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FCMAV/AEC will review an application for a low-level radioactive waste (LLRW)
disposal facility in the future and wants to promote the reviewing quality by contracting
to conduct this project.

In this project, we study the domestic regulations related to low-level radioactive
waste disposal, the IAEA’s “Near Surface Disposal of Radioactive Waste—Safety
Standard” (WS-R-1) and “Safety Assessment for Near Surface Disposal of Radioactive
Waste—Safety Guide” (WS-G-1.1), and US regulations and reports including 10CFR61,
NUREG-1199 and NUREG-1200. We also try to find radioactive waste disposal
codes from US RSICC, and we prepare an experts and scholars list to FCMA/AEC for
establishing a review team and convening the relative meetings.

We have finished the following analyses: (1) the analyses of the domestic
regulations related to low-level radioactive waste disposal, (2) the analyses of the
IAEA safety requirements on low-level radioactive waste disposal, (3) the analyses of
the US safety requirements on low-level radioactive waste disposal, and proposed the
following amendment drafts: (1) Regulations on Final Disposal of Low Level Waste
and Safety Management of the Facilities, (2) Regulations for the Review and Approval
of Applications for Construction License of Radioactive Wastes Treatment, Storage and
Final Disposal Facilities, (3)Review Notices for A Safety Analysis Report of A
Low-level Radioactive Waste Disposal Facility. On the assessment code, we have found
23 radioactive waste disposal codes from US RSICC. On the review team, we have
proposed a list and convened an experts and scholars meeting at FCMA/AEC on Oct.
19 2007.
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US NRC, “Licensing Requirements for Land Disposal of Radioactive Waste,”
10CFR61,

US NRC, “Standard Format and Content of A License Application for A
Low-level Radioactive Waste Disposal Facility-Safety Analysis Report”,
NUREG-1199, Rev.1 1988.

US NRC, “Standard Review Plan for the review of A License Application for A
Low-level Radioactive Waste Disposal Facility”, NUREG-1200, Rev.3 1994.
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R % ¢ 10CFR 61 *zét i e § 4 M kel 5 BB & K (10CFR PART
61—LICENSING REQUIREMENTS FOR LAND DISPOSAL OF
RADIOACTIVE WASTE) -

FREPaE AL R (T FANRC)S 0T Al P e 5T
NUREG-1199 i 3zdf i Bl 4 B KW R R Y en% 24 4947 2 R 50
22 % (NUREG-1199 Standard Format and Content of a license application for
a Low-Level Radioactive Waste Disposal Facility—Safety Analysis Report) -
(1) F&£ % > A 54R 2 1 % 12 & 10CFR 61 2. & % ;

(2) y>e4 @ 'ﬂ—ﬁ 22 NRC 4 s flanz gl

Q) FerFgx 2ArdRL 2 A R AT

(4) FFEF P g &R

NRC 5 7 F3]p g 2727 NUREG-1200 i< 3cstid g 3 3 i ® K %6
RRY 5F & 0¥ F 434 (NUREG-1200 Standard Review Plan for the
review of a license application for a Low-Level Radioactive Waste Disposal
Facility) -
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Subpart A--General Provisions(— #x 2 %)
(- ) 861.3 License required(34 p& & &)

(1) M Al R AEFHNR > 3 T 7 > AL PRI P -
(2) M AE R aRB A o ihe NRC Y 35 E @R E -

(=) §61.7 Concepts.(#£ 4)
1 el &%

(1) Be# i 3k 0 2 A& Xkl > ¢ 45358 % & B (near-surface

disposal) » 45 2% & 426 30m srd kK% o Ha kY £ A k15 500
E g o
2. BER PR EEEiTE Aok

(1) % 24 : @SS B ApE s )R L > R L 1L ()

¥E i A (AR RS R P S g R o

(2) i AR AT BRI B RS B e T MOk B RS

RESTEREY - apii TR S FE U TR s E N S

h
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AR S RN B —Jmtgﬁ

(B) AF I cNAKEARRD I Al HN EA B AL > UELR N RE SRS

AP A BRI RSV N E B CHARDF - Lk

B oo AT ARR AA T AR B2 - RpEAZIE 300 £
(4) Al Bifid S 3 B g L A £

IV B R G o
)& i »zaiB A 1‘7?;‘%75 AL R REFHPENE P
(institutional control) ~ FREAOEDF el RRE > ZRE
~ ARG ek & F i 500 # o
(6) e B2l E ¢ 2 ° 100 # - AsF2 B

(intruder barrier) -

BRI FERRLT R
ESR: 7

3. B REAL

(1) g b ¥ G RSl S EER G FEOFLEHFE
ML g rlERIy - B o FaFiian g gFFH
{7 H-hEiE & M4 7 (site’s suitable ananlysis ) > @ ;%——‘F% HEL TR
NRC & i i E AR Y 3o

F
(2) EE A EFF g R B2 RRFF Rl TF R
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Subpart B—L.icenses(34 &)
(1) §61.10 Content of application.(? P %)
LV pest - SR - BARIFTE-EFFHEMS TR O
RS R ER T MS THEAREATEF o 4k o
(2) §61.11 General information.(- 4% 3 #%)
- PR e TN E
OGRS
(@) ¢ FH T
A eI SRR LA FERh iR F AN 24
H

b. Bt oY GE A AR 1LV REEH BREE R R
&5 S g IR

c. *RVHGHEP

d. @452 K2V 9GE 4 B it g o

(3) Fm T A FA

a P EH AR Fuail

b. & FE - B

c. ﬁk‘%ﬁﬁﬁﬁﬁﬁﬁ@@#mﬁwbﬁé;
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e FTRITKEE KA o
(4) 22 ~BRFET BIAF Bl o PR -
(3) §61.12 Specific technical information. (42 7k $ 4k #2L)
PR T AR S B r 7 a0 P H(subpart C) 2 & ¥ * enfkjis & f(subpart
D) » e dgTasrg i
(1) Aok Hrukchx SR A v B2b B b gs b 0 & JF & 45 AR Huh 2 ERT 2 B
Bk S F R FiEE A FaE o
(2) Med B R 2 ek H AR oIk Al 2 R HE T
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(B) o # > opER BB Wk 2 BB Rk o
(6) Med e B R ER2 i - LI HE H g R gkt s
AP EE S RAPIERTF I TEE > 2 BRAECAGE R B
K AR BT E R AP ISR R AR kB T kR
B R4 E S B RIR A Rl B T AT £ BB H i 2hanst i e BT o
(7) e a3 PP dof it ¢ N FRHPF 2 RisA ki@ Rgd o
R
(8) fik Hrak = v RFRerFEiy BAB T FHLE TROBFT &R
F AR U LA e
(9) b Rl 3T TR~ PG~ S S TN B A R i o
(10) mFim@Edoft oS ERE T E5 4 MRy L7k
CIEHE S REHP 2 EEERR S D

