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RS-NMS-85-009
Communication No. 172

U.S. Nuclear Regulatory Commission
Division of High-level Waste Management
Technical Review 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 Technical Description Summaries - Subtask 3.5

Dear Mr. Pohle:

Attached please find a set of Technical Description Summaries (TDS) prepared
by staff of Daniel B. Stephens and Associates for completed, ongoing and
proposed technical reports under Subtask 3.5 of the current contract. The
proposed technical reports address data needs at the Palo Duro Basin Site that
DBS consider should be addressed by the Staff prior to receipt of the Salt
SCP. Because it is our understanding that the Salt SCP is unlikely to be
recieved by the NRC before the third quarter of FY 88, the schedule for the
proposed technical reports is based on work by DBS throughout most of FY 88.
The package has been reviewed by Mark Logsdon and Adrian Brown of Nuclear
Waste Consultants. Depending on the actual direction from the NRC Staff with
respect to the balance of work between this and other subtasks, the relative
scheduling described with each TDS may change over time.

Please note that the set of 18 TDS's includes two (Nos. 6 and 10) that are
directed at thermal evaluations. These TDS's were prepared before NWC
received the Codell reviews of DBS mini-report 6; Mr. Logsdon has directed
OBS to suspend additional work on thermally-related topics pending response to
the Codell reviews and additional direction from NWC and the NRC Staff.
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NRC-85-009 3.5 TDS Package 1 -2- June 24, 1987

If you have any questions about these TDS's or the technical reports that they
address, please contact me immediately. DBS and NWC look forward to Staff
review and comment on these proposals in the near future so that we may
continue our technical efforts under Subtask 3.5 in a timely fashion.

Respectfully submitted,
NUCLEAR WASTE CONSULTANTS, INC.

3?1ly'/ 4qA
Mark J. Logsdon, Project Manager

Att: Salt Technical Description Summaries

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

cc: M. Galloway, TTI
L. Davis, WWL

bc: J. Minier, DBS

Nuclear Waste Consultants, Inc.



J o('K%4. DANIEL B. STEPHENS & ASSOCIATES, INC. f ,7s
CONSULTANTS IN GROUND-WATER HYDROLOGY

GROUND-WATER CONTAMINATION * UNSATURATED ZONE INVESTIGATIONS * WATER SUPPLY DEVELOPMENTX

April 13, 1987

Mr. Mark Logsdon
Project Manager
Nuclear Waste Consultants, Inc.
8341 S. Sangre de Cristo Rd.
Littleton, CO 80127

Re: Task Descriptive Summaries

Dear Mark:

Daniel 3. Stephens & Assoc. (DBS) has prepared 18 Task
Descriptive Summaries (TDS) for consideration by NRC Staff. The
DBS team has incorporated into the summaries many of the comments
provided by Mr. F. Ross (NRC). The tasks have been prioritized
(list attached). Additional TDS will be submitted as they
become available.

The TDS may be classified according to the following
categories:

1) completed technical reports
2) technical reports currently in progress
3) proposed technical reports.

The DBS team will not revise completed technical reports unless
instructed to do so by Nuclear Waste Consultants (NWC) or by
Mr. F. Ross (NRC). Because of the present uncertainty concerning
proposed work for FY 88 and the requirements of the present
contract, the DBS team will continue to work on technical reports
currently in progress. It is the understanding of the DBS team
that we may not initiate work on proposed technical reports until
directed to do so by NRC staff. Therefore, we request that the
attached TDS be submitted at your earliest convenience to the NRC
for evaluation.

The DBS team has been recently directed (by Mr. Ross, phone
conversation and through NWC) to perform no work related to
unsaturated flow. The importance of considering variably
saturated conditions has been discussed several times (Subtask
3.4 Report, p. 72; Subtask 3.5 Report, Technical Report No. 1;
Subtask 3.4 Update Report, p. 9-10; DBS letter to NWC on January
19, 1987; Sati Status Report, January 22, 1987). The DBS team
wishes to emphasize that we consider variably saturated flow to
be an important technical concern with regard to flow system
conceptualization as described in the Scope of Work and with
regard to the development of Site Characterization Plans.
Therefore, a TDS to further investigate variably saturated flow
conditions is also attached for submission to the NRC. Because
the DBS team anticipates that this technical report (currently in
progress) w:il not receive approval from NRC staff, no further
work on this report will be performed by us unless we are
directed to do so by NWC or NRC staff.
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Mr. Mark Logsdon
April 13, 1987
Page 2 of 2

As directed (March 31, 1987 meeting with NWC), the DBS team
will begin t-o prepare a letter report concerning the existence of
special and significant sources of ground water. The DBS team
expects to submit this non-technical report to NWC before June
1987.

