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Abstract

Mathematical model is an important tool in evaluating the environmental impact and
associated risk when constructing a storage site for low-level radioactive wastes. The
objectives of this study are to collect popular hydrological models and understand their
theories, functions, and required input data sets. Three surface and subsurface flow
models (HELP, MODFLOW, and FEHM) and three contaminant transport models
(MT3D, BLT-MS, and GoldSim-CT) are selected and evaluated according to the
guidelines of model selection given in literature and the methods developed by US
Nuclear Regulation Commission. Finally, this study uses some examples to demonstrate

the applications of the selected models.
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4
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i
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SRy

AFFF R - B 200m x 100m 2z 3k > d 3T A
Ko BRG2m: Sk ek BARS1SMS $ 2k A AS kA RAL5M.
&R vk 2 3R S8 % HELP P22 chd 3 73 (soil texture) % 3k 3+ 2 » i & 5 &
F 922007 2 F Ay SRR ECBREZ PRESGEVE LI LR
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(source/sink term) -

# 4-1 HELP #55V Rl % %

PRECIPITATION 21.2 16.0 19.1 39.4 113.2 123.2
4.0 018.9  361.4 95.3  300.0 19.6
RUNOFF 0.00 0.00 0.00 0.00 0.00 0.00

0.00 2.05 6.82 0.00 19.69 0.00

EVAPOTRANSPIRATION 23.10 13.52 22,28 29.64 39.74  68.89
16.13 110.74 61.94 41.72 34.89 19.61
LATERAL DRAINAGE COLLECTED 4.446 21.106 22,888 21.586 21.687 17.847
FROM LAYER 2 21.041 10,320 28.944 49,202 45.688 57.536
PERCOLATION/LEAKAGE THROUGH 3.121 4,386 4.826 4.634 4.749  4.309
LAYER 3 4.684 3.680 4,860 6.182 5.838 6.532

AVERAGE DATLY HEAD ON 82.638 406.450 400,845 393,984 386.597 331.151
TOP OF LAYER 3 374.408 186.959 438,591 654.055 626.201 "l‘) 197

STD. DEVIATION OF DAILY
HEAD ON TOP OF LAYER

1.360 1.913 2,106  2.216
4,304 207.974  3.981 101.850

4.2 MODFLOW

* 4538 > & % MODular three-dimensional finite-difference ground-water FLOW
model (McDonald and Harbaugh, 1988) » * &g & -k & 7 -k & i & chIk %
MODFLOW £_# * 8w 3% 5 *T 4 & ;% (block-centered finite-difference approach) & :&
o TR AR L R RN o R R T RS R R
R ok B Sl A ke iR S B - 2 K22 2 % - MODFLOW + i3

-k~ ~ 5 [Fl4e -k (Rational withdraw) ~ 7 % %7 ~ &2ip it 2 »2 g ¥ - MODFLOW 2%

;m

KB AT AR f
(1) = & 7 -k k& (confined aquifer )

(2) p ¢4 % -k & (unconfined aquifer)
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(3) x & —p & 7 -k & (confined/unconfined aquifer)
(4) A5 (1)+2 < & & (semi-confining layer)

(5) 413:%(2) +& = & k& (semi-confining layer )

(6) A5 (3)+2 = & & (semi-confining layer)

AT R BEE B 5 - B580OmM x 600mhg ok o d b a T AL

d 2k ~%-XBRZAE -FoXRBZAEZEZE HY > 5 ke sz h2ok
4Gl B oo R F K B 2235 18 (heterogeneity) IR % o 2 B R 5 Rk ER

(2:9m; £ :8m) >+ TH#A L ERE - ABEG00M-300m) =% KE- 22T
T2 44k 2 o f1* MODFLOW 3+ 8 f— # % -k & a5 in™ » 4t -k 2 o i

i (capture zone) » 4] 4-2 #7577 o Bl 4-2 Bg A R F Bk 2 iM% - K 5

d R KRB R ELEd O RUL T IR A R DR Y
W7 R* 5 AL 24 o
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B 4-2 MODFLOW -5V BlE % &

4.3 FEHM

A H#-5% > & % Finite Element Heat and Mass transfer code (Dash, 2003) » £ * 7
A F 2 TR TR~ o H O 805 R BEGS  HOSOT R i Bl S
g ] s fRBEAAR e A A R ERELAE R R R R~ Ak R R
B2 $f23 2% - FEHM v 55 8 ko ~ @ (ail) ~ #veaynds > 2 481 &
S oo gt ZoRE AN 2 480 e o/t o g KR -

AT R 20 5- B200m x 100mz 43k ook 4 BE AL TE
LR A AokE(Z 0ms L i 8m) P TR LA d i o Fok k2 kEEA

1) 43 #57 o
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T eSS O

Ry ot FE g % o & 3 7 @% 3% MT3D~GoldSim-CT~ 2 BLT-MS
£ A BWP 4oT

5.1 MT3D

*Hc8 » & 5 A Modular Three-Dimensional Transport Model for Simulation of

Advection, Dispersion and Chemical Reaction of Contaminants in Groundwater Systems

