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Motivation for QA in PA

The overarching motivation for Performance
Assessment work is defensible decision
making, and that requires:

- a defensible basis for modeling,

» transparent and intelligible modeling, and

- effective communication of modeling
approaches and results

These are goals shared by the CoP.
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Defensibility in Modeling

Defensible decision making needs defensible
modeling. This requires:

- an accepted Conceptual Site Model (CSM),

* concepts and parameters that are traceable
to their source,

- atransparent analysis of parameters, and

* coherent statistics.

Without these, it may as well be
Garbage IN = Garbage OUT.
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Computers are not Magic

“On two occasions | have
been asked, “Pray, Mr.
Babbage, if you put into the
machine wrong figures, will
the right answers come out?”

| am not able rightly to
Charles Babbage

apprehend the kind of 1791 — 1871
confusion of ideas that could
provoke such a question.” P Sy Crr s,

“Difference Engine No. 17
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Model Evaluation

Best Practices:

Peer Review
Model Corroboration
Sensitivity Analysis

QA Project Planning — data quality
assessment
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Neptune’s GoldSim PA QA

Neptune’s Quality Assurance (QA) for GoldSim
PA models includes

- development of FEPSs* and CSM,

- stochastic parameter development,

- manual QA checking of all values,

» model building, and

* model testing,

 subject to strict configuration control.

*Features, Events, Processes, and Scenarios.
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FEPSs and CSM

Features, Events, Processes and Scenarios

analysis:

» Defining and screening FEPSs assures that
the PA and its model are not missing
anything.

Development of a Conceptual Site Model:

+  Defining a CSM helps to vet the model
among stakeholders and model developers
alike.

These are part of QA.
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Parameter QA Process

Neptune’s Process:

Identify and collect information about a process or parameter,
from literature, site specific studies, etc.

Perform manual number-by-number QA check on that
information. This is called a check print.

Develop statistically appropriate stochastic input distribution(s).
Perform manual QA check on statistical analysis.

Incorporate synopsis of parameter development into a topical
white paper.

Perform manual QA check on values in white paper.

Add values to the model Parameters Document or Workbook.
Perform manual QA check on Param Doc or Workbook.
Transfer values to the GoldSim PA model.

Perform Manual QA check on model values, and record in the
model using GoldSim’s native QA note tools.
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Check Prints

Neptune’s Manual QA Check Print Process:

A calculation sheet, white paper, or other document is
prepared by an analyst, with a copy of all cited
references. This is printed to hard copy.

An independent person, not associated with the
collection and assembly of information, checks every
value in the document against the value(s) in the cited
references, and marks each item. For electronic
transfers, every 10" value is checked.

Errors are flagged, and the checker signs and dates the
check print document to the analyst.

Errors are fixed by the analyst, and the document is
resubmitted for another check print.

This iterates until all errors have been resolved.
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Distribution Development

Stochastic input distributions must be
developed with care.

- Data should not be censored without cause.

- Spatial and temporal aspects must be
considered.

- Distributional forms should be based on
natural behavior as well as data. A natural
uniform or triangular distribution is rare.
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Types of Distributions

Several types of stochastic input distributions:

* independent, single value parameter
- tables of related single values

+ time series

* functional forms

- environmentally-related values

+ values that must sum to unity

- complex interrelated variables

+ values with patterns seen collectively
- values with spatiotemporal variability
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Model Configuration Control

Neptune’s rules for configuration control:

* There is only One True Model File at any given time.

* No two model files ever have the same filename.

- The custodian of the True Model is always known.

- Custodianship is passed explicitly to another.

« Model file naming follows a strict convention.

- Model development may take place in branch
copies, but these are never confused with the
One True Model.

- Native GoldSim versioning is used.
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QA in Model Building

Building a model in GoldSim requires

« appropriate distribution development,

- clarity and transparency in coding,

+ clear documentation of model development,
and

* enhanced communication of concepts.

- Native GoldSim QA tools are used.
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Transparency in Coding

#include <math.h>
#define ACC 40.0
#define BIGNO 1.0el0

This is opaque code: e e T,

float bessi (n, x)

int n;
float x;
FUNCTION BESSI (N, X) {
PARAMETER (IACC=40,BIGNO=1.0E10,BIGNI=1.0E-10) int j;
IF (N.LT.2) PAUSE 'bad argument N in BESSI' float bi,bim, bip,tox,ans;
TOX=2.0/X fl?at bessiO();
void nrerror();
BIP=0.0 if (n < 2) nrerror("Index n less than 2 in BESSI");
BI=1.0 if (x == 0.0)
BESSI=0. return 0.0;
M=2* ( (N+INT (SQRT (FLOAT (IACC*N))))) else {
tox=2.0/fabs (x) ;
DO 11 J=M,1,-1 bip=ans= .
ip=ans=0.0;
BIM=BIP+FLOAT (J) *TOX*BI bi=1.0;
BIP=BI for (j=2*(n+(int) sqrt (ACC*n));j>0;3j--) {
BI=BIM bim=bip+j*tox*bi;
IF (ABS(BI).GT.BIGNO) THEN 211::‘;;{
BESSI=BESSI*BIGNI if (fabs(bi) > BIGNO) ({
BI=BI*BIGNI ans *= BIGNI;
BIP=BIP*BIGNI bi *= BIGNI;
ENDIF bip *= BIGNI;
_ }
IF (J.EQ.N) BESSI=BIP if (§ == n) ans=bip;
11 CONTINUE }
BESSI=BESSI*BESSIO (X)/BI ans *= bessiO(x) /bi;
RETURN return x < 0.0 && n%2 == 1 ? —ans : ans;
END } }
#undef ACC

I i ; ; def
with apologies to Numerical Recipes oSt 2ot
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Always a Documentation Nut

This is commented code: Remember ASCII art?

So for the purposes of this DarcyTrack function, the elemental

/#* I was forced to add this since for some reason nCols and nRows

{ cell over which calculations are done must be a quarter
/* dfWinbox and dfCellSize are defimed globally ® of the original GRID cells, to ensure uniform properties
double df¥, dfy; /* f.p. index to cell =/ over the cell area:
double dfDenominator; /% temp wariable #)
int iX, i¥; /* cell index number =/ + | + | + | + | +
int nxLower, nyLower; /* index to lower bounding cell */ | | | | | | | |
int nxUpper, nyUpper; /* index to upper bounding cell */ |===0-—=|===0-—=|=—=0-——| ——=0———|
POINT ptlLower, ptUpper; /% corner points bounding cell */ | | I I | | | I
float fTemp; /* temporary variable =y + | + I + | + I +

| | I I | | | | I
| ===0-==|===0-==|===0——=| ===0-——|
| | I I | | | | I
+ | + | + | + | +

*# are not consistently read properly above using PrivateWindowCols

* and PrivateWindowCols. */
nCols = (int){ ( Xmax( dfWinbox ) - Xmin{ dfWinbox } ) f dfCellSize )
nRows = (int){ {( Ymax( dfWinbox ) - ¥Ymin{ dfWinbox } )} / dfCellSize )

cell size edge size

Notes on orientation: (This is a square GRID cell)
/* Determine which cell contains the point ppt. */

f* First, work with the GRID cells, to subdivide later. */

pt.x and pt.y are in real

coordinates
/#* Find cell index number of Lower bounding cell. */

df¥ = ( ppt—>x - ¥min({ dfWinbox )} ) / dfCellSize;
iX = (int)dfx: /* truncation to integer */

| |
| |
| | Xmin, Xmax, ¥Ymin, Ymax are
| | in real coordinates,
| | and are the limits of
dfy { ¥Ymax( dfWinbox )} - ppt->v ) / dfCellSize: pt.y + iy + pt | the grid, as stored
i¥ = (int)dfy: /* truncation to integer */ | |
| |
| |
| |
| |

in the global
variable dfWinbox
pcell-»=i¥X = 1iX;
poell->i¥Y iy: iX and iY are cell column
(left to right) and

row (top to bottom)