In a recent phone conversation (Apri1 01, 1987) Mr. Ross
instructed the DBS team to familiarize itself with recently
received WIP? documents. Familiarization with the WIPP documents
will serve as preparation for a formal review which the DBS team
will be requested to perform on a Topical Report by Williams &
Assoc. Familiarization of WIPP documents will consist of brief,
informal reviews.

If you have any questions about any subject discussed in
this letter, please contact me immediately.

Respectfully submitted,
Daniel B. Stephens & Assoc., Inc.

Jeff-ie D. Minier
Project Manager

ATT: Task Priority List
Task Descriptive Summaries

~ DANIEL B. STEPHENS & ASSOCIATES, INC.



RECOMMENDED ?R-ORITY LIST

TASK DESCR-?TIVE SUMMARIES (TDS)

?r oirtv # TDS#

2
3
4

6
7
8
9
10

12
13
14
15
16
17

14
:2
I8

:5
16
1 *

I 7
7
13
9

10
i

2
3
4
5
8
6

Note: A low priority number indicates high priority. For
example, the tasks described by TDS #7 and 11-17 are considered
high priority tasks and thus these TDS have been assigned low
priority numbers (priority #1-8).



TASK DESCRIPTIVE SUMMARY #1

TITLE

Analysis of the potential for unsaturated flow within the
evaporate aquitard, Deaf Smith County Site, Palo Duro Basin
(completed)

OBJECTIVE

Many conceptualizations of the Palo Duro Basin flow system
assume that the Permian evaporate aquitard is saturated. The
objective of this task is to determine if this assumption may not
be valid.

TECHNICAL APPROACH

One-dimensional, vertical flow is assumed to occur from a
permeable water-bearing unit across a low-permeability aquitard
and into an underlying thick, relatively permeable unit. The
degree of saturation of the lower permeable unit depends mostly
upon its permeability, the permeability and thickness of the
aquitard, and the head of water acting above the aquitard.
Combinations of these key parameters which lead to unsaturated
conditions are determined and compared with available hydro-
geologic information from the Palo Duro Basin.

PRODUCT DESCRIPTION

The product of this task is a technical report which
concludes that there is potential for unsaturated flow conditions
to occur within the Permian aquitard.

TASK ASSIGNMENTS

Task management: D. Stephens
Review: R. Knowlton
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TDS #1, p.2

MANPOWER RESOURCES

Because a technical report has been submitted for this task,
professional time is estimated to be one man-week for revision of
the report. Support time (i.e. clerical, drafting, etc.) to
produce a final report is estimated at 2 man-days. More ex-
tensive revisions will require more professional and support
time.

SCHEDULE

A revised final report may be available within three weeks
after receiving comments on the draft report. However the
schedule will depend on the nature of the review comments.



I .

TASK DESCRIPTIVE SUMMARY #2

TITLE

Transport in salt by vertical porous media flow, Deaf Smith
County Site, Palo Duro Basin (completed)

OBJECTIVE

The objective of this task is to examine the significance of
the current permeability data on vertical ground-water travel
time predictions for the Permian aauitard

TECHNICAL APPROACH

In this task it is assumed that one-dimensional, steady,
vertical ground-water flow occurs across the Permian aquitard and
may be described by Darcy's Law for a saturated, homogeneous
medium. The analysis incorporates current data for porosity,
hydraulic gradient and path length. Permeabilities are cal-
culated with the constraint that ground-water travel time from
the Lower San Andres Unit 4 to the Wolfcamp Formation is 10,000
years. The calculated values are then compared with observed
permeability data.

PRODUCT DESCRIPTION

The product of this task is a technical report which
presents results of the Darcy flow analysis described above. The
results suggest that ground-water travel times greater than or
less than 10,000 years may be calculated from the available data.

TASK ASSIGNMENTS

Task management: R. Knowlton
Review: D. Stephens
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TDS #2, p.2

MANPOWER RESOURCES

Because a technical report has been completed for this task,
professional time Is estimated to be one man-week for revision of
the report. Support time (i.e. clerical, drafting, etc.) to
produce the revision is estimated at 2 man-days. More extensive
revisions will require more professional and support time.

SCHEDULE

A revised final report may be available within three weeks
after receiving comments on the draft report. However, the
schedule will depend on the nature of the review comments.



TASK DESCRIPTIVE SUMMARY #3

TITLE

Transport in the interbeds of the HSU B zone by horizontal
porous media flow, Deaf Smith County Site, Palo Duro Basin
(completed)

OBJECTIVE

The objective of this task is to examine the significance of
the current permeability data on horizontal ground-water travel
time predictions for the Permian aquitard.

