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COMPARISON OF MODEL STUDIES: THE HANFORD RESERVATION

By Linda L. Lehman and Ellen J. Quinn

INTRODUCTION

The U. S. Department of Energy (DOE), National Waste Terminal Storage

Program, is currently assessing the feasibility of high-level nuclear

waste storage at several locations in the United States. Of the sites

now under consideration, the nuclear reservation at Hanford, Washington

has received the most intensive study. A DOE Site Characterization

Report (SCR) for Hanford will be submitted to the U. S. Nuclear

Regulatory Commission (NRC) in September of 1982.

A thorough understanding of the dynamics of groundwater flow is essential

to the development of both release scenarios and consequence analyses as

required by 10 CFR 60. In response to this requirement, several groups

of government and government contracted investigators have made

independent efforts to formulate computer models which represent the

groundwater flow system-at the Hanford Reservation. The principal

investigators are:

- Rockwell Hanford Operations (RHO)

- Battelle Pacific Northwest Laboratories (PNL)

- U. S. Geological Survey (USGS)

Several computer modeling efforts have been commissioned by RHO.

Conducted under contract, three separate studies were made by Los Alamos

Technical Associates, Intera Environmental Consultants, and Resource

Management Associates. Additionally, a very recent in-house RHO effort

is documented in the informal report RHO-BWI-LD-44, Arnett, et al.

(1981).
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The results of the PNL study are documented in the draft report PNL-3632,

Dove, et al. (1979). The USGS modeling study has not yet been formally

released for NRC review.

With the exception of the in-house RHO report, all these studies show a

predominantly upward groundwater flow component which travels through the

repository stratum and discharges at or near the Columbia River. The

discordant RHO report describes a "near-horizontal" flow which would

contain any groundwater contamination within the repository horizon

(i.e., the Umtanum strata) with significantly longer travel times.

Figure 1 and Table 1 summarize the pathways and travel times from the

various reports.

In accordance with the NRC regulation 10 CFR 60, there must be a high

degree of confidence in the direction of groundwater flow in an area

designated for nuclear waste disposal. The most recent RHO report

represents a drastic deviation from all previous computer simulations

conducted for the Hanford site. These inconsistencies must be resolved

in order to have assurance that the flow system is well understood.

Consequently, the NRC has flagged this flow path discrepancy as an issue

of significant importance in its review of the Hanford site

characterization program.

Since the groundwater flow path at Hanford is a critical issue, the NRC

has undertaken an independent effort to evaluate the results obtained by

the various computer simulations. The PNL and RHO models were selected

for study. The PNL model was selected because it best represents the

"traditional" concept of groundwater flow at Hanford; whereas the

in-house RHO model presents a striking contradiction. Also, the

difference between these particular flow paths may have important

licensing implications. The purpose of this report is to describe the

process by which the simulations were duplicated, compare boundary

conditions, and identify areas which are of concern or where more data

would be valuable.

. . . .
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Figure 1. GENERALIZED REPRESENTATION OF SELECTED STREAMLINES
(After RHO, Slide Presentation, September, 1981)

* Refer to Table 1 for explanation



Table 1
SUMMARY OF TRAVEL TIME ESTIMATES

A

FAR-FIELD

! PATHLINE STUDY YEAR

A

B

C

ROCKWELL

LATA/INTERA

PNL (AEGIS)

1979

1979

1979

DISTANCE
* TRAVELED**

"9 MILES

^/6 MILES

v 4-9 MILES

TRAVEL TIMES (YEARS)

78,000

34,000

15,000-41,000

>105D ROCKWELL/RMA 1981 -'40 MILES

NEAR-FIELD

E ROCKWELL
(THERMAL CONDITIONS)

ROCKWELL
(NON-THERMAL CONDITIONS)

1981

1981

-2-5 MILES

w3-5 MILES

10,000-30,000
TO NEAR-FIELD MODEL BOUNDARY***

7>8,000-12,000
TO NEAR-FIELD MODEL BOUNDARY***

F

VA

*DISTANCE FROM REFERENCE REPOSITORY LOCATION TO COLUMBIA RIVER.

***BOUNDARY OF NEAR-FIELD IS TAKEN TO 2.7 MILES FROM OUTER BORDER OF REPOSITORY.

NEAR-FIELD - WITHIN THE THERMAL FIELD OF THE REPOSITORY, THIS IS PRINCIPALLY
WITHIN THE GRANDE RONDE BASALT.

FAR-FIELD - AREA OUTSIDE OF THE NEAR-FIELD AND EXTENDING TO THE BIOSPHERE.

(After RHO, slide presentation, September, 1981)
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NUMERICAL MODELS - BACKGROUND

Although entirely different, the PNL and RHO computer models are both

state-of-the-art finite element codes. In order to make a meaningful

comparison, the boundary conditions and input parameters from each model

were rigorously translated for use with the NRC finite difference code -

SWIFT. Normalizing the numerical simulations to the same model in this

fashion allows the results of each model to be compared within a common

framework. It could be argued that the NRC model itself might introduce

some bias to the results. This, however, has not been the case as the

NRC simulations have duplicated the RHO and PNL results. This is not at

all suprising as the three computer models being considered are quite

competent to simulate a groundwater flow pattern given adequate and

realistic input data, i.e., with the same input, each model should and

will produce similar output. What is instructive in this study is the

variance with which the input data has been selected by PNL and RHO, and

the ramifications this has had on the simulation results. Before

addressing the results of the NRC model comparisons, it is first

necessary to review the various models themselves and the underlying

geologic and hydrologic assumptions.1

l/Translating the PNL and RHO input data for use in the NRC SWIFT model
was not a trivial matter. In order not to distract the reader from the
text, a detailed and technical discussion of how this translation was
accomplished has been presented as Appendix A.
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NRC FINITE DIFFERENCE MODEL

The NRC computer model used to normalize the PNL and RHO simulations is

the finite difference code SWIFT. The grid and layering scheme used to

simulate the Pasco Basin was developed in-house by the NRC exclusively

for this purpose. A detailed discussion of the scheme is contained in

the NRC report "Mock Site Characterization Review of Basalt - The Hanford

Site," L. Lehman and E. Quinn (1981), Attachment 1. A complete

explanation of the internal workings of SWIFT will not be provided here.

However, specific elements of the SWIFT code are addressed in the ensuing

text when their explanation is appropriate and necessary.

ROCKWELL HANFORD OPERATIONS PASCO BASIN MODEL

The RHO Pasco Basin model uses the finite element code MAGNUM-3D. This

code has neither been documented nor field verified at the present time.

Plans for documentation are tentatively set for 1983. As a result, a

thorough evaluation of this code is not considered in this report either,

but will be addressed under NRC contract FIN NO B-6985, "Benchmarking of

Computer Codes and Licensing Assistance."

Figure 2 shows the conceptual flow model of the Pasco Basin as presented

by RHO in RHO-BWI-LD-44. The arrows indicate direction and magnitude of

flow.

Recharge is occuring:

1) along the eastern boundary in all layers;

2) along the northwestern boundary in all layers;

3) along the northern boundary in the Grande Ronde Basalt; and

4) within the Rattlesnake Hills in the top two layers.
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Figure 2. Pasco Basin Conceptual Groundwater Flow - RHO
(After, RHO- BWI-LD-44)
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Discharge is occurring:

1) to the Columbia River in the top layer;

2) at the southeast corner (Wallula Gap area) in all layers; and

3) along the flanks of Rattlesnake Hills in the Grande Ronde Basalt.

Figure 3 shows the plan view of the Pasco Basin grid network used by RHO

in their simulation. All numerical values are boundary conditions

expressed as hydraulic head in meters above mean sea level. It can be

seen that along the eastern boundary a recharge condition is shown to

exist in the conceptual model; head values used in the simulation,

however, indicate either horizontal flow (head constant with depth) or

discharge, i.e., head increasing with depth. Conversely, the

southeastern corner of the conceptual model is designated as a discharge

area; but in the numerical model pressure heads either are constant with

depth or decrease with depth as is typical of recharge pressures.

Additionally, Rockwell has forced the water table to maintain a specific

configuration through the use of constant head boundaries.

