and a possible 
regional transient. 

Observation-hole responses to the H-3 multipad test fall into three general 
categories. First, on the H-3 pad itself, hydraulic fracturing was 
sufficient to require that Observation holes H-3bl and H-3b3 be considered 
as part of the pumped hole (Section 4.1.2). Second, Observation holes 
DOE-1 and H-llbl, respectively 1606 and 2423 m southeast of H-3b2 (Figure 
4.1,.6), responded rapidly to both the beginning and ending of pumping. 
Drawdown in DOE-1 began 48 hours into the test, and that in H-llbl only 
three hours later (Table 4.6). The average transmissivities interpreted 
along flow paths between H-3b2 and DOE-1 and H-llbl are 5.9 x 10'° m2/s 
between DOE-1 and H-3b2 and 7.3 x 10*6 m2/s between H-llbl and H-3b2. 
Calculated apparent storativities along the same flow paths are 1.0 x 10*5 
and 7.4 x 10*6, respectively. Beauheim (1987a) concludes that the rapid 
responses at DOE-1 and H-llbl and relatively high calculated transmis
sivities along flow paths between these holes and H-3b2 indicate a 
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Figure 4.1.6: Pumping and observation wells for the H-3 multipad 
interference tes t . Figure 3.2 of Haug et a l . (1987). 
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Table 4.6: Summary of results of analytical interpretation of H-3 multipad interference test. 
Slightly modified from data contained in Tables 3-1, 5-1, and 6-4 of Beauheira (1987a). 

vo 

Well Distanced*)^) Direction 
First Obs.<2> 
Drawdown (hrs) 

Delay in 
Max. Drawdown (hr) 

Unmodified Interpretation 
T(m2/8)<3> S 

Modified Interpretation 
Head Modification 

T<it|2/s> S (m/day) 

H-llbl 
DOE-1 

2423 
1606 

S42E 
S68E 

79 
57 

51 
48 

1.4 x 10-5 
9.9 x 10"* 

6.6 x 10-* 
9.2 x 10-* 

7.3 x 10"* 
5.9 x 10"* 

7.4 x 1 0 * 
1.0 x 10-5 

8.6 x 10-3 
5.5 x 10-3 

H-1 
H-2b2 

815 
1270 

N19W 
N54U 

468 
433 

1423 
1393 

8.9 x 10" 7 

' 2.7 x 10"* 
3.9 x 10-5 
4.5 x 10-5 

4.9 x 10* r 

1.3 x 10"* 
2.7 x 10"5 
3.0 x 10*5 

2.64 x 10- 2 

1.16 x 10"2 

WIPP-19 
WIPP-21 
UIPP-22 

1875 
1437 
1739 

N2E 
N3E 
N2E 

1207 
437 
990 

1855 
678 
727 

3.1 x 10"* 
1.2 x 10-* 
1.7 x 10** 

2.9 x 10-5 
9.0 x 10'* 
1.7 x 10*5 -

- -

(1) Distance* and directions measured from H-3b2 to the indicated well. 
(2) First drawdown and delay In maximum drawdown are given relative to times at which pump was turned on and off, respectively. 
<3) Unmodified and modified transmissivitles (T) and storativlties (S) are apparent average values between H-3b2 and indicated well, 

assuming radial flow to H-3b2. 



preferential connection between the H-3 pad and the southeast portion of 
the VIPP site. He further concludes, consistent with single-pad 
interference testing at both H-3 and H-ll (see Section 4.1.2), that this 
connection is related to fractures. Third, holes north and northwest of 
H-3b2 were ouch slower to respond to the H-3 multipad test. Indicating 
relatively poor and variable hydraulic connection in this direction. Hole 
H-l, 815 0 from H-3b2, did not respond to pumping until approximately 488 
hours into the test. The best estimate of the average transmissivity 
between H-3b2 and H-l is 4.9 x 10 - 7 m2/«« H-2b2, slightly further from 
H-3b2 than hole H-l, responded earlier (433 hours). The slightly higher 
apparent transmissivity between H-2b2 and H-3b2 (1.3 x 10"6 m2/s) than 
between H-l and H-3b2 indicates local variability within the Culebra 
dolomite, even in the low-transmissivity domain'containing H-l, H-2, and 
H-3. In contrast to behavior at and southeast of the H-3 pad, there is no 
indication that regional-scale flow or pressure response between H-3 and 
either H-2b2 or H-l involved fractures. Holes VIPP-19, 21, and 22 are 
north of the VIPP facility (Figure 4.1.6). Therefore, their response to 
any pumping test at H-3 will be influenced by the intervening VIPP shafts, 
unless the sealing of these shafts is perfect. There was, in fact, 
considerable uncertainty about the rates of leakage from the Culebra into 
the VIPP exhaust and waste-handling shafts during the H-3 test. As a 
result, interpreted transmissivities for flow paths extending north of the 
center of the VIPP site, i.e., between H-3b2 and holes VIPP-19, 21, and 22, 
may be inaccurate (Beauheim, 1987a). 

Several observation holes did not respond measurably during the H-3 multi-
pad test, including H-4, F-14, P-15, and P-17. Therefore, only minimal 
transmissivities could be calculated for areas south and southwest of H-3, 
based on the lack of response. Beauheim (1987a) estimates that the average 
transmissivity between H-4 and H-3b2 would need to be less than 1.0 x 
10-6 m2/*. As indicated in Table 4.2, drilling and testing of hole H-14 
has since yielded results consistent with this bounding interpretation. 

Tomasko and Jensen (1987) note a strikingly linear relationship between the 
observed drawdowns and the square root of time in holes H-3b2, H-llbl, and 
DOE-1 during the H-3 multipad test, and conclude from this that much of the 
response to the test in this area was a result of "linear flow," in which 
flow is largely confined to a linear high-transmissivity structure between 
less-permeable boundaries. Their interpretation is a second line of 
evidence for a high-transmissivity structure in the southeastern part of 
VIPP Zone 3. Figure 4.1.7 shows the nearly linear response of H-3b2 versus 
the square root of time during the pumping phase of the H-3 multipad test. 
Tomasko and Jensen (1987) interpret the limited curvature shown in Figure 
4.1.7 to reflect the fact that the high-transmissivity structure containing 
H-3b2 is finite in width. 

Figure 4.1.8 compares observed drawdowns and recoveries at H-ll and DOE-1 
with those calculated assuming linear flow in a high-transmissivity 
structure oriented N29V. There is good agreement during the pumped phase, 
even with a model that used a simplified transmissivity distribution. 
Although calculated drawdowns exceed those measured, the shape of both 
drawdown and recovery curves agree well. This linear-flow approach yielded 
average transmissivities of 2.2 x 10"fi, 9.7 x 10"6, and 2.0 x 10" 5 m2/s for 
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Figure 4.1.7: Observed drawdown versus the square root of time in hole 
H-3b2 during the H-3 multipad interference test. Slightly 
modified from Figure 15 of Tomasko and Jensen (1987). 
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Figure 4.1.8: Comparison of measured and simulated responses at H-11 and 
DOE-1 during the H-3 multipad interference test, assuming 
perfectly linear flow. Figure 25 of Tomasko and Jensen 
(1987). 
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the H-3 pad and between H-3 and DOE-1 and H-ll, respectively. These 
results are in qualitative agreement with the results .of fieauheim (1987a) 
discussed above (2.0 x 10" 6, 5.9 x 10"6, 7.3 x 10" 6 m 2/s. respectively). 

The analytical approaches discussed thus far involve specific assumptions, 
some of which pose real limitations in interpretation of testing on this 
geometric scale within a unit as complex as the Culebra dolomite. These 
include: 

1. Regional-scale flow is assumed to be either perfectly radial or 
perfectly linear. 

2. Transmissivities are either assumed uniform between pumped hole and 
observation hole, or a simplified transmissivity distribution is 
assumed. 

3. Constant fluid density is assumed. 

• 4. The Culebra dolomite is assumed to be completely confined. 

In contrast, the approach taken by Haug et al. (1987), using the code SWIFT 
II (Reeves et al., 1986a; Reeves et al., 1986b), is fully numerical, and 
includes consideration of: a) a more complex pattern of regional flow, 
based on calculation of transmissivities between measurement points; b) 
variable fluid densities; and c) vertical fluid flux into or out of the 
Culebra. The modeling approach of Haug et al. (1987) assumes steady-state 
boundary conditions. 

The results of non-directional kriging of the April 1986 Culebra-
transmissivity data base (Figures 4.1.9 and 4.1.10) provide a quantitative 
indication of the statistical reliability of the data base at that time, 
independent of geologic and hydrologic judgement. The limited size of the 
data base resulted in the kriged transmissivity pattern consisting largely 
of "circles" around measured data points (Figure 4.1.9). The roughly 
circular areas within which the uncertainty in transmissivity (defined here 
as one standard deviation) was less than one order of magnitude were cen
tered on individual hydro holes and approximately one kilometer in diameter 
(Figure 4.1.10). The only regions in which the areas of one-order-of-
magnitude uncertainty overlapped was in the regions H-l - H-2 - H-3 and 
H-ll - D0E-1. This finding provided strong impetus for testing of addi
tional holes within VIFP Zone 3, as indicated by the large number of holes 
in Table 4.1 for which data have been collected or revised since April 
1986. 

One major emphasis of Haug et al. (1987) is consideration of the regional 
hydrologic behavior of the Culebra, independent of transient effects 
imposed by the WIPP facility. This required estimation of Culebra head 
potentials as they existed prior to the sinking of the WIPP shafts (Figure 
4.1.11). Figure 4.1.12 shows the simulated or calculated Culebra 
transmissivity distribution resulting from calibration of downhole 
pressures within the Culebra against the "measured" pre-shaft freshwater-
equivalent head potentials shown in Figure 4.1.11. The calibration effort 
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Figure 4.1.9: Initial kriged Culebra transmissivities, based on data 
available as of April 1986. Slightly modified from Figure 
3.7 of Haug et al. (1987). 
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Figure 4.1.10: Estimation error in initial kriged Culebra transmissivi-
ties, based on data available as of April 1986. Slightly 
modified from Figure 3.8 of Haug et al. (1987). 
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MODEL AREA 

O DATA POINT; CONTOUR INTERVAL 2 m 

Figure 4.1.11: Best estimate of pre-shaft Culebra freshwater equivalent 
heads, based on data available as of April 1986. Slightly 
modified from Figure 3.9 of Haug et al. (1987). 
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MODEL AREA 

o DATA POINT; CONTOUR INTERVAL 1 log m2/sec 

Figure 4.1.12: Best calculated distribution of Culebra transmissivities, 
based on pressure calibration to head distribution shown in 
Figure 4.1.11. Slightly modified from Figure 4.4 of Haxig 
et al. (1987). 
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involved use of "pilot points" in some locations between measured data. At 
the pilot points, transmissivities were assigned, consistent with the 
uncertainty in initial kriged values. Evaluation of the statistical 
properties of the expanded data base including the pilot-point 
transmissivities indicated that the statistical properties of this data 
base were consistent with those of the measured data. 

The transmissivity distribution in Figure 4.1.12 is marked by four main 
features: 

1. A large and apparently continuous zone of relatively low transmis
sivity (T<10*6 m2/s) including the site center, the locations of the 
WIPP shafts, and extending to the east and northeast. 

2. An apparently isolated region of low transmissivity in and near the 
southeastern portion of the site, in the region P-15 - H-4 - P-17. As 
noted in Section 4.1.1, it is not clear from existing point data 
whether or not this zone is connected to the low-transmissivity zone 
closer to the site center. 

3. A narrow high-transmissivity zone (T>10 "5 m2/s) in the region 
containing H-ll and DOE-1, and extending to the south. This zone was 
largely required in the model to account for the relatively low heads 
observed at H-ll and DOE-1 (Figure 4.1.11). 

The central portion of the high-transmissivity zone is defined in Haug 
et al. (1987) only by several pilot points, since no data from within 
the zone were available as of April 1986. The zone is consistent with 
results of both Beauheim (1987a) and Tomasko and Jensen (1987). Model 
transmissivities in the central part of the zone, approximately 3.0 x 
10" 4 m 2/s, are similar to the transmissivities at H-9b (1.7 x 10"4 

m2/s) and P-14 (2.3 x 10"* m 2/s), but lower than the transmissivity at 
H-7b (1.1 x 10"3 m2/s) (Table 4.1). The assigned value was chosen in 
the effort to be reasonably "conservative," i.e., to have the zone 
contain as high a transmissivity as was reasonable. 

4. A relatively large and apparently continuous high-transmissivity 
zone in the western part of the modeled area. As of April 1966, the 
high-transmissivity zone included measured data only at holes H-6, DOE-
2, P-14, and H-7. The need to define the relationship of this high-
transmissivity zone to the low-transmissivity zone containing the 
center of the VIPP site was a major driving force behind multipad 
interference testing at WIPP-13 (Section 4.1.3.2). 

The calculated transmissivity distribution (Figure 4.1.12) served as a 
basis for further model calibration (Haug et al., 1987). The distribution 
of Culebra fluid densities measured as of April 1986 is shown in Figure 
4.1.13. Culebra fluids in the vicinity of the WIPP site range in density 
from approximately 1.00 to greater than 1.10 g/cm3 (see Section 4.1.3.2). 
Two main features of Figure 4.1.13 are of note: 
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MODEL AREA 

Figure 4.1.13: Best estimate of density distribution of Culebra fluids, 
based on information available as of April 1986. Figure 
3.10 of Haug et al. (1987). 
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1. A linear zone of steep gradient in fluid density separates a large 
area of high fluid density (1.08 g/cm3 or greater) east of the site 
center from an analogous area of relatively low fluid density (1.04 
g/cm3 or less) west of the site center. 

2. Major curvature in the lines of fluid densities 1.01 through 1.04 
g/cm3 in the northwest part of the modeled area. As of April 1986, 
only measured density data from H-6, DOE-2, H-2, and P-14 provided 
control for this curvature. 

During calibration of Culebra transmissivities against fluid densities, the 
interpolated brine densities near the boundaries of Figure 4.1.13 were 
first used as initial boundary conditions in simulation of assumed 
variable-density steady-state confined flow within the Culebra (Haug et 
al., 1987). The results of this approach were not satisfactory (Figures 
4.1.14 and 4.1.15). Calculated brine densities at steady state are too low 
in the eastern portion of the model. The density contrasts in the eastern 
portion of the model (with the exception of the region near P-17) were 
adjusted successfully by slightly increasing the transmissivity in the 
northeastern portion of the model, without significantly changing fluid 
densities assigned at the boundaries. Over the western portion of the 
model, the problem was more severe. At steady state, a large area, 
including holes H-l, H-2, P-17, P-15, and 1?-14, was calculated to have 
fluid densities between 1.04 and 1.05 g/cm3, compared to measured densities 
of 1.06 g/cm3 at P-17 and less than 1.03 g/cm3 at the other holes. The 
high calculated brine densities over the western portion of the site 
reflect the southward movement of the relatively dense brines at H-6 and 
DOE-2 required by steady-state confined flow (Haug et al., 1987). 

These results are taken by Haug et al. (1987) to be consistent with at 
least three possibilities: 

1. The interpolated brine densities along the northern boundary of the 
model are incorrect, except for the measured value at H-6. This 
possibility is considered in detail by Haug et al. (1987). Because of 
the recent increase in brine-density data in the northwest portion of 
the modeled area, the possibility is not considered further here (see 
Section 4.1.3.2). 

2. There is enough vertical fluid leakage into and/or out of the 
Culebra to significantly affect fluid densities within the unit. This 
possibility is considered further by Haug et al. (1987), and is 
discussed below (see also Section 4.1.1). 

3. The Culebra hydrologic regime is not at steady state on the time 
scale required for water flow across the modeled area. Transient 
boundary conditions for the hydrology of the Rustler Formation are 
consistent with recent geologic and isotopic results discussed in 
Sections 4.3 and 4.4, but have not yet been modeled directly, and are 
not considered further here. 
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Figure 4.1.14: Calculated steady-state, brine-density distribution within 
the Culebra dolomite, based on data available as of April 
1986. Slightly modified from Figure 4.7 of Haug et al. 
(1987). 
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MODEL AREA 

o DATA POINT; CONTOUR INTERVAL 0.01 g/cm3 

Figure 4.1.15: Difference between calculated steady-state brine density 
distribution within the Culebra (Figure 4.1.14) and the 
measured • estimated distribution shown in Figure 4.1.13. 
Slightly modified from Figure 4.8 of Haug et al. (1987). 

104 



Haug et al. (1987) initially addressed the density contrast over the 
western portion of the modeled area by assuming that brine densities along 
the northern boundary of the model were incorrect; therefore, calibration 
against fluid density did not change interpolated transmissivities in this 
area. In the vicinity of hole P-17, however, better agreement between 
calculated and measured fluid densities was obtained by shifting the 
location of the southern high-transmissivity zone in Figure 4.1.12 closer 
to P-17. 

Haug et al. (1987) then considered the possibility of vertical fluid flow 
into and/or out of the Culebra dolomite in two areas: 

1. At and near P-17, where measured brine densities were 0.04 g/cm^ 
higher than those calculated. Upward flow of relatively dense brine 
from the Rustler/Salado contact zone, through the unnamed lower member 
of the Rustler, into the Culebra dolomite was considered at this 
location, consistent with known head relationships (see Section 4.1.1). 

2. Over the western and southwestern part of the modeled area, in 
which measured fluid densities are significantly less than modeled 
densities. Uniform downward flow of relatively fresh (low-density) 
fluids from the Magenta into the Culebra was considered in this area. 

Assuming a brine density of 1.19 g/cm3 for the Rustler/Salado contact zone 
and/or unnamed lower member of the Rustler in the region near P-17, Haug et 
al. (1987) estimate that a vertical flux of 10' 1 2 m 3/m 2s would be suf
ficient to result in a calculated brine density within the Culebra of 
1.06 g/cm3, the measured value. Given the approximate vertical gradient of 
0.18 m/m at this location, based on head relations shown in Mercer (1983), 
this flux would require a vertical hydraulic conductivity of 5.7 x 
XO-12 n / s i n t h e unnamed member. This is within the range thought reason
able (Haug et al., 1987), but slightly higher than recently measured adja
cent to the WIPP waste-handling shaft (Section 3.3.1.2). Thus, a very 
small upward flux into the Culebra in the vicinity of P-17 appears to be 
largely consistent with known data, and improves agreement between measured 
and calculated brine densities in the area. However, it is not feasible to 
measure the small flux in a reasonable time in the field. 

In considering fluid flow from the Magenta dolomite downward into the 
Culebra over the western portion of the modeled area, Haug et al. (1987) 
assumed a brine density of 1.00 g/cm3 for the Magenta. Addition of a small 
but constant vertical flux of 5 x 10"12 n»3/m2s over the western portion of 
the model led to two qualitatively different responses: 

J 1. In areas of low Culebra transmissivity, the resulting freshwater-
equivalent heads were increased significantly, causing unacceptable 
disagreement between calculated and observed heads. In these areas, 
however, the assumed flux did significantly decrease the calculated 
brine densities within the Culebra. 

2. In areas of high Culebra transmissivity, addition of the vertical 
flux did not significantly harm the agreement between calculated and 
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measured freshwater heads, nor did it significantly improve the 
agreement between measured and calculated brine densities within the 
Culebra. 

Vertical flux from the Magenta downward into the Culebra dolomite over the 
western portion of the modeled area is consistent with known head and 
fluid-density relationships in some areas (Section 4.1.1.2). However, the 
flux, if real, must be laterally variable rather than constant, and the 
vertical conductivity of the Tamarisk claystone and anhydrites between the 
Magenta and Culebra may simply be too low at and near the site. The 
modeling results of Haug et al. (1987) suggest that vertical flow rates 
must be higher in regions in which the Culebra is more transmissive, and 
lower in regions where it is less transmissive. This amount of coupling of 
Culebra transmissivity with that of the overlying Tamarisk and Magenta 
members has not been identified in the regional variations in 
transmissivities of the different members of the Rustler at and near the 
WIPP site. For example, the transmissivity of the Tamarisk claystone, 
between the Magenta and Culebra, is too low for measurement at and near the 
site; the transmissivity of the Tamarisk anhydrites may be even lower. 
Given enough modeling time and effort, it appears that excellent agreement 
between measured and calculated brine densities within the Culebra dolomite 
could be obtained by calibration against both transmissivity distribution 
in the Magenta, Tamarisk, and Culebra and vertical flux, assuming steady-
state boundary conditions. However, this agreement would not in any way be 
unique, and might not be consistent with the inability to measure proper
ties within the Tamarisk. This is not to say that vertical flow is not 
occurring within the Rustler Formation (see Sections 4.1.1 and 4.4), simply 
that data are not adequate to model it precisely. The extremely low 
transmissivity of the Tamarisk claystone and anhydrites, relatively high 
transmissivity of the Culebra, and geochemical relationships within the 
Rustler (Section 4.4) suggest that transient confined flow within the 
Culebra dominates Rustler hydrology at and near the WIPP site. 

In summary, model calibration to the Culebra pre-shaft head distribution by 
Haug et al. (1987) largely met with success, but also indicated uncertain
ties in the understanding of Culebra and Rustler hydrology. Calibration to 
the freshwater head distribution was successful to within one meter of 
measured values. Assuming steady-state confined flow, however, the result
ing Culebra transmissivity distribution was not successful in simulating 
the measured brine-density distribution. In the eastern portion of the 
model, the required adjustment in transmissivity was minor. Over the 
western portion of the model, the results of Haug et al. (1987) indicated 
that: 1) the April 1986 understanding of brine densities may be quali
tatively incorrect; 2) there may be regional-scale vertical flow within the 
Rustler Formation; and/or 3) the hydrologic setting of the Rustler Forma
tion may be transient on the time scale required for groundwater flow 
across the modeled area. 

The next step in model calibration by Haug et al. (1987) was simulation of 
transient stresses within the modeled area, assuming steady-state boundary 
conditions. Several transient activities were simulated, including: 
1) sinking and grouting of the three existing WIPP shafts; 2) three pumping 
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tests and slug tests at H-2; 3) convergent-flow tracer testing at H-3; 4) a 
step-drawdown hydraulic test at H-3; and 5) the multipad interference test 
at H-3. 

Responses to shaft sinking and grouting (both occurring before the H-3 
multipad test) were well simulated using the density-calibrated trans-
miss ivity distribution estimated by calibration to the pre-shaft head 
distribution. From this, Haug et al. (1987) concluded that the trans-
missivity distribution in the region containing H-l, H-2, H-3, DOE-1, and 
H-11 was approximately correct. 

Responses in the WTPP shafts and in holes WIPP-19, 21, and 22 during and 
after the H-3 multipad test could not be simulated closely unless 
additional leakage in the shafts was assumed to have occurred during the 
test. This conclusion, while coincidental, is supported by the fact that 
the hydraulic responses to sinking and initial grouting of the shafts were 
well simulated using the "steady-state" transmissivity distribution, while 
the later H-3 test itself was not. 

The final calculated Culebra transmissivity distribution and fluid-flow 
velocities estimated on the basis of data available as of April 1986 and 
including adjustment for fluid-density effects in the eastern half of the 
model are shown in Figure 4.1.16. Four features are of note in this 
figure: 

1. Fluid flow (presented as Darcy velocities) is extremely slow in the 
area H-12 - H-5 - WIPP-12. Calculated Darcy velocities in this area 
are 10"9 m/s or less. 

2. Fluid flow in the southeastern portion of the model is strongly 
dominated by the high-transmissivity zone in the area H-11 - DOE-1 - P-
17. Flow in this area is largely north-south, with Darcy velocities of 
approximately 10"8 m/s. 

3. Flow in the northwest and western portions of the modeled area is 
rapid and largely north-south. Darcy velocities in this area range 
approximately from 5 x l6"9 to 1 x 10"*5 m/s. 

4. The region near the center of the WIPP site (WTPP-12 - P-15 - P-17) 
has relatively low Darcy velocities, approximately 1 x 10"9 to 3 x 
10"9 m/s. The high-transmiss ivity zone to the southeast forces fluid 
flow in the region between H-4 and the center of the site to be 
northwest-southeast, in effect connecting the two high-transmissivity 
zones southeast and northwest of the site center. The control for this 
flow at the time of the H-3 multipad test was limited, since hole H-14 
did not exist at that time. 

As discussed in Section 4.1.2, interference testing at the H-3 and H-11 
hydropads indicates the strong local influence of fracturing on hydraulic 
response. Haug et al. (1987) investigate whether or not a dual-porosity 
formalism is required to model regional-scale responses within the Culebra 
dolomite by examining times required for pressure equilibration between 
matrix blocks and fractures. 
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Figure 4 . 1 . 1 6 : Final calculated Culebra transmissivities and flow direc
tions, based on data available as of April 1986. Slightly 
modified from Figure 4.11 of Haug et al. (1987). 
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The time required for pressures in the fracture and matrix in a fractured 
medium to equilibrate to within 1% is proportional to the square of matrix 
block size and linearly proportional to the fluid diffusivity within the 
matrix. For a range of Culebra matrix block sizes (fracture spacings) 
between 1 and 8 m and a representative range of matrix compressibilities, 
matrix porosities, and matrix conductivities, Haug et al. (1987) calculate 
a maximum pressure-response time of 26 days. For the base-case properties 
interpreted from conservative-tracer testing at the H-3 pad (Section 4.2) 
the calculated pressure response time is only six hours. Based on these 
preliminary calculations, Haug et al. (1987) conclude that a dual-porosity 
formalism is not needed in modeling the regional-scale hydraulic responses 
within the Culebra dolomite at and near the WIPP site. Haug et al. (1987) 
modeled the transient hydraulic responses at the H-3 hydropad to both shaft 
sinking and sealing and the H-3 multipad interference test using both dual-
porosity and porous-medium formalisms to examine this conclusion further. 
Consistent with their conclusion that use of the dual-porosity formalism is 
not needed at a regional scale, the maximum difference between the 
transient freshwater heads calculated using the two approaches is 0.02 m. 

However, the validity of this conclusion is somewhat limited by the range 
of fracture spacings considered. The correlation between fracturing and 
transmissivity within the Culebra discussed in Section 4.1.1 indicates that 
fracturing is significant in areas of transmissivity greater than 
approximately 10"6 m^/s. The approximate fracture spacing at the H-3 pad, 
with a transmissivity of 2 x 10" 6 m 2/s, is 0.25 to 1 m (Section 4.2). 
Zones of higher transmissivity presumably have smaller effective block 
sizes. The preliminary calculations of Haug et al. (1987) indicate that it 
is in zones of otherwise low transmissivity, in which fracturing is not 
evident in single-hole testing, and in which fracture spacings may 
significantly exceed the thickness of the Culebra, that hydraulic behavior 
on something approaching the regional scale might be controlled by 
fracturing. However, there is no evidence of any discrete fracture 
structures within low-transmissivity portions of the Culebra dolomite at or 
near the WIPP site. 

In summary, fielding and interpretation of the H-3 multipad interference 
greatly increased the understanding of the hydrology of the Culebra 
Dolomite Member of the Rustler Formation. It emphasized the role of 
fracturing and lack of hydraulic anisotropy within the H-3 hydropad. The 
analytical interpretation by Beauheim (1987a) indicated the presence of a 
high-transmissivity region in the vicinity of H-ll and DOE-1, suggested 
strong directional dependence of responses to the test, and suggested that 
transmissivities between H-3 and H-4 were probably less than 10"6 m2/s, an 
interpretation later confirmed by drilling and testing of hole H-14. The 
interpretation of Tomasko and Jensen (1987) indicated that regional-scale 
flow in the southeastern portion of the WIPP site was probably controlled 
by a linear high-transmissivity zone. Numerical modeling of the site area 
by Haug et al. (1987) yielded a more complete estimate of the lateral 
distribution of Culebra transmissivities, qualitatively consistent with the 
interpretations of Beauheim (1987a) and Tomasko and Jensen (1987). A high-
transmissivity region in the vicinity of H-ll and DOE-1 was interpreted to 
be present, in addition to a largely separate high-transmissivity zone west 
and northwest of the site center. Large areas northeast, east, and 
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southwest of the site center appeared to have low transmissivity. The 
interpretation of Haug et al. (1987) indicated both that fluid flow on the 
WIPP site proper was largely controlled by the high-transmissivity zone 
containing holes H-ll and DOE-1, and that the effects of this zone included 
northwest to southeast flow across the area including H-4 and the site 
center itself. Consideration of discrete fractures or inclusion of dual-
porosity formalism appears not to be required to model the regional-scale 
hydrologic behavior of the Culebra dolomite at and near the WIPP site. 

Limitations to interpretation of the H-3 multipad test strongly influenced 
hydrologic field activities in 1986 and 1987. On a regional scale, the 
information gained through the H-3 test supported fielding and 
interpretation of a test centered at WIPP-13, which is discussed in the 
next section. In preparation for this test, updated and more-reliable data 
on the Culebra were collected at DOE-2, and a series of WIPP holes (13, 18, 
19, 21, and 22). The paucity of reliable data in the southern half of Zone 
3 led to the drilling and testing of H-14 and H-15, as well as to reentry 
and testing of the Culebra in P-17, H-4c, P-14, P-15, Cabin Baby-1, and 
ERDA-9. The scarcity of head-potential and hydraulic-property data from 
members of the Rustler other than the Culebra led to testing of all members 
in holes H-14, and H-16. H-16 itself was sited primarily to address the 
problem of linkage between all five members of the Rustler Formation and 
the WIPP air-intake shaft. 

4.1.3.2 The WIPP-13 Multipad Interference Test and the Regional Culebra 
Model of LaVenue et al. (1988')--The second regional-scale or multipad 
interference test of the Cuiebra dolomite was centered at hole WIPP-13 
(Figures 1.2 and 4.1.17). The pumping phase of the WIPP-13 test lasted 
from January 12, 1987, to February 17, 1987. Water levels were monitored 
continuously in 17 surrounding wells, at distances ranging from 1280 to 
6248 m. Analytical interpretation of the WIPP-13 multipad test is 
discussed by Beauheim (1987c). Numerical simulation of Culebra transrais-
sivities and pre-shaft heads in an area including that examined in the 
WIPP-13 test is the primary focus of LaVenue et al". (1988). This effort 
includes evaluation of long-term transient hydrologic data at and near the 
WIPP site. Detailed modeling of transient effects of the WIPP-13 multipad 
test will be combined during 1988 with calibration of the transient effects 
of a planned multipad interference test at the H-ll hydropad and emplace
ment of the WIPP air-intake shaft. 

The effects of dual-porosity behavior were quite strong in WIPP-13 during 
the pumping phase of the WIPP-13 test (Figure 4.1.18). The Culebra in 
WIPP-13 has an estimated transmissivity of 7.4 x 10*5 m 2 / s (Beauheim, 
1987c). The Culebra in and near WIPP-13 is best thought of as a double-
porosity medium with unrestricted interporosity flow (Beauheim, 1987c). 

The analytical interpretation by Beauheim (1987c) indicates that WIPP-13 
lies within a relatively homogeneous fractured region, which includes WIPP-
13 and DOE-2, as well as the H-6 hydropad (both H-6a and H-6b were 
monitored during the WIPP-13 test). DOE-2, at a distance of 1475 m from 
WIPP-13, responded within one hour to the beginning of pumping, while H-6b, 
at a distance of 2188 m, responded within 8 hours (Table 4.7). The 
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Figure 4.1.17: Pumped and observation wells for the WIPP-13 multipad 
interference te s t . Figure 1-1 of Beauheim (1987c). 
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Figure A.1.18: Measured and simulated hydrologic response of WIPP-13 during the pumping phase of 
the WIPP-13 multipad interference test. Slightly simplified from Figure 6-1 of 
Beauheim (1987c). 



Table 4.7: Summary of analytical interpretation of results of the WIPP-13 multipad interference 
test. Slightly modified from data conatined in Tables 3-1, 5-1, and 6-1 of Beauheira 
(1987c). 

First < 2> Delay in Maximum water-Level 
Well Distanced)))*1) Direction Drawdown (hrs) Hax. Drawdown (hr) Drawdown (Psi) KnrVs )(3) S Hodificati or (m/day) 

WIPP-13 0 - 0 0 7.4 x 10-5 - -
OOE-2 1475 N45E 1 1 17.3 6.1 x 10-5 5.1 X 10-6 . 
H-6a 2192 N20U 8 5 7.7 7.6 x 10-5 8.2 X 10'6 -
H-6b 2189 N20U 8 5 7.9 7.4 x 10-5 7.9 X 10-6 -
UIPP-30 5587 N12E 61 136 4.9 3.0 x 10-5 5.6 X 10-6 5.3 X 10-3 

UIPP-12 1283 S55E 74 186 11.9 8.5 x 10'6 3.6 X 10-5 4.5 X 10-3 
UIPP-18 1521 S45E 74 86 9.3 2.5 x 10-5 4.0 X 10-5 3.6 X 10-3 
UIPP-19 1823 S37E 102 186 7.2 2.6 x 10-5 4.0 X 10-5 7.6 X 10-3 
UIPP-21 2216 S29E 133 396 3.6 2.4 x 10-5 5.3 X 10-.5 1.7 X 10'2 
UIPP-22 1933 S34E 102 286 5.7 2.0 x 10-5 4.7 X 10-5 8.2 X 10-3 

H-1 2676 S16E 600 2086(?) 1.1 2.2 x 10-5 1.3 X 10"« 1.4 X 10- 2 

H-2b2 2597 SOU 445 986 1.4 1.7 x 10-5 7.3 X 10-5 6.0 X 10-3 
ERDA-9 2518 S24E 550 396 2.0 2.4 x 10-5 5.4 X 10-5 1.6 X 10-2 
Exhaust 
shaft 2414 S26E 400 336 3 3.0 x 10-5 5.5 X 10-5 2.9 X 10-2 

P-14 4228 S58U 71 56 0.8 2.8 x io-« 5.2 X 10-5 • 
UIPP-25 6264 S88U 76 26 0.3 7.0-x io-« 6.4 X 10-5 -
(1) Distance and direction from UIPP-13. 
(2) Time relative to beginning and ending of pumping phase. 
(3) Apparent and effective transmissivity (I) and storativity (S) assune homogenous properties between UIPP-13 and given well, as 

well as radial flow into UIPP-13. 



apparent average transmlssivities between WIPP-13 and holes DOE-2 and H-6b 
are 6.1 x 10"5 m2/s and 7.4 x 10*5 m 2/s, respectively. The rapid responses 
at DOE-2 and H-6b and the low apparent storativities between these holes 
and WIPP-13, 5.1 x 10 - 6 and 7.9 x 10"6, respectively, suggest that the 
hydraulic response in this region is strongly affected by fracturing 
(Beauheim, 1987c). 

The boundaries of the zone containing WIPP-13, DOE-2, and H-6 are complex. 
To the north, the zone appears to extend nearly to hole WIPP-30 (Beauheim, 
1987c). This interpretation is based largely on the fact that WIPP-30, 
with a reported transmissivity of only 3.2 x 10" 7 m2/s (Beauheim, 1987b; 
Mercer, 1983) and at a distance of 5587 m from VIPP-13, responded within 61 
hours to the beginning of pumping. In addition, the apparent average 
storativity between WIPP-13 and WIPP-30, 5.6 x 10 - 6, is similar to that 
calculated between WIPP-13 and both DOE-2 and H-6b. Analytical interpreta
tion of the response of DOE-2 to pumping of WIPP-13 requires addition of a 
low-permeability boundary; i.e., the response at DOE-2 shows the effects of 
a low-permeability region nearby. A change from high to low Culebra trans-
missivities must occur somewhere between DOE-2 and WIPP-12, as well as 
between DOE-2 and H-5. 

Results contained in Beauheim (1987b) indicate a Culebra transmissivity of 
approximately 1.0 x 10"7 m2/s in WIPP-12 (Table 4.2). The apparent average 
transmissivity between WIPP-13 and WIPP-12 is 8.5 x 10 - 6 m'/s (Beauheim, 
1987c). WIPP-12, only 1283 m from WIPP-13, did not respond to pumping of 
WIPP-13 until 74 hours into the test. Thus, by analogy vith arguments 
concerning the response of WIPP-30, the boundary between the high-
transmissivity zone containing WIPP-13 and the low-transmissivity zone 
containing WIPP-12 must lie relatively close to WIPP-13. 

South of WIPP-12, the boundary between highrtransmissivity and low-
transmissivity domains probably lies further away from WIPP-13. Holes 
WIPP-18, 19, 21, 22; H-l, 2; and ERDA-9 all have estimated Culebra 
transmissivities of 1.0 x 10"^ m2/s or loss (Table 4.1). The apparent 
effective average transmissivities between WIPP-13 and these holes range 
from 1.7 x 10" 5 to 2.6 x 10" 5 m2/s (Table 4.7), while that between WIPP-13 
and the WIPP exhaust shaft is 3.0 x 10"5 m 2/s. Times required for the 
first response to pumping of WIPP-13 range from 74 to 600 hours, including 
the exhaust shaft. The high-transmissivity zone containing WIPP-13 is 
consistently represented as a high-permeability boundary in interpretation 
of the response of these observation holes (Beauheim, 1987c). The apparent 
behavior between WIPP-13 and the WIFP exhaust shaft is consistent with that 
between WIPP-13-and nearby observation holes. Beauheim (1987c) notes that 
the responses in both ERDA-9 and the exhaust shaft appear to be complicated 
by activities within the shaft. 

The relatively homogeneous zone containing WIPP-13, DOE-2, and H-6 appears 
to be bounded on the west by a zone of higher transmissivity extending into 
the main portion of Nash Draw (Beauheim, 1987c). Apparent transmissivities 
between WIPP-13 and holes P-14 and WIPP-25 are 2.8 x 10"* and 7.0 x 
10" 4 m 2/s, respectively. Hole WIPP-25, at a distance of 6264 m from 
WIPP-13, was the most distant monitoring hole used in the test (Figure 
4.1.17). 
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The presence of both higher-transmissivity and lower-transmissivity domains 
outside the WIPP-13 - DOE-2 - H-6 region is consistent with the fact the 
analytical interpretation of the hydrologic behavior at WIPP-13 required 
the addition of both low-permeability and high-permeability boundaries 
(Beauheim, 1987c). In addition, a linear-flow interpretation of the flow 
near WIPP-13 analogous to that completed for the H-3 multipad test by 
Tomasko and Jensen (1987) was not successful. 

The numerical simulation of Culebra hydrology over a large area, including 
the region stressed in the WIPP-13 test, is discussed and summarized in 
LaVenue et al. (1988). The emphasis in LaVenue et al. (1988) is on 
simulation of the Culebra hydrology as it" existed before construction of 
the WIPP shafts, i.e., prior to 1981. Detailed numerical interpretation of 
the transient hydrologic stresses imposed by the WIPP-13 multipad test, 
sinking of the WIPP air-intake shaft, and a combined multipad interference 
test and conservative-tracer test at the H-ll pad will be conducted in 
1988. 

As noted in Section 4.1.1, there has been a significant increase in the 
Culebra transmissivity, head, and fluid-density data base since April 1986. 
In addition, as evident in Figure 4.1.19, the area included in modeling 
described in LaVenue et al. (1988), 24 x 25 km, is significantly larger 
than that included in Haug et al. (1987) (see Figure 4.1.6). As a result, 

' the total data base considered in LaVenue et al. (1986) is much larger than 
that considered only 1.5 years earlier. Culebra transmissivity data from 
38 individual wells or hydropads are considered in the 1988 report, as 
opposed to 24 locations in the 1987 report (Table 4.1). Compilation of the 
data base used by LaVenue et al. (1988) was significantly more complex for 
the data base used by Haug et al. (1987), both because of the increased 
number of holes and because of the increased awareness and concern about 
transient phenomena in Rustler hydrology. For example, development of the 
baseline water-level data required consideration of long-term transients, 
even in holes not directly affected by hydraulic testing at and near the 
WIPP site. In addition, some well locations were resurveyed (LaVenue et 
al., 1988); most Culebra fluid densities were revised as a result of recent 
sampling (Uhland et al., 1987), and were evaluated by detailed pressure-
density surveys (Crawley, 1987). 

