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Flow and Transport:
adose Zone — Aquifer — River System

» 2-D and 3-D modeling
» Most current hydrogeology

1 » Flow and transport driven by
t hourly river stage fluctuations

> Investigate dynamics of
riverbank storage and fluxes
across aquifer - river interface

» Investigate release of
uranium from contaminated
vadose zone sediments due
to water table fluctuations

Pacific Northwest National Laboratory

Baﬂelle : ’ : U.5. Department of Energy 6
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Flow and Transport: Vadose Zone — Aquifer — River System

Case 9 STOMP Model Domain ~——— Recharge boundary
——  Seepage face
i i i 1 1 Daﬁneg head boundary —1_
120 = No-flux boundary 2
110 A L
£100 - L
N 90 Unit 6 Ringold Overbank Mud L
80 - n
70 1 T T T T 1 |
0 200 400 600 800 1000 1200
Kl(a) q)(b) ‘V(C) A_((l) er(e)
Material (mdh (cm)
U1, Hanford Gravel/Sand 1500  0.25 23.04 0.7465 0.1471
U35, Ringold Gravel/Sand/Silt (C/E) 150 0.18 71.31 0.5193 0.1299
U6, Ringold Overbank Mud 001 0.18 71.31 0.5193 0.1299
U7, Ringold Gravel/Sand/Silt (B/D) 43 0.18 71.31 0.5193 0.1299
U8, Lower Ringold Mud 5e-5 0.18 7131 05193 0.1299
Basalt Se-5 0.18 7131 0.5193 0.1299
03/01/93 00:00
120
110
80
70
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. Green numbers are (SM - HEIS) In cm
. Btue numbers are (EDR - HEIS) in cm

Edrington X HEIS
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Aquifer-River Solution Chemistry

» River water influx occurs during high stage

» Prolonged seasonal high stage period allows mixing in
aquifer with river water

» Significant differences in solution chemistry

» High pore velocity observed: 10 m/d pore velocity (Cline et
al. 1985)

River versus Aquifer Water ChemiStry
120

wk
o
o

| @ Columbia River
| mWell 399-8-1

= ;

L TEN T
2002 Nitrate Concentratlon
Batielle
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Constant K, not consistent with
experimental observations

e Uranium sorption varies strongly with
transition between aquifer and river water
chemistries (e.g., U, Ca, pH, alkalinity
concentrations)

e Rate-limited uranium sorption identified in
column experiments with flow rates
consistent with field observations

» Key Issues

e Uranium leaching from contamlnated
vadose zone sediments by water table
fluctuations

e Changing uranium geochemistry during
mixing and exchange of river and
groundwater

Battelie

Uranium Geochemistry

Uranium Sorption

U(V1),, concentration umol L™

50 100 150 200

Alkalinity (mg/L as CaCO3)
0.35
] ss@+ Data (fast-flow, FRT = 1.1 h)
0.30 osBh+ Data (slow-flow, FRT = .5 h)
73h e DR Model (fast-flow, FRT = 1.1 h)
0.25 Lo e Dr Model (slow-flow, FRT = 9.5 h)
4 144 h
0.20 4 ® Stop - flows 40h
?
g 3 66h 144h H
0.15 1 U(vi) MCL
% 166h
0.10 L]

0.00 . v v y v v v v v y
0 10 20 30 40 S50 60 70 80 S0 100
PORE VOLUME VIV,

Pacific Northwest National Laboratory
U.S. Department of Energy 13
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Uranium Column Studies

Performed by Chongxuan Liu, PNNL

Saturated column experiments exhlblt
uranium kinetics

Multisite model with different reaction rates

and/or dlffuswe mass transfer rates (Culver U(V1) Breakthrough Curve

et aI 1997). | o

S, i ] o sk ool S

——— ; . . = : =1 emmm DR Model (fast-flow, FRT = 1.1 h)

at Z l «f; (al )Kd C Sl g 0.25 73h e Dr Model (slow-‘ﬂow, FRT=95h)
S 1 73 h RS
c 9

Dlstrrbuted rate parameters were assumed £ om| } i doh

to follow the Gamma statistical distribution £ b cen 1a4n :

(two parameters): i 2 yv)mcL

a+Aaﬂ r :go.m-
2« ]
Faei sl -

0.00 ¥

. 0 1'0 2'0 3l0 4'0 5'0 6'0 7'0 8lO 9'0 1('10
The multisite kinetic model was integrated . PORE VOLUME VIV,
into the advection-dispersion equation:

2
Hgg 85 — 7B, 2 (2: - Hvé—(—j—
ot 81 Ox Ox

 Pacific Northwest National Laboratory

Batielle U.S. Departiment of Energy 18



“Size ‘(mm)‘

Cobbles
o >125

025-0.5
0.149 - 0.25
0.106 - 0.149
0.053 —0.106

Silt + Clay
_<0.053

5 Mass DiSfribution (%)

74.5
172

2.64

2.34

0.78
0.33

0.19
0.20

Calculated Water Content

ey
Unsaturated Flow Model Parameters Value  Units
Horizontal Hydraulic Conductivity 1500 m/d
Vertical Hydraulic Conductivity 150 m/d
Air entry pressure 2304  cm
Brooks-Corey A 0.7465
Residual Saturation 0.1471
Relative Permeability Method Burdine
Porosity 0.25
- Bulk Density 2.06 Kg/L
2! Recharge Rate 60 mm/yr




1-D Unsaturated
Reactive Transport Simulation

U(\;;.;q (M) :
' 0.E+00 1.E-06 2.E-06 3.E-06
1-D reactive transport simulation il J
e 60 mm/yr recharge results in 0.75 r. . @ | ]
m/yr pore velocity . /—t?mefwr |
e 5 m of vadose zone s T me-27am
o 1 ,rgdcl)f contaminated sediment in the | & 3/ ;—;?m“fg:yri
mi . ; |=time = yr ;
| = 30 nM/g U contaminated zone ) |
» GC-SCM ° _ I
" %o%)tion {ront requires over 30 years Generalized Composite SCM
ove 1 m ‘
e Kd = 12.4 L/kg for this solution T il
Chemlstry 0.E+00 1.E-06 2.E-06 3.E-06
o Lowest sediment contamination level | °| |
Lel\ﬁylts in U(VI) above MCL (0.126 ‘, 1
| time = 0 yr
> Multisite kinetic model | y

Depth (m)

| e time = 4.1 yr

| time=274yr
\——-time =68.5yr
| ——time = 100 yr

e Very similar to GC-SCM result
= Kd = 14 similar to the GC-SCM

= impact of kinetics largely minimized
by long transport timé scales

Baﬂélle Multisite Kinetic Model




Adapt GC-SCM for the
situation where the solution
chemistry changes from
river water to groundwater

e 1.4 m/d groundwater

e 30 nM/g U-contaminated
sediments

e Initial equilibrium with river
water
= 5.76E-8 M aqueous U
m Intrinsic Kd > 500 L/kg

e After influx of groundwater
m Aqueous U is 2.50E-6 M
m Intrinsic Kd = 13.5 L/kg

Batielie

1-D Aquifer-River Interactions

Solution Chemistry

U(VIl)_aq (mol/L)

3.0E-06

2.5E-06

2.0E-06

1.5E-06

1.0E-06 -

5.0E-07

0.0E+00

0.1

0.3 0.4

Distance (m)

Components River water 1988 Well
(USGS 6/1/2000) | 399-8-3
pH 7.1 7.1
HCO3- 9.18e-4 M 2.66e-3 M
K+ 1.75e-5 1.50e-4
NO3- 8.55e-6 1.73e-4
Sr++ 1.23e-6 0
Na+ 1.00e-4 9.87¢-4
Ca++ 3.74e-4 1.10e-3
Mg++ 1.48e-4 4.10e-4
Cl- 3.10e-5 2.75e-3
SO4-- 7.08e-5 3.25¢-4'

0.5

—time =
time =
time =
time =
e time =
e time =

e time =

0 day

0.017 day |
0.03day |
0.05d |
0.06d

011d |
0.18 day |
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7h2 1208

122 208
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Time-Lapse ERT

arallel to Shoreline between Process Ponds
Line 7, south (left) to north (right)

» 3-Day time series

Depth Iteration 2 RMS error = 5.6 %
8.8 88.8 168.8 2408.0 m.
)
1.38

4.02
7.02
18.3

13.9

17.9

22.3 ]

27.1

32.5

38.3

Depth Iteration 2 RMS error = 1.48 %
6.9 89.0 166.8
M il

1.38
4.02
7.82 ]
18.3 ]

13.9
17.9 ]

22.3

271

32.5

Inverse Model Resistivity Section

oy 7 7 |

379 673 1197

Resistivity in ohm.m Unit electrode spacing 5.00 m.