The following discussion regarding boundary conditions is taken directly

from RHO-BWI-LD-44:

The boundary conditions for the initial MAGNUM-3D simulation were

developed in part from the broad criteria listed below.

0 The heads for the upper boundary nodes lying below the

Columbia, Yakima, and Snake Rivers are assumed to be equal to

the average river stages. By implication, the head in the

unconfined region lying between the rivers and the basalt

groundwater system is assumed to be hydrostatic. The average

river stages are obtained from Plate III-4 of Gephart et al.

(1979).



t

BGR 104
------------AUOTHERS

NO FLUX

|TSM 1S3 | -N

* / / j 1~~~~~~13 *TGR 168_
> / < \ 0~~~~~~~~~~~~~~~~~~GR 153

ASALI~~~~~~~~1

__ND AO\O \'A

H PTETICA 140\ \\ \

\*<WIY~~~~~~~~~~~~~~~~~~~~~~~~8 IS I
%~e TWI 7" W ISO

BG1U0 \ Sz GR 168 BGR 158|
At 12 OTER 1i TS rN1- 2 6o

XINS BASALT ~~~~~~ ~ ~~~~ ~ ~~~~~~~~~~~~~~TW 152 TWs 14 fiq ; 2) 2
sL~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~TG 16 TGR 152 | 1
BASA~~~~~~~~~~~~~~~~~~~~~~l ~~~~~~~~BGR 152 BG3 1057 2

B~~~GR 152 o \ /122

. BGR 152 _ ~~~ - 4 \ \ \ 3t/ 14

FIVEL .. .RCP8108-285

Figure 3. Plan View of Pasco Basin Rockwell Finite Element Grid

(After, RHO-BWI-LD-44)



-10-

o The heads for the upper boundary nodes lying below the

unconfined sedimentary aquifer are assumed to be equal to the

unconfined heads. The unconfined heads are assumed to be

hydrostatic and are obtained from Plate III-4 of Gephart et al.
(1979).

The heads for the boundary nodes on the vertical sides of the

system are estimated from borehole measurements reported in

Gephart et al. (1979) and from other borehole data compiled by

Rockwell. No-flux boundaries are assumed along the upper

portions of the Rattlesnake Hills and Saddle Mountains

anticlines. Elsewhere, the heads are assumed to be hydrostatic

except in a few areas indicated in Figure 4-2. [Figure 3 of

this report].

The lower (bottom of Grande Ronde) aquifer boundary is assumed

to be a no-flux boundary. This boundary is intentionally

located sufficiently far below the surface ( 1,000 m below the

top of the Grande Ronde) to be beyond the influence of recharge

and pumpage. At this depth, the vertical head profile should

be hydrostatic and vertical flow should be negligible.

The surface fluxes (LT 1) for the upper boundary elements lying

below recharge areas are assumed to be proportional to annual

rainfall. One fifth of the long-term average annual rainfall

(3.7 cm/yr) is assumed to reach the basalt groundwater system.

The recharge areas are defined in Plate III-12 of Gephart et

al. (1979). [Figure 4 of this report].

Head values, in meters above mean sea level, for the various

boundary nodes are indicated in Figure 4-2. [Figure 3 of this

report]. The legends on this figure indicate where the

hydrostatic assumption is made, where vertical variations exist
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Figure 4. Distribution of Infiltration and Pumpage - RHO
(After RHO-BWI-LD-44)
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between layers, and where surface-only boundary conditions are

applied. The figure also indicates those regions where basalt

extends above the sedimentary water table. Surface nodes in

these regions are assumed to lie on a no-flux boundary and are

not assigned specified head values.

Figure 5 shows the vertical layering scheme used by RHO in their

simulation. The layering separates the geology into three main

stratigraphic formations, i.e., the Saddle Mountains, Wanapum and Grande

Ronde.

Permeabilities and hydraulic properties of these units are provided and

discussed in detail later in this report.

Results from RHO-BWI-LD-44

The flow path RHO derived from their simulation is shown as Figure 6.

This path runs from the repository-southeastward, crosses under the

Columbia River north of Richland, crosses under the Snake River near Ice

Harbor Dam and turns to the south to discharge somewhere southeast of

Wallula Gap.

A cross-sectional view of the Pasco Basin streamline shows that a

particle released from the repository will remain in the Grande Ronde

Formation, Figure 7. No vertical component of flow exists along this

streamline.

Conclusions drawn by RHO include:

1. The hydraulic head patterns generated in this simulation show only a

limited upward gradient.
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Vertical Layering Scheme Used By RHO

(After, RHO-BWI-LD-4 4)
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Figure 7. Cross sectional view of RHO streamline.
(After, RHO-BWI-LD-44)



-16-

2. Streamlines calculated by the model extended from a hypothetical

repository location to the edges of the model boundary and remained

in the Grande Ronde basalt for the entire path length.

3. The overall travel time from the repository to the model boundary

for a particle moving along the streamline was calculated to be well

in excess of 100,000 years. This was true even though horizontal

movement was assumed to occur in a material with the properties of

the more conductive interflow zone.

BATTELLE PACIFIC NORTHWEST LABORATORIES MODEL

PNL's Conceptual Model is based on the belief that the Pasco Basin is one

of the main discharge areas for the entire Columbia Plateau. That is,

flow in the Pasco Basin is predominantly upward from the deep basalts

into the alluvial aquifer and the Columbia River.

The Conceptual Model is supported by PNL's regional scale modeling, and

by the fact that regional groundwater budget studies indicate a net

discharge of water within the Pasco Basin. Figure 8 shows the

cross-sectional view of the PNL Conceptual Model.

The PNL modeling effort first began with a regional simulation of the

entire Columbia Plateau to determine the boundary conditions for the

Pasco Basin Model. While this procedure is not error-free, it does bring

regional flow dynamics into consideration when determining local model

boundary conditions. The Pasco Basin model simulates a sub-area of the

regional model in greater detail. PNL selected the Finite Element

Three-Dimensional Groundwater Model (FE3DGW) for the modeling exercise.

The FE3DGW model uses the Galerkin finite element method with deformable

quadrilateral elements. The Pasco Basin FE3DGW grid is shown as Figure
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Figure 8. Cross-Sectional View of the PNL Conceptual Model
(After, PNL-3632)
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9. As with the Rockwell code, a complete examination will be addressed

under NRC contract FIN No. B-6985.

The PNL model used 4 composite layers:

1. the alluvial water table aquifer;

2. the Saddle Mountains Formation;

3. the Wanapum Formation; and

4. the Grande Ronde Formation.

Boundary Conditions used by PNL include:

1. A forced water table to maintain a specific configuration

through the use of constant head boundaries.

2. Flow boundaries (recharge) on the north and eastern sides of

the basin.

3. No flow boundary (groundwater divide) on the west and

southwestern boundary.

PNL Boundary conditions were not provided in graphic form as was RHO.

The values were reconstructed for the NRC simulation from original

computer listings provided by PNL, Figure 10. The northern boundary is a

flow boundary; the northeastern boundary is a recharge boundary (head

decreasing with depth) and; the southeastern boundary is a discharge

boundary (head increasing with depth). The numerical scheme is

consistent with the Conceptual Flow Model.

PNL actually ran two significant scenarios; one using pre-man

infiltration rates (before agriculatural development) and one of current

conditions, which estimated run off and infiltration rates by crop types

under development presently in the basin. Infiltration rates applied by

PNL ranged from 6.5 x 104 ac. ft. per year for pre-man conditions to on

the order of 105 ac ft per year under the current agricultural
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development scheme. The pre-man rates are very close to the infiltration

rates used by RHO.

Results from PNL-3632

The PNL simulation demonstrated that the Pasco Basin is a discharge area

over most of the basin. Discharge occured: in areas where basalt

formations made contact with surface water bodies, to the Columbia and

Snake Rivers, and where the basalts contacted saturated alluvium (if

appropriate gradients were present).

PNL supports these beliefs with the following reasons:

o The very existence of an alluvial aquifer system in highly

permeable sediments (in such an arid environment) supports the

discharge concept.