The initial kriged Culebra transmissivities of LaVenue et al. (1988) are 
shown in Figure 4.1.19, based on data available as of November 1987. The 
general pattern is different from that indicated in Haug et al. (1987) 
(Figure 4.1.9). The increase in the available data base results in the 
initial kriged distribution in Figure 4.1.19 varying smoothly across much 
of the site area. The kriged transmissivities tend to be higher towards 
the, west and lower towards the east, with an isolated zone of higher 
transmissivities at H-ll and DOE-1. In Figure 4.1.9, with the exception of 
the hole pairs H-l - H-2 and H-ll - DOE-1, each data point tends to define 
a separate transmissivity zone. 

The effects of the increased number of measurements on the Culebra trans
missivity data base are demonstrated more clearly by comparison of Figure 
4.1.10 with Figures 4.1.20 and 4.1.21. Kriging of the transmissivity data 
base available as of April 1986 (Figure 4.1.10) indicated that regions of 
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Figure 4.1.19: Initial kriged Culebra transmissivities, based on data 
available as of November, 1987. Values kriged with code 
AKRIP. Figure 3.12A of LaVenue et al. (1988). 
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Figure 4.1.20: Estimation error in initial kriged Culebra transmissivities 
(one standard deviation), based on data available as of 
November 1987, assuming no uncertainty in individual 
measurements. Values kriged using code AKRIP. Figure 
3.12B of LaVenue et al. (1988). 

117 



• WP-29 

V M l l ll 
o o e WP-26 

TTT 

o p . 1 4 H — ; E R - 9 . H - 1 5 
°o. 

I I I I 11 
0 1 2 3 mi 

• USGS-1 
4 6 km 

H-10 

• H-8 

• H - 9 

•ENGLE 

• OBSERVATION WELL 

TRANSMISSIVITIES in m*/s 
CONTOUR SCALE: LOGARITHMIC 
CONTOUR INTERVAL: 0.5 log m*/s 

Figure 4.1.21: Estimation error in initial kriged Culebra transmissivities 
(one standard deviation), including estimated uncertainty 
in individual measurements. Values kriged using code K603. 
Figure 3.11B of LaVenue et al. (1988). 
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one order of magnitude uncertainty (defined at one standard deviation) did 
not overlap, except in very limited areas. Because of the limited data 
base available at that time, it was not possible for Haug et al. (1987) to 
consider either an underlying regional trend in the data or uncertainty in 
the measured data. 

LaVenue et al. (1988) apply two kriging techniques to the Culebra 
transmissivity data in order to consider both the regional west-to-east 
decrease in transmissivities (Figure 4.1.19) and uncertainties in the 
measured data. Kriging of the enlarged data base using the AKRIF code, 
which fits a polynomial surface to the regional trend, but does not con
sider uncertainty in the measured data (LaVenue et al., 1988), indicates 
that the uncertainty in Culebra transmissivities over a large area, includ
ing most of Zone 3, should be less than 0.5 log unit at one standard 
deviation and less than one order of magnitude (1.0 log unit) at two stan
dard deviations (Figure 4.1.20). Vithin the smaller area including both 
the center of the WIPP site and the locations the WTPP shafts, the uncer
tainty at two standard deviations is 0.5 log units or less; i.e., Culebra 
transmissivities should be estimated to within a factor of approximately 
three in this region, if it is assumed that field measurements are precise. 

Results analogous to those in Figure 4.1.20, calculated by LaVenue et al. 
(1988) using the K603 code, which applies a linear trend surface to 
regional data, but allows consideration of uncertainty in measured data, 
are shown in Figure 4.1.21. LaVenue et al. (1988) estimate the uncertainty 
in measurements of Culebra transmissivities to be 0.25 log unit when 
transmissivity is estimated from pumping' tests and 0.5 log units when 
estimated from other tests. Inclusion of these estimated uncertainties in 
individual measurements, combined with a simplified regional trend surface, 
suggests (Figure 4.1.21) an .estimation error (one standard deviation) of 
0.5 log unit or less within most of Zone 3. These results indicate that 
the uncertainty in Culebra transmissivities at two standard deviations 
within much of Zone 3, i.e., in a region extending from DOE-2 in the north 
to beyond H-ll in the south, is less than an order of magnitude, even 
including the estimated uncertainties in field measurements. 

Such statistical approaches must not be overinterpreted, because they 
include no direct consideration of geologic processes. However, comparison 
of Figures 4.1.20 and 4.1.21 with Figure 4.1.10 provides a direct 
impression of the qualitative increase in both the size and reliability of 
the Culebra data base since April 1986. 

The present distribution of measured Culebra fluid densities (LaVenue et 
al., 1988) is shown in Figure 4.1.22. Although the overall pattern is 
similar to that estimated on the basis of data available in April 1986 
(Figure 4.1.13), with a general west-to-east increase in density, there are 
two significant differences. The density distribution in the west half of 
Zone 3 in Figure 4.1.13 is strongly non-linear, due to relatively high 
densities at H-6 and/or DOE-2. The variation in fluid densities in the 
region H-l - DOE-2 - H-6 - P-14, based on data available as of November 
1987 (Figure 4.1.22), is less irregular, and the regional trend is more 
consistent with the general west-to-east increase in density. Fluid 
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Figure 4.1.22: Measured density distribution of Culebra fluids, based on 
information available as of November 1987. Figure 3.15 of 
LaVenue et al. (1988). 
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densities in the region H-14 - H-2 - P-14 still appear to be anomalously 
low. The brine density distribution in the eastern part of Zone 3 (Figure 
4.1.22) is also somewhat different than in Figure 4.1.13. In Figure 
4.1.13, a general north-south trend of constant-density lines extends 
largely across the VIPP site west of holes DOE-1 and H-ll. The 
distribution is more complex east of these holes. In Figure 4.1.22, the 
estimated brine density of approximately 1.14 g/cm^ at hole H-15 causes 
significant curvature in the density distribution in the eastern portion of 
Zone 3. Nonetheless, the overall pattern of the distribution of Culebra 
brine densities based on data available as of November- 1987 is simpler than 
previously estimated. 

The present understanding of the distribution of pre-shaft freshwater-
equivalent heads within the Culebra dolomite is shown in Figure 4.1.23. 
The general pattern is similar to that estimated by Haug et al. (1987), 
with a north-south head gradient of approximately 10"3 m/m across the area 
of the WIPP site. Gradients within the Culebra both south and north of the 
site are lower, approximately 10~4 m/m. 

There is, however, one significant difference between the head distri
butions shown in Figures 4.1.23 and 4.1.11. Head contours form a sharp 
embayment In the southeastern portion of Zone 3 in Figure 4.1.11, exten
ding at least as far north as the east-center of the site. Interpretation 
of water-level and fluid-density data available to November 1987 Indicates 
(Figure 4.1.23) that there is little evidence of an embayment. in Culebra 
freshwater-equivalent heads within VIPP Zone 3, except for the 913-m 
contour in the extreme southern part of the zone. Within the modeled area, 
head contours up to 919 m elevation do define a broad embayment south and 
east of the VIPP site. Expansion and improvement of the data base for 
calculation of Culebra freshwater-equivalent heads during 1986 and 1987 has 
resulted in significant smoothing of the estimated head distribution, 
especially within Zone 3. 

In calibration efforts by Haug et al. (1987), it was assumed that Culebra 
fluid pressures and fluid densities were at steady state before construc
tion of the VIPP shafts. As discussed in Section 4.1.3.1, assumption of 
steady state is adequate for simulation of pre-shaft Culebra heads or fluid 
pressures. The results in Haug et al. (1987), however, indicated problems 
with the assumption of steady-state confined flow in simulation of Culebra 
brine densities. The calibration approach taken by LaVenue et al. (1988) 
differed from that taken earlier. LaVenue et al. (1988) assumed that the 
fluid-density distribution remains fixed on the time scale required for 
pressure equilibration, and no calibration against the brine-density dis
tribution was attempted. The calculations do take account of the variable 
fluid density at each point within the Culebra; they assume that effects of 
variable brine density on the modern flow directions can be estimated reli
ably fixing the modern fluid-density distribution in place. The results of 
calibration of Culebra transmissivities against the freshwater-equivalent 
head distribution shown in Figure 4.1.23, assuming that the fluid-density 
distribution shown in Figure 4.1.22 remains fixed (LaVenue et al., 1988), 
are shown in Figure 4.1.24. 
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Figure 4.1.23: Estimate of pre-shaft, freshwater-equivalent heads in the 
Culebra dolomite, based on data available as of November 
1987. Figure 3.14 of LaVenue et al. (1988). 
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The overall distribution of calibrated transmissivities (Figure 4.1.24) is 
not greatly different from the initial kriged distribution (Figure 4.1.19). 
The general trend of decreasing transmissivities from west to east is 
preserved. During calibration; trarismissivities west of WIPP-30 and WIPP-
28 were increased. Transmissivities in the area containing H-6, P-14, and 
WIPP-25 were generally decreased slightly, while those in the southern pare 
of Nash Draw were increased. The low-transmissivity domain in WIPP Zone 3 
(T < 10 "̂  m2/s) is expanded in the more recent interpretation (Figure 
4.1.24). This region, including the center of the WIPP site, is now 
expected to be continuous from H-5 in the northeast to P-15, H-4, and Cabin 
Baby-1 to the southwest. 

Calibration in the region between holes H-17, H-11, P-17, and extending to 
the south, required significant adjustment to the kriged distribution. 
Transmissivities in this region were increased from kriged values, similar 
to changes required during calibration by Haug et al. (1987). In order to 
simulate the low heads at H-11 and DOE-1 and the sharp head embayment in 
the southern part of Zone 3 expected on the basis of April 1986 data 
(Figure 4.1.11), Haug et al. (1987) included a narrow high-transmissivity 
zone east of P-17 (Figure 4.1.16). During calibration by Haug et al., a 
maximum transmissivity of approximately 3 x 10'^ m2/s was assigned in this 
zone. The calibrated transmissivity distribution of LaVenue et al. (1988) 
in this region does not include as marked a high-transmissivity structure 
(Figure 4.1.24). Relatively high transmissivities are still required in 
the area, because of both the relatively low heads at H-11 and DOE-1 and 
the low gradients south of the WIPP site. However, the maximum 
transmissivity assigned at the pilot points shown in Figure 4.1.24 is 
approximately 5 x 10"^ m2/s, only a factor of two greater than the 
effective transmissivity of 2.8 x 10"5 B^/S calculated at the H-11 pad 
(Table 4.1). 

LaVenue et al. (1988) investigate the need for the high-transmissivity zone 
by making calibration runs in which the increase in transmissivities south 
of H-11 was not incorporated, as well as runs in which the assigned heads 
along the southwestern part of the model were increased slightly. In all 
cases, the fit between calculated and estimated heads was worse than when 
increased transmissivities south of H-11 were included. Thus, a region of 
relatively high transmissivities is still expected to be present south of 
H-11. Transmissivities within this zone may be approximately twice as 
great as those measured at H-11. Both the lateral extent of the zone and 
the contrast between the high-transmissivity zone and surrounding regions 
are expected to be smaller than estimated in Haug et al. (1987). The zone 
is still expected to connect with the high-transmissivity region further to 
the south. 

The changes in estimated transmissivities within and near the WIPP site are 
a direct result of the increase in the Culebra data base since April 1986 
(Table 4.1). For example, hole H-14 was drilled and tested in 1986, 
specifically to examine transmissivities southwest of the site center 
(Section 4.1.1). Holes P-15, H-4, H-15, H-16, P-17, Cabin Baby-1, ERDA-9, 
and WIPP-12 have all been tested or retested since April 1986 (Table 4.2). 
Hole H-17 was drilled and tested specifically to evaluate the high-
transmissivity zone east of P-17. Transmissivities at both DOE-1 and H-11 
have been interpreted in detail since 1986, as discussed in Section 4.1.1. 
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Figure 4.1.24: Calculated Culebra transmissivities at and near the WIPP 
site, based on steady-state calibration against freshwater-
equivalent head distribution shown in Figure 4.1.23, fixing 
in place the fluid-density distribution shown in Figure 
4.1.22. Figure 4.3 of LaVenue et al. (1988). 
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The distribution of Culebra pre-shaft head potentials calculated using the 
calibrated transmissivity distribution shown in Figure 4.1.24, is shown in 
Figure 4.1.25. Differences between calculated heads and those estimated on 
the basis of field data (Figure 4.1.23) are shown in Figure 4.1.26. The 
agreement is excellent, generally to within 1 m. This is less than the 
estimated uncertainty in freshwater-equivalent heads at individual wells, 
approximately 2 meters (LaVenue et al., 1988). 

The modern flow directions and Darcy velocities within the Culebra dolomite 
at and near the WTPP site calculated by LaVenue et al. (1988) are shown in 
Figure 4.1.27. Darcy velocities do not include consideration of effective 
porosity; therefore, they do not represent actual groundwater particle 
velocities. Flow within the Culebra at and near the WIPP site is largely 
north-south, except in relatively low-transmissivity areas directly 
affected by either the high-transmissivity zone south of H-ll or by Nash 
Draw. Calculated Darcy velocities vary by six orders of magnitude, from 
10*12 m / s (m3/m2s) east of the WIPP site to as high as 10*6 m/s along the 
axis of Nash Draw. In the region between WIPP-12 and the WIPP shafts, 
calculated Darcy velocities range from 2.5 to 7.5 x 10"10 m/s, and flow is 
north-south. LaVenue et al. (1988) note that calculated flow directions in 
the vicinity of DOE-2 appear unreliable due to local irregularities in the 
structure of the Culebra. As a result of the high-transmissivity zone 
south of H-ll, flow in the vicinity of H-14 is towards the southeast, with 
a Darcy velocity of less than 10" ̂  m/s. Flow within the zone south of H-ll 
is to the south, with a Darcy velocity of approximately 2.5 x 10"9 m/s. 
The Darcy velocities shown in Figure 4.1.27 assume completely confined flow 
within the Culebra, and also assume steady-state heads and fixed brine-
density distribution (LaVenue et al., 1988). They provide a realistic 
indication of modern flow directions. 

Particle flowpaths and flowtimes calculated within the modelled area, 
assuming that the effective porosity of the Culebra is uniform at 16% are 
shown in Figure 4.1.28. As noted in Section 4.2, measured porosities 
within the Culebra range from 0.07 to 0.30. The effective in situ porosity 
is not known, but must be variable. It is not clear that assumption of 
confined flow within Nash Draw is valid. In addition, as discussed in 
Sections 4.3 and 4.4, Culebra hydrology is not at steady state, and there 
has probably been at least some change in flow directions within the 
Culebra within the last 10,000 years; the magnitude of the change remains 
uncertain. The travel times shown in Figure 4.1.28 must be taken only as 
an indication of the effects of relative variability in estimated particle 
flow rates. 

Calculated particle velocities within Nash Draw are quite high, and 
calculated flow times across the entire modeled area are quite short in 
this region. Calculated travel times along paths A, B, and C (Figure 
4.1.28) increase from west to east, from a low of 450 years to a high of 
2800 years. Changes in Rustler water levels within Nash Draw since the 
beginning of potash mining approximately 50 years ago, described by Hunter 
(1985), indicate that the steady-state assumption is not realistic in this 
region, even on this relatively short time scale. At the other extreme, 
flow of a groundwater particle from H-5 to the southern boundary of the 
modeled area of LaVenue et al. (1988) is calculated to take more than one 
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Figure 4.1.25: Calculated pre-shaft, freshwater-equivalent head distribu
tion in the Culebra dolomite, based on calibrated transmis-
sivity distribution shown in Figure 4.1.24. Figure 4.5A of 
LaVenue et al. (1988). 
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Figure 4.1.26: Difference between ca lcu la ted Culebra head d i s t r ibu t ion 
(Figure 4.1.25) and measured pre-shaft head d i s t r ibu t ion 
(Figure 4 .1 .23) . Figure 4.6 of LaVenue e t a l . (1988). 
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Figure 4.1.27: Calculated Darcy-velocity vectors in the Culebra dolomite, 
assuming the transmissivity distribution shown in Figure 
4.1.24 and head distribution shown in Figure 4.1.25. 
Figure 4.5B of LaVenue et al. (1988). 
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Figure 4.1.28: Calculated particle flowpaths and flow times within the 
Culebra dolomite, assuming steady-state and the transmis-
sivity and head distributions shown in Figures 4.1.24 and 
4.1.25. Figure 4.17 of LaVenue at al. (1988). 
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million years. Given that Culebra hydrology is in transient response to 
the end of the last pluvial period, it is not realistic to expect steady-
state flow within the unit on a time scale of 106 years (LaVenue et al. , 
1988). The result indicates, however, that groundwater flow within the 
Culebra on the eastern part of the WIPP site is extremely slow. 

Figure 4.1.28 also demonstrates an important consequence of the recent 
changes in the understanding of the distribution of Culebra transmis-
sivities. Path G represents assumed steady-state flow from a position 
above the center of the WIPP waste-emplacement panels, analogous to the 
flowpath used in the detailed generic transport calculations contained in 
Reeves et al. (1987) (Section 4.2). Reeves et al.' (1987) used the Culebra 
transmissivity distribution calculated by Haug et al. (1987), which 
included higher transmissivities south of H-ll than estimated by LaVenue 
et al. (1988) (Figure 4.1.24). The groundwater travel time calculated by 
LaVenue et al. (1988) for flow from directly above the center of the waste-
emplacement panels to the southern boundary of the model shown in Figure 
4.1.24 is 36,000 years. The calculated flow time from the release point of 
path G to the southern boundary of the WIPP site (Zone 3) is approximately 
13,000 years, roughly 2.5 times that estimated by Reeves et al. (1987) 
along an analogous flowpath, but assuming the transmissivity distribution 
shown in Figure 4.1.16. The changes in interpreted Culebra transmis
sivities and head potentials since April 1986 have significantly increased 
expected groundwater flow times across the WIPP site within the Culebra 
dolomite. However, given the uncertainties in effective porosities, 
flowpaths, and transmissivities within the Culebra dolomite, the recent 
results must be considered approximate. 

4.2 Pad-Scale and Regional-Scale Studies of Contaminant Transport within 
the Culebra Dolomite 

For purposes of WIPP performance assessment, contaminant (radionuclide) 
transport within the Culebra dolomite is of concern in two general types of 
breach scenario. Section 4.2 discusses contaminant-transport results at 
both the hydropad and regional scale, under "low-pressure," relatively 
undisturbed conditions. Low-pressure conditions correspond to a release of 
fluids from the WIPP facility that does not disturb the pre-existing head 
distribution in the Culebra. "High-pressure" conditions, for which studies 
have not yet been completed, represent a breach involving effective 
connection of the Culebra dolomite with a pressurized brine in the Castile 
Formation beneath the WIPP facility (see Section 3.2) for a long enough 
period of time to significantly change the head gradients within the 
Culebra. 

Detailed field testing of transport properties in the Culebra dolomite has 
been carried out only at the hydropad scale and is discussed in Section 
4.2.1. Recent interpretation of conservative-tracer testing at the H-3 
hydropad indicates that fracturing plays a major role in pad-scale 
contaminant transport in the transmissive (fractured) portions of the 
Culebra., In low-transmissivity areas, such as at the H-4 pad, pad-scale 
transport within the Culebra is best modelled using the equivalent-porous-
medium assumption. 

130 



For purposes of performance assessment, however, the critical scale for 
transport within the Culebra dolomite is not the hydropad, but rather the 
distance between the point of breach.into the Culebra and the boundary to 
the accessible environment. For purposes of consistency within this 
report, the boundary of WIPP Zone 3 is assumed to represent the boundary to 
the accessible environment. Contaminant transport over the 3.2 km from the 
center of the WIPP site to the boundary of Zone 3 is not amenable to field 
testing on a reasonable time scale. It is thus necessary to estimate the 
"regional-scale" transport behavior within the Culebra by numerical 
modeling. Section 4.2.2 discusses the regional-scale transport behavior of 
the Culebra dolomite at and near the WIPP site. The results in Section 
4.2.2 indicate that, at least as long as the Culebra heads are not 
significantly disturbed and the assumed flow paths and material properties 
within the Culebra are reasonably representative, numerical simulation of 
regional-scale transport within the Culebra at and near the WIPP site need 
not include effects due to fracturing. 

4.2.1 Hvdropad-Scale Transport of Conservative Tracers at the H-3 and H-4 
Hvdropads 

Convergent-flow tracer tests operated at the H-3 hydropad in May and June 
1984 and at the H-4 hydropad between October 1982 and October 1984 are 
interpreted by Kelley and Pickens (1986). The interpretations are 
summarized here, with the objectives of examining the relative importance 
of dual-porosity or fracture-flow effects on the hydropad scale at two 
separate locations and discussing the ranges of transport parameters at the 
two locations. 

The first stage of a convergent-flow tracer test is to establish 
approximate steady-state gradients between the observation holes and the 
pumped well. Tracers are then injected into the observation wells and 
their transport to the pumped well monitored. The fluorinated organic 
tracers meta-trifluoromethylbenzoate (m-TFMB) and pentafluorobenzoate (PFB) 
were used in testing at the H-3 pad. These same tracers were used at the 
H-4 pad, in addition to para-fluorobenzoate (p-FB) and thiocyanate (SCN). 
It is generally assumed that the tracers are chemically stable throughout a 
test, and that they do not interact with the surrounding rock mass except 
by diffusion (Kelley and Pickens, 1986). 

The interpretation of the H-3 and H-4 tracer tests was done using the code 
SWIFT II (Reeves et al., 1986a; 1986b). SWIFT II handles the hydraulic and 
transport behavior of fractured media by means of a "dual-porosity" 
formalism, in which the composite medium is assumed to consist of an array 
of porous matrix blocks (primary porosity) and regularly spaced fractures 
(secondary porosity). The fractures and matrix are allowed to interact. 
The matrix-block geometry is idealized as either uniform slabs (parallel 
non-intersecting fractures) or cubes (three orthogonal fracture sets). In 
interpretation, radial flow towards the pumped hole was assumed. 

Interpretation assuming the presence of three orthogonal sets of fractures 
and the assumption of radial flow are both equivalent to the assumption of 
isotropy. As mentioned in Section 4.1.2, however, interpretation of 
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hydraulic interference testing at the H-4, H-5, H-6, and H-ll hydropads 
indicates some directional dependence of Culebra hydraulic properties. In 
contrast, interpretation of the hydraulic behavior on the H-3 pad 
(Beauheim, 1987a) indicates effectively isotropic behavior. The results 
contained in Kelley and Pickens (1986) must be considered approximate. 

4.2.1.1 Conservative-Tracer Tests at the H-3 Hvdrooad--The observed tracer 
behavior during convergent-flow testing at H-3 is shown in Figure 4.2.1, 
and is summarized in Table 4.8. Hole H-3b3 was the pumped hole in this 
test. Meta-trifluoromethylbenzoate (m-TFMB) injected in hole H-3bl was 
first detected in hole H-3b3 ("breakthrough") approximately 0.92 days (22 
hrs) after injection, and reached a well-defined peak concentration 
approximately 2.6 days (62.4 hrs) after injection. After this time, tracer 
concentration decreased rapidly towards a relatively steady-state value. 
In contrast, the pentafluorobenzoate (PFB) injected into hole H-3b2 
travelled to the sampling hole much more slowly, was first detected 
approximately 3.76 days (90.2 hrs) after injection, reaching a very broadly 
defined peak concentration (if any) after approximately 23 days (552 hrs). 

Thus, there is a marked difference between the apparent directional 
dependence of hydraulic behavior and transport behavior at the H-3 pad. 
Hydraulic anisotropy at the H-3 pad is negligible. However, m-TFMB 
breakthrough along the H-3bl - H-3b3 path was four times more rapid than 
PFB breakthrough along the H-3b2 - H-3b3 path. The preliminary 
interpretation of a convergent-flow conservative-tracer test at the H-6 pad 
(Gonzalez, 1983b) also indicates a discrepancy between the directional 
dependence of hydraulic and transport behavior within the Culebra. In 
testing at H-6, PFB injected into H-6b arrived at H-6c 16 times more 
rapidly than did m-TFMB injected into H-6a (Gonzalez, 1983b). These 
results suggest that the apparent difference between the behaviors of 
m-TFMB and PFB at the H-3 pad reflects differences in transport behavior 
along the two flow paths, rather than inherent differences in the behavior 
of the two tracers.• 

Parameters resulting from calibration to the observed behavior of the H-3 
test are shown in Table 4.9. In calibration, varying input parameters are 
used to simulate the observed tracer behavior until satisfactory agreement 
is reached. Because these same parameters were used in regional-scale 
transport calculations (Section 4.2.2), it is important to understand the 
character of the parameters listed in Table 4.9. 

Three parameters, solute free-water diffusion coefficient, matrix 
tortuosity.* and longitudinal dispersivity, were taken by Kelley and Pickens 
(1986) from ranges of published values, not based on VIPP-specific 
information. Specifically, values of 0.15 and 0.45 for matrix tortuosity 
were used as variable input to calculations. The matrix porosity value 
shown in Table 4.9 (0.20) is the approximate average of a series of six 
helium-pycnometer measurements made on Culebra core from holes H-3b2 and 
H-3b3. 
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Figure 4.2.1: Observed tracer behavior during the-convergent-flow test at 
the H-3 hydropad. Figure 4.5 of Kelley and Pickens (1986). 
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Table 4.8: Summary of observed tracer behavior during the convergent-flow 
test at the H-3 hydropad. Slightly modified from Table 4.2 of 
Kelley and Pickens (1986). 

Tracer 
Parameter m-TFMB PFB 

1. Flow path H-3bl to H-3b3 H3b2 to H-3b3 

2. First detection (days) 0.92 3.76 

3. First reported concentration 56 20 
(mg/i) 

4. Time of peak concentration 2.59 23.04 
(days) 

5. Peak concentration (mg/£) 3379 444 

6. Relative Peak Concentration 3.3 x 10"6 4.3 x 10"7 

(m/mo) 
7. Total tracer mass recovered 0.53 0.15 

(m/mo) 
8. Apparent fracture porosity 0.0019 0.019 

Fracture porosity and matrix block length are specific outputs of the 
calculations, for the specific input values of other variables. Thus, in 
extrapolation of H-3 transport properties to other locations, only matrix 
block lengths and fracture porosities are based on the results of the H-3 
tracer test; other values were input to interpretation of the H-3 testing 
based on either literature review or laboratory measurements. 

The calculated fracture porosity of 0.19% along the H-3bl - H-3b3 flow path 
(Table 4.9) was estimated directly from the relationship among pumping 
rate, H-3bl - H-3b3 path length assuming direct radial flow, Culebra thick
ness, and time required for m-TFMB to reach peak concentration (22 hrs). 
Similar analysis along the H-3b2 - H-3b3 path yields an estimated fracture 
porosity of 1.9%. A fracture porosity of .19% was used in sensitivity 
studies, and was assumed to be applicable along both flowpaths on the H-3 
pad (Kelley and Pickens, 1986). 

Figures 4.2.2 and 4.2.3 show the best-fit simulations of transport behavior 
along the H-3bl - H-3b3 flow path as a function of the specified input 
parameters. There is excellent agreement between measured and simulated 
results, with two different effective block sizes (1.2 and 2.1 m) being 
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Table 4.9: Input and best-fit calibration parameters from interpretation 
of the conservative-tracer test at the H-3 hydropad. Slightly 
modified from Table 4.3 of Kelley and Pickens (1986). 

Tracer 
m-TFMB PFB 

Flow path H-3bl to-H-3b 

Input Parameters 

1. Diffusion coefficient for 
solute-free water (mV s) 

7.4 x 10-10 

2. Matrix tortuosity 0.15, 0.45 

3. Longitudinal disporsivity (m) 3.0 
4. Matrix porosity 0.20 

5. Fracture porosity -

Output Parameters 

H-3b2 to H-3b3 

7.4 x 10-10 

0.15, 0.45 

1.5 

0.20 

1.9 x 10-3 

1. Fracture porosity 1.9 x 10*3 (1.9 x 10'2) 

2. Matrix-block length (m) 1.2, 2.1 0.25, 0.44 

calculated as a function of two different input matrix tortuosities (0.15 
and 0.45, respectively). Figure 4.2.4 shows the analogous best-fit 
simulation for the H-3b2 - H-3b3 flowpath, assuming a matrix tortuosity of 
0.15. The calculated effective block size along the H-3b2 - H-3b3 
flowpath, 0.25 to 0.44 m, is smaller than along the path H-3bl - H-3b3. As 
mentioned earlier, the calculated block sizes are only qualitative 
although, as noted by Kelley and Pickens (1986) they are consistent with 
observation of both Culebra core and exposures within the WIPP shafts. 
Thus, conservative-tracer testing at the H-3 pad indicates both the strong 
role of fracturing in transport at this scale (at least in some directions) 
and the strong directional dependence of estimated transport parameters 
such as effective block size. 

The role of both matrix and fractures in pad-scale contaminant transport of 
conservative (non-sorbing) trace contaminants in the Culebra dolomite at 
the H-3 pad is emphasized in Figures 4.2.5 and 4.2.6. If dual-porosity and 
single-porosity simulations are both adjusted to match the time of peak 
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Figure 4.2.2: Best-fit simulation of measured transport behavior along the 
H-3bl - H-3b3 flow path, assuming matrix tortuosity of 0.15. 
It is assumed that 1 kg of m-TFHB was successfully injected, 
and remained stable throughout the test. Figure 4.10a of 
Kelley and Pickens (1986). 
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Figure 4.2.3: Best-fit simulation of measured transport behavior along the 
H-3bl - H-3b3 flow path, assuming matrix tortuosity of 0.45. 
Figure 4.10b of Kelley and Pickens (1986). 
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Figure 4.2.4: Best-fit simulation of measured transport behavior along the 
H-3b2 - H-3b3 flow path, assuming matrix tortuosity of 0.15. 
Fracture porosity is assumed to be the same as calculated 
for the flow path H-3bl to H-3b3. Figure 4.11a of Kelley 
and Pickens (1986). 
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Figure 4.2.5: Best-fit single-porosity and dual-porosity simulations of 
tracer behavior along the H-3bl - H-3b3 flow path when both 
simulations are forced to match the time of peak concen
tration. Figure 4.12 of Kelley and Pickens (1986). 
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Figure 4.2.6: Calculated total masses of tracer m-TFHfi in matrix and 
fractures as a function of time after injection. The fact 
that the total mass is less than 1 kg after approximately 
2.5 days into the test reflects removal of tracer at the 
sampling hole, H-3b3. Figure 4.13 of Kelley and Pickens 
(1986). 
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concentration for m-TFMB transport along the path H-3bl - H-3b3 (Figure 
4.2.5), the post-peak behavior of the two simulations is qualitatively 
different. In the single-porosity simulation, the' effective rock-mass 
porosity required to match the time of peak concentration is 0.0019, 
equivalent to the estimated fracture porosity in the dual-porosity 
simulation. The single-porosity simulation is thus equivalent to assuming 
no interaction between fractures and matrix, i.e., it is a "discrete-
fracture" simulation, in which interaction between fractures and matrix is 
negligible. The peak concentration in the single-porosity simulation, 
which is overestimated by a factor of approximately eight, drops off very 
quickly, approaching zero, eight days after tracer injection. In contrast, 
the best-fit dual-porosity simulation matches both the time and magnitude 
of the tracer peak concentration well. In addition, both the observed 
tracer concentrations and those calculated with the best-fit dual-porosity 
parameters are above the detection limit more than 30 days after injection. 

The conclusion by Kelley and Pickens (1986) that both the short-term and 
long-term transport behavior at the H-3 pad are affected by interaction of 
fractures and matrix is also supported by Figure 4.1.26. This figure 
indicates the total masses of m-TFMB calculated to be present in the matrix 
and fractures as a function of time since tracer injection. Initially, all 
of the injected tracer is contained in the fractures, and the total tracer 
mass in the matrix is zero. After approximately 0.5 days, however, tracer 
storage within the matrix blocks dominates as a result of diffusion from 
the fractures. At early times, storage within the matrix decreases both 
the. concentration and the total mass of tracer in the fractures, consistent 
with the lower peak concentration calculated using the dual-porosity 
formalism (Figure 4.2.5). At longer times, the concentration of material 
within the matrix is greater than that within the fractures. Therefore, 
material diffuses from the matrix into the fractures, effectively keeping 
the concentration within the fractures from rapidly decreasing to zero as 
it does in the single-porosity simulation. -

Interpretation of the H-3 conservative-tracer experiment provided the first 
estimates of Culebra transport parameters (fracture porosity and effective 
matrix block size) in fractured portions of the Culebra dolomite. There 
are unavoidable uncertainties in these estimates, however, due to both the 
need to assume radial flow in the interpretation and uncertainties in 
parameters such as effective matrix porosity. Regardless of these 
limitations, the conservative-tracer test at the H-3 pad provides direct 
evidence of the role of matrix diffusion in contaminant transport in 
fractured portions of the Culebra dolomite. This evidence is critical in 
supporting assumptions made in calculation of regional-scale transport 
within the Culebra (Section 4.2.2). 

•\ 

4.2.1.2 Conservative-Tracer Tests at the H-4 Hydropad--Conservative-tracer 
testing at H-3 investigated pad-scale contaminant transport where the 
Culebra is known to be effectively fractured (transmissivity approximately 
2 x 10*6 n»2/s). At the H-4 pad, however, the transmissivity is lower 
(10*6 m*Vs °* less; Tables 4.1 and 4.2), and there is no evidence of dual-
porosity behavior in hydraulic testing. 
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The physical layout of the H-4 hydropad is shown in Figure 4.2.7. During 
steady-state, convergent-flow tracer testing at the pad between October 27, 
1982, and October 15, 1984, H-4c was the pumped hole (at nominal rates of 
1.66 x 10"2 a i ld 3.33 x 10*2 l/s), and tracers were injected into holes H-4a 
and H-4b. Due to the very long test time at the H-4 pad, detailed 
interpretation of tracer behavior is hampered by pumping-rate fluctuations 
and pump breakdowns, as well as by questionable tracer stability (Kelley 
and Pickens, 1986). 

The observed tracer behavior during testing at H-4 is summarized in Table 
4.10. The first tracer detected in H-4c was m-TFMB travelling along the 
path H-4b to H-4c. However, the tracer was not detected until 262 days 
after injection. Tracer recovery was very limited during the test, the 
greatest being 37% of the total mass of m-TFMB injected. Because of the 
limited tracer recovery, the emphasis here is on m-TFMB behavior. 

The calculated effective matrix or fracture porosities controlling first 
arrival of m-TFMB and PFB (Table 4.9), analyzed in the same method as in 
testing at the H-3 pad, are 0.033 and 0.053, respectively. Lab-measured 
total porosity for samples from the H-2, H-3, H-4, and H-6 pads range from 
0.07 to 0.30, with an average value of 0.16 (Reeves et al., 1987). The two 
Culebra samples from hole H-4b have reported total porosities of 0.20 and 
0.30. Therefore, the apparent porosities calculated from peak-
concentration behavior in the H-4 tracer test may indicate that the 
hydraulically effective porosity of the Culebra at H-4 is significantly 
less than total porosity, that the tracers used did not remain stable and 
non-reactive for the two-year duration of the test, and/or that the Culebra 
core samples from H-4 are not representative. 

Kelley and Pickens (1986) applied three different interpretative models to 
the behavior of m-TFMB at the H-4 pad: 1) a single-porosity model; 2) a 
dual-porosity model; and 3) a layered porous-medium model. The first two 
models are analogous to those used in interpretation of conservative-tracer 
testing at the H-3 pad. The third model is different in that it assumes 
that the Culebra consists of a specified number of parallel high-
permeability and low-permeability porous layers. In this approach, unlike 
the dual-porosity approach, the total surface area available for diffusive 
transport between high-permeability and low-permeability zones is fixed by 
the specified number of high-permeability zones. 

The simulation of m-TFMB behavior shown in Figure 4.2.8 assumes specified 
numbers of high-permeability zones and stability of 1 kg of tracer for the 
duration of the test. The time of peak concentration (388 days) is matched 
with an effective porosity of 0.04. However, the peak concentration is 
overestimated by a factor of approximately two if the Culebra is assumed to 
be uniform (one high-permeability zone). Kelley and Pickens (1986) note 
that improved agreement between observed and calculated behavior resulted 
if it was assumed that only 0.5 kg of tracer was effectively injected, 
rather than the nominal 1.0 kg. 

A dual-permeability formalism was also used by Kelley and Pickens (1986), 
assuming that both low-permeability and high-permeability zones had an 
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Figure 4.2.7: Physical layout of the H-4 hydropad. The figure includes 
orientations and spacings between holes, both at the surface 
and at the depth of the Culebra dolomite. Figure 6.1 of 
Kelley and Pickens (1986). 
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Table A.10: Summary of observed tracer behavior during the convergent-
flow, conservative-tracer test at the H-4 hydropad. Slightly 
modified from Table 6.2 of Kelley and Reeves (1986). 

Tracer 
Parameter m-TFMB PFB 

1. Flow path H-4b to H-4c • H -4a to H-4c 
2. First detection (days) 262.2 501.1 

3. First reported concentration 
(mg/i) 

78 48 

4. Time of peak concentration 
(days) 

388.2 507 

5. Peak concentration (mg//) 723 54 
6. Relative peak concentration 

(m/mo) 
7.1 x 10*7 5.3 x 10*8 

7. Tracer Mass recovered (m/mo) 0.37 0.022 

8. Apparent fracture porosity 
from peak concentration 

0.033 0.053(D 

(1) Apparent porosities for SCN - 0.024; p-FB - 0.064. 

effective porosity of 0.20. The number of high-permeability zones was 
allowed to vary. It was assumed that 1.0 kg of m-TFMB remained stable 
throughout the test. The presence of increasing numbers of interfaces 
between high-permeability zones and "matrix" zones, in which only diffusive 
transport is allowed, effectively decreases the simulated peak concen
tration (Figure 4.2.8). The best fit was obtained for five or six high-
permeability zones, although none of the fits were satisfactory (Kelley and 
Pickens, 1986), in part because they overestimate tracer concentrations at 
longer times. In order to improve the long-term fit, it would have to be 
assumed that there was some tracer degradation at longer times. 

In summary, interpretation of the conservative-tracer test at the H-4 pad, 
while not successful in developing detailed estimates of transport 
parameters in unfractured portions of the Culebra, does indicate important 
considerations in both tracer testing at the pad scale and interpretation 
of regional-scale modeling of transport behavior. Both tracer and 
hydraulic behavior during the test are consistent with porous-medium 
behavior, indicating that fracturing need not be considered in evaluation 
of pad-scale or regional-scale transport in areas of relatively low Culebra 
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Figure 4.2.8: Best-fit simulation of m-TFMB behavior during testing at -the 
H-4 hydropad, assuming effective injection and stability of 
1 kg of tracer and control of behavior by the specified 
numbers of multiple high-permeability zones. Figure 6.11 of 
Kelley and Pickens (1986). 
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transmissivity (T < approximately 10 - 6 m 2/s). If it is assumed that the 
Culebra at H-4 is vertically homogeneous and that the tracers used were 
stable and non-reactive for the duration of the test, then the 
hydraulically effective matrix porosity of the Culebra may be significantly 
less than the total porosity. Given the long duration of the H-4 test, 
however, it is probable that the tracers degraded during the test. 

4.2.2 Regional-Scale Contaminant Transport in the Culebra Dolomite under 
Low-Pressure Conditions 

Regional-scale contaminant transport within the Culebra dolomite under the 
low-pressure type of breach scenario, i.e., under conditions which do not 
disturb the head distribution within the Culebra, has been examined by 
Reeves et al. (1987). Significant transport under these conditions might 
be expected in the event of failure of the WTPP shaft seals in the absence 
of human intrusion, or in the event of an imperfectly plugged human-
intrusion breach involving a high-pressure brine source within the Castile 
Formation. Calculations are ongoing to investigate behavior following a 
second type of breach, in which fluids are assumed to be injected at high 
pressures into the Culebra for long enough to dominate the local head 
potentials and flow rates. 

