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U.S. Nuclear Regulatory Commission
Division of Waste Management
Geotechnical Branch
MS 623-SS
Washington, DC 20555

Attention: Mr. Jeff Pohle, Project Officer
Technical Assistance in Hydrogeology - Project B (RS-NMS-85-009)

Re: Salt Document Review - ONWI/E512-02900/TR-36,410-20G-03B and
ONWI/E512-02900/CD-27,410-20G-02C

Dear Mr. Pohle:

Please find attached the Daniel B. Stephens and Associates' document reviews
of "Travel Path/Travel Time Uncertainties at Salt Sites Proposed for High
Level Waste Repositories" (ONWI/E512-02900/TR-36,410-20G-03B) and "PTRACK, A
Particle Tracking Program for Evaluating Travel Path/Travel Time
Uncertainties" (ONWI/E512-02900/CD-27,410-20G-02C). The reviews were
performed by Drs. Stephens and Yeh of Daniel B. Stephens and Associates (DBS).
The document review received a technical review by Mr. Adrian Brown and a
management review by Mark Logsdon of Nuclear Waste Consultants.

The review is an extensive one which treats not only the documents themselves,
but also the relationship of this DOE work to NRC comments on the Draft
Environmental Assessments and to the NRC's draft GTP on Groundwater Travel
Time. The principal conclusions of the review are that the documents indicate
a considerable effort has been directed toward addressing the impact of data
uncertainty in predicting travel paths and travel times and that in all but a
few instances, the approach seems to have been reasonably conservative with
respect to predictions that are of regulatory concern. However, DBS also
points out a major, potentially significant limitation of the INTERA approach,
namely that PTRACK does not conserve mass, and therefore cannot be used to
address uncertainty in conceptual models of the groundwater flow system. The
consequence of this is that DBS considers that the travel time calculations
cannot be used reliably to rank different sites.
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Nuclear Waste Consultants is pleased to forward this set of reviews to you.
We trust that they will not only fulfill the staff's need for reviews of these
documents, but also help prepare the staff for the reviews of the Final
Environmental Assessments for the Salt sites. If you have any questions about
this matter, please contact me immediately.

Respectfully submitted,
NUCLEAR WASTE CONSULTANTS, INC.

Mark J. Logsdon, Project Manager

Att: Salt Document Reviews - TPTTU and PTRACK

cc: US NRC - Director, NMSS (ATTN PSB)
DWM (ATTN Division Director)
Mary Little, Contract Administrator
WMGT (ATTN Branch Chief)

bc: L. Davis, WWL
M. Galloway, TTI
R. Knowlton, DBS
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April 22, 19866

Mr. Mark Logsdon
Nuclear Waste Consultants, Inc.
8341 So. Sangre de Cristo Rd.., Suite 14
Littleton, CO 80127

Subject: Comment on the Conformance Between Revised DOE Ground-
Water Travel Time (GWTT) Analysis and NRC Draft Generic Technical
Position (GTP) on GWTT.

Dear Mark:

A companion transmittal to you includes reviews of two salt
documents on GWTT: "PTRACK..." and "Travel Path/Travel Time
Uncertainties. .. " As requested, I am submitting under separate
cover my comments relating to the conformance of those documents
with the NRC's latest draft of the GTP on GWTT. The GTP I refer
to is report GWTT/DUP7 by Richard Codell which is a Attachment 1
to your report to Jeff Pohle dated December 13, 1985 (Communica-
tion No. 7). My comments do not comprise a critique of the GTP,
but rather they address whether the NRC suggested approaches to
predicting travel time have been followed by DOE.

My opinion is that, in most respects, DOE has intended to
follow the NRC's interpretations of GWTT objectives and DOE has
pursued a methodology which is simple and reasonably consistent
with what NRC has suggested in the GTP. My concerns regarding
the limitations of the approach and its application are detailed
in the two document reviews.

In summary, my conclusion is that the approach using PTRACK,
although flawed, has produced results which are conservative
compared to the Draft EA. Based on my understanding of the site
hydrogeology the results appear to be in accord with my intuitive
expectation of results from a more rigorous approach such as two
or three-dimensional flow models. The simplified results appear
to give sufficient assurance that site characterization studies
should proceed, with special emphasis on collecting insitu
hydrogeologic parameters which would justify use of a three-
dimensional flow models. However, PTRACK does not conserve mass
and therefore it cannot actually represent a 'credible conceptual
model'; therefore my recommendation is to request DOE to conduct
a few multi-dimensional simulations of travel path and travel
time using rigorous numerical codes which are consistent with
current conceptual flow models in order to 'bench mark' PTRACK
and to provide additional necessary documentation that the
results of PTRACK are reasonable expectations.

Specific comments on the conformance of DOE's revised ground
water travel time analysis with the NRC's GTP now follow.

-~~~~0 ELAEU ~ORNWMXC 70 568536
600 NEFLAVENUE SOCORRO, NEW MEXIC087801 1506) 8354162



2.0 Interpretation of GWTT objective

2.1 Pre-Waste - Emplacement Environment
The PTRACK approach is simple and accounts for variability

and uncertainty in input data.
Temporal variations in boundary conditions are not treated

explicitly in the approach.

2.2 Fastest path of likely radionuclide travel
Paths to the accessible environment are identified.

However, the approach does not demonstrate that any of the travel
paths predicted by the 1000 realizations are associated with
credible conceptual models.

2.3 Groundwater Travel Time (GWTT)
GWTT is presented as a cumulative probability distribution

function (CDF) for fluid particle travel times to enter the
accessible environment. The probability that the particles enter
the accessible environment via a particular stratigraphic unit is
also presented. The probability that the travel times will be
less than 1000 or 10,000 years Is described. Thus DOE has
conformed with the NRC GTP GWTT.

If one assumes that the realizations of parameters input to
PTRACK represent credible conceptual models, then DOE has in fact
presented conceptualizations of flow paths which are simple and
consistent with available data at this phase of site investiga-
tions. However, the reviewed documents infact indicate that
uncertainty in conceptual models has not been attempted by
applications of PTRACK, and that three-dimensional numerical
models would be needed to do this. A relatively small number of
simulations with physically realistic conceptual models, although
more complicated, would give needed additional confidence in the
predictions of GWTT produced by PTRACK.

