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Dea~r Jeff: Dear ~~~~~~~~~~~~~ ~~(Return to VAb S) ____

This letter conveys our draft outline for Topical Repori: #1
related to aroundwater travel time estimation. We have used the
title "Categories of Uncertainty" for -this outline.

The purpose of this outline of Topical Report lt1 is to list the
sources of uncertainty inherent in the prediction of grorundwater
travel times. The sources of uncertainty are listed by category..
The categories of uncertainty were selected to reprresent the
various phases of effort required for predictina grOundwater
travel time.

The outline includes the Uncertainties initiated from the St:art
of data collection to the uncertainties inherent i n t:he-
prediction of groundwater travel -time. It includes consideratiiron
of both saturated and unsaturated f l ow of Qroundwater. The
.outline listtS uncertainties because of the subjective nraiture o-
the pro-fessional jUdgement that is requi red d u r inr3 d. t a
evaluation, coefficient estimation and calculation of groundwater
travel time distributions. The list contains the uncertainties
that are associated with both the deterministic approach and the
deterministic/stochastic approach of predicting grou.indviater
travel times. The outline is limited to consideration of ore-
emplacement groundwater travel times; uncertaintv involved in
evaluatiofn of post-waste emplacement conditions are not listed in
this outline.

This outi.ilne has passed Willii ams and Associ ates, Inc. 's stadrd
review rr-ace.,, Thi s process ensures that the produ)c:t ha!s 0'.9SSC-:.1

Wi 11 iams and Associates, Inc. 's quality assurance procedures..
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CA~TEGORIES OF UNCERTAtINTY

I nHYDLROGEOLOGIC CONCEPTUAL MODEL(S)

A. Uncertainty about delineation of hydrogeologic

framework (layers, zones, fold axes, faults).

B. Uncertainty about the distribution of hydrogeologic

coefficients within the hydrogeologic framework or flow

domain (layers, zones, anisotropy, heterogeneity,

disc:ontinuities as related to geology).

C.. Uncertainty about the boundary conditions of the

hydrogeologic framework.

1.. Uncertainty about the def in:ition of geologic

boundaries (faults, facies changes, fold axes,

collapse breccia structures sedimentary features.!

groundwater divides)..

2. Uncertainty about the location of the rechcarge

areas.

;. lUncertainty about the location of the discharge

areas.

4. Uncertainty about the recharge anci discharge rates;.



5. Uncertainty about whether the upgradient and

downtradient boundaries can be assumed constant

head or constant discharge boundaries.

6. Uncertainty about the initial conditions at

boundaries.

7. Uncertainty about whether steady or unsteady flow

conditions are operable.

D. Uncertainty in the conceptual model of flow processes

(saturated flow. unsaturated liquid water flow., water

vapor flow).

E. Uncertainty about the hydrochemical and isotopical

characteristics of the ground water resource s/stem.

I.. Uncertainty about the hydrochemical and isotopical

distinctness or- lack of distinctness of the

groundwater from different portions of the flow

system.

2. Uncertainty about the hydrochemical and isotopical

equilibration of the groundwater with the geologic

environment.

3. Uncertainty about the hvdrochemical and isottopicai

evolution of the groundwater.



4 . Uncertainty about the correlation of groundwater

flow paths and travel tirmes with the hydr-ochemistry

and isotopic characteristics..



4

I I. UNCERTAI NTY IN K::lNOWLEDGE ABOUT THE THREE-D IMENSSIONAL

DISTRIBUTION OF HEAD.

A. Uncertainty about sources of energy other than -fluid

potential energy.

B. Uncertainty in head measurements in saturated and

unsaturated zones (uphole, downhole, tape, transducer,

tensiometer, psychrometer- effect of borehole location

and depth).

C. Uncertainty about direction of horizontal and vertical

gradients.



II II. UNCERTAINTY ABOUT THE EFFECT OF TRANSPOR-r OF DISSOLVED

SOLIDS (NO EFFECT DUE TO PREEMPLACEMlENT CONDITIONS;

DISPERSION IS NOT PERTINENT).

i



IV. UNCERTAINTY IN CONVERSION OF HYDROGEOLOG:IC CONCEPTUAL

MODEL(S) TO DETERMINISTIC MATHEMATICAL MODEL.(S) FOR

PURPOSES OF TESTING..

A. Uncertainty about whether geologic conditions required

for application of solutions to partial differential

equations are met..

B. Uncertainty about whether the scale of the

hydrogeologic conceptual model(s) is compatible with

the scale of the deterministic mathematical model(s)

used for testing.

C. Uncertainty due to data collection.

:L. Measurement error (downhole, uphole tape.

transducer).

2. Errors in running test.

a. Maintaining constant pumping rate or measuring

variable pumping rate.

b. Correcting for head changes as temperature

chances during test.
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c. Incompatible head patterns measured during

tracer tests..

3. Urncertainty created by the collection and selection

of c representative core samples for laboratory

analysis.