« 
The calculations in Reeves et al. (1987) investigate: 1) the significance 
of the interactions between matrix and fractures seen in tracer and 
hydraulic testing at the H-3 pad in regional-scale transport within 
fractured portions of the Culebra dolomite; and 2) the relative importance 
of several transport and material parameters of the Culebra in regional 
transport within fractured portions of the Culebra. The calculations in 
Reeves et al. (1987). were made using the following approach and/or 
assumptions: 

1. Contaminants were assumed to be continuously injected into the 
Culebra dolomite at points directly above the WIPP waste-emplacement 
panels at a constant rate after time zero. The injection was slow 
enough not to disturb the "natural" (pre-WIPP-shaft) gradient or 
transmissivity distribution. 

2. The boundary of WIPP Zone 3 was assumed to represent the boundary 
of the accessible environment. 

3. Effects of radioactive decay and lateral dispersion were assumed 
negligible, and were not included. If lateral dispersion were included 
in the calculations, it would effectively slow down transport. The 
effects 'of lateral dispersivity on total integrated release to the 
accessible environment have not been quantified. 

4. Material properties and flow velocity were assumed homogeneous 
between the point of entry into the Culebra and the accessible 
environment. The analysis was done in terms of an average Darcy 
velocity yielding groundwater travel times equivalent to those 
calculated from the flow model described in Haug et al. (1987). Fluid 
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flow and contaminant transport were controlled by the transmissivity 
and head distributions estimated by Haug et al. (1987), and were 
calculated along the flow paths shown in Figure 4.2.9. 

5. As a result of the strong interactions between fractures and matrix 
observed in the conservative-tracer test conducted at the H-3 hydropad 
(Section 4.2.1), the double-porosity formalism was initially assumed to 
be appropriate for modeling of transport within fractured portions of 
the Culebra. However, a major objective of the report was to examine 
the consequences of both the "discrete-fracture" and "equivalent-
poroUs-medium" end-member behaviors in regional transport. 

6. The base-case values and ranges of properties shown in Table 4.11 
were assumed to be representative for fractured portions of the Culebra 
dolomite. The Culebra transport properties estimated in conservative-
tracer testing at the H-3 pad were taken as the base-case properties. 

7. "Breakthrough," defined by Reeves et al. (1987) as the time at 
which the calculated contaminant concentration at the boundary to WIPP 
Zone 3 equaled 10% of the injected concentration, was assumed to 
provide a meaningful measure of transport behavior. Conclusions in the 
report are specifically evaluated on the basis of this assumption. 

8. It was assumed that retardation effects within the Culebra dolomite 
can be realistically modeled as a linear process, i.e., that chemical 
reactions are "fast" relative to flow times within fractures, are 
reversible, and reflect local equilibrium within the matrix. Thus, it 
was assumed that chemical retardation within the matrix of the Culebra 
dolomite can be represented realistically by using an appropriate 
"matrix distribution coefficient," k&. 

9. The possible presence of mineralogical "skins" on matrix blocks was 
ignored, as were advective transport within the matrix and sorption on 
fracture surfaces. These assumptions appear to be generally "conser
vative," i.e., they should bias the calculations towards greater 
fracture flow, except for the case of mineralogical skins inhibiting 
diffusion into the matrix. 

Figure 4.2.10 compares the average calculated travel times for a 
conservative contaminant from positions above the WIPP facility to the 
southern boundary of WIPP Zone 3, along the flow paths shown in Figure 
4.2.9, according to three different assumptions. Using the dual-porosity 
formalism and assuming uniform distribution of the base-case material 
properties estimated at the H-3 pad, the time predicted for "breakthrough" 
of a conservative (non-sorbing) contaminant at the boundary of WIPP Zone 3 
is 3490 years after the beginning of continuous injection. This is approx
imately 90% of the 3730 years predicted by single-porosity calculations in 
which the porosity is set equal to the sum of the base-case matrix and 
fracture porosities, 16.2%. In the absence of chemical retardation of the 
contaminant, the role of the matrix in transport is largely one of storage 
due to diffusion from fractures into/out of matrix blocks (Section 4.2.1). 
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Figure 4.2.9: Release points into the Culebra dolomite and flow paths to 
the accessible environment considered by Reeves et al. 
(1987). Points A-E are vertical projections of the corners 
and center of the WIPP waste-emplacement panels upwards onto 
the Culebra dolomite. The small crosses extending from 
points A-E to the southern boundary of Zone 3 are equal-time 
marks along the flow paths. Slightly modified from Figure 
1.7 of Reeves et al. (1987). 
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Table A.11: Base-case Culebra transport properties and ranges of properties considered In 
regional-scale transport within Culebra dolomite. Slightly modified from 
Table 2.2 of Reeves et al. (1987). 

Relative 
Parameter Units Symbol Base-Case Range in Values Range (2) 

1. Free-water cm2/s D' 2 x 10"5 A x 10-6 to 9 x 10"5 A.30 
dlffusivlty 

2. Hatrix tortuosity 

3. Hatrix-block 2L» 
length 

A. Hatrix porosity 

5. Fracture porosity 

u 3.2x10-9 2.2 x 10-9 to A.7 x 10-9 0.78 

k d (1) (1) 

6. Longitudinal 
dispersivity 

ra 

7. Specific matrix 
flux 

ra3/m2 

8. Matrix dlstribu- m(/B 

6' 
m 

0.15 

2.A 

0.05 to 0.50 

0.25 to 7.0 

3.00 

2.81 

r 0.16 0.07 to 0.30 l.AA 

* 2 x 10-3 2 x 10-4 to 2 x 10-•2 9.90 

a 100 50 to 300 2.50 

tion coefficient 

9. Fraction distribu- ml/g kd 0 0 
tion coefficient 

(1) Calculations done with fixed values of kd - 0.0, 10, 102, 10* mj?/g. 
(2) Range divided by base-case value. 
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re 4.2.10: Comparison of base-case, regional-scale transport behavior 
of a conservative contaminant in the Culebra dolomite under 
discrete-fracture, dual-porosity, and porous-medium assump
tions. Breakthrough is defined here as the time at which 
the concentration at the boundary of WIPP Zone 3 equals 10% 
of the injected concentration. Figure 5.1 of Reeves et al. 
(1987). 
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In effect, the single-porosity curve on the right-hand side of Figure 
4.2.10 assumes instantaneous diffusion into and equilibration with the 
matrix. 

At the other extreme, diffusion time into the matrix is infinite in 
fracture flow if it is assumed that fractures and matrix do not interact. 
The breakthrough time calculated (Figure 4.2.10) assuming that transport 
occurs only within fractures, assuming a fracture porosity of 0.2%, is 46 
years (Reeves et al., 1987). 

The experimental results at the H-3 hydropad (Section 4.2.1.1) and the 
calculated variations in breakthrough time at the boundary of WIPP Zone 3 
shown in Figure 4.2.11 indicate the importance of matrix diffusion in both 
pad-scale and regional-scale transport in the Culebra dolomite. As 
described by Reeves et al. (1987), a diffusion time means that 1000 years 
is required for contaminant concentration in the center of matrix blocks to 
reach approximately 68% of the concentration at fracture surfaces. The 
base-case diffusion time (Figure 4.2.11) is 152 years. Even for diffusion 
times significantly greater than the base case value, a large benefit is 
gained from diffusion of non-sorbing contaminants into matrix blocks 
(Figure 4.2.11). Base-case transport properties were assumed in the 
calculations summarized in Figure 4.2.11, except for diffusion into matrix 

* blocks. 

Thus, the effective transport behavior within the Culebra dolomite for 
transport between any breach point directly above the WIPP emplacement 
panels and the boundary of Zone 3, assuming the breach does not disturb the 
head distribution within the Culebra, appears to be nearly that of an 
equivalent porous medium having a porosity equal to the sum of matrix plus 
fracture porosities. Inclusion of the dual-porosity formalism at this 
scale, given the assumed properties and flow paths, does not change 
calculated travel times by more than approximately 10%. 

The conclusions supported by results shown in Figures 4.2.10 and 4.2.11 
only apply directly to calculations assuming the base-case transport and 
material properties for the Culebra, which are based largely on 
interpretation of the conservative-tracer test at the H-3 pad (Section 
4.2.1.1). Therefore, Reeves et al. (1987) examined the sensitivity of the 
results to variations in parameters. The relative importance of several 
transport parameters in regional-scale transport in the Culebra estimated 
by Reeves et al. (1987) is summarized in Table 4.12. Reeves et al. (1987) 
define importance in terms of both the sensitivity of calculated behavior 
to uncertainty in a given parameter and the estimated range of uncertainty 
of that parameter in the Culebra dolomite at and near the WIPP site. Thus, 
a highly sensitive parameter that was known with perfect precision would 
have zero importance. In contrast, a relatively insensitive parameter 
could be very important if its range of uncertainty was large. 

Reeves at al. (1987) conclude that five parameters are most important in 
controlling "breakthrough" time to the southern boundary of WIPP Zone 3 in 
the Culebra dolomite. These are: 1) the matrix retardation (K'), where K' 
is proportional to (1 + k£) and k& is the matrix distribution 
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Figure 4.2.11: Estimated effect of variations in diffusion time on breakthrough, otherwise assuming 
base-case Culebra properties. The diffusion time is the time required for contami
nant concentration at the center of matrix blocks to equal approximately 68% of the 
concentration in fractures. Modified from Figure 4.3 of Reeves et al. (1987). 



Table 4.12: Estimated importance of different parameters in regional-scale 
contaminant transport within the Culebra dolomite. Table 4.5 
of Reeves et al. (1987). 

Importance Importance 
Parameter Symbol Sensitivity(a) Coefficient^) Ranking 

Free water diffusivity D' 0.064- 0.28 5 
Matrix tortuosity 6' 0.064 0.19 6 
Matrix-block length 21/ .-0.13 0.36 4 
Matrix porosity 4>' 1.1 1.58 1 
Fracture porosity 4> 0.013(b) 0.13 7 
Fracture dispersivity a -0.17 0.43 3 
Fracture flux u -1.1 0.86 2 
(a) Results are valid for retardations K' - 1, 1.50 x 10 2, 1.49 x 10 3, and 

1.49 x 105. 
(b) Upper-bound estimate. 

coefficient; 2) the effective matrix porosity; 3) the Darcy flux within the 
fractures (defined as a specific flux m3/m2s); 4) the dispersivity in the 
fractures; and 5) the effective matrix-block size. Reeves et al. (1987) 
conclude that four parameters are relatively unimportant in controlling 
regional transport within the Culebra. These include: 1) free-water 
diffusivity; 2) matrix tortuosity; 3) fracture porosity; and 4) retardation 
in the fractures (not shown in Table 4.12). 

The linear dependence of calculated breakthrough time on matrix retardation 
(K') is indicated in Figure 4.2.12. This behavior also indicates the 
effective porous-medium behavior on the regional scale, since for an ideal 
porous medium the dependence of breakthrough time on retardation is 
strictly linear. Breakthrough to the southern boundary of Zone 3 should 
not occur within 10,000 years after release for any matrix distribution 
coefficient (k£) greater than approximately 0.2 mL/g for the assumed base-
case Culebra material properties. 

Valid use or extrapolation of the results contained in Reeves at al. (1987) 
depends on the assumptions listed at the beginning of this section, 
especially the representative character of the base-case transport 
properties and range of properties used in the calculations. The validity 
of the results is also dependent on the validity of the transmissivity and 
head distribution within the Culebra dolomite between the calculated 
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Figure 4.2.12: Variations in calculated breakthrough times to the boundary 
of VIFP zone 3 as a function of assumed matrix retardation, 
otherwise assuming base-case material properties. Matrix 
retardation (K') is proportional to 1 + k£. Therefore, for 
a matrix distribution coefficient (k^) of 0, K'-l.O. 
Slightly modified from Figure 4.1 of Reeves et al. (1987). 
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release points and the southern boundary of Zone 3. The results of LaVenue 
et al. (1988) discussed in Section 4.1.3.2 indicate that groundwater and 
contaminant travel times in the southern part of WIPP Zone 3 may be even 
slower than calculated by Reeves et al. (1988), so long as flow directions 
and rates within the Culebra are not affected too greatly by the continuing 
transient response of the Culebra to the end'of the last pluvial period. 

Effective matrix diffusion within fractured portions of the Culebra may be 
possible only because of the relatively slow flow velocities calculated 
assuming an undisturbed Culebra head distribution. In the event of a 
brine-reservoir breach of the WIPP facility, the volumes of brine injected 
from the Castile Formation into the Culebra dolomite might be sufficient to 
redefine the head distribution within the Culebra, greatly increase 
hydraulic gradients, and decrease flow times to the accessible environment. 
Calculations are underway to determine if the dual-porosity formalism is 
required to evaluate transport within the Culebra under these conditions. 

4.3 Geochemical Studies in the Rustler Formation and Shallower Units 

The hydrologic studies discussed in Section 4.1 and transport studies 
discussed in Section 4.2 largely ignore both geochemical behavior within 
the Rustler Formation and the overall geologic behavior of the WIPP site, 
except for interaction between the Culebra dolomite and trace contaminants. 
The status and present conclusions of geochemical studies within the 
Rustler Formation and shallower units are discussed in this section. The 
results of these studies, summarized by Siegel et al. (1988a), help place 
constraints on the relationship between the modern geochemistry and flow 
directions within both the Culebra dolomite and the Rustler Formation as a 
whole. 

Section 4.3.1 describes the status of geochemical studies of major and 
minor solutes, in which Culebra groundwaters have been divided into four 
hydrochemical facies that may be diagnostic of natural interactions between 
Culebra waters and the matrix of the Culebra dolomite. The results, when 
compared with modern flow directions within the Culebra, indicate that the 
geochemistry of Culebra fluids is inconsistent with steady-state confined 
flow. 

Section 4.3.2 discusses the expansion of the stable-isotope results and 
interpretations contained in Lambert (1983) to interpretations contained in 
Lambert (1987b) and Lambert and Harvey (1987). Stable-isotope studies 
themselves do not provide any information concerning the absolute ages of 
groundwaters. The studies can, in some cases, indicate whether different 
bodies of water were recharged under similar or different climatic 
conditions. The results of the recent stable-isotope studies indicate that 
the isotopic composition of Rustler groundwaters at and near the WIPP site 
is distinct from that of modern meteoric precipitation at similar 
elevations in the northern Delaware Basin. 

Section 4.3.3 summarizes studies examining the lengths of time groundwaters 
in the Rustler/Salado contact zone, Rustler Formation, and Dewey Lake Red 
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Beds in the region of the WIPP site may have been isolated from contact 
with atmospherically derived components such as radiocarbon, tritium, and 
chlorine-36 (Lambert, 1987a). At the WIPP site, the applicability of such 
"environmental isotopes," which occur in ultratrace amounts, is unavoidably 
limited by the variability of the rock types present, as well as by the 
ages of both rocks and groundwaters. Specifically, no detectable 36ci 
above background has been detected in Rustler fluids, because of the large 
chlorine background inherent in fluids which have been involved in 
dissolution of halite from within the Rustler Formation. Nor have tritium 
levels significantly above background been identified in Rustler fluids, 
except in hole WIPP-29, interpreted on other grounds to be contaminated by 
potash mining. Radiocarbon studies met with only limited success, because 
the normal techniques used in drilling hydrocarbon-exploration and 
hydrologic test holes at and near the WIPP have resulted, in many cases, in 
some contamination with organic materials. The limited number of minimally 
contaminated radiocarbon results, however, indicate that the Culebra 
dolomite and part of the Dewey Lake Red Beds at the WIPP site have been 
isolated from atmospheric carbon sources for at least 12,000 years. 

Section 4.3.4 discusses fluid-flow directions and rates within the Culebra 
dolomite, as interpreted from uranium-disequilibrium studies (Lambert and 
Carter, 1987). The results provide an effectively independent check of 
conceptual models derived from other studies. Although the present 
uranium-disequilibrium data base is limited, allowing considerable 
uncertainty in flow directions, the results indicate that there must have 
been a significant change in flow directions within the Culebra dolomite, 
on a time scale generally consistent with the end of local recharge 
indicated by radiocarbon studies. 

4.3.1 Solute Geochemistry and Delineation of Hvdrochemical Facies within 
the Culebra Dolomite 

This section summarizes the currently available data and hypotheses (Siegel 
et al., 1988a) concerning the origin and compositions of waters in the 
Culebra dolomite. These authors delineate Culebra fluids into various 
hydrochemical facies, consider the compatibility of these facies with 
modern flow patterns derived from stratigraphic and hydrologic studies, and 
examine the interactions of Culebra solutes and host-rock mineralogies. 
Although Siegel et al. (1988a) emphasize the Culebra, relevant preliminary 
results of work on fluids from the Magenta dolomite, Rustler/Salado contact 
zone, and Dewey Lake Red Beds are included. One section of Siegel et al. 
(1988a), Bodine et al. (1988), was prepared as a summary interpretation of 
a separate study (Bodine and Jones, 1988), based on an independent data 
base. Data used in estimation of oxidation potentials (Eh) (Myers et al., 
1988) were collected as part of the WIPP Water-Quality Sampling Program. 

4.3.1.1 Hvdrochemical Facies--The analytical ranges of compositions of 
Culebra waters and compositions used in calculations contained in Siegel et 
al. (1988a) are included in Table 4.13; major solutes are listed in Table 
4.13a, minor and trace solutes in Table 4.13b. .Individual data sets 
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Table 4.13a: Major solutes and other parameters in analyzed groundwaters from the Culebra, Magenta, 
^Dewey Lake, and Bell Canyon. From Siegel et al. (1988b). 

Total 
Dissolved Ionic Bromide Fluoride Iodide Boron Lithium Strontium Silica Iron Hanganese 

Collection 
Date"> 

Solid* Strength (ng/L (ng/L (ng/L (ng/L (mg/L flag/L <"B/L <mg/L (ng/L 
Uell(a) 

Collection 
Date"> Lab<2> <*g/L)<'> (*»lal)<8> as Br) as F) as 1) as B) as Li) as Sr) as S<0 2) as Fe) as Hn) 

Culebra 
OOE-1 4/85 UHC 131200 2.53 56 - - 37 0.64 26 8.4 0.28 -
OOE-1 (2) avg 60 1.2 - 36 0.64 21 - - -
DOE-1 (2) rng 56-64 1.0-1.7 - 35-37 (1) 16-26 8-24 - -

DOE-2 3/85 UHC 60400 1.19 34 1.7 0.22 16 0.47 38 17 0.036 0.30 
DOE-2- (2) avg 35 1.6 0.22 IB 0.47 29 - - -
DOE-2 (2) rng 34-36 1.2-2.2 (1) 14-24 (1) 22-38 17-24 - -

H-2A 4/86 UHC 12900 0.27 5.6 2.2 0.081 10 0.22 9.5 13 1.1 0.055 

H-3B3 6/84 UHC 55000 1.08 29 2.1 0.13 30 0.53 23 9.8 0.57 0.13 
H-3B3 2/85 UHC 55800 1.08 26 1.9 0.14 26 0.40 30 11 0.20 0.12 
H-3B2, H3B3 (4) avg 31 1.8 0.14 28 0.41 25 - - -
H-3B2, H3B3 (4) rng 26-39 1.5-2.1 0.13-

0.14 
21-34 0.30-

0.53 
23-30 9-20 

H-4B 5/81 UNC 21700 0.46 42 . . 18 0.39 14 11 • -
H-4C 8/84 UNC 21200 0.45 48 2.1 0.23 20 0.49 '18 13 2.2 0.20 
H-4B 7/85 UNC 20200 0.42 43 2.7 - 14 0.40 14 14 0.32 0.11 
H-4B, H-4C (4) avg 44 2.2 0.23 18 0.42 15 - - -
H-4B, H-4C (4) rng 43-48 1.7-2.7 (1) 14-23 0.39-

0.49 
13-18 11-30 

H-5B 6/81 UNC 154400 Z.99 62 • . 33 0.77 32 6.2 - -
H-5C 10/81 UHC 154500 3.00 64 - - 35 0.77 31 5.8 - -
H-5B 8/85 UNC 152600 2.97 49 2.0 0.19 34 0.81 29 7.1 2.9 0.29 
H-5B, H-5C (4) avg 58 1.3 0.19 33 0.78 31 - - -
H-5B, H-5C (4) rng 49-64 0.8-2.0 (1) 29-35 0.77-

0.81 
29-32 5-36 

H-6B 5/81 UNC 59300 1.18 34 . . 11 0.44 32 20 • . 
H-6B 9/85 UNC 57400 1.13 34 1.9 0.096 10 0.45 30 18 0.094 0.13 
H-6B (3) avg 34 1.6 0.096 9.5 0.44 28 - - -
H-6B (3) rng 34-35 1.3-1.9 <1> 7-11 0.44-

0.45 
24-32 18-43 * * 



Table 4 .13a : Major s o l u t e s and o the r parameters in analyzed groundwaters from the Culebra, Magenta, 
Dewey Lake, and Bel l Canyon. From Siege l e t a l . (1988b). (Continued) 

Total 
Dissolved Ionic 

Col(action Solid* Strength 
Well(i) Date<'> lab<2> (mg/L)<7> (*»lal)<B> 

Bromide Fluoride Iodide Boron Lithium Strontium Silica Iron Manganese 
(mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L 
as Br) as F) as 1) as B) as Li) as Sr) as Si0 2) as Fe) as Mn) 

0.57 1.5 0.052 0.76 0.10 8.5 47 0.056 0.050 
0.57 1.4 0.052 0.77 0.11 7.7 - - -
(1) 1.2-1.5 (1) 0.34-

0.80 
0.10-
0.12 

5.8-
8.7 

47-92 

0.085 2.5 0.14 0.48 0.12 6.9 29 0.036 0.021 
0.085 2.4 0.14 0.49 0.12 6.7 - - -
(1) 2.1-2.5 (1) 0.48-

0.50 
0.12 5.9-

7.4 
29-56 

0.24 3.3 0.11 0.63 0.18 7.5 27 0.032 0.015 
0.24 3.0 0.11 0.66 0.18 7.2 - - -
(1) 2.6-3.3 (1) 0.63-

0.70 
0.17 
0.18 

7.0-
7.5 

27-39 

- 1.3 - 13 - - 1.5 - -
47 . - 32 0.62 25 . 0.14 0.22 
48 1.3 - 31 0.50 20 - - -
47-48 1.0-1.6 30-32 0.38-

0.62 
18-25 25-32 

" 
76 . - 39 1.2 31 7.2 0.22 0.087 
76 1.5 - 38 0.85 29 - - -
76-77 1.1-2.3 * 35-39 0.61-

1.2 
18-38 7-96 

72 1.7 0.42 0.72 0.28 51 30 2.0 0.18 
72 1.5 0.42 0.72 0.28 50 - • -
(1) 1.2-1.7 (1) (1) (1) 48-51 30-69 - -
72 1.9 0.18 38 0.87 29 8.5 4.0 0.87 
70 1.6 0.18 35 0.87 31 - - -
69-72 1.2-1.9 (1) 32-38 (1) 28-36 0-8.5 - -
. 1.2 . 100 . . 1.0 . . 

H-7B1 3/86 UNC 3220 0.089 
H-7B1 (3) avg 
H-7B1 (3) rng 

H-88 1/86 UNC 2830 0.083 
H-88 (2) avg 
H-BB (2) rng 

H-9B 11/85 UNC 3080 0.087 
H-9B (2) avg 
H-9B (2) rng 

H-108 3/80 GS 65700 17 
117400 2.23 

140500 2.72 

H-1183 6/85 UNC 
11B3 «> avg 

H-11B3 (2) rng 

H-12 8/85 UMC 
H •12 (2) avg 
H-•12 (2) rng 

P-14 2/86 UNC 
P-14 (2) avg 
P-14 (2) rng 
P-17 3/86 UNC 
P-17 (2) avg 
P-17 (2) rng 

24900 0.58 

86500 1.67 

P-18 10/77 GS 118300 2.5? 



Table 4.13a: Major solutes and other parameters in analyzed groundwaters from the Culebra, Magenta, 
Dewey Lake, and Bell Canyon. From Siegel et al. (1988b). (Continued) 

Uell(s) 

Total 
Dissolved Ionic 

Collection Solids Strength 
Date<'> lab<2> Ong/L><7> <molal><8> 

Bromide Fluoride Iodide Boron 
<*g/l (ng/L (mg/L (mg/L 
as Br) as F) as I) as B) 

Lithium Strontium 
(mg/L (mg/L 
as Li) as Sr) 

Silica Iron Manganese 
(mg/L («g/L (mg/L 
as SiOj) as Fe) as Nn) 

UIPP-13 2/87 avg 39 1.4 11 0.35 25 
UIPP-25 
UIPP-25 
UIPP-25 

III ill 

UIPP-25 
UIPP-25 
UIPP-25 

2/86 
2/86 
2/86 

UNC 
avg 
rng 

159 

UIPP-26 
UIPP-26 
UIPP-26 

8/80 
8/80 
8/80 

UNC 
avg 
rng 

UIPP-26 
UIPP-26 
UIPP-26 

11/85 
11/85 
11/85 

UHC 
avg 
rng 

UIPP-27 
UIPP-27 
UIPP-27 

9/80 
(2) 
(2) 

UNC 
avg 
rng 

UIPP-28 
UIPP-28 
UIPP-28 

9/80 
9/80 

UHC 
avg 
rng 

UIPP-29 
UIPP-29 
UIPP-29 

8/80 
8/80 
8/80 

UHC 
avg 
rng 

UIPP-29 
WIPP-29 
UIPP-29 

12/85 
12/85 
12/85 

UHC 
avg 
rng 

WIPP-30 
UIPP-30 
UIPP-30 

9/80 
9/80 
9/80 

UNC 
avg 
rng 

12100 

13600 

15100 

17600 

134700 

46600 

245400 

324100 

29100 

0.26 

0.33 

0.37 

2.57 

0.90 

4.91 

6.57 

0.58 

2.6 
2.6 
(2) . 

• 
1.5 
1.5 
(1) 

0.20 
0.20 
(1) 

12 
12 
(1) 

34 

(1) 

3.4 
3.8 
.4-4.2 

1.7 
1.6 

1.6-1.7 

0.042 
0.042 
(1) 

1.7 
1.7 
1.7 

0.22 
0.22 
<1> 

17 
17 
(1) 

33 0.5 

33-67 

3.2 
3.2 
(1) m . 

1.4 
1.4 
(1) 

0.24 
0.24 
(1) 

17 
17 
(1) 

33 

(1) 

3.9 
3.9 
(1) 

1.7 
1.5 

1.3-1.7 

0.( 
0.( 
(1 

)70 
)70 
) 

1.6 
1.6 
(1) 

0.23 
0.23 
(1) 

20 
18 
17-20 . 

35 0.0 

35-65 

28 
28 
(1) „ 

2.3 
2.1 

1.9-2.3 

0.33 
0.33 
<1> 

51 
51 

23 

13-23 

7.2 
7.2 
(1) 

• 5.8 
5.8 
(1) 

0.30 
0.30 
(1) 

16 
16 
(1) 

36 

(1) 

45 
45 
(1) 

-
4.4 
4.4 
<1> 

0.78 
0.78 
<1> 

29 
29 
(1) 

22 

11) 

61 
61 
(1) 

4.6 

0.9-4.6 

0.38 
0.38 
(1) 

5.2 
5.5 

5.2-5.8 

0.70 
0.70 
(1) 

13 
11 
9-13 

15 1.1 

15-110 

10 
10 
(1) 

- 6.1 
6.1 
(1) 

0.27 
0.27 
(1) 

18 
18 
(1) 

6.5 

(1) 

0.11 

<0.01 

1.7 



Table 4.13a: Major so lu te s and other parameters In analyzed groundwaters from the Culebra, Magenta, 
Dewey Lake, and Bel l Canyon. From Siegel e t a l . (1988b). (Concluded) 

Well(s) 
Collection 
Dat*"> Ub<2> 

Total 
Dissolved 
Solids 
(•g/l) ( 7 ) 

Ionic 
Strength 
(molai)<8> 

Engle 
Engle 
Engl* 

3/85 
3/85 
3/85 

IMC 
avg 
rng 

3270 0.09 

Hagenta 
H-3B1 
H-3B1 

7/85 
(3) 

UNC 
rng 

8560 -

H-*C 
H-4C 

11/86 
(2) 

UNC 
rng 

23900 • 

H-5C 
H-5C 

10/86 
10/86 

UNC 
rng 

6980 -

H-6C 
H-6C 

10/86 
10/86 

UNC 
rng 

4540 " 

Dewey Lake 
Red Beds 
Ranch 
Ranch 

6/86 
6/86 

UNC 
rng 

2520 -

Twin-
Pasture 
Twin-
Pasture 

1/86 
1/86 

UNC 
rng 

401 -

Bell Canyon 
Frm. 
OOE-2 
OOE-2 

7/85 
7/85 

UHC 
rng 

149500 -

•romide Fluoride Iodide Boron Lithium 
(mg/L (mg/L <mg/l (ng/L (mg/L 
as 8r ) as F) as I ) as B) as L i ) 

Strontium S i l i ca Iron Hanganese 
(mg/L (mg/L (mg/L (mg/L 
as Sr) as SiO?) as Fe> as Mn) 

0.27 
0.27 
<1> 

5.8 
5.8-6.0 

0.93 
(1) 

2.3 
1.0-2.3 

2.8 
2.8 

2.8-2.9 

0.12 
0.12 
(1) 

0.97 
0.87 
0.77-
0.97 

2.4 1.2 2.0 
1.8-2.6 1.2-2.0 2.0-4.5 

5.9 2.4 
5.9-7.5 2.2-2.6 

2.5 
2.5 

1.5 
1.5-1.7 

0.31 
(1) 

0.31 
(1) 

12 
11-12 

11 
10-11 

0.086 2.2 
(1) 2.2-2.4 

2.3 0.82 
2.3 0.8-1.0 

0.17 
0.17 
(1) 

0.32 
0.32 

0.46 
0.41-
0.46 

0.20 
0.20 

0.21 
0.19-
0.21 

0.13 0.10 0.12 
(1) 0.10- (1) 

0.19 

0.17 0.58 <0.01 0.13 <0.05 

(1) 0.5-1.4 (1) 0.13- (1) 
0.16 

8.4 
7.7 

7.0-8.4 

17 
13-18 

12 
12-14 

10 
8-10 

9.8 
7.1-9.8 

5.9 
3.2-5.9 

1.1 

0.6-1.1 

29 

29-54 

10 
10-26 

9.1 
9-26 

11 
11-26 

11 
11-28 

52 
52-86 

47 

47-90 

0.59 

0.11 

0.71 

1.5 

0.26 

0.024 

<0.01 

0.060 

0.028 

0.29 

0.020 

0.010 

<0.01 

<0.01 

250 1.1 6.4 54 5.8 150 
(1) 0.4-1.4 6.4-7.9 54-61 2.8-5.8 150-300 

2.5 11 
2-30 

28 



Table 4.13b: Minor and trace solutes and other parameters in analyzed groundwaters from the Culebra, 
.Magenta, Dewey Lake, and Bell Canyon. From Siegel et al. (1988b). 

Sodium Potassium Catctua Magnesium Chloride Sulfate Bicarbonate 
Collection <*g/l (fflg/L (ng/L <*9/L <mg/l (mg/L (mg/u 

WelUs) Date" > Lab<2> Zone") at Na) as K) as Ca) as Ng) as CI) as S04) as HCO 3)*^ pC02<5> pH<*> 

Culebra 
DOE-1 4/85 IMC A 45800 1100 1730 1610 73600 7350 45 -2.60 7.1 
00E-1 (2) avg A 46000 1100 1700 1600 75000 7400 - -
006-1 (2) rng A 45000-

46000 
(1) <1> (1) 73000-

77000 
(1) 45-46 7.1 

DOE-2 3/85 UHC C 18400 410 1960 1060 34600 3950 67 -2.33 7.0 
DOE-2 <2) avg C 18000 420 1900 1000 33000 3700 - -
DOE-2 (2) rng C 17000-

19000 
410-
420 

1900-
2000 

900-
1100 

32000-
35000 

3400-
4000 

(1) <1> 

H-2A 4/86 UHC C 3570 93.5 743 167 5310 2980 57 -3.38 8.0 

H-3B3 6/84 UHC C 17400 495 1550 829 29500 5130 . -2.83 7.4 
H-3B3 2/85 UHC C 18000 425 1470 783 30300 4820 52 -2.86 7.4 
H-3B2. H-3B3 (4) avg C 18000 440 1400 760 29000 4800 - -
H-3B2, H-3B3 (4) rng C 17000-

19000 
360-
500 

1200-
1600 

690-
830 

27000-
31000 

4600-
5200 

50-52 7.4 

H-4B 5/81 UNC C 6080 215 700 455 7980 6230 71 -3.35 8.0 
H-4C 8/84 UNC c 6150 222 698 505 7950 5700 75 -3.11 7.8 
H-4B 7/85 UNC C 5850 210 691 427 7480 5520 69 -3.04 7.7 
H-4B, H-4C (4) avg c 6000 220 690 450 7700 5700 - -
H-4B, H-4C (4) rng c 5800-

6200 
180-
260 

690-
700 

400-
510 

7400-
8000 

5500-
6300 

68-75 7.6-8.0 

H-5B 6/81 UNC 52400 1290 1710 2140 89500 7360 80 -3.21 7.9 
H-5C 10/81 UNC 52300 1300 1720 2150 89500° 7570 86 -3.17 7.9 
H-5B ' 8/85 UNC 54100 1350 1700 2170 85400 7840 50 -2.86 7.4 
H-5B. H-5C (4) avg 53000 1300 1700 2200 87000 7600 - -
H-5B, H-5C (4) rng 52000-

55000 
1200-
1400 

1700-
1800 

2100-
2200 

84000-
90000 

7300-
7900 ' 

H-6B 5/81 UNC c 18600 450 2150 1080 33000 3980 96 -2.16 7.0 
H-6B 9/85 UNC c 18000 375 2040 1040 32300 3570 94 -2.07 6.9 
H-6B (3) avg c 18000 420 2000 1100 33000 3600 - -
H-6B (3) rng c 17000-

19000 
370-
450 

1900-
2200 

1000-
1200 

32000-
34000 

3300-
4000 

90-96 6.9-7.2 



Table A.13b: Minor and trace solutes and other parameters In analyzed groundwaters from the Culebra, 
Magenta, Dewey Lake, and Bell Canyon. From Siegel et al. (1988b). (Continued) 

Sodium Potassium Calcium Magnesium Chloride Sulfate Bicarbonate 
Collection («ig/L (mg/L (mg/l (mg/L (mg/L (mg/L (mg/L 

Uell(s) 0a|e(1> lab<2> Zone<3> as Na) as K) as Ca) as Kg) as CI) as S04) as HCO 3)^) pC02<5> p««) 

H-7B1 3/86 UNC B 207 7.0 587 130 320 1850 120 -2.20 7. 
H-7B1 (3) avg B 210 7.0 570 130 320 1800 - -
H-7B1 (3) rng B 200-

210 
7.0 540-

590 
130 300-

350 
1700-
1900 

120 7.3-7.4 

H-BB 1/86 UNC 8 55.1 3.83 548 157 30.5 1950 96 -2.70 7.3 
H-BB (2) •vg B 54 3.9 540 170 32 1800 - -
H-BB (2) rng B 51-

56 
3.7-
4.1 

520-
550 

150-
180 

30-33 1600-
2000 

93-96 7.2-7.3 

H-98 11/85 UNC B 146 6.85 590 137 194 1900 110 -2.43 7.4 
H-9B (2) •vg B 150 7.2 580 150 190 1800 - -
H-9B (2) rng B 140- 6.8- 560- 130- 170- 1700- 110 7.3-7.4 

fO 150 7.6 620 170 200 1900 

H-10B 3/80 CS C 21000 520 1600 1000 36000 5600 45 - 8.3 

H-11B3 6/85 UNC A 40400 943 1700 1320 65900 7180 54 -2.63 7.2 
H-11B3 (2) •vg A 39000 940 1600 1300 66000 7200 - -
H-11B3 (2) rng A 37000-

41000 
(1) 1500-

1700 
1300-
1400 

65000-
67000 

(1) 54-55 7.2-7.3 

H-12 8/85 UNC A 49200 1270 1760 1980 79000 7210 53 -2.61 7.2 
H-12 (2) avg A 50000 1300 1800 2000 80000 7200 .- -
H-12 (2) rng A 49000-

51000 
<1> 1700-

1900 
1900-
2000 

78000* 
80000 

(1) 53-62 7.2 

P-14 2/86 UNC C 4360 37.9 3520 840 14500 1590 110 -1.81 6.8 
P-14 (2) avg C 4100 41 3700 800 14000 1600 - -
P-H (2) rng C 3700-

4400 
37-
45 

3500-
3900 

760-
840 

13000-
15000 

1500-
1700 

100-110 6.8-6.9 

P-17 3/B6 UNC C 28300 782 1620 1460 48200 6020 64 -2.90 7.5 
P-17 (2) avg C 28000 820 1600 1500 49000 6000 - -
P-17 (2) rng C 28000-

29000 
780-
880 

1500-
1700 

1400-
1600 

48000-
51000 

5900-
6100 

61-64 7.5 

P-18 10/77 GS 9200 6200 5600 16000 80000 980 310 7.2 



Table 4.13b: Minor and trace solutes and other parameters in analyzed groundwaters from the Culebra, 
Magenta, Dewey Lake, and Bell Canyon. From Siegel et al. (1988b). (Continued) 

Uell(s) 
Collection 
Dated) tab<2> Zone<*> 

Sodium 
(mg/L 
at Na) 

Potassium 
(tng/L 
as K) 

Calcium 
Cmg/L 
at Ca) 

Magnesium 
(mg/L 
at Mg) 

Chloride 
(mg/L 
at CI) 

Sulfate 
(mg/L 
at S04) 

Bicarbonate 
(mg/L 
at HCO 3)*^ pC02<5) pH«> 

UIPP-13 2/87 avg C 19000 340 - - 36000 4500 -120 - -6.6 

UIPP-25 
UIPP-25 
UIPP-25 

8/80 
8/80 
8/80 

UNC 
avg 
rng 

C c 
C 

3160 
3200 
(1) 

73.5 
74 
(1) 

905 
900 
(1) 

260 
260 
(1) 

5250 
5200 
5200-
5300 

2500 
2500 
(1) 

210 

(1) 

-1.69 6.9 

(1) 

UIPP-25 
UIPP-25 
UIPP-25 

2/86 
2/86 
2/86 

UNC 
avg 
rng 

C 
C 
C 

3180 
3300 
3100-
3400 

102 
100 
100-
110 

1140 
1100 
1100-
1200 

315 
330 
310-
340 

6320 
6200 
6200-
6400 

2380 
2400 
2300-
2400 

130 

(1) 

7.2 

(1) 

UIPP-26 
UIPP-26 
UIPP-26 

8/80 
8/80 
8/80 

UHC 
avg 
rng 

c c c 
3620 
3600 
(1) 

170 
170 
(1) 

1240 
1200 
(1) 

355 
360 
(1) 

7200 
7000 
6900-

2480 
2500 
(1) 

140 

(1) 

-1.86 6.9 

6.9 

UIPP-26 
UIPP-26 
UIPP-26 

11/85 
11/85 
11/85 

UHC 
avg 
rng 

c 
c 
c 

4220 
4100 
3800-
4300 

343 
350 
340-
360 

1340 
1300 
1200-
1400 

380 
390 
370-
430 

8770 
8600 
8400-
8800 

2420 
2400 
2300-
2500 

120 

(t) 
-2.14 7.1 

(1) 

WIPP-27 
UIPP-27 
UIPP-27 

9/80 
(2) 
(2) 

UNC 
avg 
rng 

D 
D 
D 

39200 
39000 
39000-
40000 

8060 
8100 
(1) 

3210 
3200 
3100-
3300 

1900 
2000 
1900-
2000 

78500 
78000 
77000-
79000 

3830 
3900 
3800-
3900 

120 

(1) 

-1.33 6.4 

6.4 

UIPP-28 
UIPP-28 
UIPP-28 

9/80 
9/80 
9/80 

UNC 
avg 
rng 

C 
C 
C 

15200 
15000 
(1) 