%
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(12) mB U RRFH ol R ETR* N H L B B
B AP A 0 AT P TR M

(13) FmAzhenfgat > ¥ FF G407 v o L FHIEE RE R FLTE o

(14) K6 T+ o8k uehfy i o

(4) §61.13 Technical analyses.($ it 4" $7)

BABMFRL T NES B ES R PR

(1) & Bom bk el 2 8 Ak o A 47 i B 5 i 2 (pathway) < F
SHTF CFESE TR A GRS ST F REP
AT Bl Brhl e p REF LRI R o Y

r

bR RAT A g AT LR BT s e R
AAQHE % VB E LR o

Q AR >»ZAOBAPESIT P HLBTEALLHEIFH P EL KT
CHRERLIDAERL > BREBDETERE o

R) B BAPEAI RV GFTEE LV ETHIFHRE T5 6 o &
AT AR EERDEE > RBERARITH TR ERERLE R

(4) Fe B Frnt L PRETZ HPLEFFLBAELFRF L A7 L 11X 2R
WARA AT 5 A #H o X AREAR4cE 4 (erosion) ~ + B3k (mass wasting) ~ &
H % »z(slope failure) ~ & 3 4~ 27 w 3 4~ e "% (settlement of wastes and
backfill) ~ dc® % B F % 2 ARiT 3 Mok~ Al Bk & oG ok o it A
1T AR ELENEE REF L HPEILFTREF IO REFL -

(5) §61.16 Other information.(# # 3 #%)
FWIp el B R 4 nfr i ~ P Rl KOS P ARG hiE 0 NRC

TR fGE e Ao T

D@ FehmFx s 0 FF ¥ ey £ 5  F F (special nuclear

material) » & JE B T Aeie 2 & X % R ¥ F-E AT ¥ Gl BRI

ef F]
%i’:il— o
(2) % SRR X 2 THFF Y R B L R R e
& ff & ¢h eh& J(Criticality accident requirements) » ¥ -4 7 ¥ 4 J6 ik

BAPFA
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(3) v Frakics e BP0 S ERP RGPEA 0 L
e d e
(6) §61.22 Updating of application.(¥ 3~ #7)
(D¢ R FRBREPT * DTHGET A RE -
(2 Y FFE LR B RD > BRI R ITE TS AT
o ENRC F 4 -
(7) §61.23 Standards for issuance of a license. (% P& 1% &)
NRC “5 3 e R #4je ~ 457 2 B AR > BAN T 52 5]- &
P 22 FAKPREEELX 2T AL EIRNR G 0 &
(1) £ FHee? 3 -
(2) ¥ HERTE Fh o e R B B KSR (F KA R
EARE) S B FHHP 2 HPUEEE 0 KA FENREESE >
FTRTATAREEEHER (D) Farasbda ke g§EpE Q&

‘—\w

LR REFPE Q)R FFRE R IR o () BRI 2
BNV EEYRETT AHFEA ZHE LB AR RE

(3) ¥ 3% ¥ subpart D 3 iic & f2 B 0 2 R EELEHE -

@ FEHEF L RREELEE TREDEFIT IR EEF PR
£ o

(5) 14 wEFT AL & subpart E eh& f o

FR A

(7)Y Tl & 22 A R FEAREE O 2 IR ELILRE 54
RL=Y i AR 3 S

(8) i= fm NRC & feg#h o » 4 @ Jgix 2 = &4 -

(6) ¥ nmEFTHIELLER > LR

(8) § 61.28 Contents of application for closure.( 5 ¥ P %)
(1) el Bk B i P 3 & NRC A7 > ¥ 34 2 FRENBB LY 3 o HP
Fe R ERE SR P aEeitd o f4ET AFA
(1) ABHEDEEFEL R P RAFED e 5 MDE P e T~k
SERY S TR St
QEFAFrE-HFERH AAPIBELTREFATLI E* 5 H

TR~ F
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FHeER e B RIE R NS
@ ATAER > TradE R FTH (@)% Bl 25 235z > (b)
R T e (C)k Hrak fE it o
(2) &¢ - HREPRBEEFLSER L -
(9)  §61.29 Post-closure observation and maintenance. (31 B 14 g2 g2 3 (% %)
(1) %8 6128 P endtf » S H R FH - I HBFLFRNBRES T > &
Bk Hhb B R E R AT AT R R Bk an
FTECEEHPLAFSE - HPRETEFE AL TS DA REu D
PR AH S w2 P § R P E - R o
Subpart C--Performance Objectives(#* it P %)
(- ) 861.40 General requirement.(— 4% & &)
1 Byl XS iFE R FH - HPEHRPLEE ] BEEEE
ARpenfp SR % 8 61.41 $I861.44 R T LB o
(=) §61.41 Protection of the general population from releases of radioactivity.(*x &+

TERAE: EREN: N3

L 4 FIgRBareddy o b Tk 2G k25 ~2E A B
Fo R P T ERE A RE R AZE 2 G ooH £ 25 mrem ~ 7k
W75 mrem~ B FF 25 mrem e L EY 4R MRS AL > g2
Frid o

(=) 8 61.42 Protection of individuals from inadvertent intrusion.(:& & » &2_ B £
17 3E)
1 M i R 2R FHZ HPLFRELEL > Bl S 20 E
FREBRAFRMLB A
(=) §61.43 Protection of individuals during operations.(:& #& # 2_ i 4 4 3£)
1 M B RS2 F@ Q] 3 EFRGHES DR 2 w0 e ok ficst
PR FI861.41 2 F ] o I A RFGHRE > ST o
() §61.44 Stability of the disposal site after closure.(3F B 13 ek 34t 2 & 7))
1 FeB W 2ER ~HF R BHE 2 HPRLER R FnE L PR

T MHPLFT LA FR DTS TFARERIACER S
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Subpart D--Technical Requirements for Land Disposal Facilities(F 3 i 3% % ks
£ k)
(- ) 8§ 61.50 Disposal site suitability requirements for land disposal. (F&# A% 34+
RLR R
TP A B E R R AERP Y ITITE L B R RN