TECHNICAL APPROACH

In this task it is assumed that one-dimensional, steady,
horizontal ground-water flow occurs through permeable interbeds
within the Permian aquitard and may be described by Darcy's Law
for a saturated, homogeneous medium. The analysis incorporates
current data for porosity and hydraulic gradient. Permeabilities
are calculated with the constraint that ground-water travel time
for a path length of 5 km is 10,000 years. The calculated values
are then compared with observed permeability data.

PRODUCT DESCRIPTION

The product of this task is a technical report which
presents results of the Darcy flow analysis described above. The
results suggest that ground-water travel times greater than or
less than 10,000 years may be calculated from the available data.

TASK ASSIGNMENTS

Task management: R. Knowlton
Review: D. Stephens



TDS #3, p.2

MANPOWER RESOURCES

Because a technical report has been completed for this task,
professional time is estimated to be one man-week for revision of
the report. Support time (i.e. clerical, drafting, etc.) to
produce the final report is estimated at 2 man-days. More
extensive revisions will require more professional and support
time.

SCHEDULE

A revised final report may be available within three weeks
after receiving comments on the draft report. However, the
schedule will depend on the nature of the review comments.



TASK DESCRIPTIVE SUMMARY #4

TITLE

Transport in the Wolfcamp by horizontal porous media flow,
Deaf Smith County Site, Palo Duro Basin (completed)

OBJECTIVE

The objective of this task is to examine the significance of
the current permeability data on horizontal ground-water travel
time predictions for the Wolfcamp aquifer.

TECHNICAL APPROACH

In this task it is assumed that one-dimensional, steady,
horizontal ground-water flow occurs through permeable interbeds
within the Wolfcamp aquifer and may be described by Darcy's Law
for a saturated, homogeneous medium. The analysis incorporates
current data for porosity and hydraulic gradient. Permeabilities
are calculated with the constraint that ground-water travel time
for a path length of 5 km is 10,000 years. The calculated values
are then compared with observed permeability data.

PRODUCT DESCRIPTION

The product of this task is a technical report which
presents results of the Darcy flow analysis described above. The
results suggest that ground-water travel times greater than or
less than 10,000 years may be calculated from the available data.

TASK ASSIGNMENTS

Task management: R. Knowlton
Review: D. Stephens



TDS #4, p. 2

MANPOWER RESOURCES

Because a technical report has been completed for this task,
professional time is estimated to be one man-week for revision of
the report. Support time (i.e. clerical, drafting, etc.) to
produce the final report is estimated at 2 man days. More
extensive revisions will require more professional and support
time.

SCHEDULE

A revised final report may be available within three weeks
after receiving comments on the draft report. However, the
schedule will depend on the nature of the review comments.



TASK DESCRIPTIVE SUMMARY #5

TITLE

Analysis of the potential for geothermally-induced ground-
water convection within the evaporate aquitard, Deaf Smith County
Site, Palo Duro Basin (completed)

OBJECTIVE

The objective of this task Is to determine if natural,
geothermally-induced ground-water convection (including upward
flow paths) is likely to occur in the Permian aquitard given the
current, observed data.

TECHNICAL APPROACH

The solution used in this task results from a linear
stability analysis which assumes that the onset of convection
occurs when buoyancy forces due to thermal expansion overcome the
viscous resistance of the ground water to flow. The governing
equations of the analysis include expressions for Darcy's Law,
conservation of mass and conservation of energy. In addition, it
is assumed that two-dimensional ground-water flow occurs in a
homogeneous, isotropic, saturated medium. The resultant solution
is the appropriate Rayleigh number for thermal convection in a
layer of saturated porous medium heated from below. The onset of
thermal convection will depend primarily on the permeability of
the medium and the temperature gradient across the layer.
Substitution of parameters characteristic of the flow system
yielding a Rayleigh number greater than a critical value suggests
that this specific combination of parameters represents a
condition under which thermal convection may occur.

PRODUCT DESCRIPTION

The product for this task is a technical report which
concludes that natural, geothermally-induced ground-water
convection is not likely to occur in the Permian aquitard.

TASK ASSIGNMENTS

Task management: J. Minier
Review: R. Knowlton



TDS #5, p.2

MANPOWER RESOURCES

Because a technical report has been completed for this task,
professional time is estimated to be one man-week for revision of
the report. Support time (i.e. clerical, drafting, etc.) to
produce the final report is estimated at 2 man-days. More
extensive revisions will require more professional and support
time.

SCHEDULE

A revised final report may be available within three weeks
after receiving comments on the draft report. However, the
schedule will depend on the nature of the review comments.