485 
480 
(1) 

1180 
1200 
(1) 

555 
560 
(1) 

24800 
24000 
24000-
25000 

4380 
4400 
(1) 

-
-0.76 6.5 

UIPP-29 
UIPP-29 
UIPP-29 

8/80 
8/80 
8/80 

UNC 
avg 
rng 

D 
D 
0 

71400 
71000 
(1) 

15600 
16000 
(1) 

950 
880 
810-
950 

5480 
5600 
5400-
5700 

138000 
140000 
130000-
140000 

14000 
14000 
13000-
14000 

210 

(1) 

-0.87 6.1 

6.1 

UIPP-29 
UIPP-29 
UIPP-29 

12/85 
12/85 
12/85 

UNC 
avg 
rng 

D 
0 
D 

94900 
92000 
90000-
95000 

23300 
22000 
20000-
24000 

413 
410 
(1) 

6500 
6400 
6300-
6500 

179000 
180000 
179000-
180000 

20000 
18000 
17000-
20000 

160 

(1) 

-0.75 5.9 

(1) 



Table 4.13b: Minor and trace solutes and other parameters in analyzed groundwaters from the Culebra, 
Magenta, Dewey Lake, and Bell Canyon. From Slegel et al. (1988b). (Concluded) 

Collection 
Welt(s) D a t e O lab<2> 2one<3> 

Sodium 
(mg/L 
as Na) 

Potassium 
(mg/L 
as K) 

Calcium 
(mg/L 
at Ca) 

Nagnesius 
(mg/L 
as Ng) 

Chloride 
(mg/L 
as CI) 

Sulfate 
(mg/L 
as Sotf 

Bicarbonate 
(mg/L 
as HC03)<4> pC02<5) p«<*> 

UIPP-30 
UIPP-30 
UIPP-30 

9/80 
9/80 
9/80 

OHC 
avg 
rng 

C 
C 
C 

8570 
8600 
<1> 

255 
260 
(1) 

1140 
1100 
(1) 

460 
460 
(1) 

14600 
15000 
14000-
15000 

4120 
4100 
(1) 

40 HCO] 
17 COj 
(1) 

-4.41 6.8 

(1) 

Engle 
Engle 
Engle 

3/85 
3/85 
3/85 

UMC 
avg 
rng 

B 
B 
B 

200 
190 
160-
200 

5.60 
5.5 
5.4-

5.6 

588 
580 

. 570-
590 

152 
140 
130-
160 

231 
230 
220-
240 

1990 
1900 
1800-
2000 

110 

(1) 

-2.44 7.4 

(1) 

Magenta 
H-3B1 
H-3B1 

7/85 
(3) 

UHC 
rng 

Nag 
Nag 

1520 
1500-
1600 

34.5 
34-
36 

1000 
1000 

292 
270-
300 

3360 
3300-
3400 

2310 
2200-
2400 

47 
45-
47 

8.0 
7.7-8.0 

H-4C 
H-4C 

11/86 
(2) 

IMC 
m g 

Nag 
Hag 

7110 
7100-
7300 

85.1 
85-
99 

651 
610-
660 

411 
390-
420 

8460 
8400-
8500 

7100 
(1) 

70 
70-
85 

8.4 
8.1-8.4 

H-5C 
H-5C 

10/86 
10/86 

OHC 
rng 

Nag 
Nag 

1460 
1400-
1500 

35.6 
(1) 

550 
(1) 

173 
170-
190 

1070 
1000-
1100 

3620 
(1) 

56 
(1) 

8.0 
(1) 

H-6C 
H-6C 

10/66 
10/86 

UHC 
rng 

Nag 
Nag 

642 
(1) 

16.6 
(1) 

546 
(1) 

160 
160-
170 

428 
420-
430 

2700 
2400-
2700 

51 
(1) 

7.7 
(1) 

Ranch 
Ranch 

6/86 
6/86 

UNC 
rng 

DL 
01 

200 
180-
200 

4.0 
3.6-
4.0 

420 
(1) 

202 
190-
210 

416 
390-
420 

1100 
920-
1100 

220 
(1) 

7.0 
(1) 

Dewey Lake Red Beds 
Twin-Pasture 1/86 
Twin-Pasture 1/86 

OHC 
rng 

DL 
DL 

25.4 
24-
26 

3.85 
3.7-
4.3 

60.4 
80-
81 

22.5 
22-
25 

44.1 
44-
47 

75.1 
70-
76 

230 
(1) 

7.8 
(1) 

Bell Canyon 
DOE-2 
DOE-2 

7/85 
7/85 

UNC 
rng 

BC 
BC 

49600 
<1> 

885 
(1) 

5910 
(1) 

1330 
(1) 

89700 
89000-
90000 

2020 
(1) 

48 
(lab) 

6.8 
(1) 



Footnotes for Tables 4.13a and 4.13b 

•Solute values from various labs have been rounded as follows: 
-Na, K, Ca, Mg, CL, SO4 from UNC : 3 significant figures 
-all others from UNC : 2 sig. figs 
-all solutes from GS : 2 sig. figs 
-all "avg" values : 2 sig. figs 
-all minimum 'rng' values : down to 2 sig. figs 
-all maximum 'rng' values ; up to 2 sig. figs 
-all total dissolved solids (TDS): to nearest 100 mg/L or 

tor 3 sig. figs (for TDS<10000) 
-all bicarbonate values : to 2 sig. figs 
-all pH values : to 0.1 pH unit 
-all pC02 values : to 0.01 unit 
-all ionic strength values : to 0.01 molal 

(1) Collection date: a number in parentheses indicates that values in that 
row are averages or ranges of data for up to that number of samples 

(2) avg - average of one or more values from one or more laboratories; 
used to calculate element ratios and generate contour plots 
(Siegel and others, 1988) 

rng - range of values from one or more laboratories; gives a crude 
estimate of the uncertainties associated with the data. A 
single value in the range row means that all values were 
indentical. A "(1)" in the range row means that only one 
reliable value was available 

GS - USGS Central labs 
UNC - UNC Geotech (before Oct. 1, 1986, Bendix Field Engineering 

Corp.), Grand Junction, Co. 

(3) zone - hydrochemical facies zone described by Siegel and others 
(1988). Applies only to Culebra. 

(4) Bicarbonate and pH values were measured in the field when the samples 
were collected. (Exception: HCO3 in the DOE-2 Bell Canyon 
sample was measured in the lab) 

(5) pC02 - calculated using PHRQPITZ (Siegel and others, 1988) 

(6) Stratigraphic horizon: BC • Bell Canyon Formation 
DL - Dewey Lake Red Beds 

Hag - Magenta Dolomite 

(7) Total dissolved solids - calculated by summing the major solutes 

(&) Ionic strength - calculated using PHRQPITZ (Siegel and others, 1988) 
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HYDROCHEMICAL FACIES OF CULEBRA 
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Figure 4.3.1: Summary of hydrochemical facies and local flow directions in 
the Culebra dolomite. Facies boundaries from Siegel et al. 
(1988a); modern flow directions from Figure 4.5B of LaVenue 
et al. (1988). 
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evaluated in compiling the table and methods for evaluating the data are 
discussed in Robinson (1988), Lambert and Harvey (1987), and Siegel et al. 
(1988b). The data in Tables 4.13a and 4.13b were used by Siegel et al. 
(1988a) in facies assignments of Culebra fluids, saturation-index calcula
tions, and factor analyses, as well as in plotting of element-ratio 
contours. 

On the basis of the available major-solute analyses (Table 4.13a), Culebra 
waters can be combined into four hydrochemical facies (Figure 4.3.1). 
These include: 

1. Zone A (H-5, H-ll, H-12; DOE-1, P-17, P-18(?)), containing saline 
NaCl brines (about 2 to 3 molal) with a Ca/Mg weight ratio near unity. 
These waters are found in the eastern third of the WTPP site and 
further east, in a region roughly coincident with the region of lowest 
Culebra transmissivity. In the western part of Zone A, halite is 
present only in the unnamed lower member (Figure 1.5); in the eastern 
part of the zone, halite is present throughout the Rustler. 

2. Zone B (H-7, H-8, H-9, Engle), containing relatively fresh waters 
(<0.1 molal). in which Ca++ and SO4"* are the dominant solutes. These 
waters are found only south of the WIPP site. No Rustler halite is 
present in this zone. Data from the South and Indian wells (Bodine and 
Jones, 1988) suggest that these wells should also be classified as part 
of Zone B. 

3. Zone C, containing waters.of variable compositions, low to moderate 
ionic strength (about 0.3 to 1.1 molal), and Ca/Mg weight ratios 
greater than 1.5:1. These waters extend from the central part of the 
WIPP site to the eastern part of Nash Draw, in regions of low to high 
Culebra transmissivity. In the eastern part of the zone, halite is 
present in the unnamed lower member; on the western side of the zone, 
Rustler halite is absent. In general, the most saline brines in Zone C 
are found in the eastern part of the zone. 

4. Zone D, containing waters of anomalously high salinities (about 3 
to 7 molal) and K/Na mole ratios (about 0.2) relative to other sampled 
fluids (3 molal or less; K/Na mole ratios of 0.01 to 0.09) This zone 
is apparently confined to western Nash Draw, and contains only holes 
WIPP-27 and WIPP-29. Fluid compositions at WIPP-29 have have changed 
over the course of seven years of monitoring, probably in response to 
nearby potash refining operations. 

The chemical, characteristics of the defined Culebra fluid facies can be 
summarized graphically in a Piper (trilinear) diagram (Figure 4.3.2). This 
plot generalizes the relationships between several major solutes, i.e., 
those in the Na-K-Mg-Ca-Cl-S04-C03 system. Relative proportions of cations 
and anions are shown in the triangular plots in the bottom half of the 
figure, relative ratios of divalent to monovalent cations and chloride to 
(sulfate plus carbonate) in the parallelogram portion of the figure. 
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TRILINEAR DIAGRAM (eq. ratio) 
FOR CULEBRA WATERS 

Figure 4 . 3 . 2 : Piper ( t r i l i n e a r ) diagram for analyzed Culebra f l u i d s . Analyses are represented In 
terms of equivalents per l i t e r . From S iege l e t a l . (1988b). 



The analyses from Zone A have nearly identical ionic proportions (Figure 
4.3.2), and plot very near the Na-Cl corner in both parts of the figure. 
In contrast, the analyses of the dilute fluids from Zone B all plot near 
the Ca-Mg-S04 corner in the upper part of the figure. Analyses from Zone C 
are variable, and those groundwaters closer to the Na-Cl corner of the plot 
are similar to waters from Zone A. Zones A and C are distinguished pri
marily on the basis of Ca/Mg ratio and ionic strength. Waters from Zone D 
have similar ionic ratios as fluids from Zone A except for K/Na; Zone D is 
distinguished primarily on the basis of its high K/Na ratios. 

The overall interpretation of the facies distribution (Siegel et al., 
1988a), assuming that the Culebra is relatively confined, is that flow 
directions within the Culebra must be transient. The inconsistency of 
Culebra fluid densities and steady-state confined flow was noted in Section 
4.1, based on numerical modeling studies of Haug et al. (1987) and LaVenue 
et al. (1988). Ramey (1985) noted that modern flow directions within the 
Culebra do not appear consistent with the modern salinity distribution. 
This inconsistency is also evident in Figure 4.3.1, which is based on a 
larger and more reliable data base than considered by Ramey (1985). The 
most striking evidence is that fluids in Zone B, a facies with low 
salinity, lie down-gradient from more saline waters in Zone C. It is 
difficult to explain the origin of fluids presently in Zone B by steady-
state confined flow through Zone C (Figure 4.3.1). One alternative to 
steady-state flow, based on isotopic studies (Sections 4.3.2, 4.3.3, and 
4.3.4), is that there has been a significant change in flow directions 
within the Culebra dolomite in the last (approximately) 12,000 years. This 
is consistent with geologic evidence indicating the transient geologic and 
hydrologic setting of the WTPP site (Section 4.4). 

4.3.1.2 Normative Salt Assemblages of Rustler Waters--The chemical vari
ability of Culebra fluids has also been evaluated on the basis of normative 
salt assemblages, as summarized by Bodine et al. (1988). The normative 
salt assemblage (salt norm) of a given water is the equilibrium assemblage 
of salts that would precipitate from the water if it were evaporated to 
dryness under standard conditions (25 degrees C, 1 atmosphere pressure). 
In this interpretation, the SNORM code (Bodine and Jones, 1986) was applied 
by Bodine et al. (1988) to a different data base than that shown in Table 
4.13. 

The interpretations of the derivation of Culebra fluids based on hydro-
chemical facies, isotopic data, and physical hydrology are not in all cases 
consistent with those based on interpretation of salt norms. Siegel and 
Lambert (1988) conclude that the overall hydrologic setting of the Culebra 
is transient. Bodine et al. (1988) conclude that the present distribution 
of "* salt norms within the Rustler Formation is, when considered alone, 
generally consistent with the modern Culebra flow field. These authors 
relax the vertical confinement of the Rustler. On the basis of solutes 
alone, their interpretation cannot exclude dilution of primitive-diagenetic 
brines at P-14 and in the low-permeability, halite-rich zones of the 
Culebra east of WIPP Zone 3 (for example at P-18) by water that has 
infiltrated from the surface and dissolved both halite and anhydrite or 
gypsum. With increasing distances from P-18 and P-14, increasing amounts 
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of solutes from recharge are interpreted to have mixed with primitive-
connate Culebra solutes. 

Based on salt-norm calculations, Bodine et al. (1988) suggest four end-
member fluid compositions from evaporitic rocks at the WIPP site. These 
are: 

1. Brines containing alkaline earth (Ca, Mg, Ba, Sr, etc) chloride 
salts in their normative assemblages, combined with relatively low 
CI/Br weight ratios (<300). These brines could arise as primitive-
diagenetic fluids, for example when connate" waters are involved in 
dolomitization. The data base supporting this end member is limited. 

2. Dilute alkali-bearing carbonate waters, produced during recharge by 
carbonic-acid dissolution of detrital silicates in the zone of infil
tration. 

3. Dilute sulfate-rich waters, produced when meteoric waters dissolve 
anhydrite and/or gypsum, but little else. 

4. Variably saline halite-rich fluids or brines, produced when 
meteoric waters dissolve both anhydrite/gypsum and halite in the 
Rustler and upper Salado Formations. 

Bodine et al. (1988) conclude that the solutes in most waters in the 
Rustler Formation can be produced by mixing of these four end members. 
Water produced by dewatering of gypsum is not precluded by the solute 
assemblages. However, the stable-isotope compositions of confined Culebra 
and Magenta waters (Section 4.3.2) are characteristically meteoric, 
indicating that gypsum dewatering has not played an identifiable role in 
their derivation. Bodine et al. (1988) conclude that, if analyzed solutes 
from the Culebra at P-18 are representative, the Culebra water from P-18 
has the highest proportion of apparent primitive-diagenetic brine. They 
also suggest that some components of the water from P-14 may be primitive, 
if it is assumed that there has been no mixing or contamination. Waters 
from the Rustler-Salado contact zone at H-5 and H-6 contain the highest 
proportion of the primitive-connate solutes. According to Bodine et al 
(1988), the relative proportion of recharge-type solutes to primitive-
diagenetic solutes within the Culebra increases from the WIPP site towards 
the north, west, and south. 

The interpretative model of Bodine et al. (1988) relies heavily on the 
compositions of Culebra fluids at P-18 and P-14. As noted by Siegel et al. 
(1988b), the representative character of samples of Culebra fluids from 
P-18 is suspect, i.e., the analyses appear reliable, but may not represent 
actual Culebra fluids at this location. Hydrologic considerations also 
weigh against the reliability of these data. The Culebra transmissivity at 
P-18 (7.5 x 10*11 to 4.3 x 10*9 m2/s, Table 4.2) is the lowest yet measured 
at or near the WIPP site. Therefore, while the Culebra at P-18 intuitively 
seems likely to contain connate brine, consistent with the norm-based 
interpretation of Bodine et al. (1988), the very fact that the Culebra is 
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so low in transmissivity at P-18 permeability makes it extremely difficult 
if not impossible to collect a meaningful fluid sample from the hole. In 
P-14, the situation is reversed. The Culebra in P-14 is extremely 
transmissive (2.3 x 10"^ vfi/s, Table 4.1). The preservation of original 
connate or diagenetic fluids in such a permeable region does not seem 
possible or consistent with expected rates of fluid flow in the vicinity 
(Figure 4.1.28). In addition (Section 4.3.2), the stable-isotope 
composition of Culebra waters from P-14 is meteoric, suggesting that P-14 
fluids have not been involved in extensive diagenetic reactions. However, 
the analyses of Culebra waters from P-14 do appear reliable. The cause of 
the apparent primitive-diagenetic component' in these fluids is not known. 

The salt-norm interpretation also relies heavily on vertical recharge from 
the surface to provide fluids for dilution of the interpreted primitive-
diagenetic signature of Culebra fluids, especially south of the WIPP site. 
However, the isotopic evidence, discussed in later parts of Section 4.3 and 
in Section 4.4, as well as the measured head and transmissivity distribu
tions within the Rustler, discussed in Section 4.1, suggest that vertical 
recharge to the Culebra from the surface is not currently active at and 
near the VIPP site. The Culebra dolomite is confined at and south of the 
site, while the Dewey Lake Red Beds, where tested, are effectively 
impermeable. Finally, as discussed in Section 4.4, the preservation of 
large amounts of anhydrite in the Tamarisk Member overlying the Culebra, 
suggests that vertical infiltration of dilute solutions through the 
Tamarisk has been minimal. These relationships do not indicate that there 
has been no vertical fluid movement within the Rustler Formation or between 
the Dewey Lake and the Rustler, but that such movement is limited, and does 
not currently extend from the surface down to the Culebra. 

4.3.1.3 Saturation Indices and Factor Analysis of Culebra Waters--Satura-
tion indices of several evaporite minerals in analyzed Culebra waters have 
been calculated using the code PHRQPITZ (Plummer et al., 1988), and are 
summarized in Siegel et al. (1988a). The variation in halite saturation 
index as a function of ionic strength is shown in Figure 4.3.3. All fluids 
are undersaturated with respect to halite and Na and CI concentrations vary 
widely. There is a consistent increase in halite saturation index with 
increasing ionic strength. 

The variations in calculated gypsum and anhydrite saturation indices with 
ionic strength are shown in Figure 4.3.4. The data are internally 
consistent and indicate both a general saturation with respect to gypsum 
and an increase in anhydrite saturation with increasing ionic strength. 
However, with the exception of WIPP-29 (Zone D) all samples are 
undersaturated with respect to anhydrite. As a result, almost all Culebra 
waters are capable of converting into gypsum any anhydrite with which they 
might come into contact. 

Most calculated dolomite saturation indices for Culebra fluids indicate 
saturation or apparent supersaturation (Figure 4.3.5). The relationships 
between saturation indices, pH, and calculated pCC-2 suggest, as discussed 
in Siegel et al. (1988b), that loss of CO2 during sample collection may be 
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HALITE SATURATION INDICES vs. 
IONIC STRENGTHS OF CULEBRA BRINES 
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Figure A.3.3: Variation in calculated halite saturation indices of Culebra waters as a function of 
ionic strength. From Siegel et al. (1988b). 



SATURATION INDICES OF ANHYDRITE AND GYPSUM vs. 
IONIC STRENGTH OF CULEBRA BRINES 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 

7-1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—1—r 

+ GYPSUM 
A ANHYDRITE 

P + 

1 4 A A at A 

Z&A £ 

i 1 1 i 1 I I 1 I I I 1 I I I I L I I ' » » I I I L. 

3 4 

IONIC STRENGTH (molal) 

4.3.4: Variation in calculated gypsum and anhydrite saturation indices of Culebra waters as 
a function of ionic strength. From Siegel et al. (1988b). 



SATURATION STATES FOR CULEBRA BRINES 
(GYPSUM VS. DOLOMITE) 
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responsible for the apparent supersaturation; other potential sources of 
error include use of an inappropriate free energy for dolomite and 
analytical error. The wide scatter in dolomite saturation indices gives 
some indication of the apparent effect of degassing on calculations 
involving dolomite. The origins of the high original pC02 in Culebra 
waters is not known, but may include carbonate dissolution and/or microbial 
action (see Section 4.3.3). 

In addition to the major solutes used in defining hydrochemical facies and 
in calculating saturation indices considered thus far, there are consistent 
trends in both major-element (Ca, Mg, Na, K, "Cl, and SO4) and minor-element 
(Br, I, Sr) ratios in Culebra fluids. These trends, which are discussed in 
more detail in Siegel et al. (1988b) include the following: 

1. The Na/Cl ratios of fluids south of the WIPP site are higher than 
would be produced by simple dissolution of halite, suggesting the 
importance of dissolution-of Na-silicates at some time in the deriva
tion of fluids in this area. This is consistent with the norm-based 
end member of dilute meteoric alkali-bearing carbonate waters discussed 
in Section 4.3.1.1. 

2. At WIPP-27 and WIPP-29, the K/Na ratios and Na, K, Mg, Cl, and SO4 
concentrations are significantly higher than at other wells in Nash 
Draw or west of the site, suggesting that potash refining operations 
have significantly contaminated these locations. This is consistent 
with the definition of hydrochemical facies "D" in Section 4.3.1.1. 

3. Both ratios and concentrations of several elements are anomalous in 
samples collected from P-14, compared to surrounding wells. For 
example, concentrations of Ca, Sr, and I are anomalously high at P-14, 
and K and SO4, low. The Na/Cl, K/Na. and Mg/Ca ratios are somewhat 
low, and the CI/Br ratio distinctly low at this well. The "primitive-
diagenetic" salt norm at P-14 is anomalous (Section 4.3.1.1). 

4. Regionally, the CI/Br weight ratios are highest in Nash Draw, 
intermediate through the center of the WIPP site and to the south, and 
lowest at P-14 and H-4. 

Examination of the relations between element ratios discussed above 
indicate that correlations between elements are not simply linear. For 
this reason, the data in Table 4.13 were also examined using Principal 
Component Analysis (PCA). The technique is described in detail in Siegel 
et al. (1988b). The purposes of PCA are to determine if the fluids come 
from a single or continuously variable population, and to delineate the 
different independent ways (factors) by which major and minor elements are 
correlated. 

The preliminary results of factor analysis of Culebra fluids indicate that, 
on a regional scale, the samples are all drawn from a single chemical 
population; i.e., their chemistry is controlled by a consistent set of 
components. The most important component shown by R-mode PCA is dominated 
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by Na, K, Mg, Br, and CI. All solutes except Si02, alkalinity, and pH 
exhibit positive correlation with this factor. The second major factor 
also includes Na and CI, but is dominated by Ca, HCO3, and Sr. Overall, 
the data are interpreted to suggest that the two fluid-compositional 
factors describing the variability of Culebra waters represent addition of 
solutes by dissolution of halite, gypsum/anhydrite, and carbonates (Siegel 
et al., 1988b). 

However, because the amount of solute added by halite dissolution is so 
large relative to that added by other reactions, i.e., because halite 
solubility is much greater than that of other minerals considered, other 
chemical correlations may be masked. For this reason, a second set of PCA 
was carried out by Siegel et al. (1988b), using a method designed to be 
independent of total dissolved solids and hence halite dissolution. The 
primary component determined in this analysis contains two groups of 
elements that are inversely correlated. One group contains Mg, bicarbonate 
alkalinity, and Si02; the other group contains Na, pH, B, and Li. This 
pattern of element association is tentatively interpreted by Siegel et al. 
(1988b) to reflect clay diagenesis or silicate hydrolysis. The apparent 
uniformity of the compositional factors describing the variability of 
Culebra waters does not identify a discrete mechanistic or mineralogical 
delineation between the hydrochemical facies defined in Section 4.3.1.1. 

4.3.1.4 Estimated Oxidation-Reduction Potentials of Culebra Waters--Many 
of the transuranic elements to be emplaced in the WIPP facility have 
multiple valence states. Therefore, given the possible role of the Culebra 
dolomite in transport to the accessible environment, it is important to 
estimate oxidation potentials (redox potentials, Eh) within the unit. 
Available measurements of redox potentials in Culebra waters are described 
in detail by Myers et al. (1988), and are summarized in Figure 4.3.6. 
Myers et al. (1988) conclude that the calculated potentials summarized in 
Figure 4.3.6, based on the data from Pt electrodes and redox pairs involv
ing N, I, As, and Se, are fairly insensitive to assumptions concerning 
activity-concentration relationships, reasonable uncertainties in analyti
cal data, and errors introduced by uncertainty in field pH. Absolute 
potential measurements made with Pt electrodes are not generally considered 
highly reliable; they are included here only for purposes of inter-well 
comparison. Nonetheless, many of the data are internally inconsistent. 

The internally consistent values, indicated in Figure 4.3.6 by the vertical 
shaded bars, are interpreted by Myers et al. (1988) to bracket the redox 
potentials for the wells in Zone B (H-7, H-8, H-9, and Engle) between +330 
and +630 mv (or higher). A similar range is indicated for WIPP-26 (Zone C) 
in the eastern part of Nash Draw. Data for the nitrogen couple in 
hydrochemical facies A and C (Figure 4.3.1), except for WIPP-26, indicate 
less oxidizing conditions, with an estimated Eh of less than approximately 
+330 mv. 

Quantitative data are not available from within most of Nash Draw. The 
internally consistent data from WIPP-26 indicate a similar range of redox 
potential to that at H-7, H-8, and H-9. The platinum-electrode 

176 



REDOX ANALYSES AT '21 WELLS 
§00 

600 

400 -

200 

»"• CM 3 CI 
CD m o m 

Ul 
O 

Ul 
O 9 -0

3 ? -O
S 

•0
6 

o a Ul X X X X 

CD ffl 
r- oa o o 

CO 
CO 
CO 

<o 
CM 

*. s-
* I I • • * ( | 4 ^ * ^ C, 

i . 1 1 x 1 1 x 0 . 0 . 5 5 3 : 

WELL NAME 

Variability in approximate redox potential of waters from several Culebra wells. 
Symbols: + - AslII/AsV; D - platinum electrode; o - NH3/NO3-; x - SelV/SeVI; A - I"/ 
IO3". Arrows indicate upper or lower limits resulting from one member of pair being 
present at levels below the detection limit. From Slegel et al. (1988b). 



measurements in H-7, H-8, H-9 and WIPP-26 (Figure 4.3.6) are higher than 
those at most other locations. The apparent range of consistent potentials 
in WIPP-25 is large. Lambert and Robinson (1984) note, however, that WIPP-
25 evolved H2S during fluid sampling, suggesting that these results are 
suspect. Relative measurements with Pt electrodes (Lambert and Robinson, 
1984), also indicate that redox potentials in the Culebra in Nash Draw are 
higher than those in the underlying Rustler/Salado contact zone. 

Thus, there appear to be consistent variations in redox potential within 
the Culebra dolomite, with more reducing conditions to the northeast and 
more oxidizing conditions toward the southwest. This regional variation in 
the modern oxidation potential plays a significant role in interpretation 
of uranium-disequilibrium studies discussed in Section 4.3.4. 

4.3.1.5 Mineralogy of the Culebra Dolomite--It has already been noted that 
both the composition and density of Culebra fluids vary considerably at and 
near the VIPP site. One objective of studies summarized in Siegel et al. 
(1988a) was to determine whether or not variations in Culebra mineralogy 
correlate with variations in Culebra fluid compositions. Accordingly, 
detailed mineralogical studies of Culebra samples from ten different 
locations along three east-west traverses have been conducted, and are 
described by Sewards et al. (1988). 

Figure 4.3.7 shows a mineralogical cross section of the Culebra dolomite 
from Nash Draw towards the east, south of the WIPP site proper, as 
interpreted from sampled core (Sewards et al., 1988). As in any core 
study, especially in a locally fractured unit such as the Culebra, it 
cannot be demonstrated that the sampled core has been in contact with 
flowing groundwater. Mineralogical contents estimated by Lambert (1988) 
during preparation of rubbled material selected for isotopic analysis of 
Culebra matrix and veins (Section 4.4.2) differ somewhat from analyses 
summarized in Figure 4.3.7. The mineralogy at H-7 and H-10 (Figure 4.3.7) 
is probably representative of intact core samples at the WIPP. The 
dominant mineral in the selected cores is fairly pure dolomite, comprising 
about 85% of the bulk rock (by weight). Minor amounts of gypsum, calcite, 
and clay are observed throughout the sampled cores, but their distribution 
is heterogeneous both vertically and laterally. Fractures, which are 
present in most cores, are most commonly lined with clay and gypsum. 
Gypsum (CaS04-2H20) occurs as both fracture and vug fillings. Available 
analyses indicate that it is nearly pure. Both the composition and 
textural features suggest that it is secondary in origin. Calcite from the 
upper portion of the Culebra in WIPP-29 is also interpreted to be 
secondary. Minor amounts of pyrite, magnesite, quartz, and authigenic 
feldspar have been observed in some cores. Finally, a dark optically-
amorphous and X-ray-amorphous material is present in some abundance in 
Culebra samples examined, and has been tentatively identified as organic 
matter. It is generally associated with clays, and often occurs in algal 
structures or haloes surrounding vugs, the origin of which is attributed to 
biological activity. 
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In the intact cores examined by Sewards et al. (1988), corrensite, an 
ordered mixed-layer illite-smectite clay, is the second most abundant 
mineral within the Culebra after dolomite. In addition to occurring along 
fractures, clays are also present in the matrix of all Culebra samples, and 
commonly make up 3 to 5 weight percent of the bulk sample. The dominant 
clay minerals are corrensite, illite, chlorite, and a serpentine-like 
mineral, tentatively identified as amesite. 

The recent mineralogical studies in the Culebra indicate that the unit is 
vertically and laterally heterogeneous. The dominant variation in Culebra 
fluids, variation in Na and CI (Section 4.3.1.1), is not reflected in the 
presence or absence of halite in Culebra core. Dolomite, clays, and gypsum 
are ubiquitous, and calcite local in occurrence. Table 4.14 summarizes 
potential rock/water reactions that may influence the chemistry of Culebra 
waters. With the exception of halite, all of the minerals involved in 
reactions listed in Table 4.14 occur in the Culebra throughout the area at 
and near the WIPP site. Halite, that has definitely not been introduced 
during drilling has not been reliably identified in any Culebra core. With 
the exception of halite dissolution, any of the reactions indicated in 
Table 4.14 can occur in any of the Culebra hydrochemical facies zones 
defined. Examination of potential rock/water reactions affecting fluids 
within the Culebra has not yet identified unique or discontinuous 
relationships between matrix mineralogy and fluid composition that can be 
used to place additional constraints on either present or past directions 
of fluid flow. 

In summary, the highly variable fluids within the Culebra dolomite can be 
divided into four facies. The distribution of these facies is not 
consistent with modern regional flow directions estimated from hydrologic 
measurements, if steady-state confined flow is assumed. Zone B, containing 
lower-salinity fluids lies down-gradient from Zone C, which contains more 
saline waters. An internally consistent interpretation of the variability 
of Rustler fluids is possible on the basis of salt norms if large-scale 
vertical recharge is assumed in some areas. However, some of the analyses 
used in this interpretation do not appear to be representative, and both 
isotopic and hydrologic evidence suggest that such vertical fluid movement 
is not now operative at and near the WIPP site. The mineralogy of core 
samples from the Culebra dolomite is consistent only in its variability. 
It cannot be demonstrated that sampled fluids at a given well have been in 
contact with a given piece of core; therefore it cannot be directly 
demonstrated that rock/water interactions identified on the basis of a 
given core sample control or affect the local fluid composition. The 
available data cannot identify any unique relations between Culebra matrix 
mineralogy and major-solute or minor-solute compositions of Culebra waters 
that can themselves be used to place constraints on either past or present 
flow directions within either the Culebra or the Rustler Formation as a 
whole. As discussed in Section 4.4.2, however, the isotopic compositions 
of some minerals within the Rustler, especially gypsums, can be used to 
place constraints on vertical fluid flow. 
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Table 4.14: Summary of possible rock-water reactions affecting composi
tions of Culebra fluids. From Siegel et al. (1988a). 

Chemical Process Potential Effect on Culebra Water 

Halite Dissolution 

Precipitation/dissolution of 
gypsum 

Precipitation/dissolution of 
calcite and dolomite 

increase Na, CI, Br, Li; decrease CI/Br; 
increase solubility of carbonates and 
sulfates up to 3 molal NaCl and then 
decrease solubility causing changes in 
Ca, Mg, SO4, CO3 

decrease/increase Ca, SO4 

decrease/increase Ca, Mg, CO3 

Dolomitization: calcite + Mg 
-> dolomite + Ca 

decrease Mg/Ca 

Dedolomitization: dissolution 
of gypsum and dolomite with 
concurrent precipitation of 
calcite. 

decrease pH, alkalinity/S04; 
maintain Mg/Ca molar ration < 1 

Ion exchange involving Mg, 
K-rich clays in NaCl brines 

Mixing of connate hypersaline 
formation water with recharge 
water that has dissolved 
gypsum, 

Incongruent dissolution of 
polyhalite 

loss of Na, gain of Mg, K by solution 

increase Mg, Ca, K, Na, CI; decrease 
SO4, CI/Br 

increase Mg, K, SO4; decrease Ca, CI/Br 

4.3.2 Recent Stable-Isotope Studies of Groundwaters from the Rustler 
Formation and Younger Units 

4.3.2.1 The Character of Modern Recharge in the Northern Delaware Basin--
As mentioned above, stable-isotope studies do not provide direct infor
mation concerning the age of groundwater. Rather, they may indicate 
whether or not two or more bodies of water were recharged under similar 
climatic conditions and whether or not one of the bodies of water is 
modern. At the VIPF site, the approach requires both determination of the 
isotopic character of modern recharge in the region and determination of 
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whether or not the isotopic character of groundwaters in the Rustler 
Formation and younger units is consistent with that of modern precipi
tation. Recent stable-isotope studies of groundwaters in the northern 
Delaware Basin conducted as part of WIPP site-characterization activities 
are summarized by Lambert and Harvey (1987). 

The present stable-isotope data base for waters from Carlsbad Caverns 
(Lambert and Harvey, 1987), is summarized in Figure 4.3.8. Samples were 
collected from active drips or pools in portions of the cavern system well 
above the modern water table. Depending on assumptions concerning seasonal 
averaging of fluid compositions during infiltration and possible evapora
tion within the caverns, these waters may or may not be representative of 
modern meteoric recharge in the northern Delaware Basin at elevations 
similar to that of the surface of the WIPP site. 

Lambert and Harvey (1987) conclude that, with one possible exception 
(sample "GS"), evaporation, and rock-water interaction do not play a 
significant role in derivation of the waters.shown in Figure 4.3.8. This 
is because the waters fall in or near the "meteoric field," defined by the 
compositional space between the statistical world-wide precipitation trends 
calculated by Craig (1961) and by Epstein et al. (1965, 1970). Therefore, 
the isotopic character of the waters (Figure 4.3.8) is interpreted as con
sistent with that of modern meteoric recharge in the northern Delaware 
Basin. 

The character of modern precipitation in the northern Delaware Basin also 
rests on other analyses. In 1983, waters from Carlsbad Caverns were 
essentially the only waters interpreted to represent this recharge. As 
shown in Figure 4.3.9, most of the more recent measurements on surficial 
waters and some on shallow groundwaters in the vicinity of the WIPP site 
and at similar elevations are consistent with measurements on unconfined 
waters from the Capitan limestone. Samples from a local storm (August 26, 
1980) fall within the Carlsbad Caverns field, as do samples from the Dewey 
Lake Red Beds at the James Ranch and Quaternary alluvium at WIPP-15. The 
character of the water from the Dewey Lake Red Beds in the James Ranch well 
is consistent with the interpretation that the Dewey Lake is experiencing 
modern recharge at this location. The well at the James Ranch (identified 
as "ranch well" in Figure 1.2) is close to a locally active dune field 
south of the WIPP site; WIPP-15 was drilled specifically to investigate San 
Simon Sink (Figure 1.1), an active collapse feature over the Capitan 
limestone. The measured deuterium/hydrogen ratios of nine water-table 
samples from the Ogallala Formation in southeastern New Mexico are con
sistent with the lighter end of the Carlsbad Caverns field in Figure 4.3.9. 
Heavier Ogallala samples also high in tritium, discussed by Lambert (1988), 
are consistent with this field. Thus, Lambert and Harvey (1987) base the 
isotopic composition range of their field of "demonstrably modern 
precipitation" used in discussions below and in later figures in this 
section on measurements at several localities, and in several different 
geologic units. Additional information, especially concerning both the 
deuterium and tritium characteristics of groundwaters in the High Plains of 
Texas and the northern Delaware Basin of New Mexico is contained in Lambert 
(1988). 

182 



4D=I«'»0 
(CRAIG. 

CAVERNS TRENO 
60*7.34 (S* 331) 6"0 

+0.431**10.73) 

Figure 4.3.8: Available stable-isotope analyses of waters from the uncon-
fined portion of the Capitan limestone in Carlsbad Caverns, 
New Mexico. The two-letter identification of individual 
samples is fully explained in Table 3 of Lambert and Harvey 
(1987). The meteoric field is defined as the area between 
the statistical correlation lines of Craig (1961) and 
Epstein et al. (1965, 1970). Slightly modified from Figure 
6 of Lambert and Harvey (1987). 
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Figure 4.3.9: Recent stable-isotope analyses of surficial and near-surface 
waters in the northern Delaware Basin. Slightly modified 
from Figure 9 of Lambert and Harvey (1987). 
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Stable-isotope data from both the travertine deposit in McKittrick Canyon 
and a local storm (May 5, 1977) are much lighter than the Carlsbad Caverns 
field shown in Figure 4.3.9. The isotopic character of these samples is 
interpreted by Lambert and Harvey (1987) to be due to local elevation 
effects and point-data variability of individual storms. A similar 
elevation-dependent argument is made concerning the deuterium data 
available for Rio Hondo and at Carrizozo (see Lambert and Harvey, 1987. for 
discussion and detailed sample locations). 

Not all data from stratigraphic units . above the Rustler fall in the 
Carlsbad Caverns field in Figure 4.3.9. Water from the Dewey Lake Red Beds 
at the Pocket well is relatively light. This water has a calculated 
minimum radiocarbon age of 14,000 years (Section 4.3.3). The ages or 
isolation times of the relatively light waters from the Smith and Fairview 
wells are not known. The available stable-isotope results indicate 
complexity within the Dewey Lake Red Beds. The James Ranch well appears to 
contain "modern" water, and is located near an active .dune field. The 
Pocket and Fairview wells, which both contain water isotopically distinct 
from the Carlsbad Caverns field in Figure 4.3.9, are both located near the 
southwestern lobe of Nash Dtaw. 

4.3.2.2 The Hydrology of the WIPP Site and Vicinity Relative to Modern 
Recharge--Figure 4.3.10 summarizes the available stable-isotope data for 
groundwaters from the Magenta and Culebra dolomites at and near the WIPP 
site. In this figure, the isotopic character of these waters is contrasted 
with the Lambert and Harvey (1987) estimate of "demonstrably modern 
Delaware Basin recharge at 3,000 - 4,500 feet elevation," discussed above. 
The compositionally distinct waters from WIPP-29 and Surprise Spring, both 
of which are distinct from the meteoric field (Figure 4.3.8) are discussed 
separately below. 

There is no overlap between the Culebra/Magenta data near the meteoric 
field and the interpreted compositional field representing modern recharge 
(Figure 4.3.10). On the basis of the consistent compositional distinctions 
shown in Figure 4.3.10, Lambert and Harvey (1987) conclude that: 1) the 
stable-isotope compositions of Culebra and Magenta groundwaters do not 
reflect modern meteoric recharge of the Rustler Formation; 2) there is no 
significant modern recharge to the Magenta and Culebra dolomites at and 
near the WIPP site; and 3) the waters presently contained within the 
Magenta and Culebra at and near the WIPP site were recharged under dif
ferent climatic conditions than those at present. Therefore, at least some 
aspects of the hydrology of the Rustler Formation must be transient on some 
time scale. 