<7

Pz
M

RN e AT A LR R L RREARIF SR DR ENE S

_g_

Hph g > FEIR & subpart C ehE B i PR F e s ([ F o

1. LB Hhh S A BT S R S g R

2. FEATOFLRARGTR AT RFrRERGE & subpart C i 8
fRehig 4 o

3. Fralb L Aot R R e FHBLT A FREZE & subpart C

g B ke

il

b BB B d Aok AT AR KRR FR KT AR AR 7
T 2100 #EE K F S AR R T BRI

5. #Fd f bt PFenP R E o NLF S ETE(runoff) B R B R Pk H &~ o
6. A B  KSFER DB Tk ERE T RA LD BT
B 4 o BAeT R ALK Hal B RO S SRS s 88
A& G2 PBBEF2 %A £ subpart C# i P> NRC #

=2
LY G Bt LR RLE Brhh AN T OROR T s (e Ak ToROK g

T W oTRE Gk e FE AT M TORRT T A S 6 o

8. WAL AW IF ey Fo wo¥Th CBIB B RSV LY L ¢
B B8R Brabehac 4 0 &2 7 4 subpart C # i PR o

9. #h =34 g FIE* hh F 0 4o~ gLk (mass wasting) ~ % 4
(erosion ) ~ B F(slumping) ~ 3 % (landsliding) ~ % & = (weathering) #
FA o ERER Tt Fhhi 4 o Ei2 1§ subpart C # iy PR o

10. El Hrhb 3 T RN HITE R WA FE O B e Faahac 4 > miE R

-

£ subpart C # it P & ; CERIR B BRI e F oo

B

(=) 8§61.51 Disposal site design for land disposal.(F£ 5 ¥ H-ht & 3H)
T Al R R
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2. Rk
HELWEFS L subpart C # 50 P & -
3. ek Hahd PR AT L FEAM R L By X R M a4 0 U
£ subpartC # i B & o
4, Bl FRFRLPEEFFITRSLAE BB/ FI E G KRR

5. Huidoe e REINA G R RBH Y E A~ g FEHR
PVERES AARZEFF L RERL -

6. JB Hh S ERFAT IR REPTE Y G S BT R e ¢
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§ 61.52 Land disposal facility operation and disposal site closure. (£ F% %

538 i 2 gn )

U B I G R pi R N S

1. 19338 6155 w2 AMARRY » B R BT A F ek T i ik
ot ANARDPFEER BASFF2L 2T T 3 ¢ FxEi2 P & subpart
Cﬂﬁﬁ%oﬁ%Aﬁ@ﬁ%ﬁ€§M%@%iﬂiﬁ’ﬁﬁaﬁﬁ
pd y g oo

2. 199586155 T2 Clgaay » Habat 2 ahitt > bacx
T RS R o~ BHUE S bR R~ B2 0 500 £

3. T AR A R IR
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(5) iz P4 2R R 4 HH TG R P % L F > F R
JE R R FE6LE3 M AT BRI TEZ RELE PR E

s
(6) & — Ll HAHE BB R EH QA RPANERIFIZPED D
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e E e
(7) e ¥ e FEHAFEHPF R RN 75 £ <R ﬂs
(8) ¥ F 7 A XSS TS A PBERT T L et i E
(=) 861.54 Alternative requirements for design and operations. (X 3+ £2 18 #& 2_ 5
& R
1. Bary £ EFE & subpart C # 5¢ P - NRC # 448 7 28 61.51 3|
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e
piii
R
%
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e
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§61.53 2. . %_o
() §61.55 Waste classification. (% 3 4 4 #f)
T ol BRI
L SR ERFAHEFARBTIRFAZF (D AT ELZRIPENERR
BEE L DAL B Hox 15 DAL LD
Bl BAME ] U PASER Q- AT 2 A EL RY
PREER AT BRRSRUME AR 22L& Ko
2. BRAY A
D)AFEIF i Tl FEE s BAF L~ Bl - HFpRa g8
2 E 1 £86156(a)2 R FAREED L St £861.56(b)4%
TR R A H U R A B R
(2B sgARP e F R EREDRDFHE £ 1 Rl
P4 g AR 2 e Jf 14 £ 86156 R b inEd
R)C AR LR & LREDERFEE L Hﬁx}i’—ﬁﬁ;: 4 &
R RUEE R ARERCE o AR IR R L EV) IR g A S
LA R PFER R
(4) » A ATF AcsH B R P IRT AT Al TR o AR C AR R
&Rl b B B f 0 Pk He B NRC PUET el
3. MELFYPEA N F RSB RF T F A LAz kg B

(1) ER A&REX 1EDLI0 > 3 AFFAERNS -
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(2 ERAwL 1ENUI0 R A4QEBL LE > 2 CERAL o

() BArkRATiE £ 1 BN » L § 4 5178
@ FAIz IHEEL 1 2% PfE

e f B TR R o

HBOER 2T R s E

Z'Ci.lt <1l
%1
Yo b 12 A JE B (Ci/m®)

C-14 8
C-14(#Fi £ /%) 80
Ni-59 (i& i* £ ) 220
Nb-94(i# i £ /) 0.2
Tc-99 3
1-129 0.08
LR WA 5 E B WAz P 100(nCi/g)
Pu-241 3,500(nCi/g)
Cm-242 20,000(nCi/g)

4. 11 T‘r'——-g-ﬁﬁf"‘ﬁék\@p PEREERAF G F A

AR R 2R AT

1) LR A4EL25 LIPE - 2 ASAEDP o

(2 EARKREL2F LW L ALBT 2FE > 5 B
3) EARKEL2F 2 E > L ALBES 3HE- 5 C
(4) BhrkRAZEER 2% W E AP T F P 5 T8 Ak

>N-

>\-;\-

15 7) 2 S st prfg o 8
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5 A B

y
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Z&<l o
i Ci,t
% 2
2 B (Cifm®
E LAy RO
1l | %2 * 3
Livgpo] b E 2ty A 700 @ @
B
H-3 40 1) 1)
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Co-60 700 1) (1)
Ni-63 35 70 700
Ni-63 (75 * 4 /) 35 700 7000
Sr-90 0.04 150 7000
Cs-137 1 44 4600