Xmin pt.x Xmax

* % ok ok ok ok ok ok ok ok ok ok ok ok ok Ok kR ok ok ok Ok F kR ok ok %k F F E ok * *

some of my C code from graduate school
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Expression Properties : Pre_1990 Point_Estimates | 23

[ransparency |-
= = ElementID: Pre_1990_Point_Estimates
I n o I m Description:  MAP, MFP, and material type inventories in the pre-1990

u Display Units: !Ci [ Type... ] Vector [Material_Types]

o Ing [,;J Value (Gi) = [2186, 70.15, 0, 0,0, 0, 0,0, 0,0, 0, 0, u,,...]]
Getcolumn(Input_Inventories.Pre_1990_PA_Inventories_3,22) =
+Getcolumn(Input_Inventories.Pre_1930_PA_Inventories_ T

3,124) +Getcolumn{Input_Inventaories.Pre_1930
_PA_Inventories_3,131) +Getcolumn(Input_Inventories.Pre_

Th iS iS an exam p | e Of 1930_PA_Inventories_3, 132)+Getcolumn
(Imput_Inventories.Pre_1990_PA_Inventories_3,136)
1 1 +Getcolumn{Input_Inventories.Pre_1990_PA_Inventories_
S |O ppy G O | d S I m COd I n g . 3 13?}+Gett;o|umr1{Input_Invenb:uries.F‘re_IEIEIEI

Pa_Inventories_3,139) +Getoolumn(Input_Inventories.Pre_
1990_PA_Inventories_3, 140) +Getcolumn
(Input_Inventories.Pre_1990_PA_Inventories_3,141)

Allases are not used, nor are h_+Getco|umn(Input_Inuenb:uries.F‘rE_IEIEIEI_F‘.ﬁ._In'-.fenb:uries_

3,142) +Getcolumn{Input_Inventories.Pre_1930

]

. . . . _PA_Inventories_3,143) +HGetoolumn(Input_Inventories.Pre_
Se n S I b | e | n d ICeS tO th e Clted 1990_PA_Inventories_3, 144}+Ge1:coiumn
(Input_Inventories.Pre_1990_PA_Inventories_3,147)
+Getcolumn(Input_Inventories.Pre_1990_PA_Inventories_
CO | u m n S u Sed by G etCO | u m n () " 3 141‘6]:-I-Gett;olumn(Input_Invenb:uries.F‘rE_lEIEIIZI

_PA_Inventories_3,149) +Getcolumn(Input_Inventaories.Pre_
1990_PA_Inventories_3,155) +Getcolumn

: : (Input_Inventories.Pre_1990_PA_Inventories_3,158)
T h e QA O n th I S WO u |d be tl m e - I:i-Getcqumn {Input_Inventories.Pre_1990_PA_Inventories_
. . 3,159) +Getcolumn{Input_Inventories.Pre_1390 A
consumin g an d d |ff ICU |t . _PA_Inventories_3,160)+Getcolumn(Input_Inventories.Pre E

1990_PA_Inventories_3,16 1) +Getcolumn
(Imput_Inventories.Pre_1990_PA_Inventories_3,162)
+Getcolumn(Input_Inventories.Pre_1990_PA_Inventories_
3,163) +Getcolumn{Input_Inventories.Pre_1390

(A b ou t 1/2 Of t h | S eXx p ress | on _PA_Inventories_3, 164) +Getcolumn(Input_Inventories.Pre_
1990_PA_Inventories_3,165) +Getcalumn

1 (Input_Inventories.Pre_1990_PA_Inventories_3, 166)

IS S h OW n h e re . ) t|-0!3v.=_-1:t:c:nlumn {Input_Inventories.Pre_1590_PA_Inventories_

3,167 +Getcolumn{Input_Inventories.Pre_1990
_PA_Inventories_3,168) +Getcolumn(Input_Inventories.Pre_
1990_PA_Inventories_3, 169) +Getcolumn
(Input_Inventories.Pre_1990_PA_Inventories_3,170)

c +Getcolumn(Input_Inventories.Pre_1990_PA_Inventories_
Performance and Risk Assessment Co 3,171) +Getcolumn{Input_Inventories. Pre_1930
_PA_Inventories_3,172) +Getcolumn(Input_Inventories.Pre_
1590 _PA_Inventories_3,173) +Getcolumn




Transparency
in GoldSim
Coding

Tools at your disposal:

Use aliases for
exposed outputs from
Localized containers.

The aliases should be
clear and have unique
names.

Source Properties : Waste_System

| Definition I Graphics | Infarmation | Exposed Outputs

Qutput

Alias -

\Transporth.. \Total&ctivity

TotalActivity Waste RCRA

\Transport...Waste_Cell19.Wat

WaterAdv_Waste to Liner RCR&

\Transport...Waste_Cell19.Wat

WaterDiff_Waste to Liner RCRA

m

\Transportl...\Radon_EP_Ratio

FRadon_EP_Ratio_RCRA

\Transport.. Waste_Cell19. Air_t

AirDiff_Waste_to_Liner_RCRA

\Transport.. Waste_Cell19. Air_t

AirDiff_Waste BottomUp_RCRA

\Transportl...Waste_Cell0Z.Dire

Biotic_WastelZ_to_TopSoil_ RCRA

\Transportl...Waste_Celld3.Dire

Biotic_Wastel3_to_TopSoil RCRA

\Transporti...Waste_Cell04.Dire

Biotic_Wastel4_to_TopSoil RCRA

\Transporti...Waste_CelldS.Dire

Biotic_WastelS_to_TopSoil RCRA

\Transportl.. \BioticUpwardCT

BioticUpwardCT_RCRA

\Transportl.. Waste_Cell0Z.Wat

WaterDiff_Waste02_to_Waste01_RC -

‘|

1

F
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Transparency
in GoldSim ... o
Coding

=== A Bictic Upward C T Appearance...

Description:  Total contaminant transport to TopSoil by bumow excavatio

TOOIS at you r d isposal : Display Units: IEIJ"'.-’I' Type... |Vector[Species]
Definition
Input(s) i

ET_Cowver_Celld1 . Direct_tranzfer_rate_to TopSoil_Cell01

U se S um e I emen tS f or ET_Cover_Cell02 Direct_transfer_rate_to_TopSoil_Cello]

ET_Cover_Cell03.Direct_tranzfer_rate_to TopSoil_Cell01

. . . ET_Cover_Cell04 Direct_tranzsfer_rate_to TopSoil_Cell01
O rg a n IZ I n g S U m m at I O n S . ET_Cover_Cell05.0irect_transfer_rate_to_TopSoil_Celll1

ET_Cover_Cell05.Direct_tranzfer_rate_to TopSoil_Cell01

FT Cnwer Cel7 NDirect transfer rate tn TonSail Celid

m

Add Input | | Delete Input |

(This would have
helped the earlier code e ratvioes 17 ot
example.) ok ] [Ccama ] [

Performance and Risk Assessment Community of Practice « December 2015




Transparency in GoldSim Coding

Don’t cram too much into an expression or property.