The Rustler Formation is not the only unit in the northern Delaware Basin 
that contains older water. There is also significant variability in the 
isotopic character of fluids within the Capitan limestone (Figure 4.3.11). 
The heavier samples defining the "Carlsbad Caverns" compositional field in 
this figure, which is almost identical to the modern recharge field in 
Figure 4.3.10, are from the unconfined and partially saturated hydrologic 
system within Carlsbad Caverns. The lighter samples are from wells drilled 
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Figure 4.3.10: Stable-isotope compositions of waters from the Culebra and 
Magenta dolomites at and near the WIPP site. The "modern 
recharge" field is defined by the Carlsbad Caverns field 
and other consistent data contained in Figures 4.3.8 and 
4.3.9. Note the anomalous character of samples from WIPP-
29 and Surprise Spring. Slightly modified from Figure 14 
of Lambert and Harvey (1987). 
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Figure 4.3.11: Comparison of stable-isotope character of waters from un-
confined and confined portions of the Capitan limestone. 
Slightly modified from Figure 10 of Lambert and Harvey 
(1987). 
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into confined regions of the Capitan. The signatures of samples from con
fined portions of the Capitan limestone fall within the same compositional 
field as most Rustler fluids. Based on uranium-disequilibrium studies, 
Barr et al. (1983) estimate the isolation times for the Capitan waters from 
the Middleton and Hackberry wells (Figure 1.1) as 5.8 x 10 5 and 1.05 x 10 6 

years, respectively. 

Thus, stable-isotope measurements in the Rustler Formation, Dewey Lake Red 
Beds, and Capitan limestone are consistent with the conclusion that the 
hydrology of the northern Delaware Basin is transient. The fundamental 
conclusions of Lambert and Harvey (1987) and Lambert (1988) concerning the 
hydrologic setting of the northern Delaware Basin are: 

1. The isotopic compositions of waters from unconfined portions of the 
Capitan limestone, the Ogallala Formation, and several other unconfined 
sampling locations at elevations similar to that of the WIPP site are 
representative of modern meteoric recharge within the northern Delaware 
Basin. 

2. The general isotopic composition of samples from the Culebra and 
Magenta dolomites of the Rustler Formation at and near the WIPP site, 
as well as of samples from confined portions of the Capitan limestone, 
is distinct from that of modern meteoric precipitation within the 
northern Delaware Basin. 

3. The Culebra and Magenta dolomites at and near the WIPP site, in 
addition to part of the Dewey Lake Red Beds and confined portions of 
the Capitan limestone, were recharged under climatic conditions 
different from those effective at the present time. 

4. Therefore, the hydrology of the northern Delaware Basin is 
transient on some time scale. The stable-isotope technique itself 
provides no information concerning the possible times or time gaps 
between two interpreted recharge intervals or events, nor does it 
necessarily provide information concerning where recharge might have 
taken or be taking place. In the specific case of the Rustler 
Formation, however, the stable-isotope technique does indicate that 
significant modern meteoric recharge to the Culebra or Magenta is not 
taking place at any of the sampled localities. 

One site-specific focus of Lambert and Harvey (1987) is the determination 
of whether or not southeastern Nash Draw, specifically the area including 
hole WIPP-29 and Surprise Spring (Figure 1.1), is a major point of 
discharge_ for Rustler fluids flowing across the WIPP site. Lambert and 
Harvey (1987) evaluate the question by comparison of the solute and 
isotopic characteristics of fluids from hole WIPP-29 and Surprise Spring 
with those of other Rustler fluids. As shown in Figure 4.3.10, the 
isotopic signatures of fluids from both WIPP-29 and Surprise Spring are 
quite distinct from the meteoric field. Lambert and Harvey (1987) 
conclude that the solute characters of WIPP-29 and Surprise Spring waters 
are also distinct. 
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In general, the modern flow directions within the Culebra in Nash Draw are 
roughly parallel to the axis of Nash Draw (Section 4.1). This suggests 
that, if Surprise Spring is to be a major point of Culebra discharge, 
fluids must first flow through the region of hole WIPP-29. Rustler ground
waters have been sampled at both Surprise Spring and WIPP-29. It is 
essentially impossible to derive Surprise Spring waters from evaporation of 
WIPP-29 Culebra waters, since the lower chloride content at Surprise Spring 
(Figure 4.3.1) indicates major dilution relative to WIPP-29. The same 
argument applies to derivation of Surprise Spring waters from Culebra 
waters at both H-5 and H-6 at the WIPP site, and at many holes within Nash 
Draw itself. Further, as noted by Lambert and Harvey (1987), Surprise 
Spring appears to discharge from the Tamarisk Member of the Rustler, rather 
than from either the Culebra or Magenta. 

In addition, the Cl/K (weight) ratios for fluids from holes WIPP-27 and 
WIPP-29 are distinctly lower than those of other Rustler fluids both in and 
outside Nash Draw, including Surprise Spring (Section 4.3.1.1). Culebra 
groundwaters from WIPP-27 and WIPP-'29 have Cl/K ratios of ten and nine, 
respectively, compared to ratios generally from 38 to 73 in holes outside 
Nash Draw, and a value of 52 at Surprise Spring. Hole WIPP-27 is downslope 
from the tailings ponds of Mississippi Chemical Corporation's potash 
refinery in Nash Draw, while WIPP-29 is downslope from the tailings ponds 
of the International Minerals and Chemicals refinery (Lambert and Harvey, 
1987). 

Lambert and Harvey (1987) interpret these relationships and the fact that 
the isotopic compositions of waters from WIPP-29 and Surprise Spring are 
both distinct from the meteoric field to indicate that: 

1. The hydrology of Surprise Spring is essentially isolated and 
independent from that of the Culebra at WIPP-29, and is not dominated 
by confined Rustler groundwaters from elsewhere. Surprise Spring 
discharges from the Tamarisk Member of the Rustler. Nearby exposures 
of the Tamarisk serve as a likely recharge area for Tamarisk discharge 
at Surprise Spring, and may or may not be contaminated by local potash-
refining operations. The isotopic compositions of groundwaters at both 
WIPP-29 and Surprise Spring appear to have been derived from surface-
type water by partial evaporation. 

2. Surprise Spring is not at present a significant point of discharge 
for Culebra and/or Magenta fluids flowing across the WIPP site. 

3. As indicated by the relatively low Cl/K weight ratios in fluids 
from WIPP-27 and WIPP-29, local potash refining has a major impact on 
Rustler geochemistry and hydrology within Nash Draw (Section 4.3.1.1). 

Lambert and Harvey (1987) conclude that the isotopic character of fluids 
collected from the Rustler/Salado contact zone (Figure 4.3.13) is strongly 
affected by rock-water interaction (isotope shift). The extent of this 
effect generally increases with increasing distance from Nash Draw, paral
leling a general decrease in permeability (Section 4.1) and increase in 
rock-water ratios. 
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Figure 4.3.12: Relationship between oxygen fractionation and chloride con
tent for analyzed fluids from the Culebra, Magenta, and 
Rustler/Salado contact. Figure 21 of Lambert and Harvey 
(1987). 
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Figure 4.3.13: Stable-isotope character of waters from the Rustler/Salado 
contact, compared with modern precipitation in the northern 
Delaware Basin. The "modern recharge" field is defined as 
in Figure 4.3.10. Figure 15 of Lambert and Harvey (1987). 
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The interpretations of Lambert and Harvey (1987) and Lambert (1987b) are 
not consistent with some conclusions contained in Chapman (1986), which is 
based on review of much of the data contained in the two later reports. 
The fundamental disagreement lies in interpretation of the distinctions 
between waters from unconfined portions of the Capitan limestone, modern 
precipitation, and Rustler waters from at and near the WIPP site. The 
logic behind a portion of the disagreement is shown in Figure 4.3.14. 
Chapman (1986) concludes that the isotopic character of modern meteoric 
recharge in both the northern Delaware Basin and the Roswell Basin is 
represented by the weighted mean precipitation for the town of Roswell, 
calculated by Hoy and Gross (1982) (Figure 4.3.14), and that meteoric 
variability in both areas is closely represented by the trend line of Craig 
(1961). If these assumptions are valid, then it is possible to derive most 
of the isotopic compositions of unconfined waters collected within Carlsbad 
Caverns by "high-humidity" evaporation (line B in Figure 4.3.14) of water 
representing the calculated Roswell-weighted mean precipitation. Under 
this interpretation, the unconfined waters from Carlsbad Caverns would be 
secondary, and would not represent modern meteoric precipitation. As 
shown, the weighted mean precipitation used by Chapman to derive unconfined 
Capitan waters is also distinct from the compositional field defined by 
most Rustler, Dewey Lake, and confined Capitan waters. Chapman (1986) 
attributes this difference to a "seasonal or amount effect." 

Chapman (1986) also notes that, if only stable-isotope relationships are 
considered, the isotopic character of waters from Surprise Spring can be 
derived by partial near-surface evaporation of Rustler groundwaters (Line A 
in Figure 4.3.14); i.e., that Surprise Spring could be a major point of 
discharge for Rustler waters at and near the VIPP site. While this appears 
to be theoretically possible on the basis of stable-isotope relationships 
alone, the solute-composition relationships described in Lambert and Harvey 
(1987) and summarized above preclude this possibility. 

The disagreement between the interpretations contained in Lambert and 
Harvey (1987) and Chapman (1986) concerning the overall nature of the 
hydrology in southeastern New Mexico is fundamental, and cannot be resolved 
by stable-isotope studies alone. However, these studies do clarify the 
differences in opinion. Chapman (1986), in effect assumes that the 
hydrology of southeastern New Mexico is at steady state (or, alternatively, 
that its response to changing climatic conditions is effectively instan
taneous). She assumes that the weighted mean precipitation for Roswell and 
the statistical correlation of Craig (1961) are significant by themselves, 
and demonstrates that it is possible, based on these assumptions, to 
generate unconfined waters from Carlsbad Caverns by evaporation. By 
Chapman's interpretation, the unconfined Capitan waters do not represent 
modern recharge. However, the field of demonstrably modern Delaware Basin 
recharge defined by Lambert and Harvey (1987) includes or is consistent 
with analyses from several other locations in addition to Carlsbad Caverns. 
The weighted mean precipitation used by Chapman to derive unconfined 
Capitan waters by evaporation is also distinct from the compositional field 
defined by most Rustler, Dewey Lake, and confined Capitan waters. Chapman 
(1986) attributes this difference to a "seasonal or amount effect." The 
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operation of this effect on Rustler, Dewey Lake, and confined Capitan 
waters, as well as Ogallala water from the High Plains is not explained. 

Lambert and Harvey (1987) do not assume that the hydrology of southeastern 
New Mexico is at steady state. They do assume that significant departure 
in isotopic signature from the meteoric field defined by the compositional 
space between the statistical correlations of Craig (1961) and Epstein et 
al. (1965, 1970) is required before any recourse to evaporation is 
justified. Unconfined Capitan waters (and others, such as Ogallala fluids 
and samples from alluvium at WIPP-15) are interpreted by Lambert and Harvey 
(1987) to represent modern meteoric recharge in the northern Delaware 
Basin. The demonstrably different isotopic character of most Rustler, 
Dewey Lake, and confined Capitan waters from the field they interpret to 
represent modern recharge in the northern Delaware Basin is taken to 
reflect recharge under conditions distinctly different from those con
trolling modern recharge. Since steady state is not assumed, no single 
weighted mean precipitation is either defined or deemed relevant. The 
conclusions of isotopic studies discussed in Sections 4.3.3, 4.3.4, and 
4.4.2 are consistent with the interpretation of a transient hydrologic 
setting of the Rustler Formation and shallower units at and near the VIPP 
site. 

4.3.3 Recent Isotopic Studies with Emphasis on Radiocarbon 

Studies investigating the applicability of several environmental isotopes 
(isotopes generated primarily within the atmosphere), especially radio
carbon, to the shallow stratigraphic units at the WIPP are summarized by 
Lambert (1987a, 1988). Although the emphasis in these studies was on 
radiocarbon, tritium, and chlorine-36 were briefly evaluated. No 36ci 
above background could be identified, nor could tritium values signifi
cantly above background be identified except in hole WIPP-27. The high 
chlorine background is to be expected in fluids in a halite-bearing 
evaporite section. The tritium at WIPP-27, consistent with the major-
solute composition of Culebra groundwaters from WIPP-27 (Section 4.3.1.1), 
is interpreted to be due to contamination by potash-refining operations. 
Radiocarbon studies indicate that many of the sampled wells have been 
contaminated by organic materials during drilling, casing, and/or 
hydrologic testing. The successful radiocarbon measurements indicate 
isolation times of at least 12,000 to 16,000 years for three Culebra waters 
and one Dewey Lake water. Two of the four measurement points lie on nearly 
opposite sides of the WIPP site. 

The relationship between calculated "percent modern carbon" (PMC) and the 
bicarbonate content of most of the fluids analyzed to date, including three 
samples from the Rustler/Salado contact zone, is summarized in Figure 
4.3.15. PMC is carbon counts relative to 1950 wood. As shown in Figure 
4.3.15, there is a strongly linear relationship between PMC and bicar
bonate. The apparent end members are: a) a 0-PMC fluid with a bicarbonate 
content of approximately 60 mg/1, i.e., groundwater in equilibrium with 
carbonate, assuming bicarbonate is equal to total carbonate; and b) a 
100-PMC fluid with a bicarbonate content of approximately 300 mg/1. 
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If, as is commonly the case in radiocarbon studies, it is assumed that 
recharge groundwaters initially containing small amounts of atmospherically 
derived CO2 (PMC near 100) equilibrate fairly quickly with carbonate 
minerals underground, it is difficult to explain waters in Figure 4.3.15 
having greater than approximately 60 mg/1 bicarbonate. In other words, one 
would expect the slope in Figure 4.3.15 to be negative rather than positive 
if this slope reflected increasing equilibration with underground 
carbonates with increasing time (decreasing PMC) (Lambert, 1987a). By this 
logic, the high-PMC samples in Figure 4.3.15 do not represent modern 
infiltration. 

Regardless of the origin of high-PMC contents, a linear relationship should 
result from evaluation of any two compositional variables for the same 
fluids, if the data distribution in Figure 4.3.15 is a result of linear 
mixing of two fluid components. This is not the case for the analyzed 
fluids since the relationship between l̂ C fractionation and bicarbonate 
(Figure 4.3.16) is statistically random. This result suggests that at 
least three fluid components may be involved in mixing to develop the 
indicated 13c distribution. In such mixing, unique delineation of the 
mixing relationships and the ages or isolation times of the specific 
groundwater components involved is most likely impossible (Lambert, 1987a). 

The relation between percent modern carbon (PMC) and l̂ C fractionation for 
the samples on which adequate data are presently available is shown in 
Figure 4.3.17. The sampled fluids fall into two relatively distinct 
groups: a) a small group containing samples with less than approximately 
10 PMC; and b) a larger group with from 10 to greater than 90 PMC. Data 
from H-5c and Engle could be included with the low-PMC group shown in 
Figure 4.53, though, as noted by Lambert (1987a), the statistical correla
tions within both data groupings are stronger if the four low-PMC samples 
(H-4b, H-6c, H-9b, and Pocket) are considered as a separate group. Of the 
four low-PMC samples, all but that from the Pocket well are for fluids from 
the Culebra dolomite; the Pocket sample is from the Dewey Lake Red Beds. 

The definition of two distinct data groupings (Figure 4.3.17) leads to 
identification of three carbon-isotopic compositional components apparently 
involved in mixing within Rustler, Dewey Lake, and Rustler/Salado fluids. 
These are: 

1. Dissolved carbon from Permian marine carbonates. Because the 
Permian carbonates are more than 200 million years old, this carbon is 
no longer measureably radioactive. 

2: CO2 derived from modern organic materials injected in variable 
amounts into the sampled holes during drilling and/or casing 
activities. Lambert (1987a) found it pointless to attempt dating of 
almost all of these contaminated samples, as discussed below. 

3. CO2 derived from Pleistocene and older organics during recharge. 
The location of this recharge cannot be specified on the basis of these 
studies. Because of the possible contamination of all these samples by 
small amounts of CO2 from the modern reservoir, calculated PMC values 
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analyzed fluids. Figure 4 of Lambert (1987a). 
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in the four low-PMC samples shown in Figure 4.3.17 must be upper 
•limits. Conversely, calculated ages or residence times for the fluids 
must be lower limits. 

Lambert (1987a) applied several different numerical models to the analyzed 
groundwaters. The results, summarized in Table 4.15, indicate calculated 
isolation times of the sampled waters from any significant component of 
atmospherically derived carbon. The ages do not indicate that the fluids 
have been in their present location for the indicated time, simply that 
they have been isolated from a near-surface environment for approximately 
the time indicated. For the samples on which application of the models of 
Tamers (1975), Pearson and Swarzenki (1974), Mook (1976), and Evans et al. 
(1979) were generally successful, i.e., the four low-PMC samples (H-4 
Culebra, H-6 Culebra, H-9 Culebra, and Pocket Dewey Lake), the results 
indicate isolation times of between 10,600 and 25,700 years, depending on 
both sample and model used. The different models used vary in the 
correction mechanisms assumed to effect fluid interaction with the rock. 
Lambert (1988) notes that it is not possible to reliably separate the 
effects of natural isotope evolution from effects of contamination for any 
data lying off the two-component mixing lines in Figure 4.3.17, i.e., 
within the three-component mixing triangle. 

« Because of the method it uses in correcting for equilibration between 
groundwater and carbonates, and because it involves only a limited number 
of empirically-derived inputs, Lambert (1987a) concludes that the model of 
Evans et al. (1979) is the available model most applicable in the WTPP 
environment. One conclusion arising from the presence of Permian marine 
carbonates in the Rustler and use of the model of Evans et al. (1979) is 
that any groundwater sample with greater then 50 PMC must either be con
taminated, or must be assumed to have had very limited exposure to the 
carbonates present. Application of the model of Evans et al. (1979) to the 
entire data set results in: a) calculated isolation times of 12,100 to 
16,100 years for the four low-PMC samples identified in Figure 4.3.17; and 
b) physically impossible negative model ages for all samples on and near 
the trend including modern organics in Figure 4.3.17, with the exception of 
samples from H-5c (Culebra) and Engle (Culebra). These two samples yield 
model ages of 714 and 2,410 years, respectively, but lie within the three-
component mixing triangle shown in Figure 4.3.17. 

Based on radiocarbon studies, Lambert (1987a) concludes that: 

1. The four interpretable radiocarbon ages on Rustler and Dewey Lake 
fluids, i.e., those calculated on minimally contaminated samples using 
the model of Evans et al. (1979), indicate that some Culebra and Dewey 
Lake fluids present in the vicinity of the WIPP site were isolated from 
atmospheric radiocarbon at least 12,000 to 16,000 years ago. The 
relatively tight cluster of ages may suggest some type of recharge 
episode, rather than a gradient resulting from continuous recharge. 

2. Because of there being no consistent directional age gradient in 
calculated ages in such old groundwaters, the radiocarbon technique 
provides no information concerning directions or rates of fluid flow 
within either the Rustler Formation or the Dewey Lake Red Beds in 
applications to date on VIPP groundwaters. 
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Table 4.15: Results of application of different interpretative models to 
available radiocarbon analyses, including corrections 
involving dolomite. Part of Table 4 of Lambert (1987a). 

Tamers Pearson and Hook Evans et al. 
Locality PMC Si:iC (1975) Swarzenki (1974) (1976) (1979) 

H-4 4.82 -6.7 19300 17300 12000 16100 

H-6 9.7 -8.4 13600 12600 10600 12100 

H-9 2.22 -2.4 25700 20200 indet. 14900 

Pocket 3.67 -3.8 21600 17400 indet. 14000 

3. To date, most radiocarbon measurements on Rustler fluids collected 
in hydrologic drillholes are invalidated by unknown amounts and types 
of organic contamination occurring during and after drilling. Most 
fluids have a carbon-isotopic signature apparently reflecting nonre-
solvable three-component mixing among inorganic carbon, organic carbon 
from a past period of surficial recharge, and modern organic contamina
tion introduced during drilling. All samples collected may be contami
nated at some level; therefore, most calculated groundwater ages are 
lower limits. 

4. Application of several models to calculate radiocarbon ages indi
cates that the best useable model is that of Evans et al. (1979), which 
accounts for both congruent dissolution of carbonates and possible con
tinuing exhange of radiocarbon between the diluted groundwater solution 
and the surrounding country rock. 

While the radiocarbon studies described by Lambert (1987a; 1988) were 
partially successful and indicate lower-limit isolation times for sampled 
fluids at four specific locations, extrapolation of the results must be 
done carefully. The results do not: a) mean that the sampled fluids have 
been in residence at the sampling sites for the indicated lengths of time; 
b) provide any information about where major recharge occurred when it did 
take place; or c) rule out small but indeterminate amounts of modern 
vertical recharge to the Rustler and Dewey Lake at the WIPP site. The 
available radiocarbon data can be interpreted consistently to mean that 
"steady-state" recharge of the Rustler and Dewey Lake is an actively 
ongoing process only at locations removed from the WIPP site, and that flow 
times from the point(s) of recharge to the sample localities are at least 
12,000 to 16,000 years. However, the results mean that surficial recharge 
at the WIPP site, if significant at some time in the past, effectively 
stopped at the sampled localities at least 12,000 to 16,000 years ago. Two 
of the sampling localities, H-4 and H-6 lie close to and on nearly opposite 
sides of WIPP Zone 3. 
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Lambert (1987a) also concludes that measured 36ci and tritium contents on 
minimally contaminated Rustler fluids at and near the WIPP site cannot be 
discriminated from background values. Because of the high chlorine 
background in fluids that have been in contact with halite present in the 
Rustler and/or in surficial deposits in southeast New Mexico, no measurable 
36d was detected. No tritium content greater than 0.2 tritium units (TU) 
was found in any fluid that was demonstrably minimally contaminated, in 
contrast to a reasonable "background" level of 3 - 7 TU. The highest 
measured tritium content in Culebra water is 6.9 TU from WIPP-27 (Lambert, 
1987a). However (Section 4.3.1.1) the Culebra at WIPP-27 is interpreted to 
be contaminated by potash-refining operations, on the ground of major-
solute chemistry. Therefore, Lambert (1987a) concludes that there is no 
advantage in pursuing either technique further in the Rustler Formation at 
the WIPP site. 

4.3.4 Uranium-Disequilibrium Studies in the Culebra Dolomite 

The radiocarbon studies summarized in Section 4.3.3 indicate that the 
recharge age of groundwaters presently in the Culebra dolomite and part of 
the Dewey Lake Red Beds at and near the WIPP site is at least 12,000 to 
16,000 years. While these results indicate that, independent of flow path, 
travel times from recharge to their present location are long, they 
indicate nothing about the flow directions or distances involved. The 
uranium-disequilibrium technique discussed in this section addresses some 
questions which cannot be addressed by radiocarbon or stable-isotope 
techniques, such as apparent directions of fluid flow. The basic 
principles of the uranium-disequilibrium method are discussed in both 
Lambert and Carter (1984) and Lambert and Carter (1987). 

Interpretations of uranium-disequilibrium data can only be as reliable as 
the number and quality of the samples from which the data are derived, and 
are also limited by the applicability of the principles involved, in the 
interpretations. There are two specific constraints to interpretation of 
uranium-disequilibrium data at and near the WIPP site. First, data east of 
Nash Draw are extremely limited in number, since values are known at only 
four locations, H-4, H-5, H-6, and WIPP-30. As a result, there is 
considerable uncertainty in both contouring of results and inferred flow 
directions east of Nash Draw. Second, as noted by Lambert and Carter 
(1987), there is no known trace component of Rustler fluids which reliably 
indicates whether or not any sampled groundwater is representative with 
respect to either total uranium content or uranium-disequilibrium "activity 
ratio" (A.R.). The activity ratio considered here is in terms of relative 
decay rates of the 234JJ an<j 238y isotopes, not the ratio of chemical 
activities. Two measurement trends have been noted which help evaluate the 
extent of approach to steady-state fluid composition during serial sampling 
and/or indicate the direction from which the sampled fluid may approach or 
bound a representative state for groundwater at the sampling locality. 
Uranium is a trace contaminant, at concentrations greater than normal for 
evaporitic rocks, in drilling and sampling apparatus, especially casing. 
Therefore, total uranium in the sampled fluid generally decreases with 
increasing pumping rate and/or total pumping time (Lambert and Carter, 
1984), as the amount of contamination is reduced. Measured total uranium 
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contents in Culebra waters should represent upper bounds. The measured 
234u/238u activity ratio in sampled fluids generally increases with total 
pumping volume and rate; i.e., with decreasing contamination from the 
casing and/or sampling apparatus (Lambert and Carter, 1984). This is 
presumably because the contamination present in sampling apparatus and 
casing has an Activity Ratio (A.R.) very near 1.0. Any measured A.R. in a 
sampled fluid should thus represent lower bounds. 

As noted in Lambert and Carter (1987), interpretation of uranium-
disequilibrium studies involves additional assumptions. During recharge, 
an initial A.R. equal to or not much greater than 1.0 (generally 1 - 3) is 
assumed to be fixed at the edge of the oxidation zone. There are several 
generalized sequences of behavior that can follow infiltration. The 
conceptual and numerical model used is essentially that of Osmond and 
Cowart (1976). The variability can be simplified by considering the 
relationship between A.R. and total uranium in the analyzed fluid. Under 
reducing conditions, the total uranium content of the fluids remains low, 
and the A.R. normally increases along the direction of fluid flow. This 
increase is a result of the preferential leachability of the 234-ph 
resulting from the alpha decay of 238u within the country rock, relative to 
the leachability of 2 3 8 U (Lambert and Carter, 1984; 1987). Thus, the 
combination of low total uranium content and elevated A.R. is interpreted 
to reflect flow along a flow path under relatively reducing conditions or 
locally "stagnant" flow conditions, both occurring on a time scale for 
which the technique is applicable, approximately 2,000,000 years (Lambert 
and Carter, 1984). In contrast, a measured groundwater A.R. near 1.0 is 
taken to indicate one of three things: 1) approach to secular equilibrium 
after a lengthy period of radioactive decay; 2) sampling of fluids soon 
after recharge; and/or 3) possible "swamping" of a higher A.R. by 
dissolution of rock uranium having an A.R. very near 1.0. A strong 
correlation of increasing total uranium content of sampled fluids with 
decreasing fluid A.R. along an inferred flow path favors the third 
interpretation. This can only occur under relatively oxidizing conditions 
under which the congruent solubility of uranium is enhanced. 

The available data for the 234u/238u A.R.s in Culebra fluids at and near 
the WIPP site are summarized in Figure 4.3.18. The figure shows a general 
eastward or southeastward increase in A.R.s east of Nash Draw. Contour 
lines shown in Figure 4.3.18 are based on the assumption that variations in 
A.R. are approximately linear between data points. From the resulting 
contours, it was inferred by Lambert and Carter (1987) that the most likely 
region of recharge for Culebra groundwaters is in or near the upturned edge 
of the Rustler units within Nash Draw. This interpretation reflects a 
major easterly or southeasterly component of flow from a recharge region 
within Nash Praw, assuming that high A.R.s such as measured in the WIPP 
site area at H-4, WIPP-30, and H-5 are generated by downgradient flow under 
relatively reducing conditions. 

The flow directions implied by the contouring in Figure 4.3.18 are not 
unique, because of both the limited data east of Nash Draw and uncertain 
relationships between flow directions and directions in which A.R.s 
increase. All that is certain is that, unless no reaction is taking place, 
fluid flow must be at some angle to the lines of constant A.R. , but need 
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Figure 4.3.18: 234u/238u activity ratios in analyzed Culebra fluids 
Figure 3 of Lambert and Carter (1987). 

203 



not be perpendicular to these lines. By analogy, groundwater flow in a 
fractured or anisotropic medium need not be perpendicular to potentiometric 
contours. If fluid flow is assumed to be perpendicular to the A.R. 
contours in Figure 4.3.18, flow is required to have taken place from 
regions of (present) high permeability in Nash Draw towards regions of 
(present) low permeability east of Nash Draw, such as the vicinity of H-5. 

In addition, there is considerable freedom in the contouring of A.R. values 
themselves. An indication of this is shown in Figure 4.3.19. In the 
interpretation shown in Figure 4.3.19, the assumption of roughly linear 
variation in A.R. between data points is relaxed, and contours are rotated 
into a more north-south position. Under this' interpretation, since the 
flow direction must be inclined to A.R. contours, the present A.R. 
distribution would be consistent with flow towards the south or southeast 
following recharge, i.e., at a lower angle to both the axis of Nash Draw 
and the very loose regional zonation of permeability within the Culebra 
(Section 4.1) than implied in Figure 4.3.18. However, flow towards the 
axis of Nash Draw is not consistent with the data. 

While the uranium-disequilibrium method is not always capable of 
identifying the recharge area, it is capable, unlike radiocarbon applied to 
Rustler groundwaters, of estimating flow directions following recharge. 
The higher-permeability areas within the Rustler Formation in Nash Draw 
seem a more likely paleorecharge area than either the surface of the WIPP 
site area or the low-permeability areas east of WIPP-30. Therefore, flow 
within the Culebra following recharge probably had at least some easterly 
component. 

Regardless of the estimated fluid-flow directions following recharge, the 
flow times estimated for the buildup to measured A.R.s east of Nash Draw 
depend on both the measured or assumed original uranium content of the host 
rock and the measured or assumed total uranium content of the groundwater 
fluid immediately after recharge. This buildup is a result of a combina
tion of differential leachability of 234^ a n a- 238y under reducing condi
tions and radioactive decay. In general, estimated flow times towards a 
measured high A.R. are inversely proportional to the initial uranium 
content of the groundwater and proportional to the estimated uranium 
content of the country rock. For example, Lambert and Carter (1987) found 
it impossible to generate calculated A.R.s greater than 3.4 using the mean 
present-day U concentration in Culebra core (0.9 x 10*6 g/e) and the lowest 
measured U concentration in Culebra fluid (0.134 x 10"^ g/g) as input. 
They interpret this inability to indicate that: (a) the present uranium 
concentration of the available Culebra core samples is probably not 
representative of the rock controlling A.R. buildup; and (b) the lowest 
measured ̂ uranium concentration in the fluid phase has been increased by at 
least some congruent dissolution. 

Lambert and Carter (1987) estimated flow times to H-5, assuming that the 
original U content of Culebra fluids was the same as the lower value 
measured in fluid from the Rustler/Salado contact in hole WIPP-30 (0.024 x 
10" 9 g/g). Calculated travel times are approximately 550,000 and 30,000 
years, for an assumed low-uranium and high-uranium Culebra matrix, 
respectively. The low-uranium matrix was taken as the average value 
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Figure 4.3.19: Contours of 234u/238u activity ratios in analyzed f luids, 
relaxing constraint of l inear var iat ion between data 
points. Modified from Figure 3 of Lambert and Carter 
(1987). 
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measured on core (0.9 x 10"6 g/g), and the high-uranium matrix (9.0 x 
10*6 g/g) was assumed. The assumed value is similar to that measured in a 
silty zone found within a Permian limestone in Carlsbad Caverns. In the 
W1PP site area, local high U contents within Culebra are supported by a 
known (but uncored) occurrence of a silty zone in hole P-15, indicated by 
geophysical logging to be rich in (uranium + thorium + potassium). A final 
A.R.-evolution path, assuming the initial uranium content in the fluid was 
the same as that measured in Carlsbad rain, 0.01 x 10" 9 g/g, yields 
estimated flow times to H-5 of 140,000 and 12,000 years, respectively for 
the low-uranium and high-uranium Culebra matrices. 

Thus, the minimum estimated times required for ingrowth of 234y t o g i v e C h e 

measured high A.R.s at H-5, assuming a uranium-rich Culebra matrix, are 
qualitatively consistent with the estimated minimum recharge ages based on 
radiocarbon studies reported in Lambert (1987a). Analyzed Culebra core has 
a lower uranium content than assumed in these calculations. Therefore, 
flow times from the position of recharge to H-5 were almost certainly much 
greater. The measured A.R. of greater than 11.0 at H-5 is inconsistent 
with any significant modern recharge in this area. A minimum flow time of 
at least several thousand years is required under reducing conditions to 
generate such an A.R., regardless of assumptions concerning initial fluid 
and rock-matrix properties, location of recharge, and directions of fluid 
flow. 

The ingrowth of A.R.s cannot be considered independently of the total 
dissolved uranium in the fluid phase. Figure 4.3.20 indicates a westerly 
or northwesterly increase in the amount of uranium in Culebra waters, from 
the UIPP site towards Nash Draw. Although there is uncertainty in the 
contouring of total uranium contents, the general direction of increase 
correlates with a general decrease in A.R. in a similar direction (Figure 
4.3.18 or 4.3.19). 

It is difficult to explain how any easterly flow of oxidized fluids 
involved in significant evaporite dissolution could maintain both high 
A.R.s and low total uranium contents measured east of Nash Draw, as would 
be required by any interpretation involving steady-state flow directions 
consistent with A.R. contouring in either Figure 4.3.18 or 4.3.19. During 
such flow, uranium would have to be precipitated within the Culebra 
dolomite. No evidence for elevated uranium concentrations has been found 
within the Culebra, except in hole P-15; the P-15 occurrence may in fact be 
a detrital accumulation. Measured uranium contents of bulk Culebra core 
are too low to account for the measured A.R.s. 

A logical explanation of the combination of measured A.R.s and total 
uranium contents of Culebra groundwaters at and near the WIPP site involves 
a change of flow directions, after development or ingrowth of the elevated 
A.R.s measured east of Nash Draw (Lambert and Carter, 1987). In this 
interpretation, an early flow system with at least some component of 
easterly flow under reducing conditions, would later be changed, resulting 
in some component of westerly flow. The magnitude of the required change 
in flow directions within the Culebra is not well defined at present. 
Combination of the contours in Figure 4.3.19 and 4.3.20 requires something 
like a 60-degree change, assuming recharge occurred in the northern part of 
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Figure 4.3.20: Total dissolved uranium content of analyzed fluids. Figure 
2 of Lambert and Carter (1987). 
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Nash Draw. Combination of the contours in Figure 4.3.18 and Figure 4.3.20, 
assuming recharge within the main part of Nash Draw, implies a more marked 
"reversal" of flow directions. 

Because of the general westward increase in total uranium in the Culebra 
groundwaters, the process resulting in a change in flow directions within 
the Culebra must include a general westward increase in oxidation 
potential, with resulting increase in uranium solubility. The mechanism 
for such an increase in oxidation potential, while not well defined at 
present, would presumably be related to the continuing exhumation of the 
Rustler Formation within Nash Draw (Lambert and Carter, 1987). Consistent 
with this interpretation, the redox measurements discussed in Section 
4.3.1.4 generally indicate more oxidizing conditions within the Culebra 
south of the WIPP site and .within at'least part of Nash Draw than at the 
WIPP site. 

Regardless of the detailed interpretation of transient flow directions 
within the Culebra, the uranium-disequilibrium studies of Lambert and 
Carter (1987) place strong constraints on some aspects of Culebra hydrology 
at and near the WIPP. These include the three constraints that: 

1. Culebra fluid residence times at or flow times to sampling 
localities east of Nash Draw (H-4, H-5, H-6, and WIPP-30) are at least 
several thousand years. The shortest calculated residence or flow 
times are consistent with minimum groundwater isolation times estimated 
in radiocarbon studies (Section 4.3.3). 

2. Regardless of the high Culebra head potentials in the area (Figure 
4.1.23), no significant recharge is occurring in the vicinity of H-5. 
This conclusion is indicated by the high A.R. and low total fluid 
uranium in this area. 

3. A significant amount of evaporite dissolution, under relatively 
oxidizing conditions appears to have taken place in and near Nash Draw, 
as indicated by the relatively high dissolved uranium contents in this 
area. 

4.4 Recent Studies Addressing Near-Surface Geology and Hydrology at and 
near the WIPP Site 

Considerable emphasis since 1983 has been given to evaluation of near-
surface processes at the WIPP site. The primary objective of this effort 
has been evaluation of the potential for evaporite dissolution within the 
Rustler ^Formation. Regardless of conclusions concerning evaporite 
dissolution within the Rustler, studies of near-surface processes and 
stratigraphy at the WIPP demonstrate the transient nature of the climate 
and near-surface hydrologic setting in southeastern New Mexico. Section 
4.4.1 summarizes recent studies of the near-surface stratigraphy and 
general geologic and hydrologic setting of southeastern New Mexico. 
Section 4.4.2 briefly summarizes recent studies concerning the extent of 
rock/water interactions and evaporite dissolution within the Rustler 
Formation. 
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4.4.1 Recent Studies of Near-Surface Stratigraphy at and near the WIPP 
Site 

Recent studies of the near-surface stratigraphy at and near the WIPP site 
summarized in Bachman (1985) were conducted as part of the evaluation of 
possible near-surface evaporite dissolution. The present distribution of 
the Gatuna Formation at and near the WIPP site is shown in Figure 4.4.1. 
An ash bed relatively high in the Gatuna is between 500,000 and 600,000 
years in age (Bachman, 1980). Since the Gatuna is overlain by the 
Hescalero caliche, which began to form approximately 500,000 years ago 
(Bachman, 1980), Bachman (1985) concludes that the Gatuna is ". . .at 
least as old as Middle Pleistocene and may contain some much older 
deposits." While preparing the isopachs shown in Figure 4.4.1, Bachman 
determined that the Gatuna along Livingston Ridge, on the east side of Nash 
Draw (Figure 1.1), contains cross-bedded channel deposits and conglomerates 
deposited by westward-flowing streams. The Bachman (1985) interpretation 
of the probable courses of streams at and near the WIPP site during Gatuna 
time is shown in Figure 4.4.2. Areas near the WIPP site presently overlain 
by Gatuna gravels were occupied approximately 600,000 years ago by 
moderate-energy stream channels. Based on comparison of the isopach maps 
for the Gatuna (Figure 4.4.1), Triassic rocks (Figure 4.4.3), and the Dewey 
Lake Red Beds (Figure 4.4.4), Bachman (1985) concludes that' the Gatuna 
streams flowed across and eroded both Triassic and Dewey Lake Red Beds 
strata. In contrast, the present climate and surface-hydrologic setting at 
the WIPP site does not support any moderate-energy streams. 

The Mescalero caliche, which overlies the Gatuna, is interpreted by Bachman 
(1985) as reflecting a slow process of soil formation on a stable 
geomorphic surface. The caliche is well-developed, and, in locations where 
the ". . . laminar horizon and the dense plugged horizons within the 
caliche are at the surface," contributes to ". . . rapid runoff and even to 
flooding during periods of heavy rainfall" (Bachman, 1985). Radiometric 
measurements indicate that the basal and upper portions of the Mescalero 
caliche began to form approximately 510,000 and 410,000 years ago, 
respectively (Bachman, 1980). The Mescalero surface on which the Mescalero 
caliche formed, encompasses the Livingston Ridge surface at and near the 
WIPP site (Figure 1.1). The widespread occurrence of the Mescalero caliche 
indicates relative structural stability of the Livingston Ridge surface 
over at least the last 400,000 years. 

The Berino soil, a locally distributed paleosol up to approximately 1 m 
thick, is interpreted by Bachman (1985) as a remnant soil sequence that 
originally included the older Mescalero caliche. Local survival of the 
Berino, which began to form approximately 350,000 years ago, is interpreted 
to require " . . . a long period of tectonic and geomorphic stability within 
a limited climatic regime" (Bachman, 1985). 

There is widespread evidence that the hydrologic setting of the vicinity of 
the WIPP site has changed at least once over the last 600,000 years. The 
Gatuna Formation, including moderate-energy stream gravels and conglomer
ates, was deposited at least 600,000 years ago in a setting which included 
actively eroding streams. Since approximately 350,000 years ago, the 
Livingston Ridge surface developed on the Mescalero caliche has remained 
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Figure 4.4.1: Distribution and thickness of the Gatuna Formation at and 
near the WIPP site. Figure 4 of Bachman (1985). 
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Figure 4.4.3: Distribution and thickness of Triassic rocks at and near the 
WIPP site. Figure 5 of Bachman (1985). 
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relatively stable; i.e., stable enough for local survival of the thin, 
350,000-year-old Berino soil. The time scale of the climatic change 
between the Gatuna and Mescalero, however, is more than an order of magni
tude greater than most groundwater residence, flow, and/or recharge times 
discussed in Section 4.3. 