3.2 Statement of Regulatory Position
Regarding the NRC staff interpretations of the GWTT objec-

tive, "likely conceptual models" are not identified by PTRACK.
It is the stated intent of PTRACK to evaluate only the influence
of data uncertainty on travel path and travel time. In PTRACK,
each travel path trajectory from a realization, and hence each
'conceptual model', has an equal probability of occurrence.

DOE does not indicate what level of probability in travel
time ((1-X]X) is significant. Quantities of radionuclides
transported in ground water along major pathways are not discus-
sed by DOE in the documents reviewed.

Appendix A: Calculation of the GWTT
DOE has chosen to use a quasi-deterministic model coupled

with a variation of Monte Carlo simulation (Latin Hypercube
Sampling) to calculate uncertainty in travel time. The NRC
guideline in the GTP on deterministic models explicitly Indicates
that deterministic models solve partial differential equations
for ground water flow. The derivation of the partial differen-
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tial equations (PDE) describing ground-water are based on two
fundamental steps. These steps include an equation of continuity
or mass conservation, and the second involves Darcy's equation.
In PTRACK only Darcy's equation is used. There is no assurance
that a PDE is satisfied for the randomly chosen or correlated set
of hydrogeologic parameters and boundary conditions.

A.3 Estimation of Parameters
The input parameters used in PTRACK are probability density

functions (pdf). The type of distributions is inferred from
experiences in other studies; however, this is consistent with
the GTP. The sensitivity of the results to the choice of pdfts
has not been addressed in the documents.

Sincerely yours,

Daniel B. Stephens, PhD
President

DBS/mt

DANIEL B. STEPHENS & ASSOCIATES, INC.
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April 23, 1986

Mr. Mark Logsdon
Nuclear Waste Consultants, Inc.
8341 So. Sangre de Cristo Rd.
Suite 14
Littleton, CO 80127

Dear Mark,

Enclosed please find our response to the NRC work allocation
directive number 9/3.3/REV.001. Included are formal reviews of
the documents: ONWI/E512-02900/TR-36,410-20G-03B, 'Travel Path/
Travel Time Uncertainties at Salt Sites Proposed for High Level
Waste Repositories', (TPTTU), by INTERA Technologies, Inc., and
ONWI/E512-02900/CD-27,410-20G-02C, 'PTRACK, A Particle Tracking
Program For Evaluating Travel Path/Travel Time Uncertainties', by
INTERA Technologies, Inc.. Also enclosed is a letter report
addressing the conformance of the TPTTU document to the NRC Draft
Technical Position on Ground-water Travel Time. I trust that
this correspondence satisfies our deliverables on directive
number 09/3.3/REV.001.

Attachment A to this letter is a rough attempt at outlining
the Data Needs Assessments on Salt that may be needed. This is
in response to your request following the April 14-15, 1986
meeting in Silver Springs, MD.

If you have any questions with regard to this material
please do not hesitate to call.

Yours truly,
Daniel B. Stephens & Associates, Inc.

Robert G. Knowlton, Jr.
Project Manager

- enclosures
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Attachment A

Data Needs Assessments in Salt

1. Complete Conceptual Model Evaluation Tasks.

2. Identify Key Problem Areas.

3. Review Existing Documents for 'Scoping Calculations' on Key
Problem Areas.

4. Tenative List of Key Problem Areas for which 'Scoping
Calculations' May be Required with Respect to EPA Standards.

a. Critical value of permeability
b. Diffusion process
c. Osmotic pressures and effects on fluid flow
d. Thermal effects on fluid flowf and solubility
e. Occurrence and effects of dissolution zones and breccia

pipes
f. Ground water age dates and geochemical compositions

needed for consistency with conceptual models and EPA
standards.

5. Perform 'Scoping Calculations' Showing Problem Areas Most
Sensitive to EPA Standards.

DANIEL B. STEPHENS & ASSOCIATES, INC.
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1.0 INTRODUCTORY INFORMATION

File No:

Document: Travel Path/Travel Time Uncertainties at Salt
Site Proposed for High Level Waste Repositories,
ONWI/E512-02900/TR-36, 410-206-03B, by Andrews,
R.W., V.A. Kelley, J.A. McNeish, A.M. LaVenue,
J.E. Campbell, INTERA Technologics, Inc. 289pp.

Reviewer: Daniel B. Stephens and Tian-Chyi Jim Yeh
Daniel B. Stephens & Associates, Inc.

Date Review Completed: April 22, 1986

2.0 SUMMARY OF DOCUMENT AND REVIEW CONCLUSIONS

The document address uncertainty in travel path and travel

time in horizontally layered ground-water flow systems. A wide

range of hydrogeologic parameters is used as model input to make

the predictions. Ranges of hydrogeologic parameters used as

input to predict travel time appear to be reasonably conserva-

tive, although the on-site data base is very limited. Hydraulic

head is especially important and perhaps is the most poorly

defined parameter in the interior of the salt sections. The

rather small uncertainty in hydraulic head prescribed in the

model is not supported by the available data base.

At the Deaf Smith and Davis Canyon Sites, probability is low

that the travel times to the accessible environment is less than

1000 years; at the Richton Dome site this probability is ex-

tremely low. In general, the most important parameter control-

ling travel time is permeability of the interbeds adjacent to the

host salt.

~~ DANIEL B. STEPHENS & ASSOCIATES. INC.
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The approach to calculate travel paths is flawed primarily

because there is no assurance that the conceptual flow models

associated with the 1000 randomly selected sets of parameters are

realistic and because the flow model does not conserve mass.

The document represents a substantial effort toward

addressing most of the NRC documents on the Draft Environmental

Assessments which relate to travel time. However, the results

should not be used to compare sites. The parameter sensitivity

analysis may be very useful to guide site characterization

studies.

2.1 Summary of Document

INTRODUCTION

Reviews of the Draft Environmental Assessments prepared by

DOE for the seven potential high-level nuclear waste repository

sites indicated that a need exists for DOE to address the nature

of uncertainty in calculating travel time to the accessible

environment. In response to these concerns and in support of the

Final Environmental Assessments in Salt Sites, DOE has submitted

the report herein under review, designated for convenience as

(TPTTU), and a companion report, PTRACK: A Particle Tracking

Program for Evaluating Travel Path/Travel Time Uncertainties.