miBﬁﬁﬁﬁﬁCﬁﬁﬁﬁjﬁ&ﬁﬁ%&%%%ﬂ TR R
;‘&\ﬁﬁﬁ&fﬁﬁﬁiﬁ Y ERM S R RHE > T
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5. MEFEERHPRELSUFSEERAY TG A LE L 20772 s
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QD ERAREEL LENYL) BAfERE 28 o
(2 ERARELL1EDUI0 EARELL1E > » AREEL 2% 3F
B s CHEAT -
6. FiEMEEASF T A L L 297R 2 s fE L AR -
7. BRAPFER LT IPAEER T U PR 22 4ot ] F]3 (scaling
factor) » e X G FHBZ 27 * FERE RRE - AERVT ¥
T iaig £ 57 o
(=) 861.56 Waste characteristics.(z # # #4)
Lo AR 7 T 5] R Wi AR Srak s e i 4 R i
Be% 2pik o
(1) B TR AP 27 LA Mg e % o
(2) AR P2 R e KA TR T T d B
Mmoo
QR AMARNF T RM  Hpd k22 Fairil 3
Mo 2 FAREE WA 1% -
() 2 EE2FRTEAALFFTLFRFEST R RFOLREF
SR T ERG R aE
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v
e
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1. DIFMOD: A Computer Program To Calculate The Leaching Of
Radionuclides And The Corrosion Of Cemented Waste Forms in
Water or Brine.
DIFMOD calculates the leaching of radionuclides and the
corrosion of cemented waste forms in contact with water or brine.
DIFMOD computes both the behavior of specimens in the
laboratory-scale experiments and provides a forecast of the behavior of

waste forms in the case of an accidental drowning of a repository. The
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mathematical formalism describes leaching and corrosion on the basis
of diffusion and dissolution processes and of the chemical reactions by
corrosion.

2. DUST-BNL: Disposal Unit Source Term by One-Dimensional,
Transient, Finite-Difference, Subsurface Release and Transport of
Solute Contaminants.

DUST solves for release and transport of contaminants from
containerized wastes. Each container may have unique properties (i.e.,
time to failure or localized failure, e.g., pitting) and each waste form
may have unique release properties. Release from the waste form is
limited by one of four physical or chemical restraints: solubility,
diffusion, dissolution, and surface wash-off with partitioning. The
release from the waste form acts as a source for transport in the
advection/dispersion equation. Transport is modeled in one-dimension
through the groundwater pathway from subsurface disposal.
RNUCL.DAT, database of half-lives, solubility limits, and atomic
mass for selected radionuclides, is included in this package.

The advection/dispersion transport equation with spatially
varying sources (waste forms) is solved using the method of
finite-differences. Advancement in time is achieved using the fully
implicit backward Euler scheme. An option exists which permits an
analytical solution to the advection equation with spatially varying
sources. This procedure is an extension of the mixing-cell cascade
models. Radioactive decay and sorption processes are included in
either model. Container performance is calculated through empirical
correlations and user-supplied input data. Waste form release
characteristics are simulated with geometry-dependent (rectangular or
cylindrical waste forms) analytical solutions to the diffusion equation.
Dissolution is modeled through an input value specifying yearly
fractional release rate and rinse release with partitioning is simulated
using user-supplied values. In all cases, checks are made to prevent

solubility limits from being exceeded.
(=) %4 08
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1. AIRBORNE: Airborne Contaminants Dispersion Code.

AIRBORNE computes distributions of airborne pollutants. It
was designed to simulate the effects of proposed charges on the
environment, providing a means of modeling and displaying the effect
of a source of airborne pollutants on a particular locality. A simple
Gaussian plume model was used.

AIRBORNE requires data describing a latitude and longitude
grid on a section of the earth's surface and data describing and locating
a pollutant source. All sources are assumed to be at the center of the
cell in which they are located. It calculates the great circle distance
(assuming the earth to be a sphere) from the center of the source cell to
the center of a receiving cell and the compass bearing of the great
circle at the source. The source strength, effective stack height, wind
speed, and wind probability are used to calculate the concentration at
the center of the receiving cell due to this particular source. This
process is repeated for each cell in the grid.

2. DWNWND: Interactive Gaussian Plume Atmospheric Transport
Model.

DWNWND computes sector center-line and average pollutant
concentrations for sites downwind of the source. The code is
interactive and prompts the user to input source and atmospheric
parameters. Horizontal and vertical diffusivities are computed based
on the user's choice of dispersion parameters. Eight sets of dispersion
parameters are available. Plume tilt and plume depletion are among the
mechanisms considered.

DWNWND is an interactive implementation of the Gaussian
plume formulation of atmospheric transport. Lagrangian interpolation
is used to compute equation coefficients based on surface roughness if
the user's choice is Hosker's formulation of the Briggs-Smith
parameters. A Simpson's Rule integration is used to calculate plume
depletion.

(2) #9k f@ﬁi%J
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1. CHNSED: Code System to Model Sediment & Contaminant
Transport.

CHNSED is an expanded model of hydrologic response of a
watershed. It includes the simulation of trace contaminant transport
through the watershed. Within the stream channel system trace
contaminant is transported in dissolved and adsorbed form. CHNSED
includes both SEDTRN, a model of sediment transport through a
rectangular stream channel system, and the Wisconsin Hydrologic
Transport Model, WHTM, a processes model. Processes considered in
CHNSED include particulate mobilization (sheet erosion and overland
transport) and dissolved contaminant transport (associated with run off,
interflow, and base flow inputs to the channel system). An ion
exchange submodel simulates the soil-contaminant-water interaction at
the land surface, and sediment transport and partitioning of trace
contaminant between water and sediment in the channel system are
also included. Following its entry into the channel system, dissolved
contaminant transport is derived from flow routing algorithms of the
WHTM. Routing of the adsorbed fraction is controlled by sediment
transport dynamics, which are governed by bedload and suspended
load sediment transport.

The sediment transport formulation is an extension of that
described by R. A. Bagnold in 1966, and includes Manning's equations
to determine flow rate and modification to Stokes' law to allow
calculation of particulate fall velocity in both the viscous and inertial
particle settling regions. Sediment is separated into three components:
resident sediment in the stream bed, sediment in transit as bedload, and
sediment in transit as suspended load. Each of these components is
partitioned into as many as 12 size classes of logarithmically varying
ranges. The partitioning of a contaminant between water and sediment
is based on the assumption of an equilibrium distribution being
attained within each simulation interval.

2. DISPERS: Collection of Mathematical Models for Dispersion in

Surface Water and Groundwater.(» # 7| » = T -k 1% xﬁ%])
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DISPERS computes the fate of routinely or accidentally
released radionuclides in surface water and groundwater.

The mathematical models in DISPERS are straightforward
simulations of dispersion with constant coefficients and, in general,
simple geometries. The SSTUBE and TUBE programs are useful for
two-dimensional dispersion of a continuous source into a river after
steady state has been attained. The RIVLAK program also applies to
dispersion in a river, but the source may be steady or unsteady.
GROUND is used for calculating the dispersion in a three-dimensional
aquifer and is most useful for determining the concentration at wells
downgradient of a source released from a vertical plane. GRDFLX
provides the same function but it considers a horizontal area source.
LPGS: Code System for Calculating Radiation Exposure Resulting
from Accidental Radioactive Releases to the Hydrosphere.