O Calculations indicate that under current conditions little if

any natural recharge occurs in the area of the low lying

alluvial systems.

o Historical evidence supports the existance of an alluvial

groundwater system before man-induced recharge was supplied by

Hanford Project activities and wide scale irrigation.

o A tremendous amount of flow system convergence would be

required for discharge to occur only in areas where the basalt

is in, or nearly in, contact with surface water bodies.
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Particle tracking done by PNL shows:

1) that particles released from the repository would generally

move upward and north to discharge at the Columbia River

(Figure 1 line C)

2) particles released elsewhere in the basin move upward and

inward toward the center of the basin

3) travel time calculations show that a particle leaving the

repository would reach the river in 15,000 to 41,000 years

(Table 1).

MODEL COMPARISON

As previously mentioned, in order to critically assess the modeling

efforts of RHO and PNL, each numerical model was verified by applying the

initial conditions used for these simulations to a finite difference grid

structure of the Pasco Basin developed by the NRC. As a result of this

process, initial boundary conditions and resultant flow paths could be

meaningfully compared in the context of a common framework.

NRC Grid Structure

The NRC grid structure is shown as Figure 11. The three dimensional grid

contains 13 layers. This structure represents the sequence of rock types

and different hydraulic characteristics which are believed to comprise

the Pasco Basin stratigraphy. Layer 1 represents the alluvial aquifer,

layers 2-6 comprise the Saddle Mountains Formation, layers 7-9 comprise

the Wanapum Formation and layers 10-13 represent the Grande Ronde

Formation. To be consistent with the RHO and PNL grids, all basin

topography was simulated by elevating grid blocks. Elevating a finite
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difference grid introduces a slight error by increasing the

transmissivity term. This error, however, is acceptable (or even

desirable) as transmissivity is thought to increase within elevated

structures in the Pasco Basin due to increased fracturing.

In raising the grid to match the topography, several assumption were

made.

1. Hydrostatigraphic units were not thinned on the tops of

anticlines or ridges.

2. The elevation change seen at the surface is continuous downward

throughout the section.

3. No erosion is assumed in areas where basalt units outcrop;

i.e., the entire thickness of the unit is present and is the

same thickness over the entire basin.

Given the scale of the investigation and scarcity of data, these

assumptions are not unreasonable. Further, the amount of effort required

to make the additional topographic changes in the grid would be excessive

for the minor increased accuracy that could be gained.

Figure 12 shows elevation in feet above mean sea level of specific grid

blocks.

Permeability and Permeability Ratios

In a steady state calculation for the determination of flow paths, actual

permeabilities did not have to be identical in the two models. What was

critical was that the overall permeability ratios, i.e., vertical

permeability/horizontal permeability (Kv/Kh), be the same.
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RHO states in Arnett, 1981, that their model was executed using a

permeability ratio of 104 , but noted that better agreement could perhaps

be obtained with a ratio of 103

PNL varied the permeability ratio according to structural deformation

zones. (This process will be discussed later.) NRC duplicated the

ratios and ratio distributions used by PNL and RHO when doing the

comparisons.

In order to test the sensitivity of the model to K /Kh ratio, an initial

analyses was done varying the Kv/Kh ratio from 10 to 11. Selected

hydraulic pressure gradient profiles are shown as Figures 13 through 16.

It can be seen that for ratios 11 to IO12 hydraulic pressure gradients
converge at the center of the basin, for ratios 10O3 and less hydraulic

pressure gradients suggest that discharge is horizontal and towards the

Wallula Gap area.

When travel times of radionuclides to the accessible environment are

being considered, it is of great importance to have the most accurate

description of the hydrostratigraphy and actual permeability values for

the separate units. Therefore, in the interest of travel-time

calculations the NRC grid was designed to allow for maximum flexibility

by using the maximum number of layers numerically possible on the

Brookhaven computer system. As previously mentioned, this number was 13

for this particular three-dimensional grid set up. Within these

numerical constraints, the 13 layers were developed as accurately as

possible to simulate the hydrostratigraphic sequence shown as Figure 17.

The identity of the three major basalt formations, the Saddle Mountains,

Wanapum and Grande Ronde was preserved and interflows and interbeds

present within these formations could still be characterized

hydraulically.
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The three-layer version used by RHO lumped together the separate

permeabilities of the dense units with those of the interbeds and

interflows'to form one composite permeability for'each of-the three main

basalt formations. This technique is acceptable and cost effective for

flow path determinations - but can result in severe under-estimates of

certain travel time calculations. This is especially true in the

horizontal plane. RHO has stated that their travel time calculations are

in fact misleading, and indicates a need for more layers in their future

modeling work to overcome this limitation.

PNL also used a composite premeability value for each of their layers.

However, the method used to assign permeabilities was quite complex. The

first step was to prepare transmissivity maps for each of the four

layers. An interpolation routine was next used to assign hydraulic

conductivity values to each node in the model. The permeability (K) was

then computed using the relationship K=T/b, where b was the saturated

thickness at each node and T was the transmissivity. The permeabilities

varied from element to element over each surface, and from layer to layer

vertically. Figures 18 through 21 are the transmissivity maps upon which

the permeabilities were based.

The Kv/Kh ratio determination was similarly complex with several

interations required to select the best'match' with available head data.

The p'rocess began with-the assumption that K was related mainly to thev
degree of geologicideformation in the basin. (No fundamental -

relationship between Kv and Kh was assumed to exist). Structural maps of

the top of the basalt and top of the Grande Ronde were next used to

identify zones of equal deformation, Figure 22. Based on changes in

slope near the anticlines and synclines, the zones were rated from zero

to one-with zero representing no deformation. Zones of greater

deformation were assigned higher vertical permeability values. Final

Kv/Kh ratios used in the PNL simulation are shown as Figure 23.
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Figure 18. Transmissivity ofthe Alluvial Aquifer (gpd/ft)
-(After, PNL - 3632)

,.
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Figure 19. Transmissivity of the Saddle Mbuntains (gpd/ft)
(After, PNL - 3632)
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Figure 20. Transmissivity of the Wanapum Formation (gpd/ft)
(After, PNL - 3632)
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Figure 21. Transmissivity of the Grande Ronde (gpd/ft)
(After, PNL - 3632)
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Figure 22. Inferred Zones of Structural Deformation
(After, PNL - 3632)
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Comparison of Boundary Conditions

The boundary conditions used in the NRC simulations used were the same

pressures that were assumed to exist at the margins of the basin by RHO

and PNL. The bottom surface in all cases was assumed to be a no-flow

boundary. In simulating the RHO and PNL models, the NRC did not restrict

the water table configuration. Instead, the NRC simulations allowed the

water table to equilibrate naturally in response to the boundary

pressures. This resultant surface was then used as a double check on the

accuracy of the initial boundary pressures.

The major differences between the boundary conditions of the PNL and RHO

models were as follows:

1. The Rockwell model used a recharge boundary condition along the

northwest corner of the grid for approximately 25 miles. The

pressure head (1,099 feet above sea level) was significantly

higher than than anywhere else in the model. So high, in fact,

that it caused all water to flow away from this area, across

the basin, and out the eastern boundary. The eastward flow of

water was exactly opposite to that of PNL, who had primarily a

westward and upward flow component.

Figure 24.

PNL used a no flow boundary condition along the same 25 mile

area, and had only small amounts of precipitation as recharge.

2. Rockwell set the head at the bottom of the Grande Ronde to 550

ft. above sea level for approximately 42 miles along the

northern basin boundary. No flow boundaries were assigned to

all units above this; thereby restricting flow from entering

the basin from the north. Figure 25.



Figure 24. Major Areas of Model Input Disagreement (Northwest Pasco Basin)

Figure 25. Major Areas of Model Input Disagreement (Northern Pasco Basin)
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PNL assigned a flow boundary along this same area. Head values

ranged from 675 to 880 ft. above sea level - increasing to the

east. No-flow boundaries were assigned to the Saddle Mountains

Formation only. The head difference between the two models

ranged from 125 ft to 330 ft.

3. The eastern basin boundary of the RHO model, from the northern

edge for approximately 25 miles southeastward, was set at 600

ft; and was considered to be at hydrostatic equilibrium (head

constant with depth, i.e., flow is horizontal). (Figure 26).

The PNL heads along the boundary, ranged from approximately 700

ft to 1100 ft above sea level-creating a head difference that

ranged from 100-500 ft between the two models. Also, the PNL

boundaries were recharge areas, i.e., head decreased with

depth. It should be noted that in the PNL model the highest

heads occured in this area.