TASK DESCRIPTIVE SUMMARY #6

TITLE

Analysis of thermal convection of ground water induced by
radiogenic heating within the waste repository (completed)

OBJECTIVE

Radiogenic heating within the repository may generate a
thermal ground-water plume. The objective of this task is to
examine the significance of a thermal plume of ground-water
rising from the repository as a transport mechanism.

TECHNICAL APPROACH

An analytical solution describing the ground-water velocity
profile of an axisymmetric thermal plume rising from a heat
source is obtained for this task. The solution incorporates
expressions for Darcy's Law, conservation of mass and con-
servation of energy. The ground-water velocity profile of the
thermal plume should be useful for estimating ground-water
travel time and cumulative flux. Relatively short travel times
and large cumulative fluxes would indicate that the thermal plume
rising form the repository may be a significant transport
mechanism.

PRODUCT DESCRIPTION

The product of this task is a technical report which
presents velocity profiles of the thermal plume as functions of
permeability. However, boundary layer assumptions used to obtain
the analytical solution limit the usefulness of the results.

TASK ASSIGNMENTS

Task management: J. Minier
Review: D. Stephens, R. Knowlton



TDS #6, p.2

MANPOWER RESOURCES

Because a technical report has been completed for this task,
professional time is estimated to be one man-week for revision of
the report. Support time (i.e. clerical, drafting, etc.) to
produce the final report is estimated at 2 man days. More
extensive revisions will require more professional and support
time.

SCHEDULE

A revised final report may be available within three weeks
after receiving comments on the draft report. However, the
schedule will depend on the nature of the review comments.



TASK DESCRIPTIVE SUMMARY #7

TITLE

Transport in the Wolfcamp under a maximum hydraulic gradient
due to ponding in the recharge area, Deaf Smith County Site, Palo
Duro Basin (currently in progress)

OBJECTIVE

The objective of this task is to determine the significance
of ponding in the recharge area on the lateral hydraulic gradient
in the Wolfcamp aquifer.

TECHNICAL APPROACH

In this task the Wolfcamp Formation is modeled as a one-
dimensional, homogeneous aquifer. It is assumed that steady-
state ground-water flow through the aquifer may be described by
Darcy's Law. Geologic evidence suggests that basins in the
outcrop area for the Permian section in New Mexico were previous-
ly occupied by lakes in geologically recent times. The hydraulic
gradient in the Wolfcamp aquifer will be calculated under the
assumption of ponding in the recharge area. The maximum hyd-
raulic head in the recharge area will be estimated from the
topography of presently dry basins in the outcrop area. The
calculated hydraulic gradient will then be combined with current
data for porosity and permeability to estimate ground-water
travel time and flux resulting from ponding in the recharge
area.

PRODUCT DESCRIPTION

The product of this task will be a technical report which
will present estimates of ground-water travel times and fluxes
which may result from ponding in the recharge area of the
Wolfcamp aquifer.

TASK ASSIGNMENTS

Task management: R. Knowlton
Review: D. Stephens



TDS #7, p.2

MANPOWER RESOURCES

Because this task is currently in progress, professional
time to complete a draft report is estimated to be 3 man-weeks.
Support time (i.e. clerical, drafting, etc.) to produce the draft
report is estimated to be 4 man-days.

SCHEDULE

A draft report may be available within 6 weeks after
receiving approval of this summary.



TASK DESCRIPTIVE SUMMARY #8

TITLE

Analysis of the importance of diffusion of radionuclides
within the proposed repository host horizon (completed)

OBJECTIVE

While the migration of radionuclides by molecular diffusion
is limited to relatively short distances, the presence of
permeable interbeds with horizontal gradients near the repository
may promote the transport of radionuclides through a combination
of vertical molecular diffusion and lateral advection. The
objective of this task is to determine the significance of
molecular diffusion of radionuclides from the repository towards
nearby advective zones.

TECHNICAL APPROACH

A one-dimensional analytical solution for molecular dif-
fusion to a nearby zone of advective transport is used to
determine the position of the radionuclide front migrating from
the repository as a function of time and diffusion coefficient.
The flux of radionuclides Into the zone of advective transport
will be proportional to the concentration gradient at the contact
between the host horizon and the zone of advective transport.

PRODUCT DESCRIPTION

The product of this task is a technical report whichJilustroates t'f c cencfept ation qrdaed I tsi& ay e
drslon coe ien etween te repsitry C59z8eV

advective transport for diffusion times of 1,000 and 10,000 years
after waste emplacement. In the two models which are discussed,
the distance between the repository and the zone of advective
transport is 1 or 10 m.