There is, however, evidence of local surface-water activity near the WTPP 
site, ending some 25,000 years ago (Bachman, 1980; 1985). This evidence 
consists of gypsite (calcium sulfate) spring deposits along the east side 
of Nash Draw. The fact that these springs are no longer active is 
interpreted by Bachman (1985) to indicate that " . . . the groundwater 
regime originally responsible for dissolving underground beds of gypsum and 
depositing spring deposits is no longer active." Bachman (1985) interprets 
the spring activity as ". . . part of a paleokarst system resulting from a 
much different [wetter] climatic regime" than the present regime in 
southeastern New Mexico. 

There is limited evidence of regional climatic variability in southeastern 
New Mexico on approximately the same time scale as the gypsite springs in 
Nash Draw. As noted by Lambert (1987a), " . . . additional evidence for [a] 
wetter local climate is given by VanDevender (1980). From studying packrat 
middens in Rocky Arroyo, northwest of Carlsbad, New Mexico (about 35 miles 
northwest of the [present] study area . . . he determined that a juniper-
oak community was present in the early Holocene (10,500 to 10,000 
radiocarbon years ago), where now desert scrub communities exist." The 
presence of these middens is taken by Lambert and Harvey (1987) to indicate 
that ". . .in the immediate vicinity of the Delaware Basin, a wetter cli
mate prevailed more than 10,000 years ago; the present desert scrub-plant 
communities have been stable in the last 4,000 years." Unfortunately, the 
data presented by VanDevender (1980) provide no information concerning 
variations in the climate in the area between approximately 10,000 and 
4,000 years ago. 

There is strong evidence for both climatic and hydrologic changes having 
occurred since at least 600,000 years ago in the vicinity of the WIPP site, 
and limited evidence for a "wetter" climate than present approximately 
10,000 years ago. Unfortunately, there are broad time gaps in the regional 
information that is available. For example, no deposits are known at or 
near the WIPP site that are intermediate in age between the Berino soil and 
the gypsite springs in Nash Draw (Lambert, 1988). 

The stratigraphic and paleoclimatic studies discussed in this section are 
not alone in indicating a transient hydrologic setting for the WIPP site 
and vicinity. Fluid-density and flow-time relations discussed in Sections 
4.1.3.1 and 4.1.3.2, as well as hydrochemical facies discussed in Section 
4.3.1 are all inconsistent with steady-state confined flow. The isotopic 
studies discussed in Sections 4.3.2, 4.3.3, and 4.3.4 indicate a transient 
hydrologic setting for the Rustler. The time scale of transience is 
generally consistent to within less than an order of magnitude with the 
time scale of the climatic change indicated by the gypsite springs in Nash 
Draw (Bachman, 1980; 1985) and the packrat-midden studies of Van Devender 
(1980). 
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4.4.2 Recent Studies of Evaporite Dissolution and/or Vertical Fluid 
Movement within the Rustler and-Younger Formations -

4.4.2.1 General Geologic Studies—As mentioned above, the Mescalero 
caliche is relatively continuous at and- near the WIPP site. Where 
continuous, it plays a major role in limiting modern infiltration of 
precipitation. As noted by Bachman (1973), however, the unit is not 
completely continuous, since it is locally pierced by conical structures, 
roughly 1 m or less in diameter, resulting from localized caliche 
dissolution by humic acid released by plant roots. The structures 
generally do not completely penetrate the caliche (Bachman, 1973). Where 
these structures do completely penetrate, -local infiltration through the 
Mescalero caliche may occur, at least to the depth of plant roots. The 
widespread presence of the Mescalero caliche on the Livingston Ridge 
surface must be taken to indicate structural stability of the surface, not 
to indicate the impossibility of localized infiltration. The widespread 
preservation of the caliche does indicate that not enough infiltration on a 
regional scale has taken place since its formation to result in its 
wholesale dissolution. 

As discussed in Section 4.1.1 and 4.1.3, the measured head relations and 
relative transmissivities of members of the Rustler indicate only limited 
vertical fluid flow within the Rustler Formation. While there is limited 
vertical movement, stratabound or confined flow within the Culebra dolomite 
dominates the hydrology of the Rustler Formation at and near the WIPP site. 
If, however, vertical flow were to extend from the surface to the Rustler, 
through both the Mescalero caliche and the Dewey Lake Red Beds, the 
hydrologic setting of the Rustler Formation at and near the WIPP site might 
be "karstic." In such a system, vertical fluid movement both from the 
surface to- the Rustler and within the Rustler might result in formation of 
solution channels or cavities. If karstic hydrology dominated within the 
Rustler at and near the WIPP site, transport rates to the accessible 
environment would be significantly increased (e.g., Chaturvedi and 
Channell, 1985). The presence of karstic cavities within the Rustler at 
the WIPP site has been proposed by Barrows et al. (1983) to explain 
apparent gravity patterns in the vicinity of holes WIPP-14 and WIPP-34 
(Figure 4.4.1). Two additional structures have been interpreted by some to 
indicate the extension of the evaporite-karst behavior within Nash Draw 
over the WIPP site itself (see Neill et al., 1983). The first, a 
depression and related breach of the Mescalero caliche at hole WIPP-33, is 
interpreted (e.g., Bachman, 1985) as having originated by downward 
infiltration from the surface to sulfatic portions of the Forty-niner and 
Tamarisk Members of the Rustler immediately above and below the Magenta 
dolomite. The second is a relatively large but shallow depression in the 
SVl/U, SW1/4, Sec.29, T22S, R31E (see Figure 3.2 for general location), 
examined directly by Bachman. Bachman (1985) concludes that this structure 
is a result of wind erosion. 

One approach used in arguing in favor of karstic hydrology in the Rustler 
at and near the WIPP (e.g., Barrows, 1982) is based on the assumption of an 
idealized water budget or water balance, independent of the presence or 
absence of specific structures indicating infiltration of surface recharge 
to the required depths. In such an approach, values of variables such as 
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infiltration, precipitation, and evapotranspiration are assumed to be known 
with high precision and accuracy. Any excess of estimated precipitation 
over estimated evapotranspiration is then attributed to vertical recharge 
from the surface to the Rustler, i.e., to karstic hydrology. As shown by 
Hunter (1985), however, the uncertainties in precipitation, infiltration, 
evapotranspiration and Rustler-discharge data at and near the WIPP site are 
so large that water-budget techniques cannot be used either to determine 
the amount of recharge or to determine that recharge is occurring. The 
detailed water budget described by Hunter (1985) is, in fact, not 
inconsistent with the conclusion (Sections 4.3.2, 4.3.3, 4.3.4) that no 
recharge is now occurring at and near the WIPP site. The evaluation of the 
potential for karst hydrology within the Rustler at and near the WIPP site 
must be by means of hydrologic and geochemical studies (see Sections 4.1, 
4.3, and 4.4.2), rather than by an idealized water budget. The recent 
hydrologic and isotopic studies discussed in Sections 4.1, 4.3, and 4.4.2 
place serious constraints on the plausibility of karstic recharge presently 
being active at the WIPP site. 

If surface waters are to infiltrate to the level of the Rustler Formation, 
they must penetrate the Dewey Lake, after having penetrated both surficial 
sands and the Mescalero caliche. The presence of local structures 
penetrating the Mescalero indicates that localized infiltration is 
possible, although these structures generally do not completely penetrate 
the caliche and contain secondary laminar deposits resulting from 
infilling. Extensive studies of local surface depressions at and near the 
WIPP site led Bachman (1985) to conclude that: 

1. Breaches of the Mescalero significantly larger than those 
represented by the structures resulting from dissolution by humic acid 
are required for more than extremely localized infiltration, i.e., for 
development of karstic structures or hydrology in underlying units. 
The Mescalero caliche continues underneath the depression in the SW1/4, 
SW1/4, Sec.29, T22S, R31E examined at the specific request of the New 
Mexico Environmental Evaluation Group (Neill et al., 1983). Therefore, 
Bachman (1985) concludes that the depression is a surface structure 
resulting from wind erosion. 

2. The relatively large breach of the Mescalero beneath the surficial 
depression examined by drilling of hole WIPP-33 (Figure 4.4.1) in 1979 
(Snyder and Mclntyre, 1981) is a result of infiltration, but is unique 
at and near the WIPP site. The vicinity of WIPP-33 is the only region 
near the WIPP site in which vertical infiltration from the surface to 
the Rustler and resulting development of karstic hydrology and 
structures in the Rustler is reasonable. 

Bachman (1985) does suggest that the gypsite springs along the east side of 
Nash Draw are the result of removal of anhydrite/gypsum from within the 
Rustler and development of a local flow system connecting WIPP-33 with the 
eastern side of Nash Draw. Either cavernous porosity or very soft clay-
rich debris was encountered in Forty-niner and Taoarisk anhydrites directly 
above and below the Magenta dolomite in WIPP-33, but not in either the 
Magenta or Culebra dolomites. The depth of burial of the Forty-niner 
anhydrite in WIPP-33 is approximately 120 m. 
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The apparent WIPP-33 structure within the Rustler is consistent with 
interpretations that: 

1. Rustler dolomites are nearly the last rock type to be significantly 
affected by evaporite dissolution (Snyder, 1985). 

2. Because of the relative mechanical weakness of gypsum, the 
maintenance of open karstic structures within gypsum is possible only 
at relatively shallow depths. Bachman (1987) examines the regional 
distribution and impact of the dissolution of anhydrite and gypsum at 
relatively shallow depths. Certainly, sulfate dissolution has taken 
and is taking place within the Rustler Formation in Nash Draw, as 
evidenced by the continuing formation of small caves and sinkholes in 
the gypsums/anhydrites of the Tamarisk and Forty-niner Members. 

3. The only Rustler carbonate from a water-bearing zone in the region 
to have recrystallized in response to input of meteoric water is at 
WIPP-33 (Lambert, 1988). 

There is no consensus concerning the amount of evaporite dissolution within 
the Rustler east of Nash Draw. Two schools of thought exist. One 
approach, most recently summarized by Snyder (1985) and Lowenstein (1987), 
basically assumes an original laterally homogeneous halite distribution 
within the Rustler. By this assumption, lateral variability within the 
Rustler, especially the presence or absence of halite within the claystone 
portions of the unnamed lower member, Tamarisk, and Forty-niner Members, is 
due to halite dissolution. A simplified representation of halite 
distribution within the Rustler is shown in Figure 1.5. A representative 
cross section showing the variations in thicknesses and lithologies of 
individual members of the Rustler is shown in Figure 4.4.5. 

As shown in Figure 4.4.5, the progressive east-to-west decrease in halite 
in successively lower members of the Rustler is reflected largely in 
decreasing thickness of the affected member. The thickness of the Culebra 
and Magenta dolomites varies only slightly "across the area of the WIPP 
site. In fact, as shown by changes in Rustler thickness between holes 
WIPP-25 and BLM-1 (Figure 4.4.6), advanced stages of evaporite dissolution 
within the Rustler involve alteration/dissolution of anhydrite and gypsum 
rather than dolomites. The interpretations contained in Snyder (1985) and 
Lowenstein (1987) maximize both the total amount of halite originally 
present within the Rustler Formation and the amount of later dissolution. 
The conclusion in the WIPP FEIS (1980) that evaporite dissolution within 
the Rustler Formation was not of concern to the WIPP Project was based 
largely on extrapolation of vertical dissolution rates required to generate 
tfhe depth of Nash Draw in the approximately 600,000 years since deposition 
of the Gatuna Formation (Bachman, 1974). 

In contrast, Holt and Powers (1984; 1987) conclude on the basis of 
sedimentological arguments and structures that many structures within the 
Rustler Formation interpreted by authors such as Snyder (1985) and 
Lowenstein (1987) as resulting from halite dissolution are a result of 
primary depositional variability. By this interpretation, the amount of 
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halite later removed from the Rustler by evaporite dissolution is reduced. 
Since extrapolation of the estimated rates of dissolution within Nash Draw 
(Bachman, 1974) indicate that there is no need for concern at the WIPP site 
over the next 10,000 years, the differing interpretations do not directly 
affect the expected reliability of the WIPP facility. However, as 
discussed in Beauheim (1987b), primary depositional variability within the 
Rustler weakens the present understanding of the correlation between halite 
distribution within the Rustler, fracturing, and the transmissivity of the 
Culebra dolomite. 

The conclusion that some of the gypsum observed within the Rustler is 
primary, rather than being due to alteration of preexisting anhydrite, is 
part of the interpretation by Holt and Powers (1984; 1987). Thus, little 
movement of water outside the Culebra or Magenta members might be required 
to account for gypsum observed in the Forty-niner or Tamarisk Members. At 
the other extreme, the assumption that infiltration from the surface to the 
Rustler is presently operative at the WIPP site, i.e., that karstic 
hydrology is important in the Rustler Formation east of Nash Draw or WIPP-
33, requires that alteration within the Rustler and overlying formations 
involves surficial waters. At least localized flow through the anhydritic 
portions of the Forty-niner and Tamarisk Members is required by this 
assumption. Recent isotopic studies summarized by Lambert (1988) place 
constraints on the extent to which waters and hydrated minerals within the 
Rustler and Dewey Lake Red Beds reflect connate fluids, fluids resulting 
from stratabound movement, and fluids involved in vertical infiltration. 

4.4.2.2 Isotopic Studies--Figure 4.4.7 summarizes 87gr/86sr measurements 
(Brookins and Lambert, 1988) on sulfates (anhydrites and gypsum) and car
bonates from several evaporitic zones at the WIPP, as well as the Dewey 
Lake Red Beds. The isotopic signatures of samples from both the Nash Draw 
gypsite springs and the Mescalero caliche (see Section 4.4.1) are inter
preted to represent surficial components; i.e., high 87sr/86sr ratios 
resulting from surficial weathering. At the other extreme, the markedly 
different and internally homogeneous isotopic signature of the anhydrites 
from throughout the Castile and Salado Formations is interpreted to imply 
that there has been no distinguishable input of surficial components to 
these rocks. Anhydrites and gypsums from the unnamed lower member, 
Tamarisk, and Forty-niner indicate only a very limited input of surficial 
material, presumably by solute transport by either vertical or stratabound 
flow. 

The Magenta dolomite, which is significantly less permeable than the 
Culebra in most areas (see Section 4.1.1) is also more similar in 87sr/86sr 
character to the surrounding anhydrites and gypsums than is the Culebra. 
This implies, consistent with conclusions reached in Sections 4.1 and 4.3, 
dominantly stratabound fluid flow within the Rustler, with the Culebra 
dolomite being predominant. If the apparent surficial component of the 
Culebra were a result of vertical infiltration, rather than stratabound 
flow of originally surficial waters, the infiltration would be expected to 
alter the overlying portions of the Rustler. Instead, there is much less 
overlap between 87Sr/8?Sr ratios measured in the Magenta, Tamarisk, and 
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Forty-niner Members with those measured in the Dewey Lake Red Beds than 
between the ratios measured in the Culebra and in the Dewey Lake. 

Results contained in Figure 4.4.8 indicate further that the hydrologic 
system in the Dewey Lake Red Beds is significantly distinct from that of 
underlying units. With the exception of the Dewey Lake Red Beds, this 
figure summarizes the 87sr/86sr relationships between coexisting mineral 
pairs in evaporitic host rocks and in gypsum and/or calcite veins in the 
same unit. The question is whether these veins are locally, derived or 
result from fluid movement over relatively long-distances. The matrix of 
the Dewey Lake Red Beds, however, is made up of silicic siltstones and 
sandstones. Therefore, carbonates and sulfates are rare in the matrix and 
analyses of Dewey Lake matrix materials are not included in Figure 4.4.8. 
The gypsum veins within the Dewey Lake probably cannot be locally derived. 
The strontium-isotopic character of the Dewey Lake gypsum veins (Figure 
4.4.8) spans the range from surficial values represented by caliche and 
spring deposits in Figure 4.4.7 to isotopic values from underlying units. 
Since effectively none of the Dewey Lake veins can be locally derived, the 
range in their isotopic character indicates varying degrees of mixing of 
surficial waters and waters driven upward from the underlying evaporitic 
zones, consistent with modern head relationships discussed in Section 
4.1.1. 

Without exception, the strontium-isotope characters of coexisting mineral 
pairs from veins and host rock in units beneath the Dewey Lake are 
statistically identical to each other (Figure 4.4.8), indicating that the 
isotopic character of the vein material is controlled by that of the 
accompanying host rock, and not by a pervasive hydrologic system 
interconnected with veins in the Dewey Lake. This is even true for the one 
sample pair from the Culebra. These results indicate that there is little 
or no input of surficial material transported by groundwater below the 
Dewey Lake Red Beds, even into veins. All units below the Dewey Lake Red 
Beds considered here are evaporitic, i.e., they contain significant 
carbonates and/or sulfates in their matrix. Therefore, the local 
derivation of vein carbonates or sulfates is internally consistent. 

Figures 4.4.9 and 4.4.10 indicate some constraints in rock-water ratios 
during gypsum crystallization or recrystallization in the Rustler and Dewey 
Lake. The dashed lines in Figures 4.4.9 and 4.4.10 represent the ranges in 
deuterium/hydrogen characteristics of Rustler water and modern surface-
meteoric waters identified by Lambert and Harvey (1987) and Lambert (1988). 
At a sufficiently high rock/water ratio, i.e., when all of the available 
water is consumed in gypsum formation, for example during alteration of 
preexisting anhydrite, the deuterium characteristics of the resulting 
gypsum water, of crystallization are constrained to be the same as that of 
the water added to the system. Therefore, the dashed fields in Figures 
4.4.9 and 4.4.10 also represent the expected isotopic character of 
secondary gypsums formed under conditions involving very high rock/water 
ratios (Lambert, 1988). At equilibrium with a large excess of water, the 
deuterium/hydrogen ratio in gypsum is approximately 20 parts per thousand 
less than that of the coexisting water (Lambert, 1988). Therefore, the 
fields outlined by solid lines in Figures 4.4.9 and 4.4.10 are decreased 
from the fields outlined by dashed lines by 20 per mil and represent the 
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expected hydrogen-isotopic character of gypsums crystallized in the 
presence of excess amounts of Rustler-type and modern surface-meteoric 
waters, respectively. 

The relationships shown in Figure 4.4.9 are consistent with crystallization 
of all of the analyzed gypsums with varying amounts of Rustler-type water, 
with the possible exception of vein material from the Dewey Lake in WIPP-
19. Formation of the Dewey Lake gypsum veins in WIPP-19 apparently 
required infiltration of waters with the same isotopic character as those 
interpreted by Lambert and Harvey (1987) to represent modern meteoric 
precipitation. The character of the gypsum from WIPP-33 indicates 
crystallization in the presence of a large excess'of Rustler-type water, 
but is not consistent with crystallization in the presence of any amount of 
modern-type water (Figure 4.4.10). [If it is assumed that the Magenta 
dolomite is more porous (permeable) than surrounding zones within the 
Rustler at this location, the isotopic variations in the vein gypsums from 
hole WIPP-34 are consistent with gypsum crystallization under varying 
ratios of rock to Rustler-type water.] The isotopic relationships (Figure 
4.4.9) are consistent with crystallization of gypsums within the unnamed 
lower and Forty-niner members in response to vertical fluid flow upwards 
and downwards from the Magenta, assuming increasing effective rock/water 
ratio with increasing distance from the Magenta. This interpretation is 
also consistent with modern Rustler head relationships shown in Figure 
4.1.3. » 

While results shown in Figure 4.4.9 are generally consistent with gypsum 
crystallization in equilibrium with varying amounts of Rustler-type waters, 
the results in Figure 4.4.10 indicate that this need not be the case for 
all samples. In Figure 4.4.10, the dashed field represents expected gypsum 
compositions for crystallization using modern surface-meteoric water, at a 
very high rock/water ratio, the solid field crystallization in the presence 
of greatly excess water. The hydrogen-isotopic relations indicate that it 
is impossible to form the gypsum from the Forty-niner Member at WIPP-33 
with modern surface-meteoric water. This conclusion is consistent with the 
interpretations of Bachman (1980) that the gypsice springs in Nash Draw, 
which he believes to be the discharge for the WIPP-33 structure, are not 
presently active. The relations shown in Figure 4.4.10 also indicate that 
it is not possible to form the gypsum from the Magenta dolomite in WIPP-34 
with surface-meteoric waters. The internally consistent interpretation of 
vertical variations in rock/water ratios within the Rustler Formation in 
WIPP-34, evident in Figure 4.4.9, breaks down if surface-meteoric waters 
are assumed to be involved. 

The isotopic results summarized by Lambert (1988) indicate that there has 
been significant involvement of surficial waters in formation of gypsum 
veins within the Dewey Lake Red Beds. These same results indicate that the 
hydrologic behavior of the Dewey Lake is largely distinct from that of the 
underlying units and that there has been some upward movement of fluids 
into the Dewey Lake from the underlying Rustler Formation, consistent with 
the modern head relationships discussed in Section 4.1. Isotopic relations 
within secondary gypsums in the Rustler and Dewey Lake are somewhat 
ambiguous. In many cases, a given gypsum may have crystallized in 
equilibrium with either Rustler-type or modem surficial-meteoric waters, 
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depending on the rock/water ratio that is assumed to have been effective at 
the time of crystallization. The isotopic variability of gypsums from hole 
WIPP-34 is, however, best explained by local vertical movement of Rustler-
type waters out of the Magenta dolomite, without the vertical karst channel 
system proposed for this locality by Barrows et al. (1983). It appears 
impossible to have crystallized secondary gypsum veins from the Dewey Lake 
at hole WTPP-19 without input of modern surface-meteoric waters. At WIPP-
33, where the best physical evidence exists for vertical fluid movement 
from the surface downwards to the Rustler at depth, the isotopic character 
of analyzed vein gypsum from the Forty-niner indicates that this movement 
and related gypsum crystallization does not involve modern surface-meteoric 
water, i.e., that the WIPP-33 structure is essentially no longer active. 
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5.0 SUMMARY OF WIPP SITE-CHARACTERIZATION ACTIVITIES, 1983 THROUGH 1987 

This section summarizes the present understanding of major aspects of WIPP 
site characterization, including some effort to place the WIPP facility in 
a regional hydrologic, structural, and geochemical prespective. A general 
conceptual model for the geologic behavior of the WIPP site and facility 
vicinity is presented in Section 5.1. Later sections describe more 
specific inclusions and briefly discuss remaining uncertainties or 
limitations. It must not be assumed either that any uncertainty discussed 
is significant to performance of the WIPP facility, or that any given 
uncertainty could be significantly reduced by further work. It is 
ultimately the role of the WIPP performance-assessment activity to 
determine which uncertainties are expected to be significant in evaluation 
of the short-term and long-term performance of the WIPP facility. The 
effort here is to provide as complete a conceptual model as possible for 
these decisions. 

5.1 General Conceptual Model for the Geologic Behavior of the WIPP Site 
and Facility 

The overall geologic and hydrologic setting of the WIPP site area has been 
transient (not steady-state) since before the beginning of deposition of 
the Bell Canyon Formation, approximately 250 million years ago, and will 
continue to be transient long after effective closure of the WIPP facility. 
Some events, such as crystallization of secondary minerals within the 
Salado Formation approximately 200 million years ago and formation of the 
Mescalero caliche 400,000 to 500,000 years ago, have taken place on a very 
long time scale relative to WIPP performance assessment, which must 
consider only a 10,000-year time frame. Two types of transient response 
have occurred or are occurring at and near the WIPP site within the 10,000-
year time frame of regulatory interest. These are: a) the continuing 
natural response of the geologic and hydrologic systems to the end of the 
last pluvial period (period of decreased temperatures and increased 
precipitation) in southeast New Mexico; and b) the continuing responses to 
hydrologic, geochemical, and structural transients resulting from WIPP site 
characterization and facility construction. The transient responses 
induced by the presence of the WIPP underground workings will continue 
until reequilibration following effective structural and hydrologic closure 
of the facility. 

The Bell Canyon Formation, consisting largely of shales, siltstones, and 
sandstones, contains the first relatively continuous water-bearing zone 
beneath the WIPP facility. In some parts of the northern Delaware Basin, 
the unitj contains permeable channel sandstones that are targets for 
hydrocarbon exploration. Recent studies suggest that the upper Bell Canyon 
at the WIPP site does not contain any major channel sandstone. This 
decreases the probability of the Bell Canyon serving as a source of fluids 
for dissolution of overlying evaporites at the WIPP. These same studies 
indicate that the final direction of fluid flow following interconnection 
of the Bell Canyon, Salado, and Rustler Formations within a drillhole would 
be downward into the Bell Canyon, after accounting for density increases in 
the fluids due to dissolution of halite within the Salado. It is assumed 
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here that the measured hydrologic characteristics of the Bell Canyon 
Formation are more significant to WIPP performance assessment than those of 
underlying units. The head distribution within the upper Bell Canyon near 
the WIPP site indicates flow towards the northeast. 

Both regional studies and studies within the WIPP facility indicate that 
the Castile and Salado Formations, both of which are made up predominantly 
of layered anhydrites and halites, should be considered as low-permeability 
units that deform regionally in response to gravity. In general, 
permeabilities and fluid-flow rates in both units are very low and 
insensitive to stratigraphy. Formation permeabilities in the Castile and 
Salado Formations remote from the WIEP excavations are generally 0.1 
microdarcy or less, and the regional water content of Salado halites is up 
to 2 weight percent. Exceptions include local brine occurrences in Castile 
anhydrites and gas occurrences in the Salado Formation, both of which are 
fracture-controlled, can be large in volume, and can be under pressures 
high enough to cause fluid flow to the surface. No major gas occurrence 
within the Salado Formation has been encountered at the WIPP site. In 
fact, where it has been possible to measure far-field brine pressures 
within the Salado, the pressures, permeabilities, and available brine 
volumes combine to indicate the potential for only very limited fluid flow 
upwards into the overlying Rustler Formation. It is not certain that the 
Castile and Salado Formations are hydrologically saturated regionally. 

Pressurized Castile brines have been encountered in Castile anhydrite in 
hole WIPP-12, approximately 1.5 km north of the center of the WIPP site. 
Geophysical studies indicate that Castile brines probably are present 
beneath a portion of the WIPP waste-emplacement panels, consistent with 
earlier assumptions. These brines are stratigraphically 200 m or more 
below the WIPP facility horizon and are not of concern except in the case 
of human-intrusion breach of the facility. 

In the western part of the Delaware Basin, extensive halite dissolution has 
apparently taken place in both the Castile and Salado Formations. However, 
much of the variability in structure and internal stratigraphic thicknesses 
within the Castile and Salado Formations results from deformation and 
original depositional variability, rather than from evaporite dissolution. 
Regional or far-field deformation of the Castile and Salado Formations 
involves pressure solution as a major mechanism, due to the presence of 
intergranular fluids, but occurs too slowly to be of future concern to the 
WIPP Project. Structures within hole DOE-2 result from deformation rather 
than dissolution. 

The hydrologic and structural characteristics of the Salado Formation in 
the disturbed zone generated by the presence of the WIPP facility are 
different than those in the far field. Formation permeability within a 
couple of meters of the underground workings at the facility horizon 
increases significantly. Near-field deformation of the Salado Formation 
involves both the opening of preexisting fractures in anhydrite beneath the 
facility horizon (Marker Bed 139) and generation of new fractures in 
halite. Fluid contents in the disturbed zone at the facility horizon 
decrease in response to facility ventilation and/or deformation. Within a 
few meters of the underground workings, both hydrologic and structural 
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behavior of the Salado Formation become essentially those of the far field. 
Brine seepage into the WIPP facility includes a significant transient 
phase, which will probably last until effective facility closure. The 
results of preliminary hydrologic testing in the Salado Formation adjacent 
to the WIPP air-intake shaft indicate extremely low permeabilities, with no 
apparent stratigraphic variability. The results also indicate that 
development of a disturbed zone around the WIPP shafts is less extensive 
than at the facility horizon. The extent, characteristics, and importance 
of the disturbed-rock zones around the WIPP shafts and at the facility 
horizon remain to be determined in detail. 

Where not extensively altered, the Rustler Formation should be' considered 
as a layered unit of anhydrites, siltstones, and halites, containing an 
important and variably fractured carbonate unit, the Culebra dolomite. The 
Culebra dolomite is the first continuous water-bearing unit above the WIPP 
facility and, at the WIPP site, is at least an order of magnitude more 
permeable than other members of the Rustler Formation, including the 
Magenta dolomite. The transmissivities of Rustler anhydrites at the WIPP 
site are too low to measure. As a result, the Culebra dominates fluid flow 
within the Rustler Formation at the WIPP site and is the most significant 
pathway to the accessible environment from the WIPP facility, except for 
direct breach to the surface by human intrusion. The transmissivity of the 
Culebra varies by approximately six orders of magnitude in the region 
containing the WIPP site. The Culebra transmissivity in the central 
portion of the site, including the locations of all four WIPP shafts, is 
low. Higher Culebra transmissivities are found in areas southeast and 
northwest of the central part of the site. Fluid flow rates within the 
Culebra are very low at the site center and in regions to the east, but 
relatively high within Nash Draw. Modern flow in the Culebra is confined 
and largely north-south in the area of the WIPP site. 

Fluid flow and geochemistry within the Culebra dolomite and shallower units 
are in continuing transient response to the marked decrease or cessation of 
local recharge at approximately the end of the last pluvial period. Both 
bulk chemistry and isotopic relations within Culebra fluids are 
inconsistent with modern flow directions if steady-state confined flow is 
assumed. Because of the relative head potentials within the Rustler 
Formation at and near the WIPP site, there must be a small amount of 
vertical fluid flow between its members, even though the permeabilities of 
Rustler members other than the Culebra dolomite are quite low. Where 
measured successfully, the modern head potentials within the Rustler 
prevent fluid flow from the surface downward into the Rustler carbonates. 
These results do not prohibit either the modern movement of fluids from the 
underlying Salado Formation upwards into the Rustler Formation or the 
downward movement of Dewey Lake waters into the Rustler Formation during or 
even after the cessation of local recharge at the end of the last pluvial 
period. They do, however, suggest that recharge from the surface to the 
Rustler Formation is not now occurring at the WIPP site. The results of 
stable-isotope, radiocarbon, and uranium-disequilibrium studies are also 
consistent with the interpretation that there is no measurable modern 
recharge to the Culebra dolomite from the surface at and near the WIPP 
site. The transient hydrologic response of the Rustler Formation to the 
end of the last pluvial period has involved at least some change in flow 
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directions in the Culebra dolomite. Although the modern flow is largely 
north-south, the results of uranium-disequilibrium studies- suggest that 
flow was more easterly during previous recharge. 

Within and near Nash Draw, evaporite karst is operative within the Rustler, 
as evidenced by the continuing development of small caves and sinkholes in 
near-surface anhydrites and gypsums of the Forty-niner and Tamarisk 
Members. There is no evidence of karstic hydrology in the Rustler at and 
near the WIPP site. However fracturing of some portions of the Culebra 
dolomite is sufficient at the site to strongly affect both hydraulic and 
transport behavior on the hydropad scale, i.e., over distances of 
approximately 30 m. Interpretation of -multipad interference tests 
conducted both north and south of the center of the WIPP site indicates 
that this fracturing need not be incorporated into numerical modeling of 
the regional-scale hydraulic behavior of the Culebra east of Nash Draw. 
Similarly, detailed transport calculations indicate that effects due to 
fracturing are not significant in regional-scale transport within the 
Culebra dolomite at and near the WIPP site, at least as long as the modern 
head distribution is not significantly disturbed and the calculated flow 
directions and transport properties are representative. 

The Dewey Lake Red Beds overlying the Rustler Formation consist largely of 
siltstones and claystones, with subordinate sandstones. In tested 
locations, the Dewey Lake may be hydrologically unsaturated, but is too low 
in permeability for successful hydrologic testing. South of the WIPP site, 
near an area where the unit may be receiving modern recharge, sandstones 
within the Dewey Lake locally produce potable water. In general, water 
levels within the Dewey Lake Red Beds, like those in the underlying Rustler 
Formation, must be in transient response to the end of the last pluvial 
period. Isotopic relations suggest that surficial waters have been 
involved in the formation of secondary gypsum veins within the Dewey Lake, 
but that the Dewey Lake and Rustler hydrologic systems are largely 
separate. 

The major near-surface units at the WIPP site are the Gatuna Formation and 
Mescalero caliche. The sandstones and stream-channel conglomerates within 
the Gatuna indicate that major changes in local climate have occurred over 
(at least) the last 600,000 years. The widespread preservation of the 
Mescalero caliche indicates not only the relative structural stability of 
the Livingston Ridge surface (on which the WIPP surface facilities are 
sited) over the last 400,000 years, but also that infiltration over this 
same time period has not been sufficient to dissolve a layer of carbonate 1 
to 2 m thick. 

5.2 Individual Conclusions and Discussions 

This Section contains descriptions and discussions of more specific 
conclusions concerning geologic chracterization of the WIPP site and 
vicinity. In each case, the description of the conclusion is followed by a 
brief discussion. 
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5.2.1 Conclusions Concerning the Overall Geologic and Hvdrologic Setting 
of the WIPP Site and Vicinity 

1. Conclusion: The overall geologic behavior at the WIPP site has been 
transient since before the beginning of deposition of the Bell Canyon 
Formation approximately 250 million years ago. Radiometric age dating 
indicates that secondary polyhalites in the Salado Formation near the 
WIPP facility horizon crystallized approximately 200 million years ago, 
some 40 million years after deposition of the Salado. Fractures within 
MB139, which are now partially healed, probably formed in response to 
rapid unloading at the end of the Cretaceous or in the Tertiary, i.e., 
more than approximately 2 million years ago." The hydrologic setting of 
the WIPP site appears to be in transient response to the end of the 
last pluvial period. 

Discussion: Not all of the secondary minerals in the Salado have been 
dated. The age of magnesite, which appears to play a large role in 
controlling the composition of fluid inclusions, has not been determined. 
The age of fracturing in MB139 has not been determined directly. However, 
given that estimated ages of secondary mineralization and fracturing within 
MB139 appear large relative to the regulatory time frame of 10,000 years, 
the present estimates are adequate. Understanding of the hydrology of the 
WIPP site, especially the Rustler Formation, has been a major focus of 
site-characterization activities (see belov). 

2. Conclusion: There is abundant evidence for climatic and hydrologic 
transients at the WIPP site over the time interval of approximately 
600,000 to 300,000 years before the present, as well as for long-term 
structural stability of the Livingston Ridge surface, on which the WIPP 
surface facilities are sited. The Gatuna Formation indicates a much 
wetter climate approximately 600,000 years ago, resulting in the 
presence of relatively high-energy streams on what is now the 
Livingston Ridge surface. The formation of the Mescalero caliche and 
Berino soil indicate a relatively drier climate approximately 500,000 
and 300,000 years ago. The widespread preservation of the Mescalero 
indicates structural stability of the Livingston Ridge surface for 
approximately 300,000 years. In addition to structural stability, the 
preservation of the Mescalero caliche indicates that the regional 
infiltration over approximately the last 500,000 years has been 
insufficient to dissolve the existing caliche. 

Discussion: The available geologic data do not provide a continuous time-
stratigraphic record over the last 600,000 years. For example, only the 
upper portion of the Gatuna Formation has been dated; the age of lower 
portions of the unit is unknown. No dated deposits younger than the Berino 
soil are present at the WIPP site. Regional preservation of the Mescalero 
caliche does not mean that there is no local infiltration of surficial 
waters, since local dissolution of caliche due to the action of plant roots 
is known; in some places, the resulting structures completely pierce the 
Mescalero. 
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3. Conclusion: There is localized evidence for climatic and hydrologic 
changes near the WIPP site on the time scale of 25,000 to 10,500 years 
ago. Gypsite springs along the east side of Nash Draw appear to have 
been inactive for approximately 25,000 years. Packrat middens 
northwest of Carlsbad indicate' a climate approximately, 10,000 years ago 
significantly cooler and wetter than that approximately 4,000 years 
ago. 

Discussion: Neither gypsite springs nor packrat middens have been found at 
the WIPP site proper. The radiometric age-dating of the gypsite spring 
deposits is not internally consistent, although the faunal assemblage in 
the deposits is definitely Late Pleistocene in age. The gypsite springs 
and packrat middens provide only a qualitative indication of change in 
climate and precipitation. Therefore, they cannot be used as direct input 
for transient boundary conditions in numerical modeling of hydrology at the 
WIPP site. Little information is available concerning the climate and 
hydrology of the northern Delaware Basin between approximately 10,000 and 
4,000 years ago. 

4. Conclusion: There is abundant evidence that the natural fluid flow and 
geochemistry of the Rustler are dominated by confined flow within the 
Culebra dolomite at and near the WIPP site, and that flow within the 
Culebra is transient on a time scale of approximately 10,000 years or 
longer. 

The hydrology and geochemistry of the Rustler, and therefore those of 
all other units as well, are recovering from the most recent pluvial 
interval in southeastern New Mexico. Factors indicating the overall 
transient setting of Rustler hydrology at and near the WIPP site 
include: a) the inconsistency between modern flow directions and 
present brine-density distribution within the Culebra dolomite if 
steady-state confined flow is assumed; b) the inconsistency between 
present hydrochemical facies within Culebra fluids and modern flow 
directions if steady-state confined flow is assumed; c) the inconsis
tency between the isotopic characteristics of Rustler fluids and both 
modern flow directions and surficial recharge to the Rustler at and 
near the WIPP site; and d) geologic, isotopic, and hydrologic studies 
indicating that vertical fluid movement into and out of the Rustler 
Formation is limited. 

Because the transmissivities of non-carbonate units within the Rustler 
are not zero and different hydraulic heads are known in different 
Rustler members, there must be limited vertical fluid flow within the 
Rustler Formation. However, the transmissivities of Rustler anhydrites 

J and the Tamarisk clays tone at and near the WIPP site are too low to 
measure; therefore vertical fluid flow must be extremely limited. 

Discussion: The present isotopic data bases are limited in size. 
Therefore, the presence of small structures inconsistent with regional 
interpretations is possible. In addition, because of the limited data 
base, directions of flow interpreted from uranium-disequilibrium studies 
include considerable uncertainty. The available results indicate that„ 
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although stratabound flow within the Culebra dolomite dominates at and near 
the WIPP site, this is not necessarily true within Nash Draw. Because of 
the existence of small caves and sinkholes within Tamarisk and Forty-niner 
anhydrites in Nash Draw, there must be a qualitative increase in the 
transmissivity of these members somewhere between the WIPP site and Nash 
Draw. Available evidence suggests that this change does not take place 
east of WIPP-33. 

5. Conclusion: At least three types of man-induced transients at the WIPP 
site are known or can be expected. The transients include hydrologic, 
geochemical, and structural effects, independent of the emplacement of 
waste. 

The hydrology of the Rustler Formation at and near the WIPP has been 
and will continue to be affected by both hydrologic testing in the area 
and the construction and sealing of the WIPP shafts. The hydrologic 
behavior of the Salado Formation, both in the WIPP facility itself and 
adjacent to the access shafts, has been altered by construction of the 
WIPP facility and shafts. This alteration includes development of a 
local altered or disturbed rock zone, within which permeability is 
significantly increased and a zone of partial saturation has probably 
developed. The altered zone, however, is probably less extensive 
around lined shafts than at the facility horizon. 

In the Rustler Formation, the use of lost-circulation materials during 
the drilling of hydrocarbon-exploration holes and hydrologic test holes 
not drilled with air has resulted in development of at least local 
geochemical transients of unknown magnitude, lateral extent, and 
duration. Any far-field radionuclide migration outside the WIPP 
facility in the Rustler may be superimposed on these transients. 
Possible geochemical alteration within the Salado Formation due to the 
presence of the WTPP facility remains to be examined in detail, with 
the exception of effects due to emplacement of TRU wastes. For 
example, the long-term geochemical stability of grouting materials used 
in both the Rustler and Salado is not yet known. 