The purpose of the TPTTU report is to evaluate the effectiveness

of the geologic materials to produce pre-waste-emplacement

ground-water travel times from the repository to the accessible

environment which are at least 1000 years. An implicit secondary

~ DANIEL B. STEPHENS & ASSOCIATES, INC.
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purpose of the study is to identify, for the subsequent Site

Characterization Studies, those hydrogeologic parameters which

have the most influence on travel path and travel time. The

report addresses travel paths and travel times along those paths

at potential sites in the Palo Duro Basin, Paradox Basin and in

Salt Domes. Our specific direction from NRC was to evaluate the

potential sites at Deaf Smith County, Davis Canyon and Richton

Dome.

Briefly, the general procedure used to predict travel paths

is to assume that a waste particle will move with the mean

groundwater velocity in a direction from the repository which is

determined by hydraulic head gradients and Darcy's equation in

the horizontal and vertical directions. The geologic material is

horizontally stratified in discrete layers and steady ground-

water flow is constrained to two directions in a vertical plane.

Hydrogeologic parameters are allowed to vary within prescribed

known or assumed probability distributions.

Parameters with uncertainty which are used to calculate a travel

path and associated travel time include permeability, porosity,

TDS (total dissolved solids), horizontal hydraulic gradient,

environmental hydraulic head at up to three elevations, and

fracture location. In a modification of Monte Carlo Simulation,

Latin Hypercube Sampling (LHS) is used in the program PTRACK to

select parameters for each realization in order to predict the

probability density function of travel time from a large number

(as many as 1000) of travel paths and travel times. LHS is well

-______- DANIEL B. STEPHENS& ASSOCIATES. INC.
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suited for identifying parameters which have the greatest

influence on the predicted travel time distributions. The

accessible environment is allowed to range from 1 to 5 km from

the edge of the repository; the greater distance is consistent

with the EPA's "controlled area". The procedure accommodates

fractures by assuming that after a fluid particle encounters a

fracture, the travel path is thereafter only horizontal and the

travel time is increased 100-fold by decreasing porosity; only

porous flow is actually utilized. A more detailed review of

PTRACK, and LHS, is provided in the formal review of PTRACK by

Daniel B. Stephens & Associates, Inc., which accompanies the

present review. The authors of the TPTTU report point out that

PTRACK is designed to assess the impact of data uncertainties in

the conceptual model, rather than conceptual model uncertainties.

DEAF SMITH SITE

The conceptual model for the Deaf Smith Site is based mostly

on hydrogeologic characteristics of the test well nearest the

site, test well, J. Friemel No. 1, located approximately 5 miles

to the east. Nineteen horizontal layers are included. The

conceptual model extends from the Dockum sandstone stratigraphic-

ally downward to the Wolfcamp carbonate. In general, strati-

graphic units having similar hydrogeologic characteristics are

lumped together as a single layer. The greatest resolution of

stratification is adjacent to the repository horizon in the Lower

San Andres (LSA) Unit 4 Salt; interbeds of dolomite between the

DANIEL B. STEPHENS & ASSOCIATES, INC.
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salt are as thin as 20 feet. The waste is assumed to be released

at the base of the host Salt at the edge of the disturbed zone;

thus no travel paths go through the host salt layer. Vertical

head gradients are calculated from water levels in 2 wells in the

Dockum located 5 miles from the J. Friemel No. 1 well and from

pumping tests in the LSA unit 4 dolomite and Wolfcamp carbonate

in J. Friemel No. 1. Vertical gradients in other layers are

calculated by assuming that only one-dimensional vertical flow

exists across the layers. Uncertainty in head data is based on

geological and engineering judgement. Permeability for the model

layers is based on either field measurements in the Palo Duro

Basin or on similar lithology elsewhere, laboratory measurements,

or representative textbook values. The anisotropy ratio is 10,

except salt layers are assumed isotropic. Permeability is

assumed to be log-normally distributed. Porosity, assumed to be

normally distributed, is obtained from either borehole resisti-

vity logs (which over estimate effective porosity) or textbook

ranges of values; in general, to be conservative, lowest values

from the expected range of porosity are used in computations.

TDS ranges from values representative of fresh water in the

Dockum to salt-saturated brine; probability distributions are

assumed to be triangular. Based on field data and modeling

studies horizontal hydraulic gradients range from about 0.001 to

0.0055, with a mode of 0.004 in all layers, and a triangular

probability distribution is assumed. Vertical fractures located

on the basis of surface lineaments, are assumed to penetrate' all

- DANIEL B. STEPHENS & ASSOCIATES, INC.
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the layers except salt. Uncertainty in a travel path encoun-

tering a fracture is accounted for by developing a cumulative

probability distribution based on the minimum distance to a

surface mapped lineament from a repository located at random

within the lineament field.

The results of the analysis for Deaf Smith Co. are available

for two basic scenarios: porous media flow and fractured flow.

For the porous media flow assumption, 1000 trajectories were

calculated from 1000 realizations of the uncertain parameters,

assuming no correlation among the parameters apriori. The LSA

unit 4 interbed is the layer in which fluid particles will most

probably reach the accessible environment, however, all travel

paths calculated have an equal likelihood of occurring. For the

5km distance to the accessible environment, there is a signifi-

cant probability that particles will exit the Wolfcamp, however

as the distance to the accessible environment decreases to 1 km,

the LSA unit 2 and 3 interbeds become secondary to the LSA 4

interbed as probable exit points. Flow is downward from the

repository in all but three of the 1000 realizations. No travel

time was less than 1000 years when the distance to the accessible

environment was 3 or more kilometers. For the 1 kilometer

distance to the accessible environment, five of the realizations

showed travel times less than 1000 years. Mean travel times

range from 3.8 x 105 to 2.4 x 10 6 years to reach the 1 and 5 km

distances to the accessible environment, respectively.

Fractures do not significantly affect the mean travel time.

DANIEL B. STEPHENS & ASSOCIATES, INC.
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When fractures are taken into account, mean travel times

decrease only by as much as 2.4 for the 5 km travel distance.