LPGS was developed to calculate the radiological impacts
resulting from radioactive releases to the hydrosphere. The name
LPGS was derived from the Liquid Pathway Generic Study for which
the original code was used primarily as an analytic tool in the
assessment process. The hydrosphere is represented by the following
types of water bodies: estuary, small river, well, lake, and
one-dimensional (1-D) river. LPGS is designed to calculate radiation
dose (individual and population) to body organs as a function of time
for the various exposure pathways. The radiological consequences to
the aquatic biota are estimated. Several simplified radionuclide
transport models are employed with built-in formulations to describe
the release rate of the radionuclides. A tabulated user-supplied release
model can be input, if desired. Printer plots of dose versus time for the
various exposure pathways are provided.

The response of the environment to an instantaneous input is
generally represented by an analytical function (closed-form solution).
Convolution of this analytic function with a release rate function is
evaluated to analyze the various releases of radioactivity to the
environment. The mathematical modeling evaluates the time

dependent radiation impact arising from the population utilizing water
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associated pathways. The exposure modes considered are (if pathway
exists): 1) consumption of drinking water, 2) consumption of aquatic
foods, and 3) recreational exposure through swimming and shoreline
activities.
MARINRAD: Code System Model for Assessing the Consequences of
Release of Radioactive Material into the Oceans

MARINRAD is a system of computer programs designed to
evaluate the consequences from release of radioactive waste into the
ocean. It has been used for safety assessment studies for the Subseabed
Disposal Program, Sandia National Laboratories. It calculates
radionuclide concentrations as a function of time, steady-state
food-chain concentration factors, dose and health effects to man, and
doses to aquatic biota.

The systems model of MARINRAD is divided into three parts.
The Ocean Transport Model partitions the ocean into an arbitrary
number of sediment and water compartments and computes the
concentration of each radionuclide released into the system in each
compartment as a function of time (this is done in MARRAD). The
Steady-State Food-Chain Model uses stable element concentration
factors to calculate radionuclide concentrations in compartment biota.
A food-chain model is used to compute concentration factors for biota
that prey on compartment biota but do not reside in that compartment
(MARRAD). The Pathways-to-Man Model calculates dose and health
effects for all pathways that lead to exposure to man, including
ingestion of aquatic biota, external exposure to contaminated water or
sediments, inhalation of airborne spray or shore sediments, and other
miscellaneous pathways. Doses to aquatic biota are also calculated
(MAROUT). Nuclide inventory files are required by MARRAD and
CCC-371/ORIGEN may be used for their generation. Libraries needed
in the execution of the sample problem are provided as part of the
package.
RIVER-RAD: Code System for Simulating the Transport of

Radionuclides in Rivers.
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RIVER-RAD assesses the potential fate of radionuclides
released to rivers. The model is simplified in nature and is intended to
provide guidance in determining the potential importance of the
surface water pathway, relevant transport mechanisms, and key
radionuclides in estimating radiological dose to man.

A compartmental linear transfer model is used in RIVER-RAD.
The river system model in the code is divided into reaches
(compartments) of equal size, each with a sediment compartment
below it. The movement of radionuclides is represented by a series of
transfers between the reaches, and between the water and sediment
compartments of each reach. Within each reach (for both the water and
sediment compartments), the radionuclides are assumed to be
uniformly mixed. Upward volatilization is allowed from the water
compartment, and the transfer of radionuclides between the reaches is
determined by the flow rate of the river. Settling and resuspension
velocities determine the transfer of absorbed radionuclides between the
water and sediment compartments. Radioactive decay and
decay-product buildup are incorporated into all transport calculations
for all radionuclide chains specified by the user. Each nuclide may
have unique input and removal rates. Volatilization and radiological
decay are considered as linear rate constants in the model.

(z) & Tk @ﬁh?l
1. AT123D: Analytical Transient One-, Two-, and Three-Dimensional
Simulation of Waste Transport in an Aquifer System.

AT123D is developed to compute the temporal-spatial
distribution of contaminant concentration or temperature resulting
from artificial input into aquifer systems. The assumptions include
homogeneous flow field, constant aquifer properties, and simple
aquifer geometry.

The advective-dispersion equation augmented with sorption,
decay, and source/sink is solved analytically by means of Green's
function. This makes the solution applicable to one-, two-, and

three-dimensional problems as desired. The solution is written in terms
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of convolution integrals of the source/sink and boundary conditions
and Green's functions. AT123D is developed to implement these
integrals.

BLT-FEMWATER: Code System to Solve for Release and Transport
of Contaminants through Saturated/Unsaturated Media.

The BLT code solves for release and transport of contaminants
from containerized wastes. Each container may have unique properties
(i.e., time to failure or localized failure, e.g. pitting) and each waste
form may have unique release properties. Release from the waste form
is limited by one of four physical or chemical constraints: solubility,
diffusion, dissolution, and surface wash-off with partitioning. The
release from the waste form acts as a source for transport in the
advection/dispersion  equation.  Transport is  modeled in
two-dimensions through the groundwater pathway from subsurface
disposal.

The advection/dispersion transport equation with spatially
varying sources (waste forms) is solved in two-dimensions using the
method of finite elements. Advancement in time is controlled by user
supplied input. It is recommended to use the fully implicit backward
Euler scheme. However, Crank-Nicolson and explicit time step
algorithms are provided. Radioactive decay and sorption processes are
included in the model. Container performance is calculated through
empirical correlations and user supplied input data. Waste form release
characteristics are simulated with geometry dependent (rectangular or
cylindrical waste forms) analytical solutions to the diffusion equation.
Dissolution is modeled through an input value specifying the
dissolution rate. Rinse release with partitioning is simulated with user
supplied values. In all cases, checks are made to prevent solubility
limits from being exceeded.

DPCT: A Deterministic-Probabilistic Model For Contaminant
Transport.
DPCT is designed to simulate mass transfer by ground water

movement in a vertical section of the earth's mass. The model can
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account for convection, dispersion, radioactive decay, and cation
exchange for a single component.