Cell Pathway Properties : Cap_Layer 3 | = w Cell Pathway Properties : ET_Cover Cell02 | Y q
I |
Definition | Inflows | Outflows | Diffus Definition | Inflows | Outflows | Diffusiy
o e HArd 1o follow o moeca  £ASY tO read
Description:  Cell representing cap layer 3. Description:  Cell representing part of the ET Cowver
Media in Cell Media in Cell
Medium Amourt / |F|H]|s Medium Amourt — / FlH|s
Water Erosion_WModel.Updated_Layer Thigfness_ [ ][ ][] Water CellWaterVolume_Local / L)L
Crushed_Tuff Erosion_WModel.Updated_Layer_Thjfkness_ [ ][ ]:[ ] Air Cell&irvolume_Local / HHEHE
Air_in_Crushed T] max(Erosion_Medel Updated_Layer Thickness_8[Cap_ ET_CoverMaterial { CellSolidazs_Local .
Waste 3], Site_Geometry_and_Operatighs.Minimum_Air_Thickn
ess)
*Site_Geometry_and_Operations Disposal_Unit_Area_7
*(Effective_Porosity[Crushed_Tuffl-Moisture_Content
Add Medium | | [Crushed Tuffl) | Add Medium | | Delete Medium |
Cell Inventary Cell Inventary
[Cumulativa- Input v] I [In'rtial Inventory vl I
Discrete Changes: IP‘u"_C.ap_B_SUiI_F-!acIs;P"-:"_Cap_?;_‘."a'ater_F!a Discrete Changes: I
Save Masses in Pathway Save Masses in Pathway
[] Output Precipitated Mass [ Output Precipitated Mass
[ Final Values [] Time Histories [ Final Values [] Time Histories
| ok || Cancel |[ Hep | [ ok || Cancel || Hep |
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Transparency = .
In Concepts H T :

5 u\atlve Masse ¥ F—AIT_in_Excavation
PN T A d

/'; Litter Air_Sink

isE ER| 0 0P~/

A mismash of
elements on

w "»:'s»'v AN :
the page is not ﬂ'w'/' AN _

T"u

o t '\“.‘
|-!¢" A 1," 0 i\

. wg& v :ﬁ,' N
j,m ,..../JM m&\

vx“ l"lﬁ m v l%f 'A}’.'g\‘- \\\

= 7_;_“%‘

¥ g i
useful to w
anyone trying A
Disposed_Pi_Invntory N‘%‘E
to understand N
the model.

Bste_L 6
e ayer_|

.,‘
.-t

t’ l \ib m"‘t’
-/

*\\'
,/
7 W‘_’W‘_’ -
! j."‘ B Waste_Layer 18

Waste_Layer_15 Wa; Waste_Layer 17

- -

Waste_Layer_19 Waste_Layer 20 Sink_Unsaturated_Zone

<

| *
Edit Mode: Press F5 to run model.
L

Scale:100%  Filter OFF Edit Mode
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Transparency ...

in Concepts

Use the drawing
tools and a logical
arrangement of
elements shows
what is going on in
the model.

1 Graphics Model Run Help

CBRE EdYE MY Eyem 2 [NQEDE M
ainer Path: “\Disposal - n\‘"
Shallow Land Burial (SLB) of Low Level Waste ; L
This collection of pathways (cells and pipes) represents a 1-D column for modeling transport from the wastes -
to receptor exposure media, including surface soils (Cap1) and a drinking water well. Transport mechanisms 1
include air, water, and bictic processes, and are defined in the TransportProcesses container. a5
Waste inventory is defined in the Inventory container. e T g
airbome transport (diffusion) E
i —@ plantinduced transport =
Atmosphere “ — g snimslkinduced transport A
capl Ells 4 A
[“. Layer dimensions are a
l e defined in this container.
Cap2 |
l “ l SiteGeometry
Sl | '_@ g s
l Cap4 % » F Biotic Transport White Paper
l l Plants Animals
Wastet |y masximum biotic
” depth
Wastes are apportioned between the two waste
—— layer cells, the upper one potentially accessible
Waste2 w to biota and the lower one inaccessible. These
cells exist in the WasteLayers Source Container.
l Wastel ayers
B> ST
UnsatSoil
Sinks accept contaminants leaving the
important parts of the model.
B> J— _
UnsatRock S IN
SinkGW [1“

3

Edit Mode: Press F5 to run model.

Scale: 100%  Filter ON  Edit Mode
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Transparency in Concepts

Plant root and burrow volume depth function

fraction f above depth z

. . 1
Given a maximum depth . .
TZhe shape of (T) 555 % burraof.'.r unde.-{%uund is she

bmax b p

onfo/mgts__\
O ab

depth 7 1s giyen by

T Y

A simple illustration c

N\

depth (2)

maximum depth
Z_max
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Transparency in Concepts

Modeling tools can be described in the model itself:

e —_— -

Conceptual model for a 2-D dispersive plume =T -

- -_— P
applied to a single waste disposal unit — coarse representation of the plume, ™
PP 9 P which has no defined boundary

disposal unit observation point 4
_ aetel (receptor's well) i /f
horizontal plane - ~
"source” of plume | e — /
L /
>
/
aquifer e
(saturated zone) o
—
row of cells
representing the aquifer
Application of the GoldSim Plume Function -
As described in the GoldSim on-line help (search for "plume”), the plume() function accepts 11 arguments. |
The description presented here is somewhat simplified for the case at hand. The arguments to the function 3
are as follows, with comments following the "//". Footnotes are below.
plume {
L, J{ length of the Pipe or row of Cells, as measured from
ffr the upstream end of the Source!
L, /{ cross-sectional area of the Pipe or Cells
Ls, J/ length of the Source set egual to the length of the
I overlying disposal unit, parallel to flow
o, // wertical offset of observation point (zero)? S
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Transparency in Concepts

Elevation

closure cap

receptor's well

creek
vadose zone

aquifer

e R o e M
I A A D LIS AN D

0 P
- - - g
direction of aquifer flow
Plan View
Multiple Trench Units 100-m receptor line
creek
! potential wells
3 overlapping and
interacting plumes
seeps
»
»
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Transparency in Concepts

-

Master Species Properties : Species

ot

The Species
element may be
fundamental to
contaminant

modeling, but it
can be a challenge
to interpret.

Definttion | Clones
Description: Radionuclides included in contaminant transpart
Specify decay: [Half-lives v] Species set ordering: | Weight, ascending ']
Display: | Modeled species - Min halt-ife to show:  |0yr
Auto-include ICRP daughters with halfdives >= 1yr and <= le+12yr
Species List
Number of Modeled Species : 110
Include | Row # ] Weight Half-Life | | R | Modeled daughters (skipped intermediates)
] 56 Tb158 158 g/mol HalfLife[Tb158] i []: %)
(] 27 Tcog 99 g/mol HalfLife[Tca9] [ [] t t
(<] 76 Th228 228 g/mol HalfLife[Th228] | [] [] ranspor
(<] 77 Th228 228 g/mol HalfLife[Th228] | [] [
(<] 78 Th230 230 g/mol HalfLife[Th230] | [] [] | Ra-226
(<] 80 Th232 232 g/mol HalfLife[Th232] |[] [x] | Ra-228
(] 11 Tid4d 44 gimol HalflifelTidd] i []  []
(] 85 TIZ04 204 g/mol Halflife[Ti204] | [] [
(] 58 T 71 171 g/mal HalfLifeTm171] (]| [
(] 81 U232 232 g/mol Halflife[U232] [] [<]  Th-228
(] 82 U233 233 g/mol Halflife[U233] [] [<]  Th-229
(] 83 U234 234 g/mol Halflife[U234] ([<] [<] | Th-230
(] 84 U235 235 g/mol Halflife[U235] ([] [] | Pa-231 :
(] 87 U236 236 g/mol Halflife[U236] ([<] [<] | Th-232 ™
|? 91 uz3s 238 a/mol HalfLifelU2381 <0000 U-234 i
[l 1 | &
| Add. || Deete | Edt. | Epot. || impor.. | 1 1 R
[ Close ” Help
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Transparency in Concepts

Uranium Series, simplified

Np238 &= Pu238 &
0.0045 ﬂ.;
Cm242

The drawing

e e tools can make
0.9955 Amy{; 09934 4 U234 5 th|S eaSier.
0173 % pu242 2 U238 = Tnzntrpaznml: T
) B

€120 ™ Decay chains implemented in contaminant transport and dose calculations

Mote that the radionuclides and stable nuclides in black are maintained in the Species list. Any modification to the decay
chain diagram needs to have an associated modification to the Species list, and vice versa.

L wTh| The adionuclides noted in green italic are considered in the dose assessment only, through the “roll-up” of dose coversion
factors. Environmental transport of these progeny is assumed fo follow their respective parents, with which they are in
secular equilibrium. Radionuclides in green italic need to have any reporfed inventory converfed fo the next long-lived
progeny.

Radionuclides in olive are extremely long-lived, and do not have significant contributions to dose. These are not modeled.

—®Bid Radionuclides in orange are short-lived, and if reported in inventory are to be converted to the next long-lived progeny on an
. activity basis (e.g. Bq for Bg)
*Rn222isg

''''''''' er are also not modele

Each decay mode is shown in blue (alpha, beta, beta positron, isomeric transition, and electron capture), with modeled alpha
decay arrows shown in red.