4. In the RHO model, for approximately 12 miles along the

southeastern corner to Wallula Gap, heads were set at

approximately 400 ft. again with the hydrostatic equilibrium

assumption. (Figure 27).

In the PNL model this area was a discharge boundary with heads

in the lower units set at 650 feet and at the upper units 437

ft.

The head differences between the two models result in a

discrepancy of approximately 250 ft in the lower units. Since

the RHO model does not permit an upward gradient in this area,

no upward discharge can exist. This is significant to RHO's

conclusion that particles do not leave the Grande Ronde

formation.
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Figure 26. Major Areas of Model Input Disagreement (Eastern Pasco Basin)

Figure 27. Major Areas of Model Input Disagreement (Southeastern Pasco Basin)
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5. In the RHO model, in the area beginning just west of Wallula

Gap and continuing clockwise around the southwestern boundary

for approximately>30 miles, a recharge boundary condition was

imposed. Heads in this area drop from 700 ft in the upper

units to 500 ft in the lower units. This created a significant

downward gradient, which was strong enough to be felt across

the entire width of the basin (approximately 24 miles). The

recharge effect forced water downward in the Wallula Gap area,

instead of upward as would be expected in a discharge area.

(Figure 28).

The PNL model assumed a no flow boundary condition along this

same stretch.

The major similarities in the two models were as follows:

1. Water table surfaces were very similar and were both forced by

use of constant head pressures in both models.

2. River elevations were approximately the same in both

simulations.

3. In the area of Rattlesnake Hills, both models had essentially a

no flow boundary condition. (Figure 29).

4. In the area surrounding the Snake River (for approximately 12

miles) both models had discharge boundary conditions. (Figure

30).

NRC Results - RHO Model

The output of the NRC computer runs were particle tracking plots and

pressure contours. Figure 31 shows that particles released east of the
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Figure 28. Major Areas of Model Input Disagreement (Southwestern Pasco Basin)
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Figure 29. Major Areas of Model Agreement (Western Pasco Basin)

Figure 30. Major Areas of Model Agreement (Southeastern Pasco Basin)
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repository will follow RHO's stream line.- Therefore RHO's results were

successfully duplicated using their pressure boundary conditions on a

different computer grid. This at first appears to substantiate the RHO

conceptual model. However, RHO does not discuss in RHO-BWI-LD-44 what

happened to particles released elsewhere around the repository. In the

NRC simulation, nost particles released in the vicinity of the repository

actually moved either north or across the Columbia River and discharged

through the eastern basin boundary. While this characteristic is in

complete harmony with the boundary conditions set in RHO's computer

model, it is in direct conflict with RHO's conceptual model - which

specifies recharge, not discharge, through the eastern boundary.

Additionally, the conceptual model clearly allows for vertical discharge

in the southeastern part of the basin, the Wallula Gap area. The

numerical model pressure boundaries do not allow this upward discharge to

occur. Instead, particles in the vicinity of Wallula Gap were actually

forced downward by the applied pressures. (Figure 32).

NRC Results - PNL Model

The particle tracking and pressure plots, resulting from the NRC

simulation of the PNL runs under consideration are reproduced as Figure

33. Flow originating in the area of the repository is seen to be

predominantly northeast to the Columbia. River. Particles tracked in a

north-south cross section also show the strong upward flow direction

predicted in the PNL model. (Figure 34). Particles released elsewhere

in the basin essentially track towards the river with a dominantly

vertical flow path. These results are in consonance with those of PNL

and demonstrate that the PNL numerical model has been reproduced by NRC.

The PNL numerical model appears to be in good agreement with their

conceptual model.
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CONCLUSIONS AND RECOMMENDATIONS

Major conclusions derived from this study are as follows:

1. In the RHO simulation:

a. The method used to determine boundary conditions was to

preserve the downhole pressure distribution by arbitrarily

assigning numbers outward from the wells. While this is a

valid approach, it will not necessarily provide a unique

solution, i.e., there may be many combinations of side boundary

pressures which allow the downhole pressure distribution to be

preserved.

b. The RHO numerical model is in conflict with their conceptual

model in the following two areas:

1. The eastern boundary of the numerical model is a discharge

boundary; not a recharge boundary as specified in the

conceptual model.

2. Vertical upward flow in the Wallula Gap area is not

permitted by the boundary conditions in the numerical

model; yet is specified in the conceptual model.

c. Kv/Kh ratios have been held constant over the entire system. No

increase in vertical permeabilities was assumed in the areas of

geologic deformation.

2. In the PNL study:

a. The method of selecting boundary conditions was based on an

analysis of the regional scale flow system.
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b. Kv/Kh ratios were varied according to amounts of deformation

within the system.

c. The numerical model is in good agreement with the conceptual

model.

d. Th downhole pressure distributions predicted by the PNL model

generally agree with measured potentials, in that recharge or

discharge is correctly predicted at most wells, however, scalar

driving forces are generally overestimated. (Figure 35).

3. The hydraulic data available in the Pasco Basin is currently

inadequate to allow the confident selection of computer boundary

conditions and input parameters.

Boundary conditions and model parameters - in this case KV/Kh ratio - are

the most important input values required to model groundwater flow paths.

It is obvious the intelligent selection of this input is required to

obtain accurate simulations. It is remarkable that two sets of

investigators have made interpretations of the same basic data, with only

minor to moderate differences, that result in profoundly different flow

paths. Analyzing the variance in results is complicated by the

difference in modeling schemes used by the investigators. This study has

compared the flow paths predicted by the PNL and RHO models - but, within

a constant framework.

The NRC finite difference model successfully duplicated the two separate

flow paths generated by the RHO and PNL codes. Since all other

parameters were constant, the intuitive assumption that boundary

conditions control flow path has been rigorously demonstrated. It is

obvious that "better data" is required to make more confident

simulations, it is not immediately clear what kind of data should be

obtained, or what geographic areas should be emphasized. This study has
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Figure 35. Comparison Between Model-Predicted and Observed
Heads (After, PNL - 3632)
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identified the geographic areas where the two investigators have

divergent opinions of boundary conditions. These areas, Figure 36, are

recommended for future study to obtain agreement on the actual hydraulic

head configurations.

The sensitivity of the models to KV/Kh ratio is critical. Maintaining

constant RHO boundary conditions, NRC discovered that an increase in the

ratio changed the potential for discharge from the Wallula Gap area to

the center of the basin. It is recommended that testing procedures

specifically address vertical permeability, not only in the Umtanum and

Grande Ronde units, but the entire basalt sequence. Further, a good

understanding of the areal distribution of this parameter will be

required for dependable flow path determination.
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Figure 36. Areas of Divergent Opinion Regarding Boundary Conditions
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APPENDIX A

DETAILED HYDROLOGIC ANALYSIS
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Appendix A

This appendix describes actual model input changes which have occurred

since described in Lehman and Quinn, (1981).

NRC Grid - Terrain Elevations

As of the last report (Lehman & Quinn, 1981), the Gable Mountain-Gable

Butte anticline was the only structure which had been simulated by

elevating grid blocks. This interior structure did have an effect on the

distribution of pressure potentials.

Discussions with RHO indicated that the elevations used in previous

simulations by the NRC in the Gable Mountain Gable Butte anticline were

too high. NRC consequently reevaluated the data and used significantly

lower elevations and a more gradual eastward slope. Row y=4 is the top

of the anticline in Figure 12. The water table aquifer was left in place

over the grid block 6, 4, but was thinned to 100' thickness to correspond

more closely to the topography.

Since RHO and PNL had elevated their grids to simulated the terrain over

the entire basin, the NRC decided to be consistent and also elevated the

grid to match the topography throughout the basin.

In areas where the Saddle Mountains outcrops, all layers above the top of

the Saddle Mountain unit have been set to zero-pore-volume. (By setting

a cell to zero-pore-volume, no water can be contained within the cell,

and consequently these cells are not used by the model). This has been

done in areas where units are missing stratigraphically, such as near the

basin margins where erosion may have removed the overlying units. In

areas where the Wanapum is outcropping, all units above the top of the

Wanapum have been set to zero-pore-volume and again are not used in the

simulation.