However, fractures cause a significant increase in the prob-

ability that travel time along individual paths will be less than

- 1000 years. For the 1 and 5 km distances, the probabilities that

travel times are less than 1000 years are 18.6 and 6.6 percent,

respectively. There is a 5% probability that travel time will be

less than 770 years for the 5 km distance to the accessible

- environment. When fractures are included, 68 to 75% of the

travel paths exit the LSA unit 4 interbed at the 1 and 5 km

distances.

Simulations were also run in which input parameters were

correlated to varying degrees. The correlation included: layer

to layer permeability, layer to layer horizontal gradient,

permeability and horizontal gradient, permeability and porosity,

and interbed permeability. The first four correlations either

have no significant effect or tend to increase minimum travel

times slightly. When the distance over which interbed perme-

ability is assumed to be correlated decreases from the base case

previously described, the minimum travel time increases. Thus,

the base case is the most conservative.

Methods of sensitivity analyses applied to the results of

the base case simulations included scatter-plots, partial rank

correlation coefficients, and a step-wise regression analysis.

In porous media flow, the conclusion inferred from these analyses

is that the 1000 year travel time is clearly most sensitive to

--- ____ DANIEL B. STEPHENS & ASSOCIATES, INC.
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the permeability of the LSA unit 4 interbed. In fractured media,

the distance to the fractures and permeability of the LSA Unit 4

interbeds are most important.

DAVIS CANYON SITE

The Davis Canyon site is conceptualized as consisting of

twenty-one horizontal layers based on the lithology from the GD-1

well. The uppermost layer is represented by the Elephant Canyon

sandstone and the most lower layer is the Leadville Limestone.

The repository is proposed to be situated within the Paradox

Cycle 6 salt. Essentially, the same approach'applied to the Deaf

Smith site has been used at Davis Canyon to lump hydrogeologic

units, and the same hydrogeologic parameters are modeled with

degrees of uncertainty.

The pressure head in the salt horizons is reported to be

erratic. For example, if pressure from the Honaker Trail

Sandstone is reliable, there is an upward flow component from

the repository; if pressure from the Ismay formation (dolomite/

anhydrite) is used, there is a downward flow component. Both are

used in calculating travel path and travel time. The point of

release from the disturbed zone is at the base of the salt cycle

6 when using the Ismay pressures and at the top of this layer

when using the Honaker Trail pressure. Most of the hydrogeologic

parameters and their probability distributions are obtained by

the same general approach as in Deaf Smith County, with some

minor differences. TDS, in contrast to Deaf Smith County, is

~ DANIEL B. STEPHENS & ASSOCIATES. INC.
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assumed to be normally distributed. In Deaf Smith County the

horizontal hydraulic gradient varied within a factor of 2 to 5.5,

whereas in Davis Canyon the horizontal gradient varied by a

factor of about 18 to 275.

Results of the PTRACK analysis indicate that the two

different interior pressures produce completely different travel

paths but relatively similar travel times to the accessible

environment. In both cases, the probability of travel time less

than 1000 years is only 0.3% when the accessible environment

distance is 1 km, and the probability decreases as the distance

to the accessible environment increases. The'most probable exit

point, assuming the Honaker Trail pressure model (upward flow),

is the cycle 5 interbed at 1km distance and the lower Honaker

Trail at the 5 km distance. For the Ismay pressure model

(downward flow) exit points are scattered rather uniformly among

the non-salt units below the repository at the 5 km distance,

although at 1 km distance about one third of the paths reach the

accessible environment by the Paradox salt cycle 6 interbed.

When fractures are included, the probability that travel paths

are less than 1000 years is 7.5 and 2.1%, respectively for the 1

and 5 km distances using the Honaker Trail pressure model.

Similarly, for the Ismay pressure model with fractures, the

probability that travel times are less than 1000 years is 7.4 and

2.6% respectively.

For the Davis Canyon Site, the importance of the assumption

that the host salt disturbed zone extends into the adjacent

^ - DANIEL B. STEPHENS & ASSOCIATES, INC.
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interbeds was evaluated by allowing the particle drop point to

occur within 49 feet (15km) of the adjacent interbeds in both

the Honaker Trail and Ismay pressure models. Although this

change does not have a significant effect on mean travel times,

the minimum travel times are significantly reduced to the extent

that no realizations, even in the fractured system, produced

travel time less than 1000 years.

The sensitivity analysis for Davis Canyon was only applied

to the Ismay pressure model. When the point of release is in

the Paradox cycle 6 interbed, the results indicate that the

short travel times to the accessible environment are controlled

mostly by the permeability of the Paradox cycle 6 interbed. When

fractures are taken into account, the distance to the fracture

also becomes important to the travel time predictions. When the

point of release is 49 feet inside the host salt - cycle 6

interbed interface, flow in the host salt is sensitive to salt

permeability when travel times are low. Other parameters may be

more or less significant if the Honaker Trail pressure model is

correct.

RICHTON DOME SITE

Travel time at the Richton Dome site was predicted by

assuming only one-dimensional horizontal flow paths from the edge

of the disturbed zone to the flank of the dome, a distance of 800

feet (244km). Permeability of the salt was based on field and

laboratory tests in bedded salt; porosity of salt was assumed to

~ DANIEL B. STEPHENS & ASSOCIATES, INC.
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be the same as results from resistivity logs in the Palo Duro

Basin; and horizontal hydraulic gradients in salt were assumed to

be similar to gradients in overlying aquifers. None of the 1000

trials showed a travel time less than 10,000 years, and the

median travel time was 3.5 x 107 years.

CONCLUSION OF DOCUMENT

Owing to data uncertainty, the TPTTU report concludes that

there is probably little or no statistically significant dif-

ference between travel times for the bedded salt sites. However,

travel time in the dome sites are considered to be significantly

longer that at the bedded salt sites. The report cautions that,

if the results of travel time at salt sites are compared to the

tuff and basalt site, then the degrees of conservation applied to

each analysis should also be compared.

~ DANIEL B. STEPHENS & ASSOCIATES, INC.
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2.2 SUMMARY OF REVIEW CONCLUSIONS

A considerable effort has been directed toward addressing

the data uncertainty in predicting travel paths and travel

times. In all but a few instances, the effort seems to have

taken a reasonably conservative approach to optimize the informa-

tion which could be gleened from scant existing data.