TASK ASSIGNMENTS

Task management: J. Minier
Review: F. Phillips



TDS #8, p.2

MANPOWER RESOURCES

Because a technical report has been completed for this task,
professional time is estimated to be one man-week for revision of
the report. Support time (i.e. clerical, drafting, etc.) to
produce the final report is estimated at 2 man-days. More
extensive revisions will require more professional and support
time.

SCHEDULE

A revised final report may be available within three weeks
after receiving comments on the draft report. However, the
schedule will depend on the nature of the review comments.



TASK DESCRIPTIVE SUMMARY #9

TITLE

Analysis of the importance of radionuclide diffusion into an
aquitard during transport by horizontal ground-water flow
(currently in progress)

OBJECTIVE

The objective of this task is to determine the importance of
aquitard diffusion on the concentration of radionuclides within a
zone of advection along a flow path from the waste repository.

TECHNICAL APPROACH

A steady-state analytical solution of coupled partial
differential equations describing transport of radionuclides
along an advective zone and diffusion of radionuclides Into the
bounding aquitard is used to estimate relative radionuclide
concentrations in the advective zone. The calculated relative
radionuclide concentrations are then combined with estimated
repository concentrations and simple darcy flow analyses to
estimate the effect of aquitard diffusion on actual radionuclide
concentrations within the advective zone. The cumulative flux of
radionuclides past a point 5 km down gradient from the repository
is estimated for 10,000 years after waste emplacement.

PRODUCT DESCRIPTION

The product of this task will be a technical report which
will illustrate the effect of aquitard diffusion on radionuclide
concentration along the zone of advective transport. Estimates
(which incorporate the effects of aquitard diffusion) of the
cumulative release of radionuclides at a point 5 km down gradient
from the repository 10,000 years after waste emplacement will be
presented.

TASK ASSIGNMENTS

Task management: J. Minier
Review: D. Stephens, F. Phillips



TDS #9, p.2

MANPOWER RESOURCES

Because a technical report has been completed for this
task, professional time is estimated to be one man-week for
revision of the report. Support time (i.e. clerical, drafting,
etc.) to produce the final report is estimated at 2 man-days.
More extensive revisions will require more professional and
support time.

SCHEDULE

A revised final report may be available within three weeks
after receiving comments on the draft report. However, the
schedule will depend on the nature of the review comments.



TASK DESCRIPTIVE SUMMARY #10

TITLE

Analysis of repository temperature required for induced
thermal ground-water convection (currently in progress)

OBJECTIVE

The objective of this task is to determine if radiogenic
heating of the waste repository is likely to induce upward
ground-water convection towards the Ogallala Aquifer.

TECHNICAL APPROACH

A linear stability analysis is performed to estimate the
minimum repository temperature required for steady-state ground--
water convection. The conceptual model for this analysis is a
two-dimensional layer of fluid-saturated, isotropic, permeable
material which is situated between isothermal boundaries (heated
from below). The standard solution is an equation for the
appropriate Rayleigh number of thermal convection. One may
rearrange the solution to calculate the minimum repository
temperature which for which thermal convection will occur. The
calculated value can then be compared with expected repository
temperatures.

PRODUCT DESCRIPTION

The product of this task will be a technical report which
will compare expected repository temperatures to the minimum
temperature which will induce thermal ground-water convection.

TASK ASSIGNMENTS

Task management: J. Minier
Review: D. Stephens



TDS #10, p.2

MANPOWER RESOURCES

Because a technical report has been completed for this task,
professional time is estimated to be one man-week for revision of
the report. Support time (i.e. clerical, drafting, etc.) to
produce the final report is estimated at 2 man-days. More
extensive revisions will require more professional and support
time.

SCHEDULE

A revised final report may be available within three weeks
after receiving comments on the draft report. However, the
schedule will depend on the nature of the review comments.



TASK DESCRIPTIVE SUMMARY #11

TITLE

Numerical model of one-dimensional variably saturated flow
at the Deaf Smith County Site (currently in progress)

OBJECTIVE

Many conceptualizations of the Palo Duro Basin flow system
assume that the Permian evaporate aquitard is saturated.
However, results of a previous technical report suggest that
unsaturated conditions may exist within the Permian aquitard.
The objective of this task is to determine the significance of
variably saturated conditions within the Permian aquitard.

TECHNICAL APPROACH

A numerical model for variably saturated flow will be used
to simulate one-dimensional, steady-state vertical flow beneath
the Ogallala aquifer. A numerical model will be chosen to
evaluate vertical flow in variably saturated layered media. Our
first choice for a code will be UNSAT2 (NUREG/CR-3390). The
numerical model wil be first verified for accuracy against
known analytical solutions for variably saturated flow. The data
for the numerical model will be obtained from the Environmental
Assessment for the Deaf Smith County Site. The large size of the
grids used may create unacceptable numerical problems, so
specific numerical experiments will be performed to evaluate
errors due to grid size. We will attempt to run the model to
steady state, while inspecting the results for mass balance
errors and convergence problems. The output will be examined for
locating zones of partial saturation between the base of the
Ogallala and top of the Wolfcamp.