-p.'
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Using a consistent set of boundary conditions, the model was run first

with, and then without, elevated topography, to determine flow path

sensitivity. Results indicated that elevating the grid around the

margins of the basin had no effect on flow path.

Remove Aquifer Influence Blocks Which Simulate the Water Table

The next step in the simulation was to remove the aquifer influence

functions which forced the water table surface via a constant pressure

boundary (Lehman and Quinn, 1981). This was considered mandatory, as the

water table is the only surface which is known well enough to calibrate

against. RHO and PNL had forced the water table to conform in their

simulation and left nothing to calibrate against except down hole

pressure distributions.

The river wells which control the level of the river were allowed to

remain as constant pressure boundaries.

RHO Simulation Initial Conditions

In order to evaluate the RHO model on a "first cut" basis, boundary

conditions used by RHO in RHO-BWI-LD-44 were taken as input for the NRC

grid. At first, these boundary conditions were applied as bottom hole

pressures in wells. Since RHO had applied a different pressure at each

major stratigraphic horizon, it was necessary to have multiple wells in

each periheral grid block to duplicate the pressure distribution. .

Individual wells were provided for the Saddle Mountains, the Wanapum and

the Grande Ronde and completed in each separate unit.

When pressures were applied in this manner, the following problems were

encountered:
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1. well shutin - wells which were to recharge did not have

sufficient pressure head to do so, therefore were

shut off by the code.

2. well index - numbers for well index had to be adjusted to

approximate actual grid block pressures.

3. mass balance - mass balance was effected by well index values.

4. U tubes - flow would go into one well completed in a certain

horizon within a grid block and be sucked out through

a well within the same block from a different

stratigraphic horizon.

To correct the well shutin problem, two updates were made to the code by

Intera Environmental Consultants (IEC). The first one, FIXSIN, disables

- the shutin algorithm, which for the steady state case was conditioned

on the frequently unrealistic initial pressures. The second one, FIXPIN,

corrected a bug in the code for the setup of initial pressures for

overburden zero-pore-volume blocks (Reeves, Sandia Monthly Report for

December 1981 for FIN A-1158).

The problem with the well index was two fold. First, if the well index

was too small, the desired pressure control was not maintained. Second,

if the well index was too large, bottom-hole and grid block pressures

were sufficiently close to cause subtraction errors to occur in the mass

balance. Thus, there was only a narrow range of values for well index

which was acceptable. Usually, this range could not be known a priori,

especially in rather complicated cases involving completion in multiple

zones. (Reeves, 1981).

The problem involving U tubes was not overcome. As well index values and

bottom hole pressures were adjusted, various amounts of interaction

,.
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between wells occurred. Some of the wells which were expected to inject

would produce, and thereby pull water away from adjacent wells. The

resulting cones of depression and U tubes along the boundaries began to

have a substantial effect on the general flow path. It helped to locate

wells in different horizons of neighboring grid blocks, but in the end,

all attempts to discourage injection wells from producing failed.

Due to this problem another approach to applying pressure boundaries was

selected - this being the use of Aquifer Influence Functions.

Use of Aquifer Influence Functions

The Aquifer Influence option in the code allowed the pressure to be

applied at any specified outside edge of an outside grid block. (Aquifer

influence block pressures cannot be applied to interior blocks,.) In

order to place the aquifer influence functions at locations to achieve

the maximum coverage, the grid had to be slightly modified. The old grid

is shown as Figure 37.

Figure 11 shows the expanded grid blocks. Notice that the blocks in the

northeast corner are now being used. These seven blocks had previously

been set to zero pore volume, but were changed for use as areas where

Saddle Mountain basalt outcrops at the surface. This enabled the

application of RHO's pressures to eastern and northern sides of the basin

without using wells. This did create a problem in that the pressures

were now applied further out: 6 miles in this case. Since the gradient

was relatively flat, it was felt that the error caused by expanding the

grid was neglibible.

If precise data were available at the original grid boundary, it would be

possible to adjust the input pressure by multiplying by the hydraulic

gradient across the expanded blocks to obtain the desired input.
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Kv/Kh Ratio Under Ridges

Rockwell's simulation assumed a constant Kv/Kh ratio of 10 4 over the

entire Pasco Basin. RHO did not use a different Kv/Kh ratio under the

ridges and anticlines. Due to the amount of fracturing encountered in

the anticlines, a partial sensitivity analyses was conducted which varied

the ratio by a factor of 10 to a factor of 1000. The sensitivity

analysis results showed that even small increases in permeability in the

Gable Mountain-Gable Butte anticline allowed the free water surface to

rise above the land surface. This is unrealistic and considered an

artifact of the pressure boundaries selected by RHO.

Analyse Sensitivity to KJ/Kh Ratio Over the Entire Basin

For this simulation the 13 layer version was modified, in that hydraulic

conductivities and porosities were changed to simulate 3 layers. Layers

1-6 simulate the composite permeabilities given by RHO in RHO-BWI-LD 44

for the Saddle Mountains Formation. Layers 7-9 use the composite values

for the Wanapum and 10-13 simulate the composite values for the Grande

Ronde. The values for permeabilties, layer thickness and Kv/Kh ratio for

the SWIFT simulations are shown in Table A-1.

The flow path was extremely sensitive to this parameter as variations of

only one or two orders of magnitude would change potential convergence to

the center of the basin as opposed to the Wallula Gap area.

Analyze Sensitivity to Boundary Conditions in the Grande Ronde

When applying aquifer influence function boundary pressures it was noted

that a large pressure drop occurred along the northern boundary from the

western side of the basin to the eastern side (335 meters to 168 meters).

Two different approaches were used to set up this northern boundary to

see how the flow path was effected.
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TABLE A-1

SWIFT INPUT FOR KV/Kh = 10 3

LAYER # THICKNESS(ft) Kh (ft/day) KW. (ft/day)

1

2

3

4

5

6

7

8

9

10

11

12

13

300

122

96

366

72

144

462

330

308

350

1150

350

950

1.0

1.0

1.0

1.0

1'.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

101

10-6

10-3

10-6

100

10-3

10-6

10°

10-6

10-6

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

100

10-3

10-4

10-3

10-1

10-4

10-3

lo-l

10-3

lo-l

10-3

lo-l

10-3

POROSITY

.25

.05

.20

.05

.25

.20

.05

.25

.05

.25

.05

.25

.05

RHO INPUT

LAYER # THICKNESS(ft) Kh (m/s) POROSITY

Saddle Mts.

Wanapum

Grande

Ronde

984*

1150*

1.0 x 10 8

3.0 x 10 9

1.0 x 10-11

3.0 x 10-12

1.0 x 10 123280* 1.0 x 10 9 .01

*Approximate from graphics.
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1) The Grande Ronde was held at 168 meters all the way across the basin

and no-flux boundaries were applied to units above the Grande Ronde.

335 m was assigned to grid block 1, 1 in the Grande Ronde;

2) The average was taken between 168 meters and 335 meters and applied

uniformly across the northern boundary except at grid block 1, 1,

which was still held at 335 meters.

Changes in the boundary conditions influenced the flow direction slightly

along this boundary. The higher averaged head values deflected the flow

path farther to the east rather than north. A decision was made to

comply as closely as possible to RHO's BC's so the 168 m boundary was

held all the way across the northern boundary except at grid block (1,1).

PNL Simulation Initial Conditions

PNL boundary pressures were taken directly from their computer run which

was suggested to the NRC. These pressures were applied through the use

of aquifer influence functions around the basin perimeter, as were the

RHO pressures. The grid structure was not changed.

K v/Kh ratios were selected from Figure 23 which was taken directly from

Dove, et al., 1981.

Obtain Computer Graphics

SWIFT did not have an adequate graphics capability to plot stream lines

and pressure isobars. Therefore, an in house NRC program was developed

to interface with SWIFT called CRSEC. CRSEC printed out pressure,

temperature, and concentration contours, as well as velocity vectors.