The principal limitation of this approach to predict travel

path is that PTRACK does not conserve mass. There Is no way to

determine from the report whether any of the predicted travel

paths are in fact consistent with hydrogeologic conceptual

models which take into account various sources of recharge,

discharge and three-dimensional flow, for example. The report

indicates that many of the combinations of hydrogeologic para-

meters may be physically unrealistic. Therefore, some of the

results of the analysis, although intuitively reasonable, may be

physically meaningless. The results of the travel time calcula-

tions should not be used to compose and rank sites.

The report addresses many of the travel-time related

concerns expressed by NRC in the review of the Draft EA, subject

to the limitations of the approach. The results of the sensi-

tivity analysis are believed to be applicable to guide the site

characterization phase, based solely on the intuitive reasonable-

ness of the results.

_______- DANIEL B. STEPHENS & ASSOCIATES. INC.
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3.0 SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM

The document reviewed is highly relevant to the waste

management program. It addresses directly three requirements and

guidelines issued by NRC, DOE and EPA.

NRC: Disposal of High-Level Radioactive Wastes in Geologic

Repositories - Technical Criteria, 1OCFR60, Federal

Register, June 21, 1983.

60.113 Performance of Geologic Barrier After Permanent

Closure: "The geologic repository shall be located so

that prewaste-emplacement groundwater travel time

along the fastest path of likely radionuclide travel

from the disturbed zone to the accessible environment

shall be at least 1000 years or such other travel time

as may be approved or specified by the Commission".

This same requirement is one of the favorable condi-

tions in the siting criteria of 1OCFR60.122, General

Guidelines for the Recommendation of Site for the

Nuclear Waste Repositories.

DOE: Final Siting Guidelines, 1OCFR960, Federal Register,

December 6, 1984:

960.4-2-1 Postclosure Guidelines - Geohydrology

Favorable Conditions: "Site conditions such that the

pre-waste emplacement ground-water travel time along

any path of likely radionuclide travel from the

disturbed zone to the accessible environment would be

more than 10,000 years."

DANIEL B. STEPHENS & ASSOCIATES, INC.
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Disqualifying Condition: "A site shall be disqual-

ified if the pre-waste-emplacement ground-water travel

time from the disturbed zone to the accessible

environment is expected to be less that 1000 years

along any pathway of likely and significant radio-

nuclide travel."

EPA: Environmental Standards for the Management and

Disposal of Spent Nuclear Fuel, High-Level and

Transuranic Radioactive Wastes; Final Rule, 40CFR191,

Federal Register, September 19, 1985.

191.16 Ground water protection requirements (a)

"Disposal Systems for spent nuclear fuel or high level

or transuranic radioactive wastes shall be designed to

provide a reasonable expectation that, for 1000 years

after disposal, undisturbed performance of the

disposal systems shall not cause the radionuclide

concentrations to exceed: (1) 5 picocuries per liter

of radium-226 and radium-228; (2) 15 picocuries per

liter of alph-emitting radionuclide..."

The document under review (TPTTU) addressess elements of

probability or uncertainty implied by terms such as "likely

radionuclide travel" (NRC,DOE) and "expected to be less that 1000

years" (DOE). It appears to this reviewer that NRC and EPA

regulations and DOE guidelines are practically equivalent when

there is a very high probability that radionuclides will not

reach potential significant sources of groundwater outside the
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accessible environment until after 1000 years. In this sense,

this document appears to be relevant to all three final rules and

guidelines.

The sensitivity analyses on hydrogeologic parameters

presented in the report are relevant to planning site character-

ization studies.
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4.0 DETAILED REVIEW (PROBLEMS, DEFICIENCIES AND LIMITATIONS)

4.1 PTRACK Model Approach

The PTRACK code is applied to various realizations of

hydrogeologic parameters. This reviewer assumes in order to

evaluate "likely radionuclide travel" paths, that any travel path

should be reasonably consistent with the ranges of travel paths

expected in physically-based conceptual models of the hydro-

geologic system at a local or regional scale. The report has

not documented that these travel paths are consistent with

existing conceptual models. In fact, the document indicates that

some of the combinations of hydrogeologic parameters are not

realistic. It has not been demonstrated that the impact of data

uncertainties can be evaluated without using a physically based

conceptual hydrogeologic flow model.

The fundamental problem with PTRACK is that mass is not

conserved in the approximation of a conceptual hydrogeologic flow

model. In this reviewers opinion, a conceptual model of a steady

state flow system should include a balance between inflow and

outflow, or between sources of recharge and discharge. PTRACK

cannot guarantee in a given realization that the mass balance

condition is satisfied.

We offer one example of a problem which arises in PTRACK due

to neglecting mass balance. Suppose that in a particular

realization hydraulic head is directed downward across a series

of layers between the upper prescribed (but, uncertain) head

boundary (A) and an interior layer (B) where head is also
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prescribed (but, uncertain). It is possible that in this same

realization an intermediate layer will have both a high hydraulic

conductivity and horizontal hydraulic gradient. If this realiza-

tion were physically realistic, to conserve mass this inter-

mediate layer could be depressured to the extent that upward flow

actually occurs from B, opposite to the direction prescribed by

PTRACK.

Whether any prediction from a realization in PTRACK happens

to fall within the range of possible travel paths expected in a

physically-based conceptual model cannot be determined from the

document. The authors indicated that PTRACK is designed to

evaluate the impact of parameter uncertainties rather than

conceptual model uncertainties. However, the reviewers believe

that parameter uncertainties cause conceptual model uncertain-

ties, which in turn causes travel time uncertainties; therefore,

it is not clear how parameter uncertainties can be separated from

conceptual model uncertainties. The authors could clarify

or demonstrate how a model which may not represent the physical

system can be used to evaluate the impact of parameter uncer-

tainties at travel time. We concur with the authors' suggestion

that conceptual model uncertainty should be addressed with a

threedimensional, variable fluid density model. However, the

prediction of variability in travel times and travel paths should

be built into a more rigorous type of conceptual model, at least

to show in a few cases that the results of PTRACK can be used

with confidence.
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NRC regulations and DOE guidelines appear to suggest that

the uncertainty in travel paths should be evaluated explicitly,

as indicated, for example, by statements such as "fastest path of

likely radionuclide travel" (NRC) and "any path of likely

radionuclide travel" (DOE). In a strict sense, all paths chosen

in PTRACK are equally probable, and therefore the modeling

approach may not actually be applicable to the regulations and

guidelines. As a practical matter, however, the modeling

approach does predict the probability that the particle will

enter the accessible environment through a particular hydro-

geologic unit; however in any hydrogeologic unit there may be a

range of paths to the accessible environment, each having equal

probability. One can say that most of the paths enter the

accessible environment through the Lower San Andres Unit 4 Salt

interbed, for example, at the Deaf Smith Site.

