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» Systematic approach to
develop conceptual models
and parameter assignment

» Assemble, integrate and

manage vast amounts of
raw data

» Develop rigorous
Interpretation and

translation tools to produce
conceptual models

» Assessment-specific
parameter estimates that

are traceable, reproducible,

defensible, and internally
consistent.

Project Hanford Management Contract
U.S. Department of Energy
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Decision Basis

)

Interpretive

Data
© A Sets
Features, Site \/f/
Events Assessment
And N y Interpretation
Processes VA Tools
e ) /i
» Research —
Raw
J g Data
Project Hanford Management Contract Pacific Northwest National Laboratory
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p
Define Assessment State of
Problem Knowledge

\

|dentify Dominant Features, Events,
and Process

General approach

fo I d eve| 0) p ment Of | Define Base and Alternate Scenarios
|

conc eptu al mo d el S Define Conceptual and Implementation
based on the Models
features ! events : Define Mathematical Models,
and processes Conceptual Basis and Technical
(FEP) m eth Od o) | Ogy Specifications

I
[ Experience from Past Assessments ]

¥
[ Information from Field Work ]—

(after Last et. al. 2004 and Bailey and Billington, 1998)

Project Hanford Management Contract Pacific Northwest National Laboratory
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Unsealed
Borehole Surface
Runoff

General Conceptual Model

(after Caggiano, 1996 and Johnson and Chou, 1998)

Leaking

Backfill

j Hanford-
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Dominated
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Hanford
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« Dominated

Natural Utility Line
Precipitation f Crib /
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Hanford
Gravel
. Dominated

Perched Water
from Adjacent
—y_ Cribs or Leaking
- Utility Lines
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Precipitation Contaminant Release

Minant Vadose | » |
ne Factors fOr |Aqueous Phase Drainagel
arge-Scale Hanford
Assessments "

Hydrogeologic | Uniform Matrix Flow |
Materials #

And Conditions | Sorption and Desorption |

!

Primary Input Parameters 7

_ Advection, Diffusion, Dispersion
e Hydrostratigraphy 7

e Hydraulic Properties | — |
e Contaminant Distribution Coefficients I‘aliage
Groundwater

(after Last et. al. 2006)

Project Hanford Management Contract Pacific Northwest National Laboratory
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Technical Basis

Over 7,500 boreholes/wells

Thousands of borehole
geophysical logs

®» Thousands of physical, hydraulic,
and geochemical property
measurements

e Particle-size
e CaCoOs3

» 100’s of Surface Geophysical
Surveys

e GPR, EM, Magnetometer,
Resistivity

» 60 years worth of radiological
and chemical monitoring data

» 60 years worth of scientific study

\ 2 /

Project Hanford Management Contract Pacific Northwest National Laboratory
U.S. Department of Energy U.S. Department of Energy 7



Borehole Geologic Data

-—__':.'__t..—\

» Diriller's Logs
» Geologist’'s Logs
» Archived Samples -
o Grab Samples =S
e Splitspoon Samples
e Core Samples
» Borehole Geophysics
» Aquifer Tests
» Physical Analyses

» Chemical Analyses

A

g
T

Project Hanford Management Contract M - Pacific Northwest National Laboratory
U.S. Department of Energy U.S. Department of Energy 8



The Integrated Borehole Geologic
Information System Approach

AWIS Web Stratigraphic
~ _ Interface Back end Contacts
Direct (JSP) Database
i Linkages (MS SOL)
HEIS 4/ Synergistic
Analysis
N~V
Manual |
Q Server Entry -
ROCSAN c%
o
~ o
Borehole
Geophysics
— \ Tables
Hard Copy

Files

Project Hanford Management Contract Pacific Northwest National Laboratory
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ergistic Analysis of Borehole Data

Sand/Mud Avg Sand Total Gravel, AvgParticle CaCO3 Gross
Ratio W F Size (Phi) —‘ [— (%) Size (Phi) (%) -l Gamma

Depth (m)
©  Depth (ft)