Additionally, a program called STLINE was made available by IEC. STLINE

is a particle tracking code which enables stream lines to be plotted.
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With the aid of these two programs, a graphic display was produced that

greatly enhanced the model's output.
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The Hanford Site

Linda Lehman and Ellen Quinn

INTRODUCTION

Undertaking a mock site characterization review in basalt serves several

purposes. First, it prepares the NRC staff for the actual site

characterization report by familiarizing them with limitations in

existing available data. Second, it allows time for the hydrologists to

set up models and perform various sensitivity analyses on these models

(parameter value ranges, effects of boundary conditions, effects of

important geologic features) in order to get an idea of the system's

response to the various imposed stresses. Third, it allows the NRC staff

to gain insight into some key issues which have been identified in

10CFR60. Flow modeling can independently assess pre-waste emplacement

groundwater travel time requirements (60.112(c)), hydrologic effects of

construction (60.123(b)(12)), effects of large scale surface water

impoundments (60.123(a)(2)) and some effects of human activities, such as

hydrologic changes due to pumping (60.123(a)(31)). Flow modeling also

provides the groundwater velocities to be used in modeling the transport

of radionuclides through the system. This transport modeling will

eventually be used to help determine other key issues such as whether the

site meets the E.P.A. standard (60.111(b)(1)).

The development of a realistic model is a complicated task involving many

iterations. Many ideas are incorporated into the models and as ideas

change so the models must evolve to reflect these changes. The main body

of this report therefore, outlines some of the thinking which has gone

into the development of the model of the Hanford Reservation. The report

discusses the major steps taken to develop the horizontal and vertical
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layering schemes, hydrostratigraphic units, determination of boundary

conditions, and incorporation of anticlines and other structures which

may effect the flow field. The report also discusses preliminary model

results.
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CONCEPTUAL MODEL FOR FLOW

The first step in the modeling of the Hanford site was the

conceptualization of the hydrologic system. All data used during this

phase of modeling was obtained from Rockwell Hanford Operations (RHO)

publications released by the Department .of Energy. Data used to

determine the stratigraphy and hydrostratigraphic units were obtained

from individual well logs, trend-surface maps and previous modeling

studies done by the Rockwell Hanford Operations (RHO) staff.

A three-dimensional model was chosen for preliminary modeling. The

alternative, a two-dimensional model following the groundwater flow path,

or streamline, was not selected because this flowpath is not yet known.

This is due to the current lack of understanding of the deep basalt

aquifers and controversy over flow patterns and discharge areas of these

aquifers. Three-dimensional modeling was chosen to determine gross flow

patterns and to learn about the system through varying boundary

conditions and formation parameters. When confidence has been gained in

the three-dimensional version, then a streamline can be selected for the

finer scale two-dimensional flow and transport model.
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Hydrostratigraphic Unit Section

The plan view grid chosen was the Township and Range lines already

present in most of RHO's reports. These grid blocks are 6 mi. x 6 mi. in

length (Figure 1.)

For the vertical gridding, it was decided that hydrologically there were

probably three distinct types of units: 1) interflows or flow breccias,

where large quantities of water are transmitted predominantly

horizontally, primarily through porous flow, with some fracture flow

occuring through fractures and large cavities, 2) interbeds, which can be

moderately to slightly transmissive with porous flow characteristics and

movement predominantly horizontal. 3) dense poorly transmissive basalts

which are usually quite fractured and jointed with flow predominantly

vertical through the fractures and joints. These three types of units

are present in each of the three major stratigraphic formations: the

Saddle Mountains, the Wanapum and the Grande Ronde basalt sequences.

These sequences are shown as Figure 2. On top of these thick sequences

is the unconfined or water table aquifer, present only in the lower

elevations of the Pasco Basin. This aquifer is comprised of more recent

sediments which have accumulated as a result of flooding, ponding and

erosion of the basalt surfaces. It is not present where the basalts

outcrop in the higher elevations surrounding the basin.

Initial estimates of the thickness of the various units were made by

reviewing available well-logs. In these wells the thickness of each

known interbed was listed and then averaged over all wells. The same

process was used for interflows/flow breccias for the Saddle Mountains,
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FIGURE 1: PLAN VIEW GRIDDING
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FIGURE 2: MAJOR STRATIGRAPHIC SEQUENCE

800' ASL
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* Adapted from RHO-BWI-ST-5 Horizontal Scale
1" 2 miles
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Wanapum and was tried in the Grande Ronde, but so little data existed for

the Grande Ronde that RHO's figures had to be used on faith. The formula

for thickness determination was as follows:

Thickness of Interbeds + Thickness of Interflows + Thickness of

Dense Basalt = Total thickness of Unit.

Based on these calculations, the values shown in Figure 3 were used in

the model layering. This layering model became known as the Zero Order

model. Note that because of computer limitations, each layer in the Zero

Order model is a combination of many smaller natural units. The model

assumes that the beds are of the same thickness and have the same

properties across the entire basin. This is not likely, but at this

point it is a necessary simplification.

The hydraulic properties assigned to the various layers were chosen from

the overlap of the reported RHO values and the values contained in

Sandia's Basalt Reference Repository report (Nimick and Guzowski). The

values chosen represent the middle of the range of values. Later,

sensitivity runs will include conductivity and porosity measures from the

entire reported range. Table 1 lists the values chosen.

Hydrostratigraphic Unit Review

The Zero Order system was useful for initial model development since the

principal concern during this portion of the work was exercising the

computer code. However, several levels of review were required to

achieve optimum layer definition. Initially some consideration was given

to averaging hydraulically different layers to conserve computer space.
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FIGURE 3

ZERO ORDER MODEL LAYERING

Layer 1 Alluvial water table aquifer 200 ft.

Layer 2 Interbeds Saddle Mountains Fm. 72 ft.

Layer 3 Dense Basalt Saddle Mountains Fm. 488 ft.

Layer 4 Interflow Saddle Mountains Fm. 240 ft.

Layer 5 Interbeds Wanapum Fm. 308 ft.

Layer 6 Dense Basalt Wanapum Fm. 605 ft.

Layer 7 Interflows Wanapum Fm. 187 ft.

Layer 8 Interbeds Grande Ronde Fm. 180 ft.

Layer 9 Dense Basalt Grande Ronde Fm. 592 ft.

Layer 10 Dense Basalt Grande Ronde Fm. 592 ft.

Layer 11 Dense Basalt Grande Ronde Fm. 593 ft.

Layer 12 Dense Basalt Grande Ronde Fm. 593 ft.

Layer 13 Interflows Grande Ronde Fm. 450 ft.
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TABLE 1

HYDRAULIC PROPERTIES USED IN PRELIMINARY MODELS

Rock Unit Kx Ky K 0

. Alluvial Aquifer 103 103 10-1 .25

Dense Basalt 1o-6 10-6 10-5 .05

Interflows ~~10-3 10-3 10-3 I2Interflows iol iot .25

Interbeds 101 1101 10-3 .20

* All conductivity in feet/day

K = hydraulic conductivity
0 = porosity



J.

10

Staff from the NRC, Sandia Laboratories and Sandia's hydrology

consultant, CGS, Inc. discussed this issue and decided in the interest of

future transport modeling, not to average over dissimilar

hydrostratigraphic units. When modeling transport, combination of the

layers would blur identification of potentially important units and would

require averaging of the retardation factors. An example problem which

was considered representative of the Hanford site was done'by the group

to determine the effect of averaging on interstitial velocities. The

horizontal velocities--could be underestimated by a factor of twenty (20)

and vertical velocities coule be underestimated by several orders of

magnitude if the simplified layers were used. A comparison between CGS's

layering ideas and the NRC's proved to be similar with the exception of

some averaging which was done by CGS in the upper units. CGS preferred

more detail around the repository area, since they intended to use a 2-D

model immediately rather than beginning with three dimensions. The first

order model shown in figure 4 resulted from the discussions.

Once the modellers had decided on the appropriate level of averaging,

some geologists from the Siting Group were consulted to determine the

most useful vertical layering. Concurrently the stacking of the layers

was varied to determine the significance of the layering choice. A flow

chart (Figure 5) shows how the relation of the various tasks. The members

of the Siting Group and the Performance Assessment Group compared

available geologic and hydrologic information with the present model

geometry (First Order model). The members also checked the original

calculations done to determine the thickness of the layers. The original

calculations for thickness were correct although there were some

questions about the amount of each material (interbeds, interflows, dense

basalts) present in the separate formations.