4.2 Parameter Choice and Uncertainty

In most cases the hydrogeologic parameters appear to be

conservative and tend to lead to shorter travel times. In some

instances, the author of the document used even more conservative

values than recommended by DOE contractors who performed the

field investigations. However, the data base is so poor at all

the sites, that predicted travel paths and travel times are very

approximate. The reviewer concurs with the authors that it may

be very difficult to compare travel times between tuff, basalt

and salt unless the hydrogeologic parameters are determined with

the same degree of conservatism. Moreover, owing to the severe
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limitations of the PTRACK approach, the results of the travel

time analysis may not be useful to differentiate among salt

sites.

A few specific concerns arose during the review which

pertain to hydrogeologic parameters:

1) Permeability is assumed to be anisotropic in non-salt layers,

and the anisotropy ratio is fixed at 10 in all cases. Although

this appears to be a reasonable value, and possibly conservative

in most cases, it would seem to be more reasonable in the present

analysis to allow the anisotropy ratio to be characterized with

uncertainty. In vertical fracture zones it is possible that the

anisotropy may even be less than one.

2) The method of analysis requires data on mean pressure and

variance. Strictly speaking, at all sites the mean appears to be

based on a single measurement at one well, rather than a sta-

tistic compiled from many measurements over time in more than

one well. Likewise, the variance of a single pressure measure-

ment has no significance; in the document, the variance is

determined mostly from engineering estimates of the accuracy of

the measurement. The importance of pressure head is clearly

demonstrated by comparing results of analyses in Deaf Smith and

Swisher Counties, both within the Palo Duro Basin. In Deaf Smith

County the flowpaths are generally downward, whereas in Swisher

County flow is upward. This discrepancy is attributed by the

authors to a high pressure measurement in the LSA unit 4 interbed

and an uncertain data base at the local scale.
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3) Fracture zones in brittle rocks such as dolomite may have

porosities which exceed the matrix porosity. To account for the

effect of fractures on travel time, it may be more appropriate to

adjust permeability. Justification is needed for assuming that

fractures can be modeled simply by decreasing porosity 100 fold.

4) In Deaf Smith County TDS is modeled as a triangular distribu-

tion, whereas at Davis Canyon TDS is modeled as a normal distri-

bution. The basis for selecting these distributions is not

presented.

5) Inasmuch as no horizontal hydraulic gradients have been

measured in salt at any of the sites, it does not seem reasonable

to assume that the horizontal hydraulic gradient is the same as

that in adjacent water-bearing units, given the significant

contrast in hydraulic properties between salt and dolomite, for

example. Hydraulic gradient in the horizontal direction has not

been measured in salt. Therefore, it seems unlikely that the

range of possible horizontal gradients in salt could be deter-

mined to within a factor of 5.5 at the Deaf Smith site and 2.75

at Davis Canyon.

6) In any groundwater system the permeability and gradient are

correlated. The gradient in the low permeable formation tends to

be steep and vice versa. A negative correlation between horizon-

tal gradient and permeability has been considered in the analysis

of the base cases where permeabilities were assumed spatially

correlated. However, the analysis failed to consider different

spatial correlation scales for each parameters. That is, the
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correlation scale of the gradient should be greater than the

scale of the permeability (Bakr et al., 1978; Mizell et al.,

1982; and Yeh et al., 1985). Without considering the spatial

cross-relationship between these two parameters, PTRACK may

produce unreasonable groundwater travel time distributions.

7) The one-dimensional analysis on effects of spatial correla-

tion interbed permeability on the travel time distribution is

unrealistic. The document states that the results of the

analysis are presented only as indicators of the possible

relative magnitude of effect, not the expected absolute magnitude

of effect (P70). However, the one-dimensionail analysis, without

incorporating the other lithologic units, cannot reveal any

effect of spatial correlation on the travel time and path

distributions. Had other units been considered in the analysis,

particles encountering lower permeable zone within the interbed

could have moved upward or downward into other units and advanced

with different velocities to the accessible environment.

Certainly, the travel time distribution could have been differ-

ent. In addition, hydraulic gradient is correlated with perme-

ability as mentioned in (6). It is unreasonable to assume a

constant gradient everywhere in the interbed, while assuming

random permeabilities. Thus, the results become obvious. The

variance of the log of the travel time distribution must equal to

the variance of the log of the permeability distribution.

Therefore, the spatial correlation has little effect on travel

time distribution and the distribution is entirely controlled by
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the permeability distribution.

8) In the Wolfcamp at J. Friemel Well No. 1, a mean pressure of

1736 psig is obtained from the report BWI/SRP-5011. The value

reported to have been used in the PTRACK model was 1706 psig.

The difference should be explained.

9) Data in the above report also suggest that LSA Unit 4 dolomite

interbed has a pressure of 910 psig based on DST data, whereas

based on a pumping test, the mean pressure in the model was 980

psig with a standard duration of 10 psig. In contrast, another

well Detton #1, to the south in Deaf Smith County indicates a

pressure of 1164 psig. This value is outside the expected range

about the mean. Pressure data should be clarified further and

the influence of a significantly greater mean pressure or

standard deviation in the LSA unit 4 interbed should be addres-

sed.

4.3 Sensitivity Analysis

The sensitivity analysis appears to be well done and is an

extension of a previous study by Sandia National Laboratory for

the NRC (Iman and Helton, 1985, NUREG/CR-3904). The results of

the analysis are intuitively reasonable, based on the approximate

conceptual model presented.

A few specific concerns are offered:

1) Anisotropy is treated as a constant in the approach

described in the document. It may be useful to incorpor-

ate variability in this parameter, inasmuch as perme-

ability, particularly of interbeds, is one of the most
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important parameters governing travel time.