PRODUCT DESCRIPTION

The product of this task will be a technical report which
may identify the most probable hydrostratigraphic units where
unsaturated flow could occur. The implications of unsaturated
flow on existing conceptual models of the hydrogeologic system
will be presented.

TASK ASSIGNMENTS

Task management: D. Stephens
Review: R. Knowlton, J. Minier
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TDS #11, p.2

MANPOWER RESOURCES

Professional time to complete this task is estimated to be 3
man-months. Support time (i.e. clerical, drafting, computer,
etc.) will be in addition to the professional time.

SCHEDULE

A draft report may be available 5 months after receiving
approval of this summary.



TASK DESCRIPTIVE SUMMARY #12

TITLE

Interpretation of noble gas isotope data to obtain res-
idence times and flow paths of ground water in the Palo Duro
Basin (currently in progress)

OBJECTIVE

The objective of this task is to reduce uncertainty in flow
system conceptualization of the Palo Duro Basin using methods
independent of hydrodynamic data.

TECHNICAL APPROACH

Data for the concentrations and isotope ratios of the noble
gases He, Ne, and Ar (and possibly other gases, if data are
available) for the deep basin brines and aquifer rocks in the
Palo Duro Basin will be evaluated in terms of quality and
distribution. The data will then be interpreted to obtain
residence times and flow paths, with full consideration of
constraints and uncertainties. The interpretations may then
allow for verification and/or refinement of conceptual models of
the Palo Duro Basin. More detailed discussion of the technical
approach can be provided after the complete data set has been
received.

PRODUCT DESCRIPTION

The product of this task will be a technical report which
will describe the geochemical analyses performed on the noble gas
isotope data. In addition, implications of the results on flow
system conceptualization (for example, flow paths, velocities,
travel time, etc.) will be discussed.

TASK ASSIGNMENT

Task management: P. Phillips
Review: D. Stephens, W. Rison



TDS #12, p.2

MANPOWER RESOURCES

Professional and support time required to complete this task
are not estimated because the data requested for this task has
not yet been received. The data was requested from the NRC on
October 1, 1986.

SCHEDULE

An estimated schedule can be provided after the data has
been received.



I .

TASK DESCRIPTIVE SUMMARY #13

TITLE

Confidence interval estimation of characteristic perme-
ability (currently in progress)

OBJECTIVE

The objective of this task is to evaluate the importance of
data uncertainty in predicting ground-water travel time (current-
ly in progress)

TECHNICAL APPROACH

The statistical distribution of permeability data for HSU B
and HSU C will be examined, for example, perhaps by using the
Kolmogorov-Smirnov statistic for goodness of fit. For both cases
(HSU B and HSU C), the expected value and variance of perme-
ability will be used to estimate confidence intervals. Con-
fidence intervals provide an objective and probabilistic means of
estimating the significance of data outliers. In many cases,
extreme values (i.e., those values which are exceptionally
greater than or less than the mean value; outliers) should occur
only rarely. Extreme values may result from unrepesentative
sample points or measurement error. Confidence intervals should
indicate a likely range of permeability, at a given probability
level, which will be representative of the hydrostratigraphic
unit. In addition, statistical tests may be used to estimate
from the current data the probability that the mean permeability
of the hydrostratigraphic unit will be greater than a given
value. The results of these analyses may then be combined with
Darcy's Law to estimate the uncertainty in ground-water travel
time predictions.

PRODUCT DESCRIPTION

The product of this task will be a technical report which
will present the statistical method and example calculations
using current data from HSU B and HSU C.

TASK ASSIGNMENTS

Task management: J. Minier
Review: D. Stephens



TDS #13, p.2

MANPOWER RESOURCES

Because this task is currently in progress, professional
time to complete a draft report is estimated to be 3 man-weeks.
Support time (i.e. clerical, drafting, etc.) to produce the draft
report is estimated at 5 man-days. Revisions to the draft report
will require additional professional and support time.

SCHEDULE

A draft report may be available within one month. A revised
final report may be available within three weeks after receiving
comments on the draft report. However, the schedule will depend
on the nature of the review comments.
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TASK DESCRIPTIVE SUMMARY #14

TITLE

Hydrochemical conceptualization of the Palo Duro Basin flow
system, Phase I (proposed)

OBJECTIVE

The objective of this task is to identify hydrochemical
methods for reducing uncertainty in the conceptual model of the
Palo Duro Basin flow system.