S T |
B 487 185 ! / 080 §
! / ; Top HF1
54T 441 Soisigisy 147 col=1— wr’v E5.°B° = 0 Ug:: =y RS ¥ ST} 3
{120 4 2191 1 i Se—ofo oo
i i : % | ) 3% 3
it e 1. M -l *
10 | éTsﬁ' TS IEg 6 g (=] =3 ERINES] s ;(Tl: : 2 )}8 O =w"TwT &~
b i i i oo T ‘
140 1229 3 '| 070 Vi / 050 L
i ARAE
S — — 7 - — — - — -—— -— - - - f— o - -
15— = % Cagg gs.g ?ﬁ COR-R koM Y (C_i\l: f\,-\ 8% O —="TwT &~ TOPHF2
1 8 O Tl 3
{999 3l BT b
20‘““ Caggo% ’ CON— -—lt\)'u Y 2 x fﬁ O —="TwT & "0
1k 'g[ 3. oo = \- - L
- ] £
1+ 80 8% g l% { g 3
25__- §7 8>888€ =1 3 =3 G 'g'g = 1 B o 2wl a-ao
[ i ig
-l % i
30—‘ i 100 b %8 B 3 Og = =Y ) Ero = :]:‘\J o_’-‘w_&'m ;
L ﬁ% r; @ } : ) i"t, Top CCUz
s [
1 i T o~
35 —_'- c;—mwbg_ §§- - _-_rl\_>' Fangy \_,.v-\a_:o-,_ E: -2—‘--L»—h;0‘|_ - ’: % [ B
._—1 —O- % -ﬁc—-o el oo.’b/'" = Top CCUc
N X i 0 i \ =z Top Rwie
N 5 7
40— é?g =TT Ji 8,@ (=) =3 R TS O = o O =TwT &0
s i " — kS
— 140
1L &l i 18 HE !
45 = C;—'- SRENE S X éoi—' — l‘\)E\) o O B = O =TT &0
1 IRISISISP 1] oo -9
L H i
| i
LIF == | ]
50 il i L} 1 i
Project Hanford Management Contract Pacific Northwest National Laboratory

U.S. Department of Energy U.S. Department of Energy 10



Cross Section Through
Integrated Disposal Facility, 200 East Area

Southwest Northeast
299-E17-21 299-E24-7 299-E24-21 Elevation
El. 735" El 716" EL 714’ _Foot Mckoro
800
~ 250
IDF Trench 790 =
B -”—"'?"--—n:_ |
100§
Layer2 | 100 - |
8 00 4 20
______ L 500 |
Hanford 4yer i
Formation | ' 150
................................................................ =
200 4 190
LR (After Reidel and Fecht, 2005)
Project Hanford Management Contract Pacific Northwest National Laboratory

U.S. Department of Energy U.S. Department of Energy 11



220

Spatial Modeling
of the Geologic
Framework

200

180

. LOWER MUD

100 200 300 400 500 600 700 800 900
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Hanford Geotechnical Databases

Over 37,500 records stored in seven databases available through the

Virtual Library or in Microsoft Access™ format residing on an internal
PNNL server managed US”"]g SO|IV|S|On1 ™ Trademark of Microsoft Corporation

1 SoilVision Systems Ltd., Saskatoon, SK

» Data Types (Borehole Information, Grain size, Moisture Content, Water
Retention, Saturated/Unsaturated Hydraulic Conductivity, Bulk Density,
Particle Density, Compaction, Thermal Properties)

aIl;mfurd\'irluul Library 0

VLIB Home || Module Home || Docs || ROCSAN Disclaimer || Logout

ROCSAN Module - Sieve Percentage Report @
299-w1s-5 & O
v o
Sieve Weight Percent Report for Location: 299-W15-5

(3‘;"{;') Sand (Wt. %) Mud (Wt. %)

ift) wmmmﬂa&améiﬁemmwﬂm: Ene Fine Sit | Bap
dmm | 2mm imm | 0.5mm | 0.25mm |0.125mm |0.0625mm {0.0372mm .
5 0.50|136.10f 0.00|81.36|18.64| (m)S| 0.00| 0.00| 1.10] 4.97| 1345| 2880 33.04 10.38| 8.26
10 0.50|158.20] 0.00|B3.51|16.49] (m)S| 0.00| 000| 069] 4.91| 13.09] 30.90 33.92 9.69| 6.80