2) There are elements of uncertainty in the assumed statis-

tical moments and probability distributions for some of

the hydrogeologic parameters. The sensitivity of the

prediction to estimated statistical properties should be

considered. For example, is there a significant dif-

ference between a parameter such as TDS which is modeled

as a triangular or normal distribution; are the results

sensitive to errors in the estimate of the range of

horizontal hydraulic gradients?
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5.0 Relevance to NRC Comments on DOE Draft Environmental

Assessments

The directive from the NRC in this review included a

determiniation of the extent to which the NRC's comments related

to travel time and travel path on the Draft EA's have been

satisfied by the revised analysis. We have designated those

comments or portions of comments which appear to relate to

new information provided by the TPTTU report. An evaluation of

the accuracy of data used in the model is considered beyond the

scop of work, however we did check that the sources of data were

accurately quoted.

5.1 Deaf Smith Site

NRC Major Comments: Guidelines in GeohydroloQy

Surface-mapped lineaments are used in the TPTTU report to

infer the position of fractures at depth. The probability that

the trajectory of a fluid particle from the repository will

encounter a fracture is taken into account in the analysis of

travel time.

Possible joints in salt beds have not been included in the

analysis of travel path and travel time. Fractures in interbed-

ded dolomitic layers were included in the analysis. Fractures

may have a significant effect on the fastest path to the acces-

sible environment.
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NRC MaJor Comment 2: Dissolution

Dissolution of salt was not taken into consideration.

dissolution zones in salt may correlate spatially with surface-

mapped lineaments and fractures.

NRC Major Comment 3: Groundwater Travel Time

The revised groundwater travel time analysis (TPTTU) is a

substantial improvement beyond the Draft EA. Many of the

assumptions are conservative, and known or assumed uncertainty in

key hydrogeologic parameters is included. Fluid particles are

assumed to be released at the outer margin of the disturbed zone

around the repository; in most cases, the point of release is in

interbeds adjacent to the salt. To this extent, the NRC's

comment has been addressed. However, comments in section 4.0

indicate that there are potential problems with the general

approach to incorporating uncertainty in travel path and travel

time calculations. It is not apparent that DOE, in the TPTTU

report, "accurately conveys the uncertainty associated with

its conclusion on the pre-waste-emplacement groundwater travel

time favorable condition."

NRC Detailed Comment 3-30

The three major hydrostratigraphic units are further divided

into nineteen layers in the revised analysis. However, uncer-

tainty in conceptual regional flow models has not been accurately

addressed. DOE indicates that their approach in the TPTTU report
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is to address data uncertainties rather than conceptual model

uncertainties.

NRC Detailed Comment 3-44

The revised analysis allows for multiple possible travel

paths to the accessible environment, including horizontal flow

through relatively permeable salt interbeds. Measured pressure

in the LSA 4 salt is also included.

NRC Detailed Comment 3-45

In the revised analysis, environmental head is used to

calculate vertical hydraulic gradients across layers.

NRC Detailed Comment 3-46

Lateral variations of hydrogeologic parameters within layer

has not been adequately addressed with regard to travel path and

travel time uncertainty. Within a layer, the correlation lengths

of the various parameters are likely to be different. Lateral

variations also produce a tendency for vertical flow components;

thus a one-dimensional, single-layer flow model may be unreal-

istic and possibly not conservative.

NRC Detailed Comment 3-48

The accuracy of hydrogeologic parameters and their vari-

ability is not evaluated by the TPTTU report, although they are,

in general, consistent with values cited in the DRAFT EA or SWEC

reports.
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NRC Detailed Comment 6-14

Travel time within and across non-salt layers has been taken

into account in the revised analysis.

NRC Detailed Comment 6-15

Travel time calculations in the revised analysis do account

for fractures. The approach is very simplistic and may be

unrealistic. Vertical flow across layers via fractures is

precluded.

NRC Detailed Comment 6-16

In the revised analysis the mean permeability for the

Wolfcamp is 9.48 millidarcy's, ten-fold greater than the value

used in the Draft EA. The horizontal gradient is nearly the same

as in the Draft EA, and the mean porosity is 0.11 with a standard

deviation of 0.06.

NRC Detailed Comment 6-17

The importance of non-salt interbeds in included in the

revised analysis.

NRC Detailed Comment 6-18

The complexity of the conceptual model used to predict

travel time has been increased in the revised analysis. However,

it has not increased to the point where the flow fiel is real-
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istic in all data sets (realizations) used to predict travel

paths. The TPTTU report indicates that a three-dimensional,

variable density flow model would be required to evaluate travel

times and paths uncertainty from the standpoint of conceptual

model variability. It is this reviewers opinion that realistic

conceptual flow models should be used to evaluate travel

path/time uncertainty.
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5.2 Davis Canyon Site

NRC Major Comment 2: Dissolution

Dissolution, as it may affect permeability, was not included

in the analysis of travel path or travel time.

NRC Major Comment 3: Groundwater Travel Time

The NRC concerns regarding travel path have been addressed

by the TPTTU report. The manner in which these concerns have

been addressed may be subject to question, as indicated by

comments in previous sections.

NRC Major Comment 4: Hydraulic Gradient

A 'conceptual model' is presented in the TPTTU report in

which upward flow occurs. Travel times to the accessible

environment are reported to be quite similar to those for the

case of downward flow.

NRC Detailed Comment 3-32, 3-33

Within the limitations of the method, the revised calcula-

tions in the TPTTU report address flow through many possible

pathways, both horizontal and vertical.

NRC Detailed Comment 6-4

The TPTTU report does include the effects of fractures.

However, the approach precludes vertical flow along a fracture.

Thus a particle which encounters a fracture in a low-permeable
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layer cannot move vertically to a highly permeably horizon or to

the accessible environment. The manner in which fractures are

treated is too simplistic.

NRC Detailed Comment 6-5

The revised approach (TPTTU) does allow horizontal gradients

to conduct particles through interbeds.

NRC Detailed Comment 6-7

Uncertainty in hydrogeologic parameters is incorporated into

the revised approach. Travel times to the accessible environment

for some of the realizations are less that 1,000 yars; much less

than values given in the EA.