TECHNICAL APPROACH

NA

PRODUCT DESCRIPTION

The product of this task will be a letter report which will
emphasize a hydrochemical approach for evaluating and reducing
uncertainty in flow paths and ground-water travel times in the
Palo Duro Basin. The letter report may include:

1. an introductory bibliography of documents relating to
hydrochemical studies in the Palo Duro Basin

2. brief, informal reviews summarizing documents in the
bibliography

3. descriptive summaries of potentially useful technical
methods and approaches for hydrochemical analyses applicable to
the Palo Duro Basin

4. descriptive summaries of hydrochemical studies in the
Palo Duro Basin

5. identification of issues which are not presently
resolved or cannot be answered by hydrodynamic approaches

6. recommendations for future, hydrochemical technical
analyses/reports (Phase II)

7. a recommendation for a final topical report (Phase III)
which will summarize and integrate the results of the Phase II
technical reports and make a final assessment of hydrochemical
data needs.

TASK ASSIGNMENTS

Task management: J. Minier
Review: D. Stephens, F. Phillips
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MANPOWER RESOURCES

Professional time required to complete this task is esti-
mated to be 1 man-month. Support time (i.e. clerical, drafting,
technical review, etc.) would be in addition to the professional
time. Extensive revisions made to the draft report may require
more professional and support time.

SCHEDULE

A draft report may be available within 2 months after
receiving approval of this summary. A revised final report may
be available within three weeks after receiving comments on the
draft report. However, the schedule will depend on the nature of
the review comments.



TASK DESCRIPTIVE SUMMARY #15

TITLE

Analysis of uncertainty in prediction of travel path and
travel time, Phase I (proposed)

OBJECTIVE

The objective of this task is to evaluate the importance of
using a stochastic approach to characterize the uncertainty in
the prediction of ground-water travel time and radionuclide
flux.

TECHNICAL APPROACH

NA

PRODUCT DESCRIPTION

The product of this task will be a letter report which will
provide:

1. a detailed review of uncertainties in solute transport
or ground-water travel time and path which are attributed to
hydrogeologic parameters

2. critical reviews of relevant scientific articles related
to the analysis of uncertainties in prediction of ground-water
travel time and path or in mass transport

3. a discussion of the significance of the findings to the
NRC's waste management program

4. clear explanations and illustrations of the stochastic
concept and the methods for stochastic analysis

5. a glossary of the terminology in the stochastic analysis

TASK ASSIGNMENTS

Task management: J. Yeh, D. Stephens
Review: J. Minier
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MANPOWER RESOURCES

The professional time required to complete this task is
estimated to be 1 man-month. Support time (i.e. clerical,
drafting, etc.) would be in addition to this effort.

SCHEDULE

A draft report may be available within 3 months after
receiving approval of this summary. A revised final report may
be available within 5 weeks after receiving comments on the draft
report. However, the schedule will depend on the nature of the
review comments.



TASK DESCRIPTIVE SUMMARY #16

TITLE

Analysis of uncertainty in prediction of travel path and
travel time, Phase II (proposed)

OBJECTIVE

The objective of this task is to assess the ability of using
deterministic simulations to address the uncertainties in
predicting ground-water travel time.

TECHNICAL APPROACH

A hypothetical two-dimensional heterogeneous aquifer with a
known variance in hydraulic conductivity values and correlation
functions will be constructed. With this hypothetical porous
media, we will determine the travel times and paths of tracer
particles released from an inflow boundary using a numerical
model which conserves mass. The deterministic result will
represent the ground-water travel time in an aquifer where the
exact spatial distribution of the hydrologic properties is
known. A small subset of data points from the finely discretized
domain will be selected and used as "observed data" in travel
path and travel time calculations. This experiment will be
performed many times and the results will be compared with the
results from the hypothetical aquifer.

PRODUCT DESCRIPTION

The product of this task will be a technical report which
will discuss the implications of the results on in predicting
ground-water travel time and flow path. The discussion will
relate to issues illustrated by the following example questions:

1. What data density is needed to adequately characterize
the uncertainties inground-water travel time and radionuclide
flux?

2. What is the importance of the scale of parameter
measurement with respect to flow and transport predictive
models?
The relevance of the analysis to the field sampling design In the
site characterization plans may also be discussed.

TASK ASSIGNMENTS

Task management: J. Yeh, D. Stephens
Review: J. Minier
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MANPOWER RESOURCES

The professional time required to complete this task is
estimated to be 3 man-months. Support time (i.e. clerical,
drafting, computer, technical review, etc.) would be in addition
to this effort.