Branching fractions are shown in purple, and are assumed to be 1 unless a value is shown. Branching fractions less than
0.001 are identified as "~0" and are not modeled. Branching fractions are used in the dose roll up calculations {external to
the model) and in the Stoichiometry definitions in the Species element specification. These come from Tuli's Muclear Wallet
Cards (2005).
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Change Log

Change log:
(Tabs are entered as Ctrl+Tab).

m | »

JT John Tauxe
RP Ralph Perona
KC Kate Catlett

date ver init description

12 Oct 11 0001 JT = Model-building begins, acknowledging previous work on the WCS LLW Model
by Bill Dornsife (WCS), Abhishek Singh ({Intera), Gary Merrell (URS Corp.), and John Tauxe (Meptune and Co.}

24 Oct 11 RP = Work on N&Co dose model begins. Integrate CWF and FWF within a single
dose container. Implement structure shown in receptor diagram_influences and well dose diagram_influences.

28 Oct 11 0.002 RP = Mew model structure (including Switches for exposure conditions) and pathways
have been incorporated. For this interim Dose_Assessment container, the scenarios and receptors used in the
Fall 2011 PA model submitted to TCEQ have been retained.

28 Oct 1 0.003 JT = Custodianship assumed by JT. Begin work on v0.003.

21 Nov 11 0.003 RP = Custodianship assumed by RP.

= Update dose model to include ranching and oil drilling scenarios while retaining
receptors from the License Application PA model.

= Restrict use of saline water from deeper aquifers (600 ft) to cattle.

= Add all particulate inhalation and external DCFs.

= Added a Chronology container for timed events (loss of institutional control and
concrete failure for the containment system).

21 Nov 11 0.003 JT = Custodianship assumed by JT.

28 Nov 11 JT = Minor revision to decay chains illustration to list Sn126 in the category of non-
actinide decay to short-lived progeny that are modeled in dose assessment.

19 Dec 11 JT = Added initial structure for stochastic Kd values.

Jan/Feb 12 JT = Extensive reorganizational revisions, including completely reorganizing the CWF
and FWF containers, moving common elements out of them, and making extensive use of the UZ Units array for
ctarina infarmatinn and far calrolatinne -
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Project budget and accounting Egm
The user can specify the funding profile, which constitutes annual increases to the project account. R e a d a b I I I t
Costs are deducted from the project account as tasks start and complete.

Main Project Account

ProjectFundingHistary It also has these deductions:
= each task deducts its estimated cost on task start

= each task reconciles its actual costs with the estimated
V\/\, cost, and deducts the difference on completion of the task
~AA = penalties and fines are deducted as they occur

ProjectAccountHistory

The ProjectAccount has revenues added each FY, as
worked out above.

=

ProjectFundingProfile

ProjectAccount
Funding Profile (set on Control Panel)

Budget FY12 [E>' » FY12_Funded
*

Budget_FY13 [i}' > FY13_Funded % Control Panel
L

Estimated expenses and allocation priorities

Estimated costs for each task are provided here. Each

task must wait until sufficient funding is available before

starting, and actual costs are reconciled with estimates
EstimatedCosts on task completion.

i i ) ) % Waste Characterization Funding
Funding allocations are determined as annual spending rates.

% Public Invalvement Funding
The allocation of funds from the top Project level down

to the individual tasks takes place hierarchically. This % Operations Funding
=3 top level allocator takes the entire project budget )
(ProjectAccount) and allocates to the main activities. % Compliance Activities Funding
Proiect Al Each of those activities similarly allocates its share of . ] o .
FOJECLANOE  the funds it was provided to its tasks, and so on. % Public Involvement Activities Funding
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Traceability Within the Model

E ColdSim Pro - PA Model.gsm

mﬁlg

%Eile Edit View Graphics Model Run Help

IDEH| 28 RS cdwE Y @4 2 (MAEEO IHHRiELGe

-

Links to element FineCohbleMix

Links from element FineCobbleMix

Links B Links
a
Select any link in the list to display detailed information about the link. Select any link in the list to display detailed information about the link.
From Output To Input i From Output To Input
BulkDensity FineCobbleMix FineCobbleMix. Density FineCobbleMix:Density CapCell_InertMass.[Cap04]
Porosity_FineCobbleMix FineCobbleMix. Porosity FineCobbleMix:Porosity CapCell_InertPorosity [Cap04]
Water FineCobbleMix. Reference Fluid FineCobbleMix Cap_04 FineCobbleMix
FineCobbleMix Cap_04 FineCobbleMix
Bl FineCobbleMix:Density CapCell_InertMaszs.[Capl4]
Vg FineCobbleMix:Porosity CapCell_InertPorosity [Cap04]
[V FineCobbleMix Cap_04 FineCobbleMix
n
n
n
Link Detzils n Link Detzils
Qutput Element: aterials \FineCobbleMix Properties'\BulkDensity FineCobbleMix CQutput Element: \Materials\FineCobbleMix
Input Element;  \Materials\FineCobbleMix Input Element;  'Disposal\ClassASouthCell\TopSlope\Caplay. .. \CapCell InertMass
Qutput Type: Value Units: gfcm3 Qutput Type: Value Units:  kg/m3
Order: Scalar Link Type:  Marmal || Order: Scalar Link Type:  Marmal
| ok || cancel |[ Hep i | ok || cancel |[ Hep
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Traceability Outside the Model

TABLE 7. HELP INFILTRATION MODEL LAYERS AND MATERIAL PROPERTIES

, , Available . Material )
Layer Material Thickness n (i Gup Moisture 6 Ks Layer Type | Size Range Description Notes:
{inches) (volivol) | (volival) | (valivol) | {volivol) (volivol) (cmisec) nla {inches} n/a
Type-B S vertical . o . .
Layer 1 Rip Rap 18 0.190 0.024 0.007 0.017 | initialized to ss 42 percolation 07545 | 1.25inches| Size is nominal diameter
. . Coarse
Layerz | TYPeAFiter 6 0190 | 0024 | 0007 | 0017 [initalizedtoss| 42 vertical | 0860 | Sand- Fine
(upper) percolation
Cobble
. . Placed at 4x10* em/sec;
_ ) - vertical Silty Sand '
Layer 3 | Sacrificial Soil 12 0.31 0.2 0.025 0.175 initialized to ss | 4.00E-03 percolation <0.75 and Gravel freezeﬂha:- reduces K to
4x10™ cmisec.
. Coarse
Layerq | 'YPe-BFiller 6 028 | 0032 | 0013 | 0019 |infializedtoss| 35 lateral 0215 | Sand -Fine
({lower) drainage
Gravel
Layer 5 Upp;;rf:::j"" 12 0430 | o030 | o0.28 0.1 0.43 5.00E-08 | barrier soi n/a Clay
Lower Radon vertical
Layer & Barrier 72 0.430 0.350 028 oM 0.39 1.00E-06 percolation nfa Clay
vertical Unit thickness for waste,
Layer 7 Waste 100 0.437 0.062 0.024 0.038 | initialized to 5 | 5.00E-04 iati nfa Sand Mode! is insensitive 10 wasle
percoiation thickness variation,
Layer 8 Clay Liner 24 0.430 0.390 0.28 0.11 0.43 1.00E-06 | barrier soil n/a Clay
n = Porosity 8i = Inftial Moisture Content
bl = Field Capacily K, = Saturated Hydraulic Conductivity
Bwp = Wilting Paint th = Value forinitialized steady-state moisture conten! are given in the model output files.

Available Moisture: = Moisture avallable to be evaporated is only applicable in the upper 18 inches of the madel
Engineered material properties

Engineerad materials are in a variety of forms serving various purposes. These are used in the
construction of the cap (top slope and side slope) and liner layers.