Pacific Northwest National Laboratory

Ba"e"e LS. Department of Energy










Role of Models in Demonstration,
Compliance with Licensing
| Requirements

presented to the ACNW
September 19, 2006
by Vernon Ichimura
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Overview

Barnwell Disposal Site
Review of Regulation

Focus on Measurement

Use of Models
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Barnwell Disposal Site - Summary

Licensed to dispose LLRW in 1971

Current license area is 235 Acres

Approximately 12 million curies received

After decay, approximately 3 million curies remain
Current area used for disposal is 105 acres
Approximate area remaining is 10 acres
Approximate disposal volume is 28 million cubic feet

Approximate disposal volume remaining is approximately 2
million cubic feet
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Regulations

Demonstrate by measurement and/or model during
operations and after site closure that concentrations
of radioactive materials which may be released to the
general environment in groundwater, surface water,
air, soil, plants or animals will not result in an annual
dose exceeding an equivalent of 25 millirems to the
whole body, 75 millirems to the thyroid, and 25
millirems to any other organ of any member of the

public.

9/19/2006




Operational
» Real dose to workers
e In 2005 — Average Annual Dose to a Radiation Workers was 241 millirems

Environment

e Hypothetical dose to any member of the public
e In 2005 — Average Annual Dose to Public - - Negligible

e In 2005 — Average Hypothetical Dose by Groundwater/Surface Water
at the Compliance Location is less than 5 millirems.

9/19/2006 8



Focus on Measurement

At location adjacent to waste disposal operations
* Around and in closed disposal trenches

* On the disposal site

e At boundary and compliance locations

* At off-site locations around the disposal site

* Distant from the disposal site - - for background
evaluations

9/19/2006




9/19/2006

easurement On All Pathways

* Direct exposure

Airborne
Surface Water
Soils

Plants
Groundwater

10




Use of Simple Models or
Well Documented Models
Which Have Been Checked

e Simple “calculator”, handbook, and analytical
models - - - based on theoretical principles

* Commercial or public domain models
e Run validation
e Check model results with measurements

e Independent “peer-review” of model and
projections

9/19/2006

11




Use of Models - - Examples

e Estimate boundary dose rates due to
disposal operations

— What is the necessary shielding required for
groups of waste packages and waste
configurations

— Simple inverse square law models and
Microshield®

— Verify with measurements

9/19/2006 12



 Estimate radionuclide concentration at the
site boundary in surface soil and surface
water

— Measurements of radionuclide concentration
in soils

— Erosion calculations and measurements

— Runoff calculation and measurements

— Estimate radionuclide concentration at the
boundary

— Verify with measurements

9/19/2006 13




e Estimate radionuclide concentration at a

compliance location in groundwater and
surface water

— Measurements of radionuclide concentrations
— Measurements of hydraulic data

— Perform groundwater flow and transport
modeling

— Verify with measurements

9/19/2006

4



Roles of Models

* Models are needed to demonstrate compliance

e Models are simplification of reality and contain
numerous assumptions

e Models must be checked with measurements

e Models should be updated as new information
becomes available

9/19/2006 15



" Groundwater Monltormg in Support
./ of License Termination at
Yankee Nuclear Power Statlon

Adwsory Comm|ttee on Nuclear Waste
. Uus. Nuelear Regulatory Commission
|I|e MD September 19 & 20, 2006

Dave Scott Pro;ect Hydrogeologlst Radiation Safety & Control Services, Inc.
Greg Babmeu Yankee Atomic Electric Company
Eric Daro:s CHP, I-?adlatlon Safety & Control Services, Inc.




o Des

Buﬂt;%iad_ centffto Sherman Reservonr in the |
‘norther Ierkshlres usmg a Vapor Containment

',‘Init‘i 485 MWt Uprated to 600 MWt in 1963
Per enant|y;5Ceased Operations in 1992
Significant IX Pit Leak in 1963

Fuel Clad for ~14 years was Stainless Steel

Dunng the perlod 1960-1980 the SFP did not f
have an mtenor stalnless liner
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SFP _nlmed“ From 1960 Untll 1980 5
IX Pit Leak | First ID’ed in 1963; Repalred in 1965