The hybrid deterministic-probabilistic model is used. The
hybrid method addresses the fundamental problem of describing the
spread of a large number of moving reference particles within a region.
It is impossible to represent individual particle motion in exact
mathematics. Statistical features provide a basis for representing an
idealized pattern of motion. Because the individual particle position is
known, one can easily determine the distribution of contaminant mass.
This distribution can be expressed in terms of concentrations. The
actual pattern of ground water flow is described by the ground water
velocity field. A velocity is calculated for each reference particle in the
region by interpolating values from the two-dimensional grid of
velocities. Dispersion is accounted for in the particle motion by adding
a random component to the deterministic motion. By summing the
mass carried by each particle in a given cell and by determining the
volume of water in the cell, it is possible to calculate contaminant
concentrations within the region. When only convective and dispersive
processes act, the quantity of mass is constant. However, when there is
radioactive decay or cation exchange, the quantity of mass is
decreased. The solution of the ground water flow equation and the
dispersion-convection equation is subject to boundary conditions.
FE3DGW: Code System for Finite-Element, Three-Dimensional
Ground-Water Flow Analysis.

FE3DGW is a code system for analyzing flow through large,
multilayered ground-water systems. The code has the capability to
model noncontinuous and continuous layering, time-dependent and
constant sources/sinks, and transient as well as steady state flow. The
code offers a wide choice in specifying boundary conditions like
prescribed heads, nodal injection or withdrawal, constant or spatially
varying infiltration rates, and elemental source/sink. Initial conditions
can be prescribed as vertically hydrostatic or variable hydraulic head.
The heterogeneity in aquifer permeability and porosity can be

described by geologic unit or explicitly for given elements.
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The code solves the partial differential equation for hydraulic
head in large, multilayered natural systems by the finite element
method. The geologic input data for a complex, multilayered
ground-water system is reduced to hydrologic interpretation in the
form of well logs at each surface node and subdivision of the entire
region into two-dimensional elements. To facilitate interaction
between disciplines, support programs were developed for plotting the
finite element grid with well logs (PLOTEL3D), drawing contour
maps (FEPLTI and FEPLT), and generation of rectangular grid data
from irregular grid data to display three-dimensionally both the input
data used for the simulation and the results (GRIDFE). The graphic
displays are generated directly from the simulation input and output
files. The program, TVL3D, delineates travel pathlines and travel
times for use in radionuclide and other contaminant transport codes.
FEMWASTE/FEMWATER: A Finite-Element Model of Waste and
Water Transport through Porous Saturated-Unsaturated Media.

FEMWASTE is a two-dimensional transient model for the
transport of dissolved constituents through porous media. The
transport mechanisms include: convection, hydrodynamic dispersion,
chemical sorption, and first-order decay. The waste transport model is
compatible with the water flow model (FEMWATER) for predicting
convective Darcy velocities in porous media which may be partially
saturated. Note that FEMWATER and a modified version of
FEMWASTE, called BLT, are available as CCC-633 for personal
computers. The PC version differs from the original 1980 version in
the following ways: 1) the opening of the files is done by the program
by means of an interactive request to the user for the names of the files
to be opened; and 2) the input has been slightly modified by
introducing free format reading and an header card before each set of
data. The Department of Defense, in partnership with the DOE, EPA,
Cray Research, and 20 academic partners, developed the DoD
Groundwater Modeling System. The Waterways Experiment Station
Coastal & Hydraulics Laboratory located in Vicksburg, Mississippi
distributes GMS-FEMWATER, which includes 3DFEMWATER and
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LEWASTE (which includes 3DFEMWASTE). More information is
available on the www at http://ripple.wes.army.mil/software/gms/.
Implementation of quadrilateral isoparametric finite elements,
bilinear spatial interpolation, asymmetric weighting functions, several
time-marching techniques, and Gaussian elimination are employed in
the numerical formulation of the transport equation. The application of
the finite element method ensures that mass balance over the whole
region is preserved. A mixture-dependent retardation factor is
employed in the definition of solute sorption.
FEWA-FEMA: A Finite Element Model of Water and Other Material
through Aquifers.

FEWA is a finite element model designed to treat complex
transient real-world problems of sources/sinks, Dirichlet boundary
values, Neumann or Cauchy fluxes, and leaky confining beds
(aquitards) simultaneously. FEMA deals with the construction,
verification, and demonstration of a finite element model of material
transport through aquifers. The particular features of FEMA are its
versatility and flexibility to deal with as many real-world problems as
possible.

In FEWA, both quadrilateral and triangular elements, or a
combination of the two, are used to facilitate the discretization of a
compound region with highly irregular curved boundaries. Also, a
pointwise iteration solution strategy for solving the matrix equation
approximating the partial differential equation is included as an
alternative to the direct solution method. This inclusion makes the
model efficient and applicable to large-field problems when the
bandwidth of the matrix becomes large. Three optional sorption
models are embodied in FEMA. These are linear isotherm and
Freundlich and Langmuir nonlinear isotherms. Point as well as
distributed source/sinks are included to represent artificial
injection/withdrawals and natural infiltration of precipitation. All
source/sinks can be transient or steady state. Finite element methods
are adopted to transform the governing differential equations to the

matrix equation. To increase the applicability of the model in terms of
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stability and convergence, twelve options have been included for the
derivation of the matrix equation. The resulting matrix equation is
solved with either the direct elimination or successive relaxation
technique.
MINTEQ: Code System for Calculating Aqueous Geochemical
Equilibria.

MINTEQ is a geochemical program to model aqueous
solutions and the interactions of aqueous solutions with hypothesized
assemblages of solid phases. It was developed for the Environmental
Protection Agency to perform the calculations necessary to simulate
the contact of waste solutions with heterogeneous sediments or the
interaction of ground water with solidified wastes. MINTEQ can
calculate ion speciation/solubility, adsorption, oxidation-reduction, gas
phase equilibria, and precipitation/dissolution ofsolid phases.
MINTEQ can accept a finite mass for any solid considered for
dissolution and will dissolve the specified solid phase only until its
initial mass is exhausted. This ability enables MINTEQ to model
flow-through systems. In these systems the masses of solid phases that
precipitate at earlier pore volumes can be dissolved at later pore
volumes according to thermodynamic constraints imposed by the
solution composition and solid phases present. The ability to model
these systems permits evaluation of the geochemistry of dissolved
traced metals, such as low-level waste in shallow land burial sites.
MINTEQ was designed to solve geochemical equilibria for systems
composed of one kilogram of water, various amounts of material
dissolved in solution, and any solid materials that are present. Systems
modeled using MINTEQ can exchange energy and material (open
systems) or just energy (closed systems) with the surrounding
environment. Each system is composed of a number of phases. Every
phase is a region with distinct composition and physically definable
boundaries. All of the material in the aqueous solution forms one
phase. The gas phase is composed of any gaseous material present, and
each compositionally and structurally distinct solid forms a separate