Rip Rap is used to construct the uppermost layer:
> =3 Armor. It quickly becomes infilled with Loess. The
Rip Rap itself is assumed to be an inert matenial.
RipRap RipRap_Properties
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L PERMEARBILITY OF POROUS SOLIDS unsaturated zone columns
. Br R. J. Muuvaron ase 1. P Quirk I'Dr tnp and SIdE s' Dpe s]
Pacific Northwest Depastments of Agronomy and Agricultural Chemisicy, Waite Institutc, '
National Laboratory University of Adelaide
- Reccined ik June, 1960 '
An expression has boen both saturated and il .
nnais o 153 o ety e o e ot o
7 or wter-desorpion sherm. A ferssion morel us baca w0olcd,heruin
i £ o et sl o T b o o, T e top slope wastes
. s iy vilics saines wng tis exresion e hoch ompared Wi Waicr 4nd g1
A Compendium of Transfer ineifts of a variesy of porous M, Sadsactors sgreameat 1 foand tetween -
Factors for Agricultural and owontsl 20 cnened vl over & ke range of prSi: .. . A
Animal Products T v of fids through porous malrias & of grcatsiguificance in the filds monitoring well
dodusteial chemistry, ol tochnology and agriculture. In genecal, it may be
ited that the principal interest bs in he transport through resetive materials.
ywever, interpretation of transpert data is complicated by the fuct that at the
L H. Stven X Rhode i time no entirely adequate description of flow ugh fnert granular
BAuple DL Sueg terials exisis, Two main (¥pes of approach arc ot presear bring used in this
i ir - ion ! which is dorived using
tortuosity concepts. 1t has been assumcd that tortussity i
oy e, Lt [ —
and Furis et ol The of 3 =
2! one doveloped by Childs and Collis-George * and is |- ]
of the continuity of pores in adjscent places within the I a
[(ness sporoacine 1o the. pr ’ 8
bt it of € and Coll George is relaied " §
Jume 2005 ORNL.5786 iation, and requires no additional dam such as the ‘ -
¢ bonaa mciam Mied with & condcing fuld. More |
ficvelopod an equation which is essertially similur t that ’ o
re. k- 2
but forward flow concegis wherein the porous medium 55
fapillaries. Ta this treatment, and the electrical 2nalogue
‘nature of the porous solid s somewhat similar to that
here s a frther developmeat of the pore intsrsction
s and Collis-George.*  The equations presented closely
sis of mcabiliiy a3 a function of bed pacoity,
Transport = disecibution.
leased . Atmosphere
Fuapunt o e U5 Degsrmenot e Teture . o . i
e Conmnes DE-ACTG TEALD 1530 g = i e 5 H 5 o w o - i i ~ i
7 [These DCFs includk: the contribution of short-| hters (+D) for Species
External E
8 (Species) Inh (particle) Inh(gas) Ingestion (lmmersion) External (3D) for internal and for use. vuul
Branching ~ Domir n Energy; "Rl denut
Model Parameters for th ) SwBa___ SuBa SvBa__ (SvisMBa/m?) (Svisy(Ba/m) Nuclide Fraction  Mode (infernal)  internal (WeV) (i e domivim . ¥
10 /5r80:D 3T0E08 SOEQS  S9IE6  LISE1Y) 1 cleciron 019 [cnaen
11 |Tes9 4.03E-09 642E-10 287E-17 581E-2 1 elactron 0933
12 1129 3.50E-08 0.39E-08 LOGE-07 233E-16 3.14E-20|
13 cst37+D 4TE09 L3608 2E44  LSIEAT clectron o101 none
14 Po210-D 44606 SAEOT  BM3EA6  AMEN) electron 00189 —
15 Rn222:D 0 230E-08 0 L78E-17 1L17E-20| 1 electron 0.187 none
16 Ra226 3.46E-06 2.80E-07 284E-16 1.56E-19| 1 photon 0.662 none
v— 17 |Raz28+D 263E-06 6OTEDT  A49EA4 303ELT
18 Ac227-D 90505 43607 LME1S  LWELT 1 siectron 00335 |
19 | Th228:D 4.29E-05 143E-07 T63E-14 3.18E-17 1 electron 0389 none.
L Zoio0.D, A0S 638E-07 139E-14 788E-18 1 alpha LN(18.13; 3.368)
5 2ME07  149E17  ST3E
5 231E-07 727E-18 244ED1 1 not used
e . ) _ 5 479E07 LSTEAS  9.ME-19) 1 notused,
e YUREC/CR-63 336E07  LISEDT  A2E2 1 sotused
Propured by AT of iR | 5.13E-08 L42E-17 6.77E-21 1 ‘not used
Meptune and Compeny, Tnc. 49508 GA3EMS  LB4ED! 1 ot used
. . 470E-08 6.94E-15 3.70E-18 alpha LN(18.13; 3.368]
I A Comprehensive Strategy 46E08  SSEAS  9SED) aipha LN(S.13;3368)
§ ic M i 4TS0S LSIEAS  GAXES) 1 clectron 000987 LNQ.415; 1438)
of Hydrogeologic Modelin 3
geo’0g g 5 LOSEQ7  SAGEIS  SAIES 1 photon 0771 sone
and Uncertainty Analysis 5 22E07 GSE8  625E)]
for Nuclear Facilities and Sites
s 3 Nuclear Regukatory Commission 86156
T e i 5L
Dol 5 o Yass i g Scpossl A ls (D I the conseetestion cxcects the
s Dark sre a5 valie i Chlorss . bk focs oo cheied

Cancer Risk Coefficients f] el
Environmental Exposure

NUREG-1476
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Utility: Input Dashboards

RCRA Landfill Waste Concentration Limit Determination Control Panel DISCLAIMER |

The goal of the RCRA Landfill Radiclogical Impacts Analysis Waste Concentration Limits Calculation is to identify those 5

inventary activity concentrations of specific radionuclides that cormrespond to specified peak annual doses to any receptor within ||
the RCRA time of compliance. These are Waste Concentration Limits (WCLs). Instructions follow:

| S P | R S S S, R | SSRGS

- RCRAWCL Setup — RCRA Landfill Layout
[¥] Set RCRA WCL Determination Mode Select which RCRACells to include: | RCRA Layout Diagrams |
While in RCRAWCL mode,
standard modeling is disabled. g LIV B EDoo B 8 8|
Set desired time of l—‘ ﬁE Fle| H | JIklLIimInlolPp R|s
compliance (TOC): 1000 years /éﬁ Q
l‘;et_fesired gosg I 1 mremiyr Clay fill thickness:  Waste area: Waste volume:
i — 3821 539067m2  934911m3
[T Set clay fill thickness I 001 it g T | | | | | | | | | |
- RCRAWCL Determination Settings - RCRAWTCL lterative Calculation
; — | Fefi0=CoB0 Cobl - lterate until estimated WCLs
Select the decay chain oo /4N are within this percent error: I oo
member for which the ‘: Zr93/Mo93 = Nb93m

WCL is to be determined. | PRunModel. | -Run the model (F5),

= copy (ctrl C) the

—| Pm146 = Sm146 Sm146

4

Faor most radionuclide 3m145 = Pm145 Pmids = [ Copy this vector... ] contents of this vector,
Species, there are no Po209 = Ph205 ..enter EditMode..  « set to Edit Mode (F4)
modeled parents or progeny, o ) [ _paste into this vector ] « paste (ctrl V) the vector
and determination of the Actinium Series [A;:ZZ? 'l values into this one, and
WCL corresponding to the Tharium Series [ Renn model. ] » run the model again.
= i s Check RCRAWCL Results (button below) to see

which receptor and which radionuclide in the decay
chain is controlling the WCL

=~
B

[ Decay Chains Reference Diagram ]NeptuniumSeries

| Conirol Panel | | RCRAWCLResuts | | RCRA Decay Chain Behavior

[ Dose Details ] [ Browse Model ][ Run Model
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Utility: Results Dashboards

RCRA Landfill Waste Concentration Limit Determination Resulis DISCLAIMER |

Results of the RCRALandfill WCL determination are arganized in several tables, organized by radionuclide.