--FIGURE 4

FIRST ORDER MODEL LAYERING

Layer 1 Alluvial Water Table Aquifer 200 ft.

Layer 2 Interbeds Saddle Mountains Fm. 72 ft.

Layer 3 Densec^Bdsalt Saddle Mountains Fm. 488 ft.

Layer 4 Interflows Saddle Mountains Fm. 240 ft.

Layer 5 Interbeds Wanapum Fm. 308 ft.

Layer 6 Dense Basalt Wanapum Fm. 605 ft.

Layer 7 Interflows Wanapum Fm. 187 ft.

Layer 8 Dense Basalt Sentinel Bluffs Unit (G.R.) 1050 ft.

Layer 9 Interbeds Sentinel Bluffs Unit 150 ft.

Layer 10 Interflows Sentinel Bluffs Unit 90 ft.

Layer 11 Dense Basalt Umtanum Unit Grande Ronde 200 ft.

Layer 12 Interflows Grande Ronde Fm. 90 ft.

Layer 13 Dense Basalt Grande Ronde 1200 ft.
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FIGURE 5

FLOW CHART

Vary Vertical Layering

Zero Order Model

Zero Order Variations

i--- - -'

Siting Group read available
well logs:
1) Distribution of layers

in vertical
2) Thickness of individual

layers
3) Check previous calculations

""m
Rationalize implications of
layering changes - Review
with Sandia Laboratory

Develop Second Order Model
based on Siting Group Exercise

_ ,,, , , _

Change and vary Boundary Conditions

Estimate Water Budget

Add Anticlines and Assess the impact of Anticlines
and Boundary Conditions on regional flow paths

Add other geologic features
(lineaments)

Calibrate Model

Third Order Model
(Possibly Two-Dimensions)
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Stratigraphic columns for three-drill holes (DC-4, DC-6, DC-8) were

constructed and percentages listed in Table 2 were determined. Values

for the Saddle Mountain layers correspond well to those quoted by RHO and

those used in the calculations for the Zero Order model. Differences in

the lower units were substantially larger. The larger percentage of

dense basalt reflects in part a natural trend toward thicker units in the

lower section. However, the large difference is also caused by the

interpretation of the drilling logs. When flow breccias were recognized,

they were listed explicitly in the log; the rest of the material was

identified as some type of dense basalt (i.e., vesicular, slightly

fractured, dense basalt). Inability to determine the limits of dense

basalt and flow breccias resulted in an overestimate of the dense basalt

units.

Several trends were evident from the columns: (1) a decrease in the

number of sedimentary interbeds with depth; (2) an increase in the

percentage of brecciated basalt; and (3) a nearly constant percentage of

dense basalt in the deeper units. These general trends and the

calculated percentages were used to form the Second Order model (Figure

6). In this version, a dense basalt was inserted between the water table

aquifer and the first interbed. This relationship was seen in the

columns and prevented an overestimate of the connection between the water

table and lower units. Detail around the Umtanum Unit has been removed

since it is not consistent with the general regional nature of the model.

The Umtanum Unit is now contained within a larger dense layer and the

depth is considered consistent with well logs. When a 2-D version is

selected, the detail can easily be reinserted into the layering and will

be consistent with the general stratigraphy.
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A TABLE 2

VARIOUSQUANTITY OF ROCK TYPES
SADDLE MOUNTAINS

Rock Type DC-4 DC-6 DC-8 Average

Interbed 370' 41% 124' 17% 227' 26% 28%

Flow Top 46' 5% 112' 15.5% 39' 4% 8.2%

Dense Basalt 484' 54% - 67.4%. 601' 69% 63.5%

Lasala & Doty RHO
Estimates Estimates

Rock Type

Interbeds 42% 30%

Flow Top 4% 9%

Dense Basalt 54% 61%

WANAPUM BASALTS

Rock Type DC-4 DC-6 DC-8 Average

Interbed 13' 1% .3' .27% 5' .5% .59%

Flow Top 86' 7W 201' 18.57% 124.9' 11% 12.17%

Dense Basalt 1061' 91% 878' 81% 1023.4' 89% 87%.

Lasala & Doty RHO
Estimates Estimates

Rock Type

Interbed 28% 28%

Flow Top 11% 17%

Dense Basalt 61% 55%

GRANDE RONDE

Rock Type DC-4 DC-6 DC-8 Average

Interbed 0' 0% O' 0% 0' OX 0%

Flow Top 149' 11% 309' 14% 226.41 16% 13.7%

Dense Basalt 1173' 89% 1871' 86% 1150.9' 84% 86.3%
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TABLE 2 CONTINUED

Lasala & Doty
Estimates

RHO
Estimates

Rock Type

Interbed 6% 6%

Flow Top . 32% 15%

Dense Basalt 62% 79%
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FIGURE 6

SECOND ORDER MODEL LAYERING

Layer 1 --Alluvial Water Table Aquifer 300 ft.

Layer 2 Dense Basalt Saddle Mountains Fm. 122 ft.

Layer 3 Interbeds Saddle Mountains Fm. 96 ft.

Layer 4 Dense Basalt Saddle Mountains Fm. 366 ft.

Layer 5 Interflows Saddle Mountains Fm. 72 ft.

Layer 6 Interbeds Saddle Mountains/Wanapum 144 ft.

Layer 7 Dense Basalt Wanapum Fm. 462 ft.

Layer 8 Interflows Wanapum Fm. , 330 ft.

Layer 9 Dense Basalt Wanapum-Fm. 308 ft.

Layer 10 Interflows Grande Ronde Fm. 350 ft.

Layer 11 Dense Basalt (Umtanum included) 1150 ft.

Layer 12 Interflows Grande Ronde Fm. 350 ft.

Layer 13 Dense Basalt Grande Ronde Fm. 950 ft.
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Determining the percentages of the different units in the various

formations was more difficult because of the range of values. The

percentages for the Saddle Mountains layers were not changed from the

First Order model. In the Wanapum and Grande Ronde, the dense basalt

values were averaged. The interflow and interbeds were averaged

separately and then combined since the geologic logs did not show many

interbeds in the lower units. This averaging should provide a realistic

estimate since the conductivity of the interflows is higher than the

interbeds. All the percentages of units calculated fell within the

general range quoted for the Hanford basalts - 25% to 75% dense basalt,

10% to 30% flow top breccias.

Determination of Boundary Conditions

The choice of boundary conditions for the initial runs was quite

arbitrary. The elevation of the water table is known where the alluvial

aquifer is present, i.e., in the lower elevations of the basin, but the

potentiometric surface of the confined system present under the

outcropping basalt was not known. Therefore, as a first approximation,

the elevations used by Intera, for their modeling exercise under contract

to Los Alamos Technical Associates was used. This estimate is roughly

200 ft below the land surface. This pressure boundary was probably very

high in some parts of the basin.

The range of the boundary conditions was varied over the levels thought

to be the maximum and minimum expected conditions. Therefore, the

original choice of boundary conditions was considered a maximum, and a

minimum of 500 ft above sea level (ASL) was chosen based on the

elevations of the water table at the margins of the outcrops.



18

The following

analyses.

comprise the major types of boundary conditions used in the

BC-Original = Pressure boundaries on the margins

represent a potentiometric surface

the land surface.

of the basin are set to

elevation 200 ft. below

BC-i

BC-2

= Pressure boundaries on the margins

set to approximately 500 ft. ASL.

= Pressure boundaries on the margins

set to approximately 700 ft. ASL.

of the basin are all

of the basin are all

BC-3 = The pressure boundaries on the western side of the basin

are set to 500 ft. ASL and the-pressure boundaries on the

eastern and northern sides of the basin are set to 700 ft.

ASL.

BC-4 = Pressure boundaries on the western side of the basin are

set to 700 ft. ASL and on the eastern and northern sides

are set to 500 ft. ASL.