SCHEDULE

A draft report may be available 4 to 6 months after complet-
ion of Phase I.
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TASK DESCRIPTIVE SUMMARY #17

TITLE

Analysis of uncertainty in prediction of travel path and
travel time, Phase III (proposed)

OBJECTIVE

The objective of this task is to investigate the relevance
of using a stochastic approach to address uncertainties in
predicting ground-water travel time and solute transport.

TECHNICAL APPROACH

The technical approach will consist of four steps:
1. Non-conditional simulation techniques will be used to

generate random fields (realizations) of hydraulic conductivity
and porosity. Ground-water travel time and solute transport will
be predicted for each realization of the parameters. The
cumulative results can then be used to estimate the degree of
uncertainty in the predictions of flow and transport through a
hypothetical aquifer due to a lack of complete knowledge of the
spatial variability of hydraulic properties (by comparison with
the calculated travel times and flow paths in the hypothetical
aquifer from Phase II).

2. Conditional simulation techniques will then be used to
determine the reduction of the uncertainty in predictions that
can be achieved by some additional knowledge of hydraulic
property values at various points. It will be assumed that the
true statistical properties over the aquifer are known. This
step will vary the number of measurements and their locations to
assess the importance of test site location as well as un-
certainty reduction.

3. Additional conditional simulations will be performed
using estimated covariance functions rather than assuming that
the true statistical properties are known (as in step 2). The
effects of errors in estimating statistical parameters character-
izing the spatial variation and correlation structure of hydro-
logic properties can then be investigated by comparing the
results of this step with those of the previous step.

4. The geostatistical method will then be applied to a
cross-sectional model of the Palo Duro Basin. Values for the
mean and variance of the hydraulic conductivity of the formations
will be assigned. Conditional simulations will then be employed
to analyze the uncertainties in ground-water travel time and
concentration distributions. The sensitivity of the uncertain-
ties in ground-water travel time and concentration to the
statistical parameters (such as correlation scales, variances,
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means, and distributions) of each formation will be invest-
igated.

PRODUCT DESCRIPTION

The product of this task will be a technical report which
will compare deterministic and stochastic methods of analysis of
ground-water flow and solute transport. Discussion of the
results will focus on which parameters should be measured, where
parameters should be measured, over what scale parameters should
be determined and the data density that is needed to adequately
characterize the uncertainties in ground-water travel time and
radionuclide flux.

TASK ASSIGNMENTS

Task management: J. Yeh, D. Stephens
Review: J. Minier
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MANPOWER RESOURCES

The professional time to complete this task (Phase III) is
estimated to be 12 man-months. Support time would be in addition
to this effort.

SCHEDULE

A draft report for this task (Phase III) may be available
within 6-8 months after completions of Phase II.



TASK D3SCR_?T:V3 SUMMARY #18

Numerical simulata-on of -adonuc:_de transport through a
vertical fracture zone in the Pa'o Duro Basin (proposed)

03JMCTIVE

Geologic data (basement fault pattern, accelerated salt
dissolution in some areas, etc.) suggest that vert ca f'racture
zones may act as preferred pathways for ground-water movement.
The objective of this task is to investigate the significance of
a vertical fracture zone on ground-water flow and solute trans-
port in the Palo Duro Basin.

TECHNICAL APPROACH

TRAFRAP, a two-dimensional finite-element code for simu-
lating fluid flow and transport of radionuclides in fractured,
porous media will be used to 5nvestigate the effect of a vertical
fracture zone on ground-water flow and solute transport in the
Palo Duro Basin. The primary output of this code is radio-
nuclide concentrations as a function of time and totaz mass flux
leaving a specified boundary. The numerical code wll be
verified as required by QA procedure. Stratigraphic and hydro-
logic data from the Palo Duro Basin will be ;nput to the =odel.
The Palo Duro Basin wil7 first be modeled as a layered, un-
fractured, porous media. After the flow system and solute
transport are characterized for the unfractured system, addition-
al models incorporating fracture zones will be developed. The
results of the fracture models can then be compared to the
results from the model of the unfractued system.

PRODUCT DESCRIPTION

The product of this task will be a technical report which
will discuss the influence of fracture zones on the flow system
and solute transport in the Palo Duro Basin.

TASK ASSIGNMENTS

Task management: J. Minier
Review: D. Stephens
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MANOWER RESOURCES

?rofessional time to complete this task is es"-Iated to be
three man-months. Support time (i.e. clerical, drafting,
computer time, etc.) would be in addition to the nrofessional
time.

SCHEDULS

A draft report may be available wit-in four =onths after
receiving approval of this summary.