(Zheng, 1990) » MT3D ¥_- 3t 4F4;# (Method of characteristics) ~ & i BiJx & 2
(particle tracking algorithm) ~ 2 § *XZ & = 2 » G2 B R 4L ch= a3 T-KiF 44 @
%] Bosb o * TS 4 4 2R w4 (anisotropic) ~ 24352 5T (heterogeneous) ~ & it
(layered) -k & ¢ erik & % 1t < MT3D ¥ M #5444 & 5 k& ¢ chtin
(advection) ~ zf $z(dispersion) ~ ¥ *f(sorption) ~ % ¥ fZ(decay) & # 5 L f k R ¥ i
] 0 B P S TR T AR N M T > R G - R T ik
it14 % % (radioactive decay) st # 4 *# fz(biodegradation) - MT3D B3k jk B % (- %
€ B F PR By ToRIRS > FtiE e i * 4w 38 (block center method)F FTE A i i
RIRHESY 0 $2F 1 gEEe MT3D <& (775 % 4 @ i ke > 614 MODFLOW = MT3D #+ %
B~ hlcdp 0 R TR 2B S R B RRR AL R R B R
&R (sink/source) e » oy RfE D R s Rl 2 IV HIEY SdRE o

AR % 6|2 MODFLOW Apf » e £ a3y 2 3 f#3%- 5 54k - &
* MODFLOW & ey 275 4 4 iy PR BB X 2 & - ] 5-1()-(d)
BMro a2 2 kB3 3REEREBEDET, - ¥ g I § + 2 chfh k2 2 8ok

PFo B-R B AR RN e L BE 0 R LSOO 0 5 B e ff A
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|
OIETIIEES ST TS (b) 5 % @ 5 5 - £ B
(C) % By ¥ = & RS ® (d) /5 % @8 % = & e %

B 5-1 MT3D #-3V PR %

5.2 GoldSim-CT

* 458 > & % GoldSim Contaminant Transport Module (Sullivan et al., 1996) » #
® > GoldSim &_d # R & JRi%(Dep. of Energy)% 3= £ ® 3 ¥ %% & = # (Gold Associates
Inc., GAIF 3 endr i o T Pl > v L 3 558 S 8P > B 5+ + 2 (Monte
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Carlo);% 2« £ 7 4z = §8(Latin hypercube) 52~ % #-3¢ (sampling technique) » i& {7 22 #% &
4 45 (probabilistic analysis) 3 B e H-# o ¢ *b > GoldSim = ¥ J& * z_ & & 47
(deterministic analysis)#ti& = efg.3% > 5d # i i S (dynamically linked library)=* it
21 GoldSim & & » e (FATR BB 3 IR A A 41 0 K F AR S R R % o
B o bldef it A7 7 972 £ W Sandia R RF % 0 T Anil B HIT o & (T
B d - £ BLT-MS £ GoldSim & 425" $8 & cfis; (9 & 2 & 30p @ > 2006) o
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5.3 BLT-MS
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PROBLEH 1 Prob2: Three species decay chain. Containers

=xx% BASIC INTEGER PARAMETERS %=

NUMBER OF HODAL POINTS. . . . . . . . . 213
NUMBER OF ELEMENTS. . . . . . . . . . . 148
NUMBER OF DIFFERENT WATERIALS . . . . . 1
NUMBER OF CORRECTION MATERIALS. . . . . i}
UELOCITY IWPUT CONTROL. . . . . . . . . -1

GRID COMTROL: =8 READ cards; =1, automatic generation a

*%x% MUMERICAL WODEL SELECTIDN PARAMETERS xxx

STEADY-STATE CALCULATION. . . K35 . . . 1; 1=HO,B=YE3
UPSTREAM WEIGHTING INDICATOR, IWET. . . 1; B=GALERKIN,1=UPSTREAM
LUMPING INDICATOR, ILUMP. . . . . . . . 1; B8=HD, 1=YES
TIME-DIFFEREHCE IHDICATOR, IMID . . . . 8; 8=HO, 1=YES
WEIGHTING FACTOR OPTIMIZIHG IHDICATOR . 1; 8=HO, 1=YE3
IS FLUX-SOLUING MATRIX LUMPED? . . . 8; 8=HO, 1=YES

*#%x%% CONTAMINANT INFORMATION =xxx

FLAG FOR HAS3 INPUT{MASS=8, ACTIVITY=1) i}

NUCLIDE ATH DECAY-CONSTANT CSAT
Am241 241, 5.0873E-11 1.B808E+88
Pu2y1 241, 1.464E-89 1.008E+80
Pu2ha 248, 3.358E-12 1.B808E+88

#x%% DECAY CHAINS s

NUMBER OF DECAY CHAINS{8=NO, > 1=YE3) . . 1

DECAY CHAIN HUMBER 1 - LEMWGTH OF CHAIN IS 3

Chain 1: Am241 DECAYS TO Pu2i41 WITH A BRANMCHING FRACTION OF 1.0068
Chain 1: Pu2zi1 DECAYS TO PuZhd WITH A BRAWCHING FRACTION OF 1.08088

B 5-4 BLT-MS 5% iel3 &1 4 % e 57
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