Outsnde Storage of Contamlnated Materials
- Refuelmg Equupment
— Waste - L

Redlstnbutlon of Soil Contamlnatlon
- RCA Snow Removal

- Ram Storm Drams
= Wlnd "

RX Head Impact — OutS|de Soil Contamination
Underground Draln Pipe Leak in Radwaste Warehouse




- 10665 gom) '
her GW ! E’?ontammants Less Than lelts
leflned |n LTP License Condition




. -f;-Vlrtu*aIIy'aIl lnf‘;shallow outwash aqunfer <30 feet deep
| f’-—;};’i18m "’fradlologlcally controlled area (RCA)
- "”‘gll,ndustnal area out5|de RCA
--3 outside industrial area -
- 8 |n constructlon fill area, upgradlent of RCA

. 2 Addrtlenal Monltonng Points

— Sherman Spnng (monitored since 1965)
— Plant potable water well (bedrock)
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Initial GW I\/Ionltonng Activities N
(connmued) ‘ *

° Perlodlc Sampllng and AnaIyS|s for
—Trltlum o
—~ Gamma-emitters
‘= Chemical constltuents

o One Round of Analysus for Sr-
Kl Identlfled Tntlum Plume
- MaX|mum concentratlon 5 OOO pCl/

— Extends downgradlent from SFP/IXP




YNPS Fall 2001
Concentration of H-3 in
Shallow Ground Water

| “Ea'mme o
445
peg_ .

0 : 200

1 ! P |
Approximate

Scale

, O O _sherman
T e

C
Q
2
)

N

7

= 3,000 to 6,000
pCi/l.
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‘Comprehensive GW Monrtorrng
From2003 e

. Evaluated Accumulated Hrstorrc _;GW‘lata

° Resultrng Recommenda’uons
—DrrII addrtronal wells | . e |
— Fully characterize deeper aqurfers beneath outwash -

“down to bedrock | S c
Improve procedures for drrllrng, samplrng & analysrs |
. Defrne DQO/IQA EEEIDER
. Begrn use of rotosonrc drrllrng, low-ﬂow samphn

sampling | | R Ol

. Standardrze and expand Irst of radlonuchde 'analy

uarterly



‘ Comprehensrve GW I\/Iomtonng
o From 2003 |

K Estalk "Ilshed monltorlng program that
mcluf’,‘_ed o

= Surtes of radlonuchde analytes determlned by
Ioca’uon based on HSA and LTP |

- New .‘Iocatlons for wells based on site geology
‘- lntermedrate depth sand Ienses (30 -100 feet)
. Bedrock (some as deep as 300 feet)

. Multlple wells at same location for vertical proflle

— Frequency of monltonng that will adequately
measure changes in GW quality




| — “Telescoped” up to 4 dnll casmgs to properly isolate -
multlple aqulfers | o

P Iete’rmmed;vértlcal dnstnbutlon of tritium

o Exploréd‘ Entire Thlckness of Sedlments and
Shallow Bedrock '

—-ff‘8?"welllé :’ihto”deeper sand Ienses mterlayered within
underlymg lodgement till
— 7 wells into bedrock

° Maxnmum depth of 295’feet



= Maxnmumconcentratlon 45, OOO an/L
*-J-f,,;Dlrectlon‘i of deeper GW flow toward Deerfield River

. H-3 m one bedrock well ~ 5,000 pCi/L
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: mnalf"Monrtonng WeIIs Installed by
Rotosonic I\/Iethod S

le ;.r;ocatron’s Chosen to Bound the Shallow
and Deeper H- 3 Plumes |

° Studred lnterconnectrvrty Between Aquifers by

Monrtorrng GW Levels With Data-Logglng
| Pressure Transducers
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al'low Aqunfer Relatlvely Fast (1‘_{ o
to 2 feet ‘P?r day, or K 5 ft/day) -

J-Lej es Within Lower Permeablllty -
Matnx of ‘Txl’-’odgement T|I| |
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Rowe, Massachueefts -~

ij

(lexs than 25 feet deep) in Angust 2004

ki
LS S )
Yankee Nuclear Power Station (f’ Tritium in the Shatlow Aquifer “li?.\if‘-:_“ﬁ"m%g FIGURE AX




| _ome‘nng Detected Tntlum in Sherman
ing, 550 eet. Downgradlent of SFP/IX Plt

| eentlnuously (<200 pCl/L smce ’93 except
for Splke,du‘nng demolition in 2005)

o IX Plt Emptled in 1995, Demolished in 2005
° SFP Emptled in 2003, Demolished in 2005