Project Hanford Management Contract

Pacific Northwest National Laboratory
U.S. Department of Energy
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'CRIBFOR INTERMEDIATE LEVEL MONITORING WELLS

ford Geochemical [sauesouswastes
Databases b o e

Petrologic, minerologic, i *

and bulk rock geochemical

data base (including
Cation exchange capacity)

» Partitioning Coefficients

@Huniord\/lrtual Library @

VLIB Home || Module Home || Docs || Kd Disclaimer || Logout

Filtering Mode:|SDECiES -

Page 4 123456 789 10 b | Exit

Species
|Uramum (uw ) :j

81913 |mulatedHGW [ Batch-desorb_| -_m
| B1a136B10137Eimulated HGW|[  Batch 037l 7  |[umetacos |

Project Hanford Management Contract Pacific Northwest National Laboratory
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Not a Simple Layer Cake
- Very Heterogeneous and Anisotropic -

Sand-dominated Facies at the
Integrated Disposal Facility, 200 Eas

T S

= _""-

In Pit #30, West of 200 East Area

Project Hanford Management Contract Pacific Northwest National Laboratory
U.S. Department of Energy U.S. Department of Energy 15



» Upscaling approaches are

being developed to
estimate effective large-
scale properties from small-
scale laboratory
measurements of the
heterogeneous sediments

» These technigues have

been tested using moisture
data collected from an
Injection well test site at the
Vadose Zone Test Facility
(also known as the Sisson
and Lu site) in the 200 East
Area.

Project Hanford Management Contract
U.S. Department of Energy

Upscaling and Testing

Plan view of the Sisson and Lu (1984) injection test site
and well numbering scheme (after Gee, G. W. and A. L.
Ward, “Vadose Zone Transport Field Study,” PNNL-
13679, Pacific Northwest National Laboratory, Richland,
WA, 2001)

Pacific Northwest National Laboratory
U.S. Department of Energy 16



tegration of Raw Data Sets to Define
Hydrogeochemical Facies

Sample and Raw Non-Destructive Testing
Data Collection _| Relative grain size
Relative moisture content
Boreholelogs
Core samples Sedimentary structure/ Spatial
Uz lillE Variability
Experimental outcrop Electrical resistivity Heterogeneity
(analog) studies Image analysis — Anisotropy \ Lithofacies
Drill cuttings 2l Designation
Induration

Destructive Testing Eggiggg eochemical

Moisture content Desig nation
Cation exchange capacity

Mineralo S
ay o
CaCO3 R)%
Grain-size distribution Assign
Hydraulic
G S Properties
Grain-si Gravel-
trgﬂ Qljtlii)en tool o TEE O
Wentworth Classification
Classification
S M Z C
Crain-ze Trarslonttomr
Project Hanford Management Contract Pacific Northwest National Laboratory
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' Assignment of Hydraulic Properties

TFE S
»
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Mean lithofacies-specific hydraulic conductivity curves
calculated from laboratory measured moisture retention
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FACIES

One of 100 Simulations

Courtesy of Debbie A. Bush

Project Hanford Management Contract
U.S. Department of Energy

Geostatistical Simulations of
ithofacies Distributions or of Individual
Flow and Transport Parameters

Most probable lithology from
the 100 Simulations

FACIES
i <
g
I s
S

- s
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Summary

« Uncertainty in the spatial distribution of flow and
transport parameters are among the primary contributors
to overall uncertainty in site assessments.

. Understa_ndi_n%the subsurface architecture provides
valuable insights for scaling and constraining the spatial
distribution of transport parameters.

« Efforts are being made to

assemble, integrate and manage vast amounts of raw
subsurface data

identify and map different lithofacies
develop rigorous interpretation and translation tools

facilitate selection of assessment-specific parameter estimates at
the appropriate _scale(s? that are traceable, reproducible,
defensible, and internally consistent.
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