The construction of the WIPP facility imposes a transient near-field 
structural effect on at least nearby portions of the Salado Formation. 
At the facility horizon, this effect includes both local opening of 
preexisting fractures in MB139 and formation of fractures in halite. 
Transient structural behavior around the WIPP shafts will include the 
Rustler Formation and extend to the land surface. However, the limited 
information availaole to date suggests that structural effects around 
the WIPP shafts will be less than those at the facility horizon. 

Discussion: The effective time scales of the man-induced transients in and 
near the WIPP facility are not well known. Transients directly resulting 
from the construction of the WIPP facility will last until reequilibration 
following the effective hydrologic and structural closure of the facility. 
The time scale of hydrologic transients within the Rustler induced by 
hydrologic testing is short, maybe decades. The time scale of induced 
geochemical transients within the Rustler is not known. Only those 
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transients which might affect the performance of the WIPP facility need be 
determined in any more detail than indicated here. Determination of which 
transients need be considered is part of the WIPP Performance Assessment 
activity. 

5.2.2 Conclusions Concerning the Bell Canyon Formation 

1. Conclusion: Calculations completed as part of the WIPP SPDV effort 
indicate that the Bell Canyon does not have sufficient brine-carrying 
capacity to dissolve halite rapidly enough for halite dissolution 
within the Castile and/or Salado Formations as a result of brine-
density flow. Therefore, in regions of the Castile and Salado 
reasonably removed from concern regarding stratabound dissolution, such 
as the WIPP site, only halite dissolution as a result of diffusional 
processes need be considered. Such diffusion proceeds at a rate too 
slow to be of concern to the WIPP Project. 

Discussion: The conclusions are dependent upon the assumed gradients 
within the Bell Canyon and range of Bell Canyon hydraulic properties, both 
of which are somewhat uncertain. The SPDV calculations did not result in 
total agreement that point-source dissolution was not a feasible mechanism 
at the WIPP site. However, the structure specifically proposed as a result 

* of point-source dissolution was directly examined by drilling and testing 
of hole DOE-2, and was found to result from deformation within the Castile 
and Salado Formations, rather than from halite dissolution. 

2. Conclusion: Investigations in holes Cabin Baby-1 and DOE-2 suggest 
indicate that the upper Bell Canyon Formation beneath the WIPP site is 
not significantly permeable. Therefore, regardless of the relative 
heads, the volumes of fluid flow between the Culebra dolomite and the 
upper Bell Canyon would be minor if the two units were interconnected 
as a result of drilling. These same studies indicate that the final 
direction of fluid flow would be downward into the Bell Canyon. 

Discussion: Although Cabin Baby-1 and DOE-2 lie directly south and north 
of the WIPP site center, they provide only two data points. Given the 
regional trends of the Ramsey channel sands in the upper Bell Canyon, it is 
possible that a narrow sand crosses the center of the site from northeast 
to southwest, without having been intersected by either drill hole. The 
conclusion concerning directions of fluid flow pertains only to the final 
direction of flow, assuming halite saturation of both Bell Canyon and 
Culebra fluids as a result of dissolution of Salado halite. The conclusion 
does not describe either directions or rates of fluid flow prior to such 
saturation. In addition, the conclusion assumes that the fluid-carrying 
capacity of the Bell Canyon is sufficient to completely overwhelm any 
potential heads within the Salado Formation. This assumption appears 
reasonable, given the extremely small volumes of Salado flow intersected in 
hydrologic test holes at the WIPP site. 
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5.2.3 Conclusions Concerning the Castile and Salado Formations 

1. Conclusion: Regional-scale deformation of the Castile and Salado 
Formations may well be ongoing at and near the WIPP site in response to 
gravity. However, estimation of the time required for formation of the 
WIPP-12 anticline indicates that such deformation probably occurs at a 
rate too slow to be of concern to the behavior of the WIPP facility. 
Fluids play a major role in regional-scale deformation of the Castile 
and Salado Formations, especially in deformation of halites and 
anhydrite stringers or laminae. Both estimated deformation rates and 
mechanistic considerations are consistent with pressure solution being 
a major deformation mechanism on the regional scale. This conclusion 
is consistent with greater deformation rates at lower differential 
stresses than would be the case for strictly anhydrous deformation. 
Inclusion of pressure solution as a deformation mechanism results in 
predicted strain rates at the WIPP site which are consistent with 
estimated rates elsewhere. 

Discussion: Regional-scale deformation in response to gravity is not 
constrained to occur at a constant rate. Therefore, deformation rates 
averaged over long periods of time may be exceeded during shorter 
intervals. For pressure solution to be active, there must be a relatively 
continuous fluid film along grain boundaries. While textural evidence of 
pressure solution has been noted in core from the WIPP site, the presence 
of the required grain-boundary film has not been demonstrated directly. 
Although the role of pressure solution in regional-scale deformation is 
probable, it is not clear if or when the same mechanism will become 
dominant in near-field deformation around the WIPP facility. If it did 
become active, it would help accelerate mechanical closure of the facility 
by increasing deformation at relatively low differential stresses. 

2. Conclusion: Much of the variability in both total and interval 
stratigraphic thicknesses of the Castile and Salado Formations at and 
near the WIPP site is due to syndepositional and postdepositional 
deformation, rather than to evaporite dissolution. Therefore, any 
interpretation of the thicknesses of these units must be done on a 
vertical scale involving as much of the Salado and Castile as possible, 
rather than on the scale of a single stratigraphic interval. 
Similarly, the interpretation must be done on as large a geographic 
scale as possible, since horizontal movement, especially of halites, is 
involved. Apparent one-hole anomalies are especially suspect. 

Discussion: On the regional scale, especially in the western portion of 
the Delaware Basin, regional dissolution has apparently removed the halite 
from both the Castile and Salado Formations, and the original thickness of 
halite is unknown. At the local scale, as demonstrated in hole DOE-2, 
dissolution cannot be ruled out without interpretation on a broad 
stratigraphic and geographic scale. 

3. Conclusion: The basinal structure in hole DOE-2, near the northern 
boundary of WIPP Zone 3, extends downwards from MB124 in the Salado to 
the top of Castile Anhydrite I. However, the DOE-2 structure resulted 
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from syndepositional and postdepositional deformation, rather than from 
halite dissolution. Deformation involved in formation of the DOE-2 
structure resulted in displacement of all but 2. m of halite from the 
Castile Formation. However, both the Castile anhydrites and the 
entire Salado Formation (especially halites) are unusually thick in 
this hole. No evidence of dissolution was identified in DOE-2 core. 

Discussion: The present understanding of the hydrology and structural 
behavior of the Castile and Salado Formations indicates that point-source 
dissolution of evaporites requires connection with a major source of 
unsaturated water, such as- the Capitan limestone. This is not known to 
have occurrd within the body of the Delaware Basin, with the possible 
exception of the emplacement of Castile brines. While the present 
hydrologic and structural understanding does not allow prediction of where 
either point-source dissolution or a gravitational structure such as that 
at DOE-2 might form in the future, the drilling, coring, and hydrologic 
testing of DOE-2 demonstrates that no such structure presently exists 
within VIPP Zone 3. Calculations indicate that rates of gravitationally 
driven deformation are too slow to be of concern to the WIPP facility on 
the regulatory time scale. 

4. Conclusion: The average far-field permeability of the Salado Forma
tion, based on testing both from the surface and near the WIPP facility 
horizon, is 0.1 microdarcy or less, except where fractures locally 
contain small or large volumes of gas at elevated pressures. The 
stratigraphic variability of far-field permeability within the Salado 
is presently unknown, but appears negligible. 

Discussion: It is not known for sure that the Salado is hydraulically 
saturated in the far-field. Known gas occurrences in drilling from the 
surface and within the WIPP facility indicate that partial saturation may 
be present in both the near-field and far-field, at relatively high 
confining pressures. The distribution of fracture systems, range of 
possible initial gas pressures, and effective fracture permeabilities in 
the far-field Salado remain unknown.. 

5. Conclusion: Where it has been possible to measure Salado. fluid 
pressures, calculated heads indicate the potential for limited fluid 
flow upwards into the overlying Rustler Formation. Measurements to 
date indicate, however, that the amount of fluid available from the 
Salado is extremely limited. At least in the case of WIPP-12, the 
Salado fluid pressures and calculated heads exceed those in the 
underlying Castile brine reservoir. It has not been possible to 
determine any discrete source of fluid flow within the Salado Formation 
in testing from the surface. 

Discussion: The measured Salado fluid pressures indicate only the possible 
directions of modern fluid flow. The measured pressures may be relict, 
developed under different geologic conditions than those at present, e.g., 
they may have been developed during the last pluvial period. The time 
scale on which such pressures or heads might change as part of the 
transient overall response of the WIPP hydrologic setting to the end of the 
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last pluvial period is not known, but must be long, given the low regional 
permeability of the Salado. 

6. Conclusion: Water contents of Salado halites in the far-field appear 
to be as much as 2 weight percent, based on geophysical logging, 
greater than previously estimated. This does not have any direct 
impact on expected fluid flow into the WIPP facility, other than 
indicating that fluid volumes available to support long-term fluid flow 
may be greater than previously expected. 

Discussion: To date, the interpretation of far-field water contents is 
based only on geophysical studies. Measurements on core are ongoing. 

7. Conclusion: Consistent with assumptions maintained since brine was 
encountered in Castile Anhydrite III in WIPP-12, recent geophysical 
studies indicate that Castile brine may be present beneath a portion of 
the WIPP waste-emplacement panels. Brine is most likely present 
beneath the northern and northeastern portion of the waste-emplacement 
panels, and probably comes close to the southwestern and southeastern 
corners of the panels. However, the brines, if present, are 200 m or 
more below the WIPP facility horizon, and are not of concern except in 
the event of drilling-induced breach connecting a brine occurrence with 
the WIPP facility. 

Discussion: Because of the dominant effect of the underlying Bell Canyon 
Formation, it is possible that the interpreted brine occurrences within the 
Castile are not real. Three-dimensional modeling of the results does not 
appear promising in defining the lateral distribution of Castile brines 
more accurately. Because of the vertical uncertainty inherent in the 
measurements, it is not possible to distinguish between brine occurrence 
within Anhydrite III and within Anhydrite II. However, where Castile 
brines have been encountered, it has always been present in the uppermost 
anhydrite. 

8. Conclusion: Both uranium-disequilibrium studies and structural calcu
lations appear consistent with emplacement of brines into fractured 
Castile anhydrites as a result of an episodic process. The process may 
involve either local brine movement during deformation and fracturing 
of anhydrite in low-pressure locations such as anticlinal crests, or 
long-distance fluid movement into preexisting fractures as a result of 
episodic hydrologic connection of the Capitan limestone and Castile 
Formation. 

Discussion: It is not agreed that deformation or hydrologic connection of 
the Capitan limestone and Castile is the relevant episodic process involved 
in generation and/or emplacement of Castile brines. Structural studies 
indicate that deformation of the Castile Formation is episodic, with 
resultant episodic generation and emplacement of brines. Under these 
assumptions, generation of fractures and migration of brines into 
anhydrites may occur during the next 10,000 years, but probably at too low 
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a rate to be of concern to the WIPP Project. Isotopic studies are 
interpreted to indicate a residence time for Castile brines sampled at 
ERDA-6 and WIPP-12 of more than 100,000 years. While this interpretation 
indicates prior hydraulic connection of the Castile anhydrites and the 
Capitan limestone, it also indicates that this connection has not been 
operative for more than 100,000 years. 

9. Conclusion: Both fluid-inclusion and grain-boundary fluids are present 
within the Salado Formation, in addition to loosely-held waters of 
hydration in hydrated minerals. The composition of Salado fluid inclu
sions is apparently controlled by the crystallization of polyhalite and 
magnesite. Radiometric age dating of polyhalites indicates that they 
are approximately 200 million years old. Therefore, the Salado fluid 
inclusions appear to be approximately 200 million years old. Fluids 
encountered within macroscopic flows into the WIPP facility appear to 
be dominantly grain-boundary fluids rather than fluids from fluid 
inclusions. The composition of grain boundary fluids within the Salado 
is apparently controlled by diagenetic reactions involving crystal
lization of Mg-rich layer silicates. Because the kinetics of these 
reactions are slow, it is concluded that the residence time of grain-
boundary fluids within the Salado is at least several million years. 
The marked vertical variability of fluids near the WIPP facility hori
zon indicates very limited vertical fluid flow within the Salado. 

Discussion: Crystallization of magnesite appears to have a major affect on 
fluid-inclusion compositions. However, magnesite from samples at the WIPP 
has not been dated. It has not been possible to estimate the residence 
time of Salado' grain-boundary fluids directly. Radiometric measurements 
indicating ages for clay minerals greater than the Permian indicate that 
diagenetic or secondary reactions involving Mg have not involved complete 
recrystallization. 

10. Conclusion: In the Salado Formation near the WIPP facility, there is 
strong coupling of deformation and hydraulic behavior. Within 
approximately 2 a of the underground rooms and entryways, fracturing 
and probable matrix dilation have led to a marked increase in 
permeability, and quite possibly to development of a zone of partial 
saturation. The increase in permeability appears to be both time-
dependent and geometry-dependent. Within a few meters of the 
underground workings, however, the hydrologic properties of the Salado 
essentially become the same as regional properties. 

TJie time scale on which the WIPP facility will affect the local 
hydrology of the Salado Formation, while undetermined at present, is 
likely to be extensive, continuing until reequilibration after effec
tive mechanical closure of the facility. Within the facility, there 
is a three-stage generalized flow behavior. Holes are normally dry 
when first drilled. Fluid flow then normally rises rapidly to a 
maximum flow rate, after which it more slowly decreases to something 
approximating steady-state flow, though probably still decreasing. 
Porous-medium calculations based on the estimated far-field 
permeability indicate that steady-state fluid flow might not be 
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reached for more than 5000 years, because of the extremely low 
permeabilities; these calculations do not yet include consideration of 
facility closure. The observed "steady-state" flow is qualitatively 
consistent with measured far-field permeabilities. Both measurement 
and calculations to date indicate that effective pore pressures within 
the Salado have been affected by the presence of the WIPP facility 
only within a few meters of the facility. 

Discussion: Within the altered zone around the WIPP facility, the porous-
medium approximation may not be adequate for either flow or transport 
modeling. The distances from the underground workings at which this 
simplifying assumption becomes valid remain to be determined. At present, 
there is not an adequate characterization of the fracturing adjacent to the 
WIPP facility to allow realistic modeling of flow and transport behavior 
within the altered zone, nor do adequate models exist. The long-term 
extent of the altered (fractured) zone around both underground workings and 
shafts remains unknown. However, the zone should be larger around 
underground workings than around lined shafts. Both the total long-term 
brine seepage to be expected from the Salado and the total volume of the 
Salado affected by fluid flow depend on the available porosity as a 
function of time within the WIPP facility and any altered zone that may be 
present. The effects of stress relief eround the WIPP facility on both 
near-field and far-field hydrology will be examined in detail during the 
WIPP operational-demonstration period. 

11. Conclusion: Preliminary hydrologic testing adjacent to the WIPP 
waste-handling shaft indicates that all of the tested intervals, which 
include claystone and siltstone in the unnamed, lower member of the 
Rustler and both halites and anhydrites within the Salado, are 
extremely low in permeability. While there was evidence of a 
hydraulic cone of depression around the shaft, there was no evidence 
of fracturing or alteration, except at the 850-ft level. At this 
level, pressurized fluids were encountered at the liner/rock interface 
and flowed into the test hole. Testing extended from approximately 2 
m outside the shaft liner to a depth of some 10 m. The results are 
consistent with the interpretation that damage effects due to either 
blasting of the shaft or deformation around the shaft do not presently 
extend more than two meters into the surrounding rock mass. 

Discussion: Due to scheduling constraints, only one or two holes was/were 
tested at each level. Therefore, these results do not indicate a complete 
absence of fracturing, merely that fractures were not intersected by the 
one or two holes at each level, except the 850-foot level. To better 
determine the presence or absence of fracturing by direct measurement, 
arrays of three or more holes would be needed at each level. The results 
do not indicate a potential altered zone within 2 m of the liner. Finally, 
the waste-handling shaft has been at its present diameter for approximately 
four years. The operational phase of the WIPP is expected to extend 
approximately 25 years, after which shaft seals must be emplaced success
fully. The extrapolation of the present results to 25 years may not be 
reliable. 
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12. Conclusion: Anhydrite Marker Bed 139, approximately 1 to 2 m beneath 
the WIPP facility horizon, contains partially healed and filled 
fractures which predate construction of the WIPP facility and play a 
significant role in both mechanical deformation near the WIPP facility 
and the near-field enhancement in permeability. The estimated age of 
the fractures is at least two million years. However, the far-field 
permeability of MB139 is not significantly greater than that of the 
surrounding halites. 

Discussion: Development of any altered zone around the WIPP facility will 
be time dependent. Therefore, the boundary between the hydrologic near-
field and far-field regimes will also -be time dependent. The rate and 
extent to which the fracture porosity and permeability of MB139 in the 
altered zone near the WIPP facility horizon will be reduced during closure 
of the WIPP facility has not yet been demonstrated. 

5.2.4 Conclusions Concerning the Rustler Formation and Younger Units 

1. Conclusion: The available transmissivity data base at and near the 
WIPP site suggests that: a) the Culebra dolomite is at least one order 
of magnitude more transmissive than other members of the Rustler at 
most locations; and b) except where it is fractured in or near Nash 
Draw, the transmissivity of the Magenta dolomite is the same order of 
magnitude as that of other members of the Rustler. Consequently, 
confined flow within the Culebra dominates the hydrology of the Rustler 
at and near the WIPP site, and Rustler karst is not present. 

Discussion: The Magenta data base is significantly smaller than that of 
the Culebra. Transmissivities of Rustler claystone/siltstones are very low 
but measurable at the Site, except for the Tamarisk claystone, which has 
not been successfully tested due to its low transmissivity. The transmis
sivity of Rustler anhydrites at the Site are too low to measure success
fully. Somewhere between the WIPP site and Nash Draw (including WIPP-33), 
there must be a marked increase in the local permeability of Rustler 
anhydrites/gypsums. Where they are exposed or relatively near the surface, 
i.e., in Nash Draw and at WIPP-33, Rustler anhydrites are capable of 
supporting open cavernous porosity. The character and location of this 
transition in behavior of the Rustler anhydrites are not known in detail, 
but apparently involve decreasing overburden pressure (allowing the gypsums 
to maintain open porosity) and specific structures at the locations of both 
recharge and discharge. 

The WIPP-33 structure is unique at and near the WIPP site, since it 
includes the three components necessary but not sufficient for karstic 
geology within the Rustler: 1) a sufficiently large breach in the 
Mescalero caliche and relatively thin Dewey Lake Red Beds; 2) shallow 
enough depth to gypsums within the Forty-niner and Tamarisk Members to 
allow maintenance of open porosity in gypsums above and below the Magenta; 
and 3) a probable local base level at the time the structure was mainly 
active, namely the gypsite springs on the east side of Nash Draw. Both the 
deuterium/hydrogen ratios of secondary gypsum from WIPP-33 and approximate 
dating of the gypsite springs within Nash Draw suggest that the WIPP-33 
structure is largely inactive at present. 
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2. Conclusion: Measurements of relative heads within the Rustler Forma
tion at the WIPP site are not consistent with modern infiltration from 
the surface to the Magenta, let alone from the surface to the Culebra. 
Therefore, at least at the measured locations, there is no modern 
infiltration of surficial waters to Rustler carbonates. 

Discussion: The holes on which this conclusion is based provide only 
limited geographic coverage, and do not include any locations at which the 
Dewey Lake Red Beds are known to be hydraulically saturated. Where tested, 
the Dewey Lake was too tight for hydraulic testing, and may be either 
completely or partially saturated. No head or transmissivity information 
is available from the Tamarisk Member of the Rustler, due to its 
exceedingly low transmissivity. These results do not rule out vertical 
movement of water from either the surface or the Dewey Lake into the 
Rustler in areas in which the Dewey Lake is saturated directly above the 
Rustler, or in any area in the past if heads in the Dewey Lake were higher 
at that time. 

3. Conclusion: Culebra transmissivity varies by approximately six orders 
of magnitude in the region of the WIPP site and Nash Draw. 
Transmissivities generally decrease from west to east across the site 
area. For purposes of generalization, the distribution can be divided 
into broad areas of relatively low Culebra transmissivity (< 10"^ 
m2/s), in which the porous-medium assumption appears adequate to 
describe local hydraulic and transport behavior, and areas of rela
tively high transmissivity (> 10"' nfi/s), in which a dual-porosity 
formalism appears adequate to describe local hydraulic and transport 
behavior. Both of these zones are represented by several wells. Two 
wells (H-3 and H-18) penetrate an apparently thin transition zone, in 
which transmissivity varies between 10"6 and 10"5 m2/s. 

The central portion of the WIPP site, including all four WIPP shafts, 
lies within an apparently continuous area of low transmissivity. This 
area extends well east of the site, and includes the holes H-l, 2, 4, 
5, 10, 12, 14, 15, 16, and 17; WIPP-12, 18, 19, 21, and 22; ERDA-9; 
Cabin Baby-1; P-15, 17, and 18, in addition to the WIPP shafts. North 
of the WIPP site, measurements at WIPP-30 indicate the presence of a 
northern zone of low transmissivity, which may or may not be continuous 
with the zone near the site center. 

There is a zone of relatively high Culebra transmissivity southeast of 
the center of the Site, which is indicated both by point measurements 
at H-ll and DOE-1 and by the presence of very low hydraulic gradients 
south of ,WIPP Zone 3. Northwest of the site center, there is a 
relatively uniform high-transmissivity zone containing holes WIPP-13, 
DOE-2, and H-6. This zone is bounded by low-transmissivity domains to 
the north, east, and southeast, and by an even higher-transmissivity 
domain to the southwest and west. Within both Nash Draw and the valley 
south of the WIPP site containing H-7 and H-9, Culebra transmissivity 
is both high and variable. 
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Discussion: There are some exceptions to the generalizations listed above. 
WIPP-21, which has a low transmissivity, responds quite rapidly to 
activities in the WIPP shafts, indicating that the region containing WIPP-
21 is connected to the shafts by a low-storativity structure, which may 
involve fractures. Tests at individual low-transmissivity wells examine 
only a very small area. Neither analytical nor numerical modeling is 
capable of identifying a small, discrete high-transmissivity structure 
embedded in a low-transmissivity domain, unless it is close to measured 
data points. No evidence for such a discrete structure is known at the 
WIPP site. On the other hand, the hydraulic behavior of the Engle well, 
which has a high transmissivity, shows no. dual-porosity effects. Test 
results from the Culebra in Nash Draw have not been examined for dual-
porosity behavior; fracturing may be extensive enough in Nash Draw to make 
a dual-porosity formalism unnecessary. 

The boundaries of the low-transmissivity zone including WIPP-30 remain 
unknown. The interpretation based on the rapid and large response of this 
hole to the WIPP-13 pumping test suggests that the high-transmissivity 
domain including WIPP-13, DOE-2 and H-6 extends close to WIPP-30. 

The boundaries of the high-transmissivity zone south of H-ll and D0E-1 and 
the connection of this zone with the larger high-transmissivity region 
containing H-7, H-8, and H-9 have not been determined directly, nor has the 
maximum transmissivity within the zone. The presence of the zone south of 
H-ll and DOE-1 is indicated by both analytical and numerical modeling of 
the H-3 multipad interference test, as well as by more recent calibration 
of Culebra transmissivities against calculated pre-shaft heads. This zone 
will be investigated during 1988 by a multipad interference test to be con
ducted at the H-ll pad. The reason for the relatively high transmissivi
ties at H-ll and DOE-1 remains unknown. 

4. Conclusion: The estimation error for Culebra transmissivities over 
most of the WIPP site (in terms of m^/s) is less than one log unit at 
two standard deviations, including estimated uncertainties in field 
measurements. The estimation error is generally larger outside Zone 3. 

Discussion: The statistical treatment of Culebra transmissivities should 
not be overinterpreted, since it does not include specific consideration of 
geologic processes. In addition, this treatment assumes vertical homo
geneity within the Culebra. Testing at H-14 indicates that transmissivicy 
may vary by a factor of about 2 across the Culebra at a given locality. 

5.. Conclusion: Groundwater flow rates within the Culebra vary greatly. 
Flow within Nash Draw is relatively rapid; flow in the central portion 
of the WIPP site and in regions further east is extremely slow. The 
estimated flow time from a position above the center of the WIPP waste-
emplacement panels to the southern boundary of Zone 3, assuming steady-
state distribution of the present heads and transmissivities within the 
Culebra, is approximately 13,000 years. 
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Discussion: Calculated particle-flow rates and integrated travel times are 
approximate. The head distribution and flow directions within the Culebra 
are not at steady state. The similar Culebra and Magenta heads within Nash 
Draw suggest that assumption of confined flow within the Culebra may not be 
realistic in this region. In addition, the calculations assume a uniform 
effective porosity of 16%. The effective Culebra porosity probably varies 
laterally, suggesting that both flow rates times and flow paths are more 
variable than calculated. 

6. Conclusion: Single-pad interference testing at the H-3 and H-ll hydro-
pads indicates a complex role of fracturing within the Culebra. At 
H-3, the system transmissivity is approximately 2 x 10*6 m^/s, and no 
significant directional dependence of hydraulic response has been 
measured. However, the data from observation holes on the H-3 pad had 
to be interpreted as if the radius of the pumped well extended beyond 
the observation holes; i.e., the response of the observation holes to 
the beginning and end of pumping was practically instantaneous. At the 
H-ll pad, the transmissivity is 1.2 to 3.0 x 10" 5 m 2/s. However, the 
observation holes on the H-ll pad responded more slowly during testing 
than those on the H-3 pad. The extent or effectiveness of fracturing 
is not a simple function of transmissivity. 

Discussion: The available data are only sufficient for detailed interpre
tation of interference testing using a dual-porosity formalism, i.e., 
assuming uniform fracture spacing. This limitation is irreduceable, how
ever, given the limited core recovery within the Culebra. Detailed inter
pretation of interference testing has been completed only for testing at 
the H-3 and H-ll hydropads. Interpretation of interference testing at the 
H-2, H-4, H-5, H-6, H-7, and H-9 hydropads will be completed in the next 
year. 

7. Conclusion: Regional-scale simulations indicate that it is not neces
sary to incorporate a dual-porosity formalism into regional-scale 
modeling of Culebra head distributions. This is because the time scale 
for pressure equilibration between fracture and matrix for matrix-block 
sizes up to the thickness of the Culebra is very short relative to the 
time scale required for regional groundwater flow. 

Discussion: The pressure effects of a discrete or narrow high-
transmissivity structure embedded within a low-transmissivity domain remain 
to be determined in detail. It cannot be claimed that any reasonable 
amount of drilling or hydrologic testing will completely eliminate the 
possibility of a small high-transmissivity structure being present within 
the Culebra dolomite. However, no such structure is known to exist at or 
near the WIPP site. 

8. Conclusion: Both fractures and matrix play a major role in pad-scale 
transport of contaminants within fractured portions of the Culebra 
dolomite. At the H-3 pad, the first detected arrival of conservative 
(non-reacting) tracers in a convergent-flow test was strongly 
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controlled by fracturing, while tracer behavior both at and after the 
time of peak concentration showed evidence of strong interaction 
between fractures and matrix. Storage within the matrix served to 
decrease peak concentrations, but also resulted in greater concentra
tions at longer times than expected for fracture transport alone. The 
results indicate that matrix storage should play a major role in 
regional-scale transport of even conservative contaminants, so long as 
these contaminants have a reasonable diffusion coefficient into the 
matrix. 

In addition, the results of the conservative-tracer test at the H-3 pad 
indicate that the relationship between hydraulic properties and trans
port properties can be complex. At H-3, no directional dependence of 
hydraulic behavior has been measured. In contrast, the time interval 
before first detected arrivals of tracers along' the two flow paths 
investigated differed by a factor of about four. 

Discussion: Detailed interpretation of dual-porosity effects in contami
nant transport within the Culebra is presently completed only for testing 
at the H-3 pad. An additional conservative - tracer test will be conducted 
during 1988 at the H-ll hydropad, along the apparent regional flow path 
from .the center of the WIPP site to the southern boundary of Zone 3. Any 
significant role of the matrix in contaminant transport within fractured 
portions of the Culebra requires that conservative contaminants be able to 
diffuse into matrix blocks. Interpretation to date of the H-3 test in
volves superposition of two radial-flow solutions; calculations are ongoing 
to investigate the possible effects of matrix anisotropy on transport 
behavior. 

9. Conclusion: Calculations indicate that regional-scale contaminant 
transport within the Culebra Dolomite can be modeled realistically 
using the porous-medium assumption, so long as the Culebra transport 
properties and flowpaths used in these calculations are representative, 
and at least so long as the existing distribution of head potentials 
within the Culebra is not significantly disturbed. Calculated times 
required for contaminants to break through to the southern boundary of 
WIPP Zone 3 following release at any point directly above the WIPP 
waste-emplacement panels are only approximately 10% lower if a dual-
porosity formalism is used than if the same release is modeled using 
the porous-medium assumption. The completed regional-scale 
calculations assume a transmissivity distribution which probably 
assigns too high a transmissivity to the region including holes H-ll 
and DOE-1. 

i 

Discussion: Calculations are presently ongoing to investigate the utility 
validity of the porous-medium approximation in modeling transport within 
the Culebra in the event of a breach involving a Castile brine occurrence. 
The assumption that there is effective diffusion from fractures into the 
adjacent Culebra matrix is explicit in conclusions based on calculations 
completed to date. Results of interference testing support the conclusion 
that fluid flow is unrestricted between matrix blocks and fractures, i.e., 
that there are no significant or continuous low-permeability skins on 
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matrix blocks. This has been demonstrated in the conservative-tracer 
experiment at the H-3 pad. Effective matrix retardation within the Culebra 
has not yet been demonstrated for some radionuclides making up the WIPP 
inventory, but will be demonstrated experimentally in the laboratory during 
the WIPP operational-demonstration phase. 

10. Conclusion: The variability in compositions of Culebra groundwaters 
allows their subdivision into four hydrochemical facies. Zone A, east 
of the WIPP site, contains saline Na-Cl brines. Zone B, south of the 
site, contains relatively fresh waters in which Ca and SO4 are the 
main solutes. Zone C, which includes the WIPP site and the eastern 
part of Nash Draw, contains quite variable fluids. Zone D, within 
Nash Draw, shows evidence of contamination from potash refining 
operations. The modern distribution of hydrochemical facies within 
the Culebra is not consistent with steady-state confined flow within 
the Culebra. Therefore, the solute geochemistry of Culebra fluids is 
not at steady-state, nor is the overall hydrology of the Culebra. 

Discussion: This conclusion assumes the dominance of confined flow within 
the Rustler in the vicinity of the WIPP site, consistent with both isotopic 
studies and measurements of the modern relative head potentials and 
transmissivities of the several members of the Rustler. 

Interpretation of normative salts within Rustler fluids is partially 
consistent with steady-state flow, if extensive vertical mixing is allowed. 
The measured head relationships within the Rustler are inconsistent with 
infiltration from the surface. The composition of Culebra waters at P-18 
and P-14 play a major role in normative interpretation Culebra waters. The 
representative character of groundwater samples from the Culebra from P-14 
and P-18 is suspect. 

11. Conclusion: Analyzed Culebra fluids are all undersaturated with 
respect to halite, but approximately saturated with respect to gypsum 
and carbonate (dolomite). All fluids except that from hole WIPP-29 
are undersaturated with respect to anhydrite. Therefore, almost all 
Culebra waters are capable of converting into gypsum any anhydrite 
they may contact. Carbonates, sulfates, and clay minerals are 
ubiquitous in Culebra core. Halite not introduced during coring has 
not been identified reliably. With the exception of halite, all 
analyzed Culebra fluids appear to be in approximate equilibrium with 
the host rock. Studies to date have not identified any discrete 
variations in Culebra mineralogy that can be used to bound 
hydrochemical facies. 

Discussion: The dominant reactions controlling the variability of Culebra 
fluids appear to be the dissolution of halite and reactions between fluids 
and a ubiquitous but variable clay-mineral phase. Both the compositions of 
clays and the detailed reactions between clays and Culebra remain to be 
determined in detail. It cannot be demonstrated that the mineralogy of 
intact core specimens is representative of portions of the Culebra that 
have been in significant contact with groundwater. 
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12. Conclusion: There appear to be significant lateral variations in the 
oxidation state of Culebra waters. Fluids from hydrochemical facies 
Zone B, south of the site, appear to be more oxidized than those 
within Zones A and C, which include the WIPP site. The available 
information from within Nash Draw indicates that the redox potential 
at WIPP-26 is similar to that within Zone B. Results at WIPP-25 
appear to be problematical, due to evolution of H2S during sampling. 
The results indicate generally more oxidizing conditions south and 
southwest of the WIPP site than at the site itself. 

Discussion: Oxidation states of Culebra fluids are not known in detail, 
and are generally bracketed by the occurrence of one member of a redox 
couple at too low a concentration .for analysis. The possible effects of 
contamination have been evaluated only in hole WIPP-25. 

13. Conclusion: Recent stable-isotope studies indicate that the bulk of 
the Rustler Formation and part of the Dewey Lake Red Beds at and near 
the WIPP site were last recharged under climatic conditions signifi
cantly different than those of today. This is consistent with the 
interpretations that the overall hydrology of the Rustler Formation is 
in transient response to the end of the last pluvial period in south
eastern New Mexico, and that there is no modern meteoric recharge to 

, the Rustler Formation at and near the WIPP. 

Discussion: The data base on which the interpreted isotopic range of 
modern meteoric recharge is based includes measurements from several 
different rock types and locations, including the Capitan limestone in 
Carlsbad Caverns, alluvium at WIPP-15, the Ogallala Formation in both 
southeastern New Mexico and on the High Plains of Texas, and the Dewey Lake 
Red Beds near an active dune field. The Dewey Lake, however, appears to 
include both modern and older waters. The stable-isotopic signature of all 
analyzed waters from confined portions of the Culebra and Magenta dolomites 
are distinct from the defined meteoric field. 

The stable-isotope results do not provide any direct information about the 
timing of recharge, only about different conditions of recharge. In 
addition, the results do not rule out modern recharge to the Rustler at 
some location removed from the WIPP site itself. However, the results do 
indicate that measurable amounts of recharge are not now occurring at the 
WIPP site. 

14. Conclusion: Both stable-isotope and compositional characteristics of 
Rustler waters at Surprise Spring, in the southwestern portion of Nash 
Draw, are dominated by near-surface recharge and discharge, including 
partial evaporation. Major dilution would be required to derive the 
solute chemistry at Surprise Spring from Culebra waters at WIPP-29, 
which is nearby. In addition, Surprise Spring apparently discharges 
from the Tamarisk Member of the Rustler, rather than the Culebra. 
Therefore, Surprise Spring, does not appear to be a discharge point 
for Culebra or Magenta waters crossing the WIPP site. 
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Discussion: It is possible that some Rustler waters from the area of the 
WIPP site discharge in southern Nash Draw, including Surprise Spring. The 
results summarized here, however, suggest that the hydrology and solute 
chemistry at Surprise Spring are dominated by local processes and 
groundwaters, and that any input of waters from the area of the WIPP site 
would not be identifiable, even if present. 

15. Conclusion: Use of lost-circulation materials in hydrocarbon-
exploration hole and hydrologic test holes (except those drilled with 
air) and metabolism of these materials by introduced and/or natural 
organisms within the Rustler makes meaningful radiocarbon measurements 
on Rustler fluids difficult. All Rustler and Dewey Lake holes may be 
contaminated to some degree. Therefore, estimated periods for which 
Rustler or Dewey Lake waters have been isolated from atmospheric 
carbon should represent lower bounds. 

16. Conclusion: Available radiocarbon measurements indicate isolation 
times of three Culebra and one Dewey Lake water from input of 
atmospherically generated nuclides for at least 12,000 years. This is 
consistent with paleoclimatic studies indicating a wetter climate in 
the northern Delaware basin approximately 10,000 years ago. The 
results are taken to imply that there has not been significant (i.e., 
detectable) vertical recharge to the Culebra and at least part of the 
Dewey Lake near the WIPP site in at least 12,000 years. The results 
also indicate, because of the relatively tight clustering of ages, 
that recharge may have been a pulse event rather than continuous. At 
any rate, the available radiocarbon results do not indicate any 
consistent age gradient for waters within the Culebra, and cannot be 
used to indicate paleoflow directions. 

Discussion: The data base of successful radiocarbon measurements is 
extremely limited in size. Extrapolation of these results to the confined 
Culebra over the entire Site area may be tenuous, but is consistent with 
both the fact that the Culebra is regionally confined and the results of 
both stable-isotope uranium-disequilibrium studies. Additional radiocarbon 
measurements will be made over the next (approximately) two years. 

17. Conclusion: Available uranium-disequilibrium results for Culebra 
rocks and groundwaters indicate that there must have been a signifi
cant distinct change in flow directions within the Culebra on the time 
scale of approximately 10,000 years. The paleoflow direction involved 
atJleast some component of easterly flow, in contrast to the modern 
flow directions within the Culebra, which are essentially north-south 
in the Site area. The change in flow directions has apparently 
occurred as a result of the end of Culebra recharge at or near the end 
of the last pluvial period. The estimated flow time to the vicinity 
of H-5 is at least several thousand years, and flow has occurred under 
reducing conditions, regardless of where recharge is interpreted to 
have taken place. Therefore, modern recharge is not occurring at H-5, 
regardless of the relatively high Culebra heads in the region. The 
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current distribution of total dissolved uranium in analyzed Culebra 
groundwaters is qualitatively consistent with regional variations in 
the oxidation potential within the unit, with more reducing conditions 
in the area at the WIPP site than south of the site and in at least 
part of Nash Draw. The interpretation based on uranium-disequilibrium 
studies is consistent with the distribution of Culebra hydrochemical 
facies, stable-isotope studies, and radiocarbon studies in indicating 
that the overall hydrologic and geochemical setting of the Rustler is 
transient on a time scale of approximately 10,000 years, and is 
recovering from the last pluvial period in southeastern New Mexico. 

Discussion: The present uranium-disequilibrium data base is extremely 
limited in size, especially south of the WIPP site. Therefore, significant 
uncertainty remains concerning the constraints imposed by these studies on 
both paleo and modern flow directions. However, some change in flow 
directions within the Culebra is required by the data. 

18. Conclusion: 87sr/86sr studies on both matrix minerals and coexisting 
mineral pairs from matrix and veins in the evaporitic units below the 
Dewey Lake Red Beds, and on veins and/or matrix materials from the 
Dewey Lake, Mescalero caliche, and gypsite springs in Nash Draw 
indicate distinct variations in the amounts of high-8'Sr/86sr material 
derived from surficial weathering that are involved in the different 
units. The measured strontium-isotopic character of the gypsite 
springs and the Mescalero caliche indicate derivation from surficial 
components. The character of both matrix minerals and coexisting 
mineral pairs from matrix and veins in the Castile and Salado 
Formations, as well as in Rustler anhydrites and the Magenta dolomite 
indicate little or no input of surficial components. The isotopic 
compositions of coexisting mineral pairs from veins and matrices are 
statistically identical, indicating that the components of the veins 
were locally derived in all units but the Dewey Lake. 