4. Uncertainty introduced by selection of depths and

locations of boreholes.

a. Uncertainty about whether locations of

boreholes are appropriate with respect to

lithologic and structural features.

b. Uncertainty introduced by non-random procedure

used for selecting borehole sites.

c. Uncertainty introduced by vertical And

hor-izontal distances between boreholes that are

inappropriate for analytical methods.

d. Uncertainty introdt.iced by construction of

pi ezometers.

e. Uncertainty introduced by existing open

boreholes that cause interunit flow of

groundwater.
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D. Uncertainty about whether the numerical or analytical

deterministic model(s) selected for coefficient

calculation reflect field conditions.

1. Uncertainty in the degree to which assumed

conditions as required by the selected analytical

or numerical deterministic model(s) are present in

the hydrogeologic framework being tested.

2. Uncertainty in the compatibility of scale of

test(s) with scale of model selected.

-.. Uncertainty in applying equivalent porous media

deterministic models to fractured rock"s.

4. Uncertainty introduced by combining results of

different types and scales of tests.

E. Uncertainty in the professional subjective judgement

repuired for the calculation of distributions or ranges

of values of hvdroqeologic coefficients.

1. Uncertainty introduced by treatment of externally

produced perturbations.

2Z. Uncertainty in emphasis placed on selected Portions

of the data base.
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:.. Uncertainty introduced by deviations of data from

analytical or numerical deterministic model

expectations (poor curve matches.

4. Uncertainty in interpretation of boundaries from

the results of the tests (as opposed to mapped

geologic features)"

F. Utilization of calculated coefficients.

1. Uncertainty in the selection of the size of area ,to

which calculated values of coefficients alre

applied.

2. Uncertainty in the definition of the

hydrostratigraphic unit to which the data are

applied.

or Uncertainty in selecting distributions or rannles of

values of hydraulic conductivity from valu-kes ot

transmi ssivity.

4. Uncertainty in calculating distributions or ranges

of effective thickness from borehole flow locis

borehole geophysical logs and tracer test resul ts.
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a5. Uncertainty caused by different sample sizes among.

different hydrogeologic coefficients. Size of

sample influences distribution and range of

resulting data (effective porosity versus hydraulic

conductivity).

G. Uncertainty in deciding how much testing is sufficient..

H. Uncertainty in interpreting the relationship between

hydrochemical and isotopic data and the groundwater

flow system that is interpreted based on field

determined hydroaeologic coefficients.
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V. UN\ICERTAIiNTY IN MODEL. FREDICTIONS OF GWTT.

A. Uncertainty resulting -from utilizing determini sti c

model(s) for predicting GWTT.

1. All the uncertainties under items I, II and IV

carry through.

2. Uncertainty due to mathematical approximations and

numerical instabi]1ities.

3. Uncertainty caused by the lumping of the

coefficients in the hydrogeologic conceptual

model(s).

4. Uncertainty about whether boundaries in the

hydrogeologic conceptual model can be portrayed

mathematically in the deterministic mathematical

model.

5., Uncertainty in the designation of initial

conditions.

6,. Uncertainty introduced by the subjective selection

of the model element geometry used in the

deterministic anal ysi s,
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7. Uncertainty introduced by the designation of

coefficients for inpUt into the deterministic

model(s).

B. Uncertainty in the subjective selection of the

acceptable range of deterministic model outputs of

GWTT.

B. Uncertainty resulting from utilizing deterministic

model(s) with stochastic analyses

(deterministic/stochastic model(s)) for predicting

GWTT.

1. Uncertainties listed in items I, II, and 'IV carry

through.

2. Uncertainties due to mathematical approx<imations

and numerical instabilities.

:3. Uncertainty introduced by the differences between

the geometry and scale of the deterministic

model s) adopted for testing and the geometry and

scale of the deterministic model to which

stochastic analysis is applied.

4. Uncertainty introduced by the subjective= selection

of the model element ceometry used in the

determirniistic/stocha.<stic analysis.
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5. Uncertainty in the decision of which coefficients

and the number of coefficients that are to be

treated stochastically in the deterministic model

framework.

6. Uncertainty introduced by the stochastic analysis

itself.

7. UJncertaintv due to technical limitations on

defining and applying correlation structure(s)

within and among hydrogeologic coefficients for the

stochastic portion of the model(s).

B. Uncertainty about the validity of data point values

that are considered to be fixed during kriging and

conditional s:imulation.

9. Uncertainty caused by di fferent sample sizes of-

hydr ogeologic coefficients..

10. Uncertainty in the professional judgement usted in

the identification of the portion of the GWTT

output from the stochastic procedure which is

defensible in a hydrogeologic context.
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1 1. ilncertaiintv in determiniing whether the output onf a

determinis-tic/ s toc h astic modeling procedure for

GWTT is a true probability distribution or simply a

cumulative frequency di stri buti on.

C. Purely stochastic GWTT model (s) are not possible

because values of GWTT are only available via

application of wholly or partial deterministic

model (s)