[ H3to CoB0 ] [ Ni53 to Cd113m ] [Sn'lZ'ImtnSm'Iﬁ‘l] [ Eu150to TI204 ] Pb205 to Pa231 [ U232to Pu244 ] [ Am241to CF252 ]

— RCRA Landfill Inventory Concentration Results

[ max. exposed receptor ] ratio of max peak dose to | | inventory concentration
[nudide‘] [ activity conc. ]D[ disposed act. ] [ max. peak dose ] ARNRSROWFEF H R invertory concentration for dose limit {or SA)™
Pp205 0pCifg 00 132=-Vmemsyr OO OO -‘ O 0O 0 {mremAT)/(pCisg) 0 pCifg)
Pbz10 0 pCifg 010G 328=Mmemdyr O O O 0O ﬁ OO 0 {mrem )/ ipCisg) 0 {pCisa)
Bi207 40257 pCi‘a G967T Ci TmemdyT OO O -‘ Ooo 2 4825 (mrem ATy pCida) 40285 pCisa)
Bi210m 21870 pCifg 37815 C memAr oo oD 000 4 573e-5 {mremAr)ipCiig) 21865 (pCisg)
Poz08 55314 pCifg 1.03e15Ci Imemd DD OO O OO 0 {mrem/Ar)ApCida) 553214 pCifg) ﬁ
Po209 1pCifg 1730 Umeemdr DO OO O OO 132113 memsyr)/pCig) 757212 (pCifg)
Rnz22 0 pCifg 0C 7 Be-24 mrem Ay ﬂ Oo0OO0OoOoao 0 {mrem )/ ipCisg) 0 (pCiva)
Raz26 0 pCidg 10 3M=2BmemdT OO OO ‘ O o0 0 {mremAr)/ipCisg) 0 {pCia)
Raz2g 0pCifg 00 18%2imemdy OO 0O 0O -‘ O 0 0 {mrem/47)/ApCiig) 0pCisa)
ACZ2T 0 pCifa 0G 508eBmemdyr O O O O ﬁ OO 0 {mrem/yr)/pCida) 0 {pCisa)
Th223 OpCifa 0Ci lmeemd O DODODODODO 0 {mrem ATl pCisg) 0 pCifg)
Thzz29 0pCifg 0C  2.81e-16 mremsAr ﬂ oODoDo0o0Oo0n 0 imrem/yT)/pCiig) 0ipCirsa)
Th230 0 pCifg DG 1.12e-24 mremsAr ﬁ OoOOoOoOoOao 0 {mremAr)ipCida) 0 {pCifa)
Th232 0pCifg 1] 8] 1.5e-22 mrem Ay ﬂ ODoOO0OoOOo 0 {mrem/47)/ApCiig) 0pCisa)
PaZz31 0 pCifa 0G S54leZBmemdyr OO O O ﬁ OO 0 {mrem/yr)/pCida) 0 {pCisa)

PoZ09 = Pb205 Actinium Series Thorium Series Uranium Series Neptunium Series Decay Chaine Diagram

* Radionuclides identified in the same color are members of a decay chain and require individual WCL development.
** Receptors: AR adjacent resident, MR nearest resident, SR on-site resident, OW oilfield worker (driller), F farmer, H hunter, R rancher
*** Avalue of 0 pCifg means that the WCL for this radionuclide is not evaluated. A checkmark indicates that the WCL is from specific activity.

| Cortrol Panel | | RCRAWCL Controls | | DecayChain Specific Resuts | | DoseDetals | | BowseModel | |  Run Model

Performance and Risk Assessment Community of Practice « December 2015




Bringing it Together

RELCN U.S. NUCLEAR REGULATORY COMMISSION June 1989
& %,
P %
Radon flux estimates according to NRC Uranium Mill Tailings Cover Guidance ‘:\\‘ f g
“,
\ g
These radon flux calculations are based in the U.S. Nuclear Regulatory Commission Regulatory Guide 3.64, ~ Haxx¥ OFFICE OF NUCLEAR REGULATORY RESEARCH .
"Galculation of Radon Flux Afteruation by Earthen Uranium Mill Tailings Govers” (NRC 1989), and T
e, o A0 o O 0 e [ Rado bver Guidance
all embankment cover designs are quite similar, this calculation is performed only for the TopSlope of the | = .

Class A South embankment, and is applied to other columns.

The calculation proceeds from the bottom up (waste to surface). as outlined on page 14 and Example 2 in
| Appendix A of NRC (1989): First is calculated a flux from the DU waste itself, assuming no overlying bartier
That flux is used as an input boundary condition for the subsequent calculation, which estimates the fux ~ ~

on Regulatory Guide 3.64, =
" [NRC 1989), and i
esign” (NRC 1984). Since

A graphical summary of the fiux results through each 5
stage is provided here. % "M

ReFluiGraph, TS Deff for Radon
Backgrownd calcuatons & all for the TopSlope of the 3
“The layers that this radon diffusion calculation considers are: Radon Flux Calibration
« near-surface soils (all cover materials above the clay) Cl
« compacted clay radon barier REGULATORY GUIDE 3.64
e ) st sl st e A TORY SuE

- DU waste containing radon parents (LowerWaste)

The botommost layer has a radum-225 conceniation that dives the radon poduction & .
h CALCULATION OF RADON FLUX ATTENUATION BY EARTHEN
P —— wereE N R e COVERS ge 14 and Example 2 in
e S ") A iming no averlying barrier.

- inverse relaxation length b, from NRC 364 eq. (10)

layer thickness interface constant
a

Df; » Cover_Thickness l>j;( > a_Cover »f;{ » b_Cover

B f;( » RoBarier_Thickness ~ [> f}'{ > o RoBarer (> ﬁ » b_RnBarrier
bf; » UpperiVaste_Thickness |>f)" > a_UpperWaste bf;( »b_UpperWaste
D>f;( » LowerlVaste_Thickness [>f;( > a_LowerWaste bf; » b_LowerWaste

GoldSim Model Calculations

inverse relaxation length
b

Radon flux calculations

atmosphere
RN2221=0 . (s 10
> b

RnFlux_GroundSurface

eq.(A-16)
>
Deff_ EqvSrc_RnBarrier
eq (A-14)
L
RnFlux_RnBarrier

upper cover

eq (A1)

B fx >

radon barrler

Deff_ EqvStc_UpperiVaste

ea (x8)
i
RnFlux_UpperWaste

upper waste
(generlc waste

free of Ra226)

eq. (A7)
BB

RnFlux_LowerWaste

lower waste
(DU waste
with Ra-226)

B x>

Ra226Conc_LowerWWaste

NOT TO SCALE

Equation numbers in "Radon Modsling in the EnergySolutions
Depleted Uranium GoldSim Model" are provided in blue.

Flux of Rn-222 from the top ofthe cover layer (gropund
surface), using equivalent source values for a, b, and
thickness.

¥ See step6 on p. 2-14 (NRC 1984)

Equivalent source diffusion coeficient, a, b, and thickness
fo se nanayzing s trough upper cove by equation
(10) (NRC 1984)
ea wm eq.(+18)
S S
a_EquRnBarrer  b_Equ_RnBarrier  EqiThickness_RnBarrer

Flux of Rn-222 from the top of the radon clay laye, using
equivalent source values for a, b, and thickness.
JD See step4 on p. 2-14 (NRC 1984)
quivalent source difusion coeficient, a, b, and thickness
for use in analyzing flux through barrier layer, by equation
(16) (NRC 1989).
eq (A1) eq. (1)

A A
a_Eqy_UpperWaste b_Eqy_UpperWaste EqvThickness_UpperWaste

‘assuming no cover at

T Flux of Rn-222 from the top of the upper waste layer,
J_cin NRC 3.64 equation (12). (NRC 1989)

Flux of R-222 from LowerWaste cells, assuming no cap.
J_tfrom NRC 3.64 equation (3). (NRC 1989)

Concentration of Ra226 in the uppermost DU waste cell
(Waste_06). (Total mass in the DU waste cell, dvided by
the cell volume and converted to activity Ra226 per mass
of waste).