-—”Iownwarel‘%?ﬁtlow potentlal in vncmlty of
SFP/IXP »fs:hown by multlple depth weII

e H-SBecame “Trapped” in Deeper Sands
and Slowly Diffuses into Shallow Aquifer
| .—-ThlS condttlon may sustain the low-

| concentratlon shallow plume, which otherwise
- may have attenuated
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= Adjacent to Lowest Part of SFP Foundatlon
- Downgradlent of Septlc Leach Fteld

Redtenuclldes in GW Other ThanH-3
— To Better Defme Interconnectivity of Aquifers

e 2t0 Bound the Sand Lens with Highest H- 3

e 6 Shallow Wells to Replace a Few Abandoned to
Facmtate Plant Demolition |
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Ground Water Monitoring




Prehmrnary Results of Ongorng
W 2006Invesngauon

-3 Stil he.nly Plant-ReIated Nuchde

o DnIIl’ngR sults Confirm Sand Lenses in Deep .
- Till are of 'f‘:{‘fj_rrnlted Extent

'« Pumping Tests Conducted to Determine:

- Hydrogeologrc Parameters (K, S) for Key Lenses
. 24-Hr Constant Rate Test in Well With Highest Tntrum

- Hydraulrc Connectron Between Sand Lenses
| 7, o 2—Hour Pressure Transient Tests in 12 Selected Wells

- Pressure Transducers Monutor WL in Nearby Wells




- ToﬁPredlct H 3 Concentratlons at Comphance Point

—‘To lemonstrate Comphance with Criteria for Llcense
Termmat|on | |



Contamrnatron:”oan Mrgrate Through Multrple Aqurfers to
| Depths >1OO feet .

Hydrogeologrc Investrgatron IS an Iteratrve Process

| Important to levelop a Hydrogeologrc Conceptual Site
Model an |

— ToAid Werr Placement
- To Understand Contamrnant Transport

= To Defrne Aqurfer Characteristics

| Long Term Data Trends Are Important
— Allow Bras Detectron

Identlfy Seasonal Fluctuatrons

Identrfy New Contamrnant Releases




Yankee Rowe

-4 ’MayiDernonstrate Connectlon or lsolatlon of Aqunfers
— Useful for Callbratlon of Numencal Model

- MWs not deep enough
- thtle Regulatory Involvement

Involve All Stakeholders -
Analyzeffor Wide Suite of Fladlonuclldes
lnclude Non Rad Constltuents for Site Closure




r_, ,,_,_GW comphance monltonng data not used

to:;.enhance”confldence in numerical models after site.
on and I|censmg is complete |

- Regardmg operatmg power stations: GW characterization during

- plant.design and construction was not sufficiently detailed to
SUpportfcontamlnant fate & transport models

, v’n;tonng methods were in their lnfancy when the last power
“tation was built (early 1970s)

— ngorous GW lnvestlgatlon should occur dunng plant
. construction with wells drilled near and downgradlent from key
- sources of | primary water:

. Spent Fuel Pool |
. Refuehng Water Storage Tanks
e Condensate Tanks




Data from the nl‘trat detalled mvestrgatron can be used to:
Build a numerical model e |
ontammant releases more expedltrously (stratlgraphy, |
eaw ﬂow«dlrectlons and contaminant flow paths already known) |
| mOnrtonng data used to: |
Detect cont fmmant releases

Refine numencat model - change in state varlables measured over
ftrme‘&used to,_rmprove model calibration

- Contaminant concentratlon temporal trends
o Tntlum or other radionuclides
o Hydrocarbons solvents and degradation products
o Inorgamc constituents: chlorides, boron




R Response to Selected ACNW |
ANKE ’%;?--;,Workmg Group Focus Questlons

° QG;;New ;et;"o’ds and Analytlcal Tools
That Should be Pursued: I
» —G age"determmatlon by measurlng the ratlo -
of 3H to 3He ‘may improve calibration of
models of some GW systems

. Ald deflnltlon of GW flow paths
ldentlfy contammant transport zones

‘,“ Son gas surveys of 3He concentrations can be
| useful for delmeatlng shallow tr|t|um plumes