phase.
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MINTEQ  applies the fundamental principles of
thermodynamics to solve geochemical equilibria from a set of mass
balance equations, one for each component. Because the mass action
constraints are nonlinear in the components, the problem reduces to
the solution of a system of nonlinear equations. In MINTEQ when a
solid enters the equilibrium assemblage, the system of mass balance
equations is modified to incorporate the additional solubility constraint.
The system is then solved directly using the Newton-Raphson
technique. MINTEQ is composed of four submodels. The speciation
submodel computes the activities of complexed and uncomplexed
cationic and anionic species, neutral ion pairs, and the activities of
cationic and anionic redox species. These activities are then fed to the
solubility submodel, which calculates ion activity products for solids
and minerals. The results from these calculations are used by the mass
transfer submodel to calculate the mass of solid that precipitates or
dissolves. In the fourth or adsorption submodel MINTEQ models
adsorption onto solid surfaces via several mechanisms: an activity Kd,
an activity Langmuir isotherm, an activity Freundlich isotherm, an ion
exchange model, a constant capacitance surface complexation model,
and a triple-layer surface complexation model. The calculations
completed by each submodel are dependent on the thermodynamic
data stored in the MINTEQ database.

SESOIL: Code System to Calculate One-Dimensional Vertical
Transport for the Unsaturated Soil Zone.

SESOIL, as an integrated screening-level soil compartment
model, is designed to simultaneously model water transport, sediment
transport, and pollutant fate. SESOIL is a one-dimensional vertical
transport model for the unsaturated soil zone. Only one compound at a
time can be considered. The model is based on mass balance and
equilibrium partitioning of the chemical between different phases
(dissolved, sorbed, vapor, and pure). The SESOIL model was designed
to perform long-term simulations of chemical transport and
transformations in the soil and uses theoretically derived equations to

represent water transport, sediment transport on the land surface,
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pollutant transformation, and migration of the pollutant to the
atmosphere and groundwater. Climatic data, compartment geometry,
and soil and chemical property data are the major components used in
the equations. SESOIL was developed as a screening-level model,
utilizing less soil, chemical, and meteorological values as input than
most other similar models. Output of SESOIL includes time-varying
pollutant concentrations at various soil depths and pollutant loss from
the unsaturated zone in terms of surface runoff, percolation to the
groundwater, volatilization, and degradation. The version of SESOIL
in RSICC's collection runs stand alone and is functionally equivalent
to the version in the RISKPRO system distributed and supported by
General Sciences Corporation. The February 1995 release corrected an
error that caused the code to fail when average monthly air
temperature was -10C and includes an improved iteration procedure
for the mass balance equations in the model. In June 1996 a minor
change was made to the Fortran source file to correct erroneous values
which were sometimes written to the printed output for the
user-specified, pollutant mass input table. In October 2003, a minor
correction was made to the source; and the program was recompiled
with Compaq Visual Fortran 6.6 Update A.

The processes modeled by SESOIL are categorized into three
cycles: hydrology, sediment, and pollutant transport. Each cycle is a
separate sub-model within the SESOIL code. The hydrologic cycle is
one-dimensional, considers vertical movement only, and focuses on
the role of soil moisture in the soil compartment. The hydrologic cycle
is an adaptation of the water balance dynamics theory of Eagleson
(1978) and can be described as a dimensionless analytical
representation of water balance in the soil column. An iteration
technique is used to solve the mass balance equations in the hydrologic
cycle. The sediment cycle is optional; it can be turned on or off by the
user. If used, SESOIL employs the theoretical sediment yield model
ERQOS (Foster et al., 1980), which considers the basic processes of soil
detachment, transport, and deposition. The pollutant fate cycle

focusses on the various chemical transport and transformation
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processes which may occur in the soil and uses calculated results form
the hydrologic and sediment washload cycles. The ultimate fate and
distribution of the contaminant is controlled by the processes
interrelated by a mass balance equation for each soil layer
(compartment) that is specified by the user. An iteration procedure is
used to solve each equation. The soil compartment is a cell extending
from the surface through the unsaturated zone to the upper level of the
saturated soil zone, also referred to as the aquifer or groundwater table.
(1) HH TR

1. FOOD: Calculation of Radiation Dose to Man from Radionuclides in
the Environment.

FOOD permits rapid and consistent estimates of the radiation
dose and dose commitment to man resulting from radioactive materials
released to the environment. It is designed to calculate the dose and
dose commitment following an accumulation of radionuclides in the
environment from one year's ingestion of contaminated food products
and from one year's external radiation exposure. FOOD addresses
terrestrial exposure pathways and calculates from deposition on farm
or garden soil and crops during either an atmospheric or water release
of radionuclides. Deposition may be either directly from air or from
irrigation  water. Doses may be calculated for either a
maximum-exposed individual or for a population group. Doses
calculated are a one-year dose and a committed dose from one year of
exposure. The exposure is usually considered as chronic; however,
equations are included to calculate dose and dose commitment from
acute (one-time) exposure. FOOD calculates one-year doses and dose
commitments from any one or combination of radionuclides for which
sufficient biological data are available. As many as five of 23 possible
organs and tissues, and mixtures of up to 100 radionuclides, may be
selected in any one case. The user may select up to 14 food categories
with corresponding consumption rates, growing periods, and either
irrigation rates or atmospheric deposition rates. These foods include

various kinds of produce, grains, and animal products.
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The equations for calculating internal dose and dose commitment
are derived from those given by the International Commission on
Radiological Protections (ICRP) for body burdens and Maximum
Permissible Concentration (MPC) of each radionuclide. The radiation
doses from external exposure to contaminated farm fields or shorelines
are calculated assuming an "infinite" flat plane source of radionuclides.
A factor of two is included for surface roughness. A modifying factor
to compensate for finite extent is included in the shoreline calculations.
The computer output consists of radiation dose and dose commitment
summaries to all chosen organs listed by exposure pathway and by
radionuclide. In addition, options exist for complete listing of dose
contributions by radionuclide for each pathway. The complete output
includes radionuclide concentrations in all ingested plant and animal
material.

GENII 2.06: Environmental Radiation Dosimetry Software System.