Of the five separate conditions, BC-4 was the most realistic set used

based on our general knowledge about the structure and hydrology of the

basin. NRC is actively working with RHO to obtain accurate estimates of

these pressures. Changing the boundary conditions does significantly

affect the flow patterns and discharge areas; more accurate data is

needed since the model is very sensitive to these pressures.
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Vertical Layering Problem

The effects of va'ying the layering were assessed by comparing variations

of the Zero Order model, the First Order model and the Second Order

models. The layering changes in the Zero Order model were chosen to

reflect the effect of placing exteme values of hydraulic conductivity

next to each other in the sequence. The result was three variations of

the Zero Order model, Zero-A, Zero-B, and Zero-C, shown as Figures 7-9.

These combinations were all run with original boundary conditions which

will be discussed below, and results compared. Results of these runs

with the Zero Order and runs with the First and Second Order models

indicated very little difference in the gross flow field patterns due to

layering changes.

Anticlines and Other Geohydrologic Features - Effect on Flow Field

During the analyses previously discussed, the grid remained flat; no

structures inside the basin were simulated. Data on the site showed that

several of the structures in the basin had strong effects on groundwater

flow. Possibly the most important feature is the basin in the Gable

Mountain - Gable Butte anticline. This is part of a series of anticlines

and synclines which are thought to control flow in the basin.

The anticline structure was added to the 2nd order model and run with the

various boundary conditions. This required complete regridding of the

three dimensions simulation. In order to obtain more detail in the Gable

Mountain areas, nodes had to be removed along the sides and southern

boundary in order not to exceed the storage capacity of the computer. An

additional grid block was added in the y direction and four other blocks
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FIGURE z

ZERO-A ORDER MODEL LAYERING

Layer 1 Alluvial Water Table Aquifer 20 0 ft.

Layer 2 Dense Basalt Saddle Mountains Fm. 488 ft.

Layer 3 Interflows Saddle Mountains Fm. 240 ft.

Layer 4 Interbeds Saddle Mountains Fm. 72 ft.

Layer 5 Dense Basalt Wanapum Fm. 605 ft.

Layer 6 Interflows Wamapum Fm. 187 ft.

Layer 7 Interbeds Wanapum Fm. 308 ft.

Layer 8 Dense Basalt Grande Ronde Fm. 592 ft.

Layer 9 Dense Basalt Grande Ronde Fm. 592 ft.

Layer 10 Dense Basalt Grande Ronde Fm. 593 ft.

Layer 11 Dense Basalt Grande Ronde Fm. 593 ft.

Layer 12 Interflows Grande Ronde Fm. 450 ft.

Layer 13 Interbeds Grande Ronde Fm. 180 ft.
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FIGURE 8

ZERO-B ORDER MODEL LAYERING

Layer 1 Alluvial Water Table Aquifer 200 ft.

Layer 2 Interbeds Saddle Mountains Fm. 72 ft.

Layer 3 Interflows Saddle Mountains Fm. 240 ft.

Layer 4 Dense Basalt Saddle Mountains Fm. 488 ft.

Layer 5 Dense Basalt Wanapum Fm. 605 ft.

Layer 6 Interflows Wanapum Fm. 187 ft.

Layer 7 Interbeds Wanapum Fm. 308 ft.

Layer 8 Interbeds Grande Ronde Fm. 180 ft.

Layer 9 Interflows Grande Ronde Fm. 450 ft.

Layer 10 Dense Basalt Grande Ronde Fm. 592 ft.

Layer 11 Dense Basalt Grande Ronde Fm. 592 ft.

Layer 12 Dense Basalt Grande Ronde Fm. 593 ft.

Layer 13 Dense Basalt Grande Ronde Fm. 593 ft.
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FIGURE 9

ZERO-C ORDER MODEL LAYERING

Layer 1 Alluvial Water Table Aquifer 200 ft.

Layer 2 Dense Basalt Saddle Mountains Fm. 488 ft.

Layer 3 Interbeds Saddle Mountains Fm. 72 ft.

Layer 4 Interflows Saddle Mountains Fm. 240 ft.

Layer 5 Interflows Wanapum Fm. 187 ft.

Layer 6 Interbeds Wanapum Fm. 308 ft.

Layer 7 Dense Basalt Wanapum Fm. 605 ft.

Layer 8 Dense Basalt Grande Ronde Fm. 592 ft.

Layer 9 Dense Basalt Grande Ronde Fm. 59i2

Layer 9 Dense Basalt Grande Ronde Fm. 592 ft.

Layer 10 Dense Basalt Grande Ronde Fm. 593 ft.

Layer 11 Dense Basalt Grande Ronde Fm. 593 ft.

Layer 12 Interbeds Grande Ronde Fm. 180 ft.

Layer 13 Interflows Grande Ronde Fm. 450 ft.
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were scaled down in size to simulate the anticline. A total of 6 blocks

were used to simulate the structure in the y direction. These smaller

grid blocks range in size from the original 6 miles to 2 miles.

Figure 10 shows the original grid and figure 11 shows the system

including the anticline. Initial estimates of the height of the

anticline came from depths pulled from various cross sections and from

selected points on the trend-surface maps. Values used were composites

of the most comparable locations from the various sources. These values

were used to determine the highest elevations along the anticlinal ridge.

The thickness of each layer was maintained in the anticline because

inadequate data exists for the systematic thinning of the units in the

anticline.

Based on the numbers obtained above, the anticline was simulated by

raising each separate unit up by the number of feet appropriate to gain

the elevation needed. This raising was done all the way down the

stratigraphic column in an equal amount, for each grid blockin the x

direction. Since the anticline is steeper on its northern flank, the

model uses only two steps up in order to simulate this distance, and 3

steps down on the southern slope to give a more gentle southern limb.

Figure 12 shows the cross section of gridding through the anticline. The

anticline is also plunging towards the east so the top grid block

elevations are gradually lowered to reflect this plunge. The plunging

stops before the anticline reaches the Columbia River to the east.

Hydraulic conductivity of layers in the anticline has not been changed

although some investigators feel that stresses along the anticline have

induced fracturing causing increased vertical hydraulic conductivity.
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LEGEND FOR FIGURES 10 AND 11

r
I�1
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LIII

Grid blocks which have been blocked out (zero transmissivity)

in the first layer only. They are used whenever basalt is

outcropping and the alluvial water table aquifer is missing.

Grid blocks which have been blocked out (zero transmissivity).

These blocks are out in the entire sequence (z direction). These

blocks represent areas outside the Pasco Basin and are not used

in the model.

Wells used to simulate the Columbia River

Wells used to simulate recharge

*Unless otherwise noted, grid blocks are 6 miles x 6 miles in

the X and Y directions.
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FIGURE 12: ANTICLINE CROSS-SECTION SCHEMATIC
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Note- The mathematics in the model sees the staggered layers

as continuous. See insert.

Insert
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Effects of increased conductivity should be assessed in later modeling

studies.

Preliminary runs using this grid indicate that the presence of these

anticlines does have an effect on the overall flow system since the water

appears to be diverted around the structure. This structure should be

included in future modeling and its detail may need to be refined.

Other features such as the Olympic-Wallowa Lineament may exert

considerable influence on the hydrology of the Pasco Basin. For example,

in the western part of the basin, this lineament is thought to be a

significant hydraulic barrier. Effects of this lineament will have to be

assessed in future modeling efforts.

CONCLUSIONS

The Mock Site Modeling effort has proved useful in familiarizing the

staff with the available data, flow system, and issues regarding the

Hanford Site.

The main items which can be concluded from the preliminary modeling

exercise are:

1) The vertical layering sequence does not have much impact in

evaluating the regional flow on the deep aquifer system. The

layering will become more important when radionuclide transport is

modeled.
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2) Choice of boundary conditions does have an important effect in model

application and more precise data must be gathered in this area.

(Water budget, interbasin flow)

3) Anticlines are important features which must be considered in future

model work.

4) Other features such as the Olympic-Wallowa Lineament should be

examined in future modeling work.



&e -'V

30

REFERENCES CITED

RHO-BWI ST-5

RHO-BWI-ST-4

Hydrologic Studies within the COLUMBIA PLATEAU, WASHINGTON

an Integration of Current Knowledge, October 1979.

Rockwell.

Geologic Studies of the COLUMBIA PLATEAU A Status Report,

October, 1979, Rockwell.

Nimick, F. and R. Guzowski, Selected Physical Properties of Basalt, April

15, 1981, Draft Report, Sandia Laboratory.