NRC Detailed Comment 6-13

Porosity values in salt used in travel time calculations in

the revised analysis ranged from 0.3 to 1.64X.
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5.3 RICHTON DOME SITE

NRC Major Comment 1

The simulations in PTRACK did not account for the possi-

bility of a faulted caprock. Vertical flow components induced by

flow in fracturing zones was not included in the "conceptual"

model. The analysis neglected uncertainties due to structural

discontinuities.

NRC Major Comment 2

Dissolution of salt along structural discontinuities and

fractures, as it affects permeability and porosity, was not

included in the simulations.

NRC MaJor Comment 3

The revised analysis does include a greater uncertainty in

hydrogeologic parameters that in the Draft EA; however only

porous horizontal flow in salt to the dome edge (8OOft) is

considered.

NRC Detailed Comment 3-19; 6-11; 6-12

The revised analysis only considers flow to the edge of the

dome; and in the conceptual model flow is assumed to occur only

in salt. Revised results indicate no travel times less that

10,000 years. Therefore, hydraulic properties in Table 3-16

would be irrelevant to the analysis. Alternate conceptual models

and vertical flow paths were not considered.
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NRC Detailed Comment 3-20

Numerical models of partial differential flow equations were

not used explicitly in the revised analysis. However, prescribed

horizontal hydraulic head gradients in PTRACK are based on

results of numerical model studies. There is no detailed

justification for the selection of the range in gradient,

although values appear to be reasonably conservative.

NRC Detailed Comment 6-13

The distance to the accessible environment outside of the

salt dome would not seem to be important if,'during 10,000 years

of flow, all flow paths end within salt. Nevertheless, acces-

sible environment is not explicitly defined in the TPTTU report

for the Richton Dome.
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1.0 INTRODUCTORY INFORMATION

File No:
Document: PTRACK: A Particle Tracking Program for Eval-

uating Travel Path/Travel Time Uncertainties,
ONWI/E512 02900/CD-27, 410-20G-02C, by B.M. Thom-
pson, J.E. Campbell, D.E. Longsine, 1985.

Reviewers: Daniel B. Stephens and Tian-Chyi Jim Yeh
Daniel B. Stephens & Associates, Inc.

Date Review Completed: April 22, 1986

2.0 SUMMARY OF DOCUMENT AND REVIEW CONCLUSIONS

2.1 Summary of Document

INTRODUCTION

The purpose of the document is to evaluate the
nature of uncertainty in travel time, given some
knowledge of the uncertainty in system parameters.

This document describes a method to calculate
travel paths and travel time within a horizontally
layered porous medium. Darcy's equation is the basis
for the analysis. Input parameters which vary during
each trial simulation include horizontal hydraulic
conductivity of layers, fluid density (TDS), porosity,
hydraulic head or pressure, fracture zone porosity,
and distance to the fracture. The model calculates
vertical velocity and computes the path of a fluid
particle to the accessible environment (vertical
boundary). Vertical fractures are taken into account
by adjusting porosity in the fracture zone. Latin
Hypercube Sampling (LHS) is required for pretreatment
of data entered into the model; this procedure,
similar to Monte Carlo simulations, gives an element
of uncertainty and/or variability to the input
parameters.

Relevance to NRC Waste Management Program: T h i s t y p e o f
analysis is important in evaluating the probability
that the 1000 year travel time criteria for radio-
nuclides to reach the accessible environment can be
met, in accord with NRC guidelines in 1OCFR60. It is
also an important tool to help identify those system
parameters which are most crucial for evaluation in
the Site Characterization Plan.

Critique: The method is attractive because it is simple and

~ DANIEL B. STEPHENS & ASSOCIATES, INC.



WMGT Document Review Pace 2

the fluid particle trajectory and travel time for a
particular realization is easy to check. The applica-
tions at this time seem most suitable to horizontally
stratified media, such as in the Palo Duro Basin. In
the model, permeable aquifers must be defined at the
upper and lower boundaries; thus, particles which
enter these layers from the less permeable interior
can leave the system only through these layers. Depen-
ding upon the choice of upper boundary, some flow
paths would be precluded.

The method described to handle fractures seems
unrealistic. PTRACK does not model flow in discrete
fractures. The flow field is considered to be an
equivalent porous medium with an arbitrarily chosen
porosity of 100 fold less than the unfractured zone.
As a particle encounters a vertical fracture, it is
assumed that only porosity changes in the fracture
zone; fracture zone permeability could be included.
The model does not allow for a different probability
density function for permeability 'and porosity within
the porous and fractured zones of a layer. No vertical
flow is allowed within fracture zones. Fracture zones
may be potential pathways for vertical fluid movement.

The fractures in the geologic system are assumed
to correspond to surface lineaments and propagate
vertically through underlying units, except salt. In
some areas the occurrence of lineaments and fractures
may also correlate with zones of local salt dissolu-
tion. In all simulations the salt is homogeneous and
isotropic. The model as applied does not account for
local zones of enhanced permeability in salt.

According to its developers, PTRACK was not
designed to be used as a conceptual model of the flow
system. As the discussion in the report indicates, a
three-dimensional model is necessary to accurately
portray the ground-water system in a manner which will
allow the user to evaluate the physical reasonableness
of various combinations of parameters which are
utilized in LHS and PTRACK. The best approach to
evaluating the effect of uncertainty of system
parameters on travel paths/travel times may be to
build the elements of variability around a two or
three-dimensional conceptual model. Such a model
would be much more tedious and costly to apply than
PTRACK. However, the numerical models of partial
differential flow equations offer the advantage that
they conserve mass. Even though parameters may be
correlated in some simulations, there is no assurance
that there is a balance between inflow and outflow.
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One may legitimately question whether uncertainty in
travel path and travel time could be predicted with
such an approach. No examples are given to demon-
strate that PTRACK is capable of producing results
which fall within travel paths and travel times based
on a more vigorous analysis. It is not clear how one
can predict travel time uncertainty without addressing
conceptual model uncertainty.

It appears that the results using PTRACK should
not be applied to evaluating and comparing sites with
respect to ground water travel time. Instead, the
results could be used to guide site characterization
investigations, inasmuch as the PTRACK was intended to
be used to evaluate the significance data uncertain-
ties, rather than conceptual model uncertainties.
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