FRAMES 1.7/GENII 2.06 replaces GENII 1.485, which has been
distributed by RSICC since 1992 as CCC-601. The GENII system
includes capabilities for calculating radiation doses following chronic
and acute releases. Radionuclide transport via air, water, or biological
activity may be considered. Air transport options include both puff and
plume models, each allow use of an effective stack height or
calculation of plume rise from buoyant or momentum effects (or both).
Building wake effects can be included in acute atmospheric release
scenarios. The code provides risk estimates for health effects to
individuals or populations; these can be obtained using the code by
applying appropriate risk factors to the effective dose equivalent or
organ dose. In addition, GENII Version 2 uses cancer risk factors from
Federal Guidance Report 13 to estimate risk to specific organs or
tissues. Although the codes were initially developed at Hanford, they
were designed with the flexibility to accommodate input parameters
for a wide variety of generic sites.Data entry is accomplished via
interactive, menu-driven user interfaces. Default exposure and
consumption parameters are provided for both the average (population)

and maximum individual; however, these may be modified by the user.
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Source term information may be entered as radionuclide release
quantities for transport scenarios, or as basic radionuclide
concentrations in environmental media (air, water, soil). For input of
basic or derived concentrations, decay of parent radionuclides and
ingrowth of radioactive decay products prior to the start of the
exposure scenario may be considered. A single code run can
accommodate unlimited numbers of radionuclides including the source
term and any radionuclides that accumulate from decay of the parent,
because the system works sequentially on individual decay chains.The
code package also provides interfaces, through the Framework for
Risk Analysis in Multimedia Environmental Systems (FRAMES), for
external calculations of atmospheric dispersion, geohydrology, biotic
transport, and surface water transport. Target populations are identified
by direction and distance (radial or square grids for Version 2) for
individuals, populations, and for intruders into contained sources.A
stochastic edition of GENII Version 1, named GENII-S (RSICC
package CCC-648), was developed for the Waste Isolation Pilot Plant
assessments by Sandia National Laboratory (Leigh et al. 1992). GENI|I
Version 2 is completely stochastic, using the FRAMES SUM
driver.Please note that the new version of GEN Il Version 2.06 differs
from GENII 1.485, which is the tool box code version that is endorsed
by DOE in the response to DNFSB 2002-1. GENII 2.06 incorporates
the ICRP standards 56-72 for radiation protection versus earlier
versions for GEN 1.485. The new GENII is consistent with the TRU
waste standard; however, the old breathing rate from the earlier ICRP
standards was used to be consistent with the RADCON manual and
other DOE directives.

Available release scenarios include chronic and acute releases to
water or to air (ground level or elevated sources), and initial
contamination of soil or surfaces. GENII implements the NRC models
in LADTAP for surface water doses. GENII does not explicitly
include modules for performing groundwater transport calculations;
however, the FRAMES system allows addition of other computer

modules to the GENII system. Exposure pathways include direct
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exposure via water (Sswimming, boating, and fishing), soil (surface and
buried sources), air (semi-infinite cloud and finite cloud geometries),
inhalation and ingestion pathways. The tritium model includes
consideration of both gas and vapor, conversion of gas into vapor, and
biological conversion of both into organically-bound tritium.GENII
Version 1 implemented dosimetry models recommended by the ICRP
in Publications 26, 30, and 48, and approved for use by DOE Order
5400.5. GENII Version 2 implements these models plus those of ICRP
Publications 56 through 72, and the related risk factors published in
Federal Guidance Report 13. Risk factors in the form of EPA
developed “slope factors” are also included (these are a special subset
of the FGR-13 values). These dosimetry and risk models are
considered to be 'state of the art' by the international radiation
protection community and have been adopted by most national and
international organizations as their standard dosimetry methodology.
3. INTRUDE-ANS A Repository Intrusion Risk Evaluation Code

INTRUDE was developed to facilitate calculation of the risks
associated with the possibility of intrusion into a repository containing
radioactive waste.

INTRUDE evaluates the risk based on three routes of exposure:
inhalation of active material by the intruder, external exposure of the
intruder and distribution of active material around the intrusion region
leading to long term exposure pathways. The time dependent activity
by each nuclide is calculated by means of an analytic solution to the
Bateman equation.

(=) 2% =k
1. PAGAN 1.1: Code System for Performance Assessment Ground-water
Analysis for Low-level Nuclear Waste.

The PAGAN code system is a part of the performance
assessment methodology developed for use by the U. S. Nuclear
Regulatory Commission in evaluating license applications for
low-level waste disposal facilities. In this methodology, PAGAN is

used as one candidate approach for analysis of the ground-water
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pathway. PAGAN, Version 1.1 has the capability to model the source
term, vadose-zone transport, and aquifer transport of radionuclides
from a waste disposal unit. It combines the two codes SURFACE and
DISPERSE which are used as semi-analytical solutions to the
convective-dispersion equation. This system uses menu driven
input/out for implementing a simple ground-water transport analysis
and incorporates statistical uncertainty functions for handling data
uncertainties. The output from PAGAN includes a time- and
location-dependent radionuclide concentration at a well in the aquifer,
or a time- and location-dependent radionuclide flux into a
surface-water body.

PAGAN uses a simple modelling approach to which the
convective-dispersion equation is applied. The model for releases from
a disposal unit is based on a cascade of mixing cells including leach
mechanisms that can be used to analyze either surface-contaminated
wastes or diffusion controlled releases.

PART61: Low-Level Radioactive Waste Impacts Analysis System.

The system of codes and data files implement an expansion of
the impacts analysis methodology used during the development of the
10 CFR Part 61 rule to allow improved consideration of the costs and
impacts of treatment and disposal of low-level radioactive waste that is
close to or exceeds Class C concentrations.

The modifications to the methodology of Part 61 principally
include: (1) an update of the low-level radioactive waste source term,
(2) consideration of additional alternative disposal technologies, (3)
expansion of the methodology used to calculate disposal costs, (4)
consideration of an additional exposure pathway involving direct
human contact with disposed waste due to a hypothetical drilling
scenario, and (5) use of updated health physics analysis procedures
(ICRP-30).

PRESTO-II: Code System for Low-Level Waste Environmental
Transport and Risk Assessment.
The U.S. Environmental Protection Agency is responsible for

developing a generally-applicable environmental standard for the
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disposal of low-level radioactive waste. PRESTO-EPA was developed
in 1983 to assist in assessing potential human health impacts from
such operations and is under continuing development. The PRESTO-II
methodology, which differs from the EPA code in several respects,
was developed for general release and application to a wider range of
problems than its EPA predecessors. PRESTO-II evaluates possible
health effects from shallow-land and waste-disposal trenches. The
model is intended to serve as a non-site-specific screening model for
assessing radionuclide transport, ensuing exposure, and health impacts
to a static local population for a 1000-year period following the end of
disposal operations. Human exposure scenarios considered include
normal releases (including