R_tin NRC 3.64 equation (9). (NRC 1989)

Bach

All

hich estimates the flux -

“pugh each

usmc REGULATORY GUIDES
Regulatary Guides ara Issued to describe and make avallable to the pub-
T othads ALSoptanio 1 1m0 NG s1aif of mplementing specific parts
: Stait g o0 '“’T" o aetlato Seaonte. o 1 o
. o probloms or postulated accidorts,
sttt n evaluating spacifc praplems or pestugted eocld BEerE

iona wmplllnc-vA % ther, - not req
“omlions ieront rom tnose set out in the guides will be acoeptabio i
they provide a basis for the findings requisite to the issuance or continu-
B ance of a permit or license
Tnis gulde was Issued after consideration of comments recolved
the_public. Comments and suggestion: improvemants i ‘hese
guldos aro oncouraged at al times, and num: il b revied, a5 ap-
o
e Serence:

The guides are issued in the fallowing ten broad divisions:

1. Power Reactors 6. Products
2. Research and Test Reactors rans,
3. Eusls and Materials Facilties a8 o::uml‘ln-r;ﬂ Heatin

Financial Review

S RAtorrate and Pians Protection 10, Generat

Copies of [t

O¥fice at the current GO price. Information on current GPO prices may

ained by contaciing the Suparintendent of Documents, U.S:

overrment Printiog t Office Box 37082, Washington, DG
SO TAT0RR, telennans. (30412752060 or (B0 VET5-EIT1:

lssued guices may also be purchased from the National Technical Infor-
tails on this service

\riten comvments may be eubmiliod to the Roguiatory Publications
Branch, DEFS. ARM. U. Washing-
ton, DC 20555,

ice may b
ma.m by wrmng Nﬂs, 52&5 Port Royal Road, Springfield, VA 22161.

»

Deff for Radon

»

Radon Flux Calibration

&

MRC Reg. Guide 3.64

tion,.

»

MUREG/CR-3533

TTMETTALE LUTTS Tl o, TTUTIT Tt I 0 T T TTT

inverse relaxation length b, from NRC 3.64 eq. (10)

GoldSim Model Calculations
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Bringing it Together

Radon flux estimates according to NRC Uranium Mill Tailings Cover Guidance

These radon flx calculations are based in the U.S. Nuclear Regulatory Commission Regulatory Guide 3 64, =

alculation of Radon Flux Aftenuation by Earthen Uranium Mill Tailings Covers” (NRC 1989), and T
IUREG/CR-3533 Radon Attenuation Handbook for Uranium Mil Tailings Cover Design” (NRC 1984). Since
all embankment cover designs are quite similar, this calculation is performed only for the TopSlope of the
Class A South embankment, and s appled to other columns.

The calculation proceeds from the bottom up (waste to surface). as outlined on page 14 and Example 2 in
| Appendix A of NRC (1989): First is calculated a flux from the DU waste itself, assuming no overlying bartier
That flux is used as an input boundary condition for the subsequent calculation, which estimates the fux ~ ~

A graphical summary of the fiux results through each 5
stage is provided here.

RnFluxGraph_TS Defffor Radon
Background calculations &
Radon Flux Caliation

The layers that this radon difusion calculation cansiders are
« near-surface soils (all cover materials abave the clay)
- compacted clay radon barier
« inet waste (with no radon parents) - similar to soil (UpperWaste) NRC Req. Guide 3.64
- DU waste containing radon parents (LowerWaste)

Th bttt ayer has s 22 conceniatin that ives heradon producion &
NUREG/CR-3533
Alllayers have the following background calculations, defined below:
« thickness (obtained from disposal facility dimensions)
«interface constant a, from NRC 3.64 eq. (1)
- inverse relaxation length b, from NRC 364 eq. (10) ‘GoldSim Model Calculations

layer thickness interface constant inverse relaxation length
a b

B f;( » Cover_Thickness > j;( > a_Cover B f;{ » b_Cover
B f;( » RoBarier_Thickness ~ [> f}'{ > o RoBarer (> ﬁ » b_RnBarrier
B f; » UpperlVaste_Thickness 5> ﬁ »a UpperWaste (> f;( »b_UpperWaste
B f;( » LowerlWaste_Thickness [ f;{ »aloveWaste (> f; » b_LowerWaste
Radon flux calculations Equation numbers in “Radon Modelingin the EnergySolutions
Depleted Urarium GoldSim Model"are provided in blue.

atmosphere
RN222]=0 (0, Flux of Rn-222 from the top of the cover layer (gropund

surface), using equivalent source values for a, b, and
> b Tu hckness

RoFlux. GroundSurace See step 6 on p. 2-14 (NRC 1984)

Equivalent source diffusion coeffcient, a, b, and thickness

H for use in analyzing flux through upper cover, by equation
H (10) (NRC 1984).
S eq (&16) ea (1) eq.(+18)
-
N A O TS
Deff EquSic_RnBarrier 2 Eqy_RnBarier  b_Eqy_RnBarier  EquThickness_RnBarrer
S Flux of Rn-222 fiom the top of the radon clay layer, using
»f;( B> o cauivalent source values for . b, and thickness.
e See step 4 on p. 2-14 (NRC 1984)
N Equivalent source difusion coeficient, a, b, and thickness
5 for use in analyzing flux through barierlayer, by equation
H (16) (NRC 1989).
A eq (A1) eq (+12) eq.(&-13)
H
K s > B x> Szt
Defl_EqvSrc_Upperlaste a_Eqv_UpperWaste b_Eqy UpperWaste EqvThickness_UpperWaste
ea (48 Flux of Rn-222 from the top of the upper waste layer,
- £ SsSuming 50 Covr o
J_c in NRC 3.64 equation (12). (NRC 1989)
22§  RoFoUppeaste cin swzion (1211 )
B8
-
:
Rl H

ea (47)
Flux of Rn-222 from LowerWaste calls, assuming no cap.
Df% B & J_tfom NRC 3.64 equation (9). (NRC 1989)

RnFlux_LowerWaste

Concentration of Ra226 in the uppermost DU waste cell
(Waste_06). (Total mass in the DU waste cell, dvided by
L the cell volume and converted to activity Ra226 per mass

Ra226Conc_LowerWWaste

lower waste
(DU waste
with Ra-226)

of waste)
R_tin NRC 3.64 equation (9). (NRC 1989)

NOT TO SCALE

layer thickness

B Cover_Thickness

4
=

B EnBarrier_Thickness

v .V
Y

P UpperVWaste Thickness

b LoweriWaste Thickness

4
=

interface constant
a

>

>
>

b a_Cover
P a_REnBarmer
- a_Upper\Waste

P a_Lower\Waste

P AT e e

inverse relaxation length
b

>

>
>

b Cover

» b RnBarrier

b _UpperWWaste

b LowerVWaste

AR TVLY TOL TV

ometimes simply organizing the
appearance of calculations can
help in communicating their role.
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-

Bringing it Together

This flux is given by NRC (eq. 3 in NRC. 1984 and eq. 9 in NRC, 1989) as

Expression Properties | RnFlux_UpperWaste X |

-

J.= R p,E.\AD,tanh(x,/A/D,) (A-T)

Definition

s used in the second step to solve for the surface flux of radon assuming continuity of
- e ontinuity of concentration across the tailings-cover interface (eq. 4 in NRC. 1984 and
ElementID:  RnFlux_UpperWaste 3 :
Description:  Radon flux from the Upper Waste layer B 2J,exp(—b,x,)
_ la, _ B f a, R -_ E
D|5,p|a'!|.| Linits: DCIII'I'IHS M Scalar ]'+'l‘| a. tanh (br.\r}'i' 1 \i a, tanh(b, .\,,‘Il exp[_ 2 b‘,:l C_:I
1) Current Value = 0 pCi/m2/s ] S ———————— T
( 2 * RnFlux_LowerWaste * exp( b_UpperWaste * 1e inverse relaxation lengths are defined as
Llpper'n."u'aste__Thidc;ness N1+ sq_rt[ a_LowerWaste / = e
a_UpperWwaste ) * tanh( b_LowerWaste * LowerWaste_Thickness ) by=vA/D, and b =VA/D, (4-9)
+ [ 1-sgrt{ a_LowerWaste [ a_UpperWaste ) * tanh{ INRC, 1989) and the interface constants are defined (eq. 11 in NRC, 1989) as
b_LowerWaste * LowerWaste_Thickness ) ) ®exp{ -2 * . ) ,
b_UpperWaste * UpperWaste_Thickness ) ) a,= n;D,[l —(1- Er]mr] and a_= PI;DC[]. —( l—k}mcr (A-10)
] Final values Time Histories

- equilibrium distribution coefficient for radon in water and air (pCi cm™ water per

g K
pCiem™ air).
| ok || caneel || Heb
A
B S T T
H B 5 A - fir
Defi_ EquSrc_UpperWaste  a_Eqv_UpperWaste b_Eqv_UpperWaste EquThickness_UpperWaste R -
adon Modelin 15
ea (48 Flux of the top of the upper waste layer, g
> f;( B T" assuming above.
U T e s 19
£:8
s
&

uppe
(generl

Flux of Rn-222 from LowerWa:
BB T .