There is a broad range of strontium-isotopic character of vein 
minerals from the Dewey Lake, from surficial values to values similar 
to those from underlying anhydrites and the Magenta dolomite. Since 
sulfates and carbonates are very rare in the matrix of the Dewey Lake, 
the broad range in strontium-isotopic character of Dewey Lake vein 
gypsums is taken to indicate a mix of surface-type components and 
components from the underlying Rustler. Upward flow from the Rustler 
Formation is consistent with measured head relationship. The 
strontium-isotopic character of analyzed carbonate minerals from the 
Culebra shows more overlap with that of vein material from the Dewey 
Lake than does the character of either the intervening Rustler 

4 anhydrites or the Magenta dolomite. This is taken to imply that 
surficial components in the Culebra probably result from confined flow 
following recharge at some location removed from the WIPP site. If 
the Culebra near the WIPP site were presently receiving surficial 
components by vertical recharge, this recharge would be expected to 
have altered the isotopic character of Rustler zones above the 
Culebra. 
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Discussion: The isotopic data base for veins and host-rock minerals in the 
Rustler and Dewey Lake is limited in size. It has not yet been possible to 
date any of the secondary minerals directly. Therefore the strontium-
isotopic results, while indicating the types of waters involved, do not 
provide any direct information concerning the ages of these waters. 

19. Conclusion: The study of deuterium/hydrogen ratios in vein gypsums in 
the Dewey Lake and Rustler indicate that all of the gypsums, with the 
possible exception of vein gypsum from the Dewey Lake in WIPP-19, may 
have crystallized in the presence of varying amounts of Rustler-type 
water, rather than in the presence of water representing modern 
meteoric recharge in the region. The hydrogen*isotope character of 
secondary Rustler gypsums in hole WIPP-34 is consistently explained by 
Rustler-type fluids moving both upwards and downwards from the Magenta 
dolomite into surrounding members, with increasing rock/water ratios 
corresponding to increasing distance from the Magenta. This, internal 
consistency is lost if crystallization of gypsums from WIPP-34 is 
assumed to have taken place in the presence of modern meteoric waters. 

In fact, it does not appear possible to have crystallized vein gypsums 
from either the Magenta and Tamarisk in WIPP-34 or from the Forty-
niner in WIPP-33 in the presence of any amount of water representing 
modern meteoric recharge. Both WIPP-33 and WIPP-34 were drilled to 
investigate either geophysical anomalies or structures that might be 
the result of Rustler karst. There is no indication of anomalous 
structure at WIPP-34. The WIPP-33 structure is interpreted to be the 
result of karst hydrology, but is apparently unique at and near the 
WIPP site. The isotopic results suggest, consistent with geologic 
interpretations, that the WIPP-33 structure is no longer significantly 
active. 
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ABSTRACT: 
This report discusses the techniques that could be applied in 
removing Transuranic waste from the Waste Isolation Pilot 
Plant repository after disposal. Title 40 CFR 191.02(1) 
defines disposal of waste in a mined geologic repository as 
occurring "...when all of the shafts to the repository are 
backfilled and sealed." This report will serve to document 
compliance with the requirement in Title 40 CFR 191.14(f) that 
the disposal system not preclude "...removal of most of the 
waste...". The removal discussion is based on currently 
available technologies. The reasoning for waste removal is 
not considered relevant except that it is assumed the 
destination and transportation mechanism for the removed waste 
will be known. Transportation methods, end use, and 
destinations of the removed waste are not considered in this 
report. 
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1.0 Introduction 
1.1 Waste Isolation Pilot Plant Mission Description 
The Waste Isolation Pilot Plant (WIPP) is a research and 
development facility of the U.S. Department of Energy (DOE), 
designed to demonstrate the safe transportation, handling, and 
disposal of defense generated transuranic radioactive waste. 
The facility is located 26 miles east of Carlsbad, New Mexico. 
The repository is located in a salt deposit, 2150 feet below 
ground. The waste will be shipped to the facility from numerous 
generator sites around the United States and placed in the 
underground repository for disposal. Figure l.l details the 
WIPP location and Figure 1.2 contains a diagram of the general 
repository layout. The facility is scheduled to begin disposal 
operations in 1998. 
1.2 Report Scope 
This report details the requirements and feasibility of removing 
emplaced waste from the WIPP repository after closure. The 
regulatory requirements, the published guidance, and the 
technical basis for removal are discussed. The emplacement and 
closure scenarios are defined to describe the condition of the 
repository and waste after closure. The feasibility of waste 
removal is demonstrated by describing a method for waste 
removal. 
It is important to distinguish the difference between waste 
removal and waste retrieval. Waste removal differs from waste 
retrieval in that removal refers to actions taken after the 
repository is closed and sealed; retrieval refers to recovering 
the waste prior to closure. This report specifically deals with 
waste removal. 
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WIPP LOCATION 
FIGURE 1.1 
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2.0 Regulatory Requirements 

The WIPP facility is subject to federal and State of New 
Mexico regulations and agreements. Prior to first waste 
receipt at the WIPP, the Environmental Protection Agency (EPA) 
Administrator must certify compliance with 40 CFR §191 [1] as 
required by the WIPP Land Withdrawal Act (LWA), Public Law 
102-579. Specifically, 40 CFR §191.14(f) states, "Disposal 
systems shall be selected so that removal of most of the waste 
is not precluded for a reasonable period of time after 
disposal". This is the only removal requirement addressed in 
the regulations. A definition for "disposal" is found in 40 
CFR §191.02. In it, an example is given for disposal stating, 
"For example, disposal of waste in a mined geologic repository 
occurs when all of the shafts to the repository are backfilled 
and sealed". 
The preamble to 40 CFR §191 (50 FR 38082) states that, "...any 
current concept for mined geologic repository meets this 
requirement without any additional procedures or design 
features. For example, there is no intent to require that the 
repository shafts be kept open to allow future recovery. To 
meet this assurance requirement, it only need be technically 
feasible (assuming current technology levels) to be able to 
mine the sealed repository and recover the waste - albeit at 
substantial cost and occupational risk".[6] 
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3.0 WIPP Repository Description 

The WIPP will dispose of TRU waste in rooms 2,150 feet below 
the surface. These rooms are mined in a bedded salt layer 
known as the Salado Formation. The Salado Formation is 
approximately 2,000 feet thick at the repository location. 
Figure 3.1 shows the general geologic cross section of the 
WIPP site. The underground repository is mined on one 
contiguous working level; no excavations are located above or 
below this level. The waste will be emplaced in eight panels, 
each panel composed of seven rooms, and the inter-connecting 
access entries (drifts). The rooms are mined to the initial 
dimensions of 300 feet long, 33 feet wide, and 13 feet high. 
The repository layout is shown in Figure 3.2. The waste will 
be emplaced in the shaded areas of Figure 3.2. 
The waste will be composed of radioactive and hazardous waste 
generated by the DOE's nuclear weapons programs. The 
materials are primarily laboratory and production equipment 
such as glassware, solidified spent solvents, cleaning rags, 
laboratory clothing, solidified sludges, metal tools, pipes, 
plastics, and paper. Transuranic (TRU) waste is defined as 
waste contaminated with alpha emitting radionuclides having 
atomic numbers greater than 92, half-lives greater than 20 
years, and specific activity greater than 100 nCi/gram. Some 
of the waste to be disposed of at WIPP will contain hazardous 
constituents as defined by the Resource Conservation and 
Recovery Act (RCRA). The waste is currently generated or 
stored at numerous sites in the U.S. There are two 
classifications for the transuranic (TRU) waste, Contact 
Handled (CH TRU) and Remote Handled (RH TRU). The CH TRU 
waste is defined as TRU waste packaged in containers whose 
maximum surface dose rate does not exceed 200 millirem per 
hour (mrem/hr). Surface dose rates greater than 200 mrem/hr 
are classified as RH TRU Waste. The RH TRU surface dose rates 
cannot exceed 1,000 rems per hour (rem/hr) with a maximum 
total of five percent of the canisters exceeding 100 rem/hr. 
The total maximum activity for RH TRU waste at WIPP cannot 
exceed 5.1 million curies. These limits are established by 
the LWA. 
It is anticipated that a majority of CH TRU waste will be 
shipped to the WIPP in either 55 gallon drums or Standard 
Waste Boxes (SWB). The 55 gallon drums will be strapped 
together in a hexagonal arrangement of seven drums called 
seven-packs. A seven pack and SWB are shown in Figure 3.3. 
Rows of seven packs will be placed in the rooms three high. 
The SWB will be placed in rows two or three high. The rows 
will be either SWB's or seven packs; they will not be 
intermixed within a stack. Examples of the possible 
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arrangements for waste emplacement are shown in Figures 3.4 
and 3.5. The waste will also be emplaced in the panel access 
entries. After a panel is filled,, a closure system will be 
constructed to isolate the waste from further operations. The 
closure system conceptual design uses mined salt and concrete. 
The currently planned locations of panel closure systems are 
shown in Figure 3.2. 
The RH TRU waste canisters will be shipped to the WIPP in 
Department of Transportation (DOT) Type B, double containment, 
Nuclear Regulatory Commission (NRC) approved, shielded road 
casks (SRC).[4] The waste canisters are constructed of 
painted carbon steel, 26 inches in diameter with a maximum 
length of 121 inches. The maximum weight of a filled canister 
is 8,000 pounds.[5] In order for personnel to handle the RH 
TRU waste, the RH waste canisters must be shielded to reduce 
radiation levels to allowable limits. After receipt, the SRC 
is transferred to a shielded room (hot cell) where the waste 
canister is remotely removed from the SRC and placed in a 
shielded facility cask. The facility cask is then transported 
underground. The RH TRU waste canister will be emplaced in 
the repository room wall prior to CH TRU waste emplacement in 
that room. The waste canister is pushed out of the facility 
cask and into a horizontal borehole in a waste room wall. The 
borehole is then closed with a shield plug. The shield plug 
is a cylinder 29 inches in diameter and 70 inches long with a 
wall thickness of 1.75 inches. The bottom of the plug is 
constructed from a five inch thick plate. The three inches 
thick top plate also has a standard waste handling pintle. 
The total weight of the plug is approximately 4,200 pounds. 
All emplaced RH TRU waste locations will be recorded. Figure 
3.6 depicts a typical RH TRU waste emplacement. 
If received waste containers are found with external 
contamination, they will be overpacked. The RH TRU overpack 
containers will be welded closed. 
The LWA limits the total disposed TRU waste to 6,200,000 cubic 
feet. After waste emplacement is complete the facility will 
be decontaminated and decommissioned. This will include 
decontaminating the surface facilities and dismantling the 
above ground structures. TRU waste generated by these 
activities will be emplaced in the access entries which serve 
as the last waste panels. The last waste panel will be closed 
and the remaining access entries will be backfilled. 
Decontamination and decommissioning activities must be 
coordinated with closing the access entries to ensure that all 
contaminated derived waste is emplaced prior to closure of the 
last access entry. 
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The four shafts will be sealed using crushed Salado salt in 
combination with other materials such as concrete, 
cementitious grout, clay, and chemical seal rings. Crushed 
WIPP salt will be used as the primary material. Figure 3.7 
details a typical shaft seal configuration. 
3.1 Repository and Waste Condition After Closure 

The requirement to remove the waste does not specify when 
or if removal would occur, only that removal not be 
precluded. The condition of the repository is time 
dependent with respect to salt reconsolidation and waste 
compaction. An unexpected event which initiates removal 
will impact removal design. For this reason, no specific 
technique can be used to satisfy all expected conditions. 
Many assumptions must be made to develop a generalized 
removal concept. 
Basic assumptions include: 
1. The reason for waste removal is known; what will be done 

with the waste is known (storage, disposal, processing, 
etc..). 

2. The repository has been closed for a period sufficient 
for total encapsulation of the waste and 
reconsolidation of the salt. 

3. The containers have been breached. 
4. The regulatory requirements for all activities are in 

place. 
5. The removal process after the waste is brought to the 

surface is known; transportation and end uses for the 
waste are known. 

6. Waste characterization requirements and 
process/equipment that meet these requirements are known 
and are based on regulations at the time of removal. 

7. Ground control will be more difficult during removal 
than the original excavation. 

At the time of removal, studies will be performed to 
determine the conditions of the waste and repository, the 
approach that will be used for removal, ground support 
methods, and the regulatory requirements. 
The assumption that the waste containers are breached and 
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the surrounding salt contaminated will generate a larger 
quantity of waste than was originally emplaced. Assuming 
that migration has not occurred beyond the repository and 
only the originally excavated volume of the waste 
emplacement area is contaminated, approximately 15.4 
million cubic feet of waste will be removed. This dilution 
of the waste will impact characterization and end use of 
the waste, however these issues are assumed to be resolved 
prior to the removal determination. 

8 



POST-CLOSURE TRU WASTE REMOVAL REPORT DRAFT 

sw NE 

1000 

750 

500 

2 
g 
> 
Ui 
-J 
UJ 

250 

SEA 
LEVEL 

-250 — 

GROUND SURFACE 
GATUNA FORMATION SURFICIAL DEPOSITS 

F DOCKUM 
_ GROUP _ 

MAGENTA 

DEWEY LAKE 
RED BEDS 

RUSTLER 
FORMATION 

CULEBRA 
RUSTLER-SALADO CONTACT 

— _ McNUTT or^Aizn — - -

*.A REPOSITORY LEVEL 

SALADO 
FORMATION 

^mzzzzzyz?. 2&z CASTILE 
FORMATION 

BELL CANYON 
FORMATION 

SAND AND SANDSTONE 

SILTSTONE AND SANDSTONE 

MUDSTONE AND SILTSTONE 

w////, 

' : 
i , • 

ANHYDRATE 

HALITE 

LIMESTONE 

GENERALIZED GEOLOGIC CROSS SECTION 
FIGURE 3.1 



POST-CLOSURE TRU WASTE REMOVAL REPORT DRAFT 

s tj i 

Sn 
8-

ill z t n 

© 

LT—1|—1|—LTLOJ LT 

EXPERIMENTAL AREA 

JUl_ 

EXPERIMENTAL AREA 

EXPERIMENTAL AREA 

REPOSITORY LAYOUT 
FIGURE 3.2 

10 



POST-CLOSURE TRU WASTE REMOVAL REPORT DRAFT 

"RU WASTE CONTAINER CONFIGURATIONS 

FIGURE U 
11 



N
 

P tn
 

•3
 I o t*
 o CO
 

M •3
 

W
 

N>
 

> ft 
-n

 S
 

o 
? 

c 
> 

m
 S

 
-z

. 
LA

 
-«

 
C

O
 

o m
 

2
: 

> o C
O

 

^ 

TO
P 

VI
EW

 O
F 

A
 

W
A

SI
t 

I I
I1

1 
\) 

\<
u\

M
 

£^
 

i>
W

Ub
 

SI
A

t 
|C

{ 1
) 

i 
11

11
,11

 
y-

 
/-P

A
C

K
S 

Sl
A

C
ht

D
 J

 l
lll

.ll
 

-r
r^

rr
r:-

xa
 

•3
 

M
 

W
 w O
 i id
 

M
 

•d
 

O
 

W
 

•3
 

SI
DE

 V
IE

W
 O

F 
SE

CT
IO

N
 O

f 
W

AS
lf 

I I
I I

 I
d 

RO
O

M
 

http://llll.ll


POST-CLOSURE TRU WASTE REMOVAL REPORT DRAFT 

01 

3 o 
Q — 

°Q 
CO Ld 

< < 

i <" 

WASTE DRUM EMPLACEMENT IN ROOMS AND 
ACCESS DRIFTS OF A TYPICAL PANEL. 

FIGURE 3.5 
13 



POST-CLOSURE TRU WASTE REMOVAL REPORT DRAFT 

Waste Canister 

ALT 

i 
Shield Plug 

Rock Bolt (2) 

Stop Bar 

Room Wall Face 

n u Waste Emplacement Cutaway 
Figure 3.6 

14 



POST-CLOSURE TRU WASTE REMOVAL REPORT PRATT 

TYPICAL SHAFT SEAL SYSTEM 
STRATIGRAPHY SEAL ARRANGEMENi 

DEPTH GROUND LEVEL 

•\ 

0.0 FT. 

500 FT 

1000 FT. 
M8 103 

VACA 
TRISTE 
MB 

1500 FT. 

SURFACE DEPOSITS 
MESCALERO CALICHE 
GATUNA FORMATION 

SANTA ROSA FORMATION 
DEWEY LAKE REDBEDS 

EXISTING. 
S H A P " / 

COLLAR 

EARTHEN 
FILL NEAR-SURFACE 

SUBSYSTEM 

MAGENTA 
MEMBER 

CULEBRA 
MEMBER 

RUSTLER 
FORMATION FRESHWATER 

CONCRETE 

jwyvvwyKiw, 
UPPER 

MEMBER 

McNUTT 
MEMBER 

RUSTLER/SALADO 
INTERFACE 

EXISTING • 
KEY 

UPPER LONG 
TERM COMPONENT 

(SALT COLUMNS > 80% 
FRACTIONAL DENSITY) 

RUSTLER 
FORMATION 
SUBSYSTEM 

i 

!- UPPER 
SHORT TERM 
COMPONENTS 

2000 FT. 
MB 
MB 

MB 138 
CLAY SEAM L 
ANHYDRITE A 
ANHYDRITE B 

MB 139 

SALADO 
FORMATION 

MIDDLE LONG 
TERM COMPONENT 

(SALT COLUMNS > 85% 
FRACTIONAL DENSITY) 

LOWER LONG 
TERM COMPONENT 

j > (SALT COLUMNS > 85% 
< FRACTIONAL DENSITY) 

2500 FT. 

1 MIDDLE 
SHORT TERM 

' COMPONENTS 

SALADO 
FORMATION 
SUBSYSTEM 

SHAFT 
STATIONS' -^^SBSSEs 

SUMP 

LOWER 
• SHORT TERM 
COMPONENTS 

gSssal 

SHAFT STATION 
CONCRETE 
MONOLITH 

^ = i MUDSTONE & 
' -"-"- SILTSTONE 

ANHYORITE 

! • * — • HAUTIC SAND 

j FRESHWATER 

FIGURE 3 . 7 
i s 

OOLOMITE 

SALADO FORMATION 
C41 T 

CONCRETE 

\&f'\ EARThE': FILL 

S - L : 3 ::-:c= JPATEC 



POST-CLOSURE TRU WASTE REMOVAL REPORT DRAFT 
4.0 Overview of the Basic Removal Approach 

To support the requirement that waste removal is not 
precluded, a system for waste removal is described using 
available mining technologies (see Appendix A). This will 
include standard shaft sinking practices and drift 
excavations. Standard mining techniques may be used until 
excessive contamination or radiation fields are encountered. 
In these contaminated areas, currently available remote 
controlled mining equipment or equipment modified with off-
the-shelf systems may be used. Where practical, removal 
operations will be performed remotely. All support, radiation 
and air quality monitoring, and geotechnical surveying will be 
performed remotely in the contaminated areas. The clean and 
contaminated areas will be segregated and maintained using 
separate air intake paths and ventilation control structures. 
The excavated waste and materials will be placed in 
appropriately designed waste containers. The container 
surfaces will be decontaminated if necessary prior to being 
transported aboveground. Aboveground facilities will include 
a control center where all remote operations are coordinated, 
and a decontamination area, where waste containers will 
undergo additional decontamination if necessary. The waste 
containers will be staged above ground for transportation to a 
pre-determined location or end use. A control center in the 
underground will provide the interface between the aboveground 
control center and the underground operational activities. 
The mining and waste removal operations will be designed to 
reduce the amount of contamination/exposure to allow limited 
human access for assessments, equipment retrieval, and 
equipment repairs. All operations will be designed to reduce 
or eliminate human involvement. Any radiological work will be 
performed using standard industry practices and approved 
procedures. 
The mining operations will use standard equipment to sink the 
shafts and excavate the drifts and support rooms. After the 
underground support areas are completed, the waste will be 
removed. Smaller scale mining equipment will be used to 
perform the removal. Most modifications to the equipment will 
enable the vehicles and support equipment to be remotely 
controlled and handle the waste materials not usually 
associated with mining activities. The RH TRU and CH TRU 
wastes will be retrieved in separate operations. Since the RH 
TRU wastes pose a greater radiation hazard, RH TRU removal 
activities may be more rigorous in order to limit the exposure 
to personnel. The RH TRU waste should be removed as intact 
as possible. 
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The preamble to 40 CFR §191 states that waste removal must be 
feasible but would likely incur great cost and overall 
occupational hazard. No time limit is specified. The removal 
approach will include measures that reduce the overall hazards 
but will require a long time period to complete. No time 
limits or cost estimates are included in this report. 
The removal requirement states that removal of "most" of the 
waste shall not be precluded but does not quantify the term 
"most". This report assumes that the quantity removed shall 
be the amount that can be removed practically. No 
quantitative figure is specified because removal is 
speculative. The amount that practically can be removed using 
the technologies available at the time of removal shall be 
achieved. 
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5.0 Currently Available Removal Technologies 

On April 27, 1992, a retrieval demonstration took place that 
successfully removed SWBs from a WIPP storage room. This 
demonstration simulated a cave-in or roof fall condition with 
salt and metal roof support materials piled on top of the 
SWBs. All retrieval operations were performed using remote 
controlled equipment. 
The equipment used for this demonstration consisted of two 
Melroe Bobcats, a remote controlled freestanding portable 
television camera, a WILD TM 3000 automatic laser survey 
station, a portable beta-gamma radiation detector, and a 
ANDROS Mark VA hazardous duty robot. One Bobcat used a 
backhoe attachment and the other used either a manipulator, 
front loader bucket, hydraulic breaker, or grapple bucket 
attachment. The attachments were changed out when required. 
The equipment used both radio and tethered cable remote 
control methods. 
The demonstration used the robot to survey the areas using 
television cameras and laser ranging equipment. The condition 
and location of the SWBs were determined using the robot's 
data. The robot also set up equipment and surveyed the areas 
for radioactive contamination. 
In order to remove the SWBs, the salt and metal materials were 
removed and boxed in containers using the remote controlled 
equipment. The SWBs were successfully removed from the room. 
Even though the retrieval demonstration was performed on a 
small scale, it proved that remote controlled equipment could 
be used to remove salt and metal materials from around a waste 
container, package the excess material, and remove the waste 
container. The removal of waste from a consolidated salt 
condition will involve a more complex set of circumstances. 
However, technological innovations to permit remote operation 
of current equipment will permit these complexities to be 
solved operationally. No new technology will be required. 

5.1 Remote Removal 
Current technology exists and is in operation in mines 
throughout the world to excavate materials using remotely 
controlled machinery. Remote coal mining has been 
performed for many years by several countries including 
Australia, France, Austria, Canada, Russia, and the United 
States. Remote controlled (RC) continuous miners, rock 
bolters, drills, haulage, road headers, loaders, and 
locomotives are examples of the equipment used at these 
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mines. [10] 
5.2 Remote Mining 
Two examples of remote mining operations include work in 
Australia and France. Australia removed 198,334 tons of 
coal from a McQueen Company mine using a remote controlled 
Flexible Conveyor Train, a continuous miner, and roof-
bolting machines between 1985 and 1987. [8] The French 
have been actively pursuing remote coal mining since 1972. 
"In 1983, 93% of French coal shearers were remotely 
controlled and monitored." [9] 
In 1986, the U.S. Bureau of Mines initiated research to 
develop technology to enable the relocation of workers from 
hazardous areas.[7] Such work includes developing computer 
assisted operation of continuous miners, roof bolters, and 
haulage systems.[7] Remote mining technology is continuing 
to progress making the likelihood of its success in any 
future removal operations highly probable. 
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6.0 Waste Removal Concept 

The removal concept is composed of five phases: 
1. Planning and permitting 
2. Initial above ground set-up and shaft sinking 
3. Underground excavation and set-up; set-up of 

underground ventilation, radiation control, packaging 
areas, decontamination areas, maintenance, remote 
control center, and personnel support rooms. 

4. Waste location and removal operations; mining waste 
removal, packaging, package surveying and 
decontamination, transportation to surface, staging 
for off-site transportation, and off-site 
transportation. 

5. Closure; decontamination and decommissioning the 
facility. 

Each phase will be discussed in the following sections. 
6.1 Planning and Permitting (P&P) 

The need to remove the waste would initiate the planning 
and permitting phase. By definition (40 CFR §191.02(1)), 
waste removal does not occur until after disposal. The 
permitting requirements will be based on governing 
regulations at the time removal is authorized. The 
planning and permitting program will identify all required 
permits. This program will also research the available 
technologies to determine the appropriate removal 
techniques, the waste conditions, and the repository 
conditions. After the initial research is completed, a 
plan will be drafted to itemize and schedule all removal 
activities. 
Included in the P&P program is certification of 
characterization, classification, and shipping equipment 
and techniques. This effort includes developing procedures, 
establishing training requirements, and developing quality 
assurance measures. 

6.2 Above Ground Set-Up and Shaft Sinking 
Above ground support buildings will be required to house 
the exhaust fans and filters, administration, maintenance 
support facilities, control center waste 
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staging/decontamination areas, and warehouse (containers). 
Trailers could be used for miscellaneous activities. Power 
and water distribution network shelters will be required. 
Where possible, above ground support facilities should be 
designed for later disassembly and removal to facilitate 
decommissioning. All original facilities used during 
disposal will have been removed when the facility was 
decommissioned. Only the hot cell concrete structure will 
remain as an element of the Permanent Marker System. This 
structure is composed of thick concrete walls which may 
endure for centuries. 
A shielded area will be required to handle and store the RH 
TRU canisters and their containers prior to off-site 
shipment. This area will contain all the equipment 
necessary to transfer the RH TRU waste into suitable waste 
containers and load shielded shipping casks. All 
operations will be performed remotely. If practical, the 
original hot cell may be refurbished for this use. 
Security fencing may be required around the facilities. 
The extent of the security devices required will be 
governed by the regulatory requirements at that time. 
A Control Center will be located above ground that houses 
the personnel and equipment that controls the remote mining 
equipment and all other remote operations. 
At least three shafts will be required. The number and 
size of the shafts will be based on removal throughput 
requirements, airflow requirements, and mining regulations 
at that time. The underground ventilation requirement 
should be lower than the original ventilation system 
assuming a reduction in both manpower and diesel equipment 
usage. To reduce particulate contamination, the removal 
working area and packaging areas will be minimally 
ventilated during normal operations. Lowering the 
ventilation rates will reduce particulate migration away 
from the working areas. 
One possible concept uses two intake shafts and an exhaust 
shaft located near the original locations of the Waste 
Handling, Salt Handling, and Exhaust shafts. The 
specifications for these shafts may use the original design 
concepts since the removal requirements are similar. 
Each shaft will include a hoisting system. The Waste 
Handling shaft (WHS) and hoist will be fully enclosed and 
will allow air intake without backflow. The WHS will also 
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be an air intake shaft that ventilates the maintenance, 
packaging, and contaminated work areas of the mine. 
The ventilation exhaust system will include the appropriate 
exhaust fans, monitoring, and high efficiency particulate 
air (HEPA) filtration systems used to filter the exhaust 
air during removal operations. The system design permits 
remaining within the allowable limits imposed at that time. 
Since the possibility of contamination is great, filtration 
of all exhaust air may be required. Self-cleaning or 
roughing pre-filters may be used to increase HEPA filter 
life and reduce down time for filter change-out. 
After the first shaft (no particular order) is completed, 
the others may be excavated from the bottom up using a 
drill and ream system. This will require access entries 
(drifts) to be excavated to the base of each shaft and 
drilling to this area. A grizzly (ore transfer station) 
will also be installed to facilitate removal of excavated 
salt (uncontaminated) from drift and support area mining. 

6.3 Underground Excavation and Facility Set-up 
After the shafts are completed, drifts will be excavated 
and ventilation paths established using air control 
regulators. Support rooms for use as maintenance areas, 
control rooms, and packaging areas will be excavated. Air 
locks will be constructed to isolate the clean areas from 
the contaminated areas. All equipment required for 
removal, packaging, and related support activities will be 
installed. 
Excavation in areas where the original access entries were 
located may not provide adequate ground support. This 
problem is time dependent; if the repository is entered 
before the salt heals and reconsolidates, problems may 
occur. Studies will be required to determine if reentering 
original drifts requires additional precautions. Drifts 
and support rooms will be located in undisturbed rock where 
possible. 
Excavation will be in two phases. The initial excavation 
will not contact waste but will mine support rooms and 
haulage drifts that provide ventilation and access to the 
waste panels. The second phase will remove the waste. 
Conceptual layout of removal operations is shown in Figure 
6.1. 
Air locks will be used to allow travel between air circuits 
while maintaining the isolation of contaminated areas from 
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the clean areas. 
The following support areas may be required: 
Control Centers -

Maintenance Rooms -

Personnel Support -

Rooms that contain the remote 
control support interface between 
the surface control center and the 
equipment supporting the 
underground ventilation, mining, 
packaging, and transportation 
operations. 
Shop areas where all maintenance 
and repairs are performed, includes 
wash bay and parts warehouse for 
support equipment. 
Lunch room, lockers, washrooms, and 
facilities. 

Container Warehouse -

Packaging Area -

Decontamination Area-

Storage for clean, empty waste 
containers and decontamination 
supplies. 
Automated container filling and 
sealing area. 
Container radiation survey and 
decontamination area. 

Grizzly - Salt (ore) transfer and removal 
station at base of shaft. 

Container Staging Area- Lower hoist loading area with 
staging area (clean area) located 
in clean intake air feeding 
contamination area, final radiation 
survey area. 

6.4 Waste Location and Removal operations 
The CH TRU and RH TRU waste removal will be performed in 
separate operations. The CH TRU waste will be removed by 
mining the area where this waste was emplaced. The CH TRU 
waste and surrounding rock will be removed and transported 
to the packaging areas without disturbing the RH TRU waste. 
The RH TRU waste will be removed by excavating the rock 
salt around the waste and removing it in as intact 
condition as possible. This waste may be placed in a waste 
container at the work face and then transported to the 
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packaging area. This waste container may be the shipping 
container if sealing and decontamination are possible 
underground or it may be over-packed at the packaging area 
prior to decontamination. 
The CH TRU waste can be removed many ways using standard 
equipment. The waste could be mined out using a large 
scale continuous miner. However, this method would spread 
excessive amounts of particulate contamination and would be 
difficult to control particularly with respect to the RH 
TRU wastes. The most practical approach would use small 
scale mining equipment such as scalers and hydraulic 
breakers, small loaders, and excavators. A small head 
continuous miner could be used to excavate most of the 
waste. The other extraction equipment would be used to 
remove the most difficult waste such as large metallic 
items. Appendix A contains a brief description and 
feasibility of using various mining techniques for waste 
removal. 
One approach to CH TRU removal is to excavate an area 
approximately three feet high directly below the waste and 
then, using a hydraulic breaker/scaler, dislodge the waste 
above. 
One drift may be excavated around the waste panels. This 
drift will provide ventilation that will be used during 
removal operations. The original location of the panels, 
rooms, and seal plugs will be known. Panel and room plugs 
will be used as markers during the excavation of the 
haulage drifts leading to the panels. To determine the 
relative position of the waste, ground penetrating radar 
technology could be used. This technology has been tested 
in salt mines and is capable of locating metallic targets 
up to ten meters away.[3] The access entries could be 
completed and the entrances to each panel could be located 
by the panel closure systems and/or radar. Radar and gamma 
detectors could be used to help locate the RH TRU waste. 
After the support, ventilation, and access drifts are 
completed, the first panel can be entered to remove the 
waste. The panel closest to the exhaust shaft should be 
excavated first to reduce initial contamination. An 
entrance and exit will be excavated, dust control systems 
installed, and isolation bulkheads will be erected. The CH 
TRU waste will be excavated behind the bulkheads, separated 
from normal ventilation. After removing a predetermined 
amount of excavated materials, loaders will transport the 
waste materials to the packaging area. 
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The CH TRU waste will be transferred to the automated 
packaging system which packages the waste into containers. 
See Appendix 2 for an expanded explanation of automated 
packaging. Remote operated bulk material handling 
equipment may be used to transfer the waste from the 
loaders to the waste containers. The container will move 
into the decontamination area where it is automatically 
surveyed and decontaminated. The container is then moved 
into the hoist underground staging area where it is 
surveyed again and transported to the surface. The 
container will be warehoused until transported off-site. 
The CH TRU waste containers shall be selected using the 
regulatory requirements at that time. Currently available 
containers will be researched to determine their 
suitability and if none are found, new containers will be 
built and certified. 
An above ground decontamination area is used if any 
contamination is found during the off-site container 
loading and transportation operations. 
RH TRU waste will be removed after the CH TRU waste is 
excavated past the seal plugs to allow equipment access. 
The equipment will be set-up to remove and excavate the 
materials around the waste. The waste will be loaded into 
a container and moved to the packaging area. There, the 
container may be decontaminated, if possible, or overpacked 
prior to shipment above ground. After decontamination is 
completed, the RH TRU waste is transported to the surface 
and is warehoused in a shielded area prior to off-site 
shipping. Radiation surveying and decontamination 
procedures will be similar to the CH TRU operations. 
The waste will be removed from the panel and its original 
access entries. After initial panel waste removal is 
completed, all other panels are excavated. 
6.5 Closure 
After the waste is removed from the repository, the 
facility shall be decommissioned in accordance with the 
regulatory requirements applicable at that time. Closure 
may include partial backfilling of the mine and support 
areas. The entire mine will not be backfilled, the intent 
is only to dispose of the un-contaminated excavated salt 
removed during the initial mining operations. The shafts 
may be sealed and the surface facilities will be 
decontaminated and decommissioned. All decontamination 
wastes could be packaged and shipped in the same fashion as 
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the removed waste. 
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7.0 Conclusion 

The requirement for waste removal after closure originates in 
40 CFR §191.14(f). Specifically, the WIPP "Disposal systems 
shall be selected so that removal of most of the waste is not 
precluded for a reasonable period of time after disposal".[1] 
Removal of the waste after the repository is sealed is 
possible. Because access to the repository was accomplished 
using standard mining practices, access to the waste after 
closure can be accomplished using the same mining 
technologies. Location and removal is also possible using the 
same equipment modified to operate remotely. Packaging the 
removed waste and decontamination of the containers can be 
accomplished with established automation techniques. The 
concept of sealing and decommissioning the facility will have 
been demonstrated prior to waste removal. These same concepts 
may be used if the performance of the seals was determined 
adequate. 
As stated in the preamble to 40 CFR §191, with respect to the 
waste removal requirement, "any current concept for mined 
geologic repository meets this requirement without any 
additional procedures or design features. For example, there 
is no intent to require that the repository shafts be kept 
open to allow future recovery. To meet this assurance 
requirement, it only need be technically feasible (assuming 
current technology levels) to be able to mine the sealed 
repository and recover the waste - albeit at substantial cost 
and occupational risk". The WIPP is a mined geologic 
repository and as such meets the removal requirement without 
any additional design requirements since current technology 
can be used to remove the waste if the need arises. Partial 
proof of this concept was demonstrated by removing waste 
containers from under salt and metal roof support materials 
using remote controlled equipment. 
It is reasonable to assume that advances in removal 
technologies will make waste removal more feasible in the 
future, however, removal is currently feasible using existing 
technology. 
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Appendix A 

Mining Techniques for Waste Removal 

Waste removal can be accomplished in many ways using available 
technologies. Mining techniques are the most plausible since 
they must be used initially to provide access to and locate the 
waste. Methods used to extract salt and potash were briefly 
evaluated to determine the best removal technique. Since the 
waste is hazardous and radioactive, the technique used must 
limit the spread of contamination to the environment and exposure 
to facility personnel. The condition of the waste at the time of 
removal will be unknown and is related to the amount of time the 
waste was exposed to repository conditions. 
Removal processes should be performed with as little direct human 
interaction as possible. Limited contamination is acceptable 
provided that the exhaust from these areas is controlled and 
filtered. Roughing filters and HEPA filters can be used to 
control contamination. Limiting the air throughput in the work 
areas will minimize the spread of contamination. 
Mining techniques that were evaluated include the following: 

Continuous Mining 
Drill and Blast 
Solution Mining and Mechanical Extraction 
Mechanical Excavation Techniques 

Continuous Mining 
Continuous mining was used to excavate most of the WIPP facility. 
A continuous miner is used to mechanically excavate materials by 
ripping, milling, or boring the rock from the work face. Rotary 
drums/heads with cutting bits attached to the surface cut the 
rock. The miner mechanically removes the loose material and 
transports it away from the face onto a conveyor where it can be 
transferred to haulage equipment or transported by belting to 
other areas. Continuous mining equipment can precisely remove 
rock and hold tolerances in the order of a few inches. The 
equipment is available in a wide variety of styles and sizes. 
Remote controlled continuous miners are commercially available. 
The waste contains some metallic items and the containers are 
metallic. Continuous mining heads with carbide bits can cut 
through metals, however it is not standard practice to do so. 
The equipment may be modified by changing the cutting head 
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configuration to efficiently handle the metallic substances. 
Large scale continuous mining of the waste would be possible but 
is impractical because of the potential for spreading 
contaminated material. Excessive amounts of dust are generated 
during continuous mining. Water is generally used for dust 
control which may increase the spread of contamination. Water 
will transport the contamination into the fractures of the 
surrounding rock. 
Small scale continuous mining of the waste is practical if 
electric equipment is used and the area is isolated during mining 
operations. To control contamination, bulkheads can be placed 
close to the mining face that isolates the mining activities from 
normal mine ventilation. Ventilation in the mining area can be 
reduced or eliminated since remote controlled electrical 
equipment would be used and no diesel equipment or personnel are 
required. Suspended dust can be partially removed from the air 
during mining and loading operations using standard portable 
filtering equipment. 

Drill and Blast 
This method excavates by drilling holes in a rock face and 
filling the holes with explosives. The explosion fractures and 
loosens the rock material. Other equipment is then used to 
remove the debris and the cycle starts again. 
This method could also be used to remove the waste. However, 
this method generally requires personnel to drill and load and 
would be difficult to perform remotely. The dust and fumes 
caused after the explosives are detonated must be ventilated and 
would cause a contamination problem. Isolating the working areas 
with bulkheads would be difficult because of the large pressures 
produced by the blast. Therefore, use of this method for waste 
removal is not practical. 

Solution Mining 
Solution mining uses a solvent to extract the material of 
interest. In salt solution mining, water is injected into the 
formation and saturated brine is pumped out.-

A modified version of this technique could be used to remove the 
salt from around the waste at the repository level. After the 
salt is removed, remote controlled mechanical equipment would 
remove the exposed waste. Both standard mechanical mining methods 
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and solution mining would be required. This method may be 
impractical because a large amount of water would be required. 
If a system was designed to recycle the water, water treatment 
would be required to extract salt and any contaminated material. 
The processes involved add significantly to the complexity. In 
any event salt and probably the water would be contaminated and 
must be packaged along with the waste. This method would produce 
a large volume of contaminated material and would spread 
contaminants into the fractures of the surrounding rock. 

Small Scale Mechanical Excavation Techniques 
Small scale mechanical excavation techniques can be used and are 
the most favorable. One method uses hydraulic breakers to 
dislodge material from the face by scaling or cleaving the 
material. This method is extremely slow and precise. It 
produces the least amount of dust and can be performed remotely. 
Other forms of mechanical excavation equipment include small 
backhoes and manipulators with various earth moving and cutting 
attachments that can be used to dislodge, move, and cut/crush the 
waste. This type of equipment will be required to support any 
method used. 

Transportation 
After the waste materials are excavated, they must be transported 
and packaged. Standard mining techniques can be used to 
transport the material. Remote controlled loaders, ore trucks, 
and conveyors can be used if the ventilation is controlled to 
prevent the spread of contamination. Loading and unloading would 
be performed in closed, low, or no ventilation areas, with air 
filtering systems that remove the suspended particulates. 
Transportation to the packaging area would be accomplished with 
standard equipment and technology. Disposable covers could be 
used to contain the waste during transport which further reduces 
area contamination. 

Packaging 
Automated and remote controlled equipment can be designed to 
package the removed materials and-decontaminate the package prior 
to transportation to the surface. Automated bulk handling 
equipment, drum handling, and sealing systems are currently 
available. Most large scale manufacturing facilities automate 
their packaging lines and these systems can be adapted to perform 
waste packaging underground. Computer controls, Programmable 
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Logic Controllers (PLCs), and other automation equipment could be 
used along with a conveyer system to automate the packaging 
operations. Depending on the condition of the waste, the CH TRU 
waste may require resizing and dehumidification prior to 
packaging. This may include crushing and shredding the waste 
material to facilitate bulk packaging. Appropriate package sizes 
and approved containers will be used. 
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