(DU waste
with Ra-226)

lower waste

NOT TO SCALE

ste cells, assuming no cap.
J_tfrom NRC 3.64 equation (3). (NRC 1989)

3 = 2Jtexp(-bcxc}
c

(12)

of waste
R_tin NRC 3.64 equation (9). (NRC 1989)

waste
¢ waste
Ra226)

1+ Jat/actanh(btxt) +[1 - Jat7actanh(btxt)]exp(-2hcxc)
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QA Tools in GoldSim

Use the tools provided within
GoldSim for QA:
Note Panes
Versioning
Version change notes
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The Note Pane

N EM| %8BS EWE M) E S8 7 iR B B AT

|

(3] < & Cortainer Path: “Materals -

Materials and Species Definitions

This container includes definitions of contaminant species and their decay rates, the material properties
of the physical solid materials making up the cap, waste, unsaturated and saturated zones, and
properties of the fluid media Air and Water. Soillwater partition coefficients (Kds) and solubilities are are
associated with the definition of Water below, and Henry's Law constants with Air.

The list of contaminant species is defined in the Species

element. The list of radionuclide Species is derived from the
[ waste profile for depleted uranium from the Savannah River
Site (Waste Profile Record SRS DU 9021-33_r0.pdf),

attachments 1 and 2.

=
o
fo
Il
d¥
oo
Cﬂntaminant Species &
A
'
2

Species DecayChains

}b Half-lives are defined in their own vectors to assist with QA @;

Halfl ives o]

I_l_ * .
B

i 0 3

:’:II |Elemert: Species

The values in this Species element were checked against the Model Parameters document and workbook
v0.903

John Tauxe

11 May 2011

Edit Mode: Press F5 to run model, Scale: 100%  Filter OM  Edit Mode
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Model Versioning

o h
| DAES\energysolutions\DU\GoldSim\GoldSim Version Difference.txt - Notepad ++ e ]
-
Version Manager File Edit Search View Format Language Settings Macro Run  TextFX Plugins Window 7 X
- . =9 =
e cDHBL B ihh|iscian < EEEIED sEIERxavzg
The Version Manager &=l new 1 = GoldSim Version Difference be |
to Spe':iﬁ' a referency 84 [Begin Element 'UpperRnBarrierKsat Nat'] -
Clids 'Create Version' { 85 Path: \Materials\UpperRnBarrierClay Properties\ E
marking the version's g6 Type: Expression
P [ 87 Changes:
—
Changesﬁ B8 The element was added.
Bo B description was added to the element.
1.200 Content 90 After changing the element the following note was attached: 'revised for HYDRUS ET
antent.
1101 cover modeling implementation
1.100 Chang| g1 wl.2
1007 The ele 92 8 May 2014
% 1
Create A desc 93 Kate Catlett
After ci 94
: madelin as Begin Container 'Unit4 Properties'
Version O3 [Beg i = Ly ]
v1.2 96 Path: ‘\Materialsh
LIser Mar| 2 May 3 97 Changes:
Kate Ca a - —
Descripti i el
sz 99 Element (=) added:
'ghm_ TE; 100 'l1og wG Alpha' (Tvpe: Stochastic)
esign BRI, P e :
101 'vwG Alpha' (Type: Expression
SIBERI/ ELlDuG,: ULVECs fAD i
102 'log vG n' (Type: Stochastic)
Optiong | | 103 'vG n' (Type: Expression)
\ 104
[ 5ha .
105 [Begin Element 'log vG Alpha']
[ sha| | 206 Path: \Materials\Unit4 Properties\
107 Type: Stochastic
108 Changes:
10a Tha alamant rras adAdad i
Mormal text file nb char: 163724 nb line: 4668 Ln:1 Col:1 Sel:0 Dos\Windows AMSI INS
L5 A
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More GoldSim QA Tricks

Additional QA tricks:
»  Cloned elements
- Referenced units
- Graph footer information
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Clones for QA

If an equation is used in more than one place, cloning it
guarantees that it will be the same for all clones.
That makes QA easier.

Expression Properties : GrassFracTop u

Expression Properties : GrassFracTop | & |
Definition | Clones Clones
Element ID: GrassFracTop| AppEarance. .. This element has the following dones:
Description: Fraction of grass roots above top of layer LT Go
\DizpozalPlants\Cap3Uptake\GrazeFracTop ‘..?:."...
Display Units: Type... Scalar \DizpozalPlants\Cap4lptake\GrazsFracTop i,
\DizposalPlants\Waste1Uptake\GrassFracTop i,
Equation

if{ DepthTop == GrassData.MaxDepth, 1, 1- { 1 - DepthTop /
GrassData.MaxDepth ) "~GrassData.b )

Save Results

[] Final values [ Time History

| ok || cancel || Hep | | ok || cancel || Hebp
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Units from References

B3 GoldSim Pro - WCS Site Model v0.3.gsm* =] = |

%Eile Edit View Graphics Model Bun Help

DEd| » 2B RS s@HE AT B%m 2 .QEal@ e G M I e 0 E
[d <% % Cortainer Path: Data Properties : FloorHeight_Cyl ﬂ I:t"
T Definition n]_u
! — L &N
lid I i ----- i re— 1
; r  ..but of course we want meters .. =
: \h ‘LLH‘-LL DisplayUnits:IlTl Type... |Scalar g
| = ihh‘nh %Outsidel:{adius_cw D{,_%J Current Value =0.3556m] A
| .. — |1ﬂ:+2ir|
woe ; "l original units are in ft. and in...
| T EIH} OutsideHeight_Cyl i s e
I iy — " " Type: [None v] =
| # ‘;{lb FloorHeight_Cyl m
g sz

A reviewer will need to check those orlginal units against the source.

footing pad I—'—|‘i7 ------------ n-?'f‘_“' ThicknessPad_Cyl [ oc ) [ cancl ||

4 [ m | F
Edit Mode: Press F5 to run model.

Help ]

Scale: 100%  Filter ON  Edit Mode
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Run Stamps for Traceability

.
|~ SurfaceSoilbctivity

el

= Table  Display:[History_+] 5% &

Total Radionuclide Activity in Surface Soil at the RWDS

[H3]
—cemus TG4

total mass in soil (Bg)

..... [Kr25]

------- [C136]

----- [Amg]

—-—- [ka0]
[Cof0]
[Mig2]
INiS3]

[Sr20]
[Tcag)
[Sn121m]
— [Sni2f]
I | =)
------- [Cs137]
----- [Eu150]
—-—- [Eu157]
— = [Eul54]
—— [Pb210]
[Rn222]
"""" [RaZ26)
[Ra228]
=== [AcZ2T]
[Pa231]

[Th228]
[Th229]

; - R : : : : = : e
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 [Th232]
Ny, eAm SRS SRS R SmSeRS g (Np237]
time (yr) [u233]

[U2341

element.  SurfaceSoilActivity D_O not ever r_emove
model: Generic PAv2.0.gsm <€ this from the image,

timestz_amp: 23 Sep 2015 17:05:34 even in publication.
GoldSim 11.1.2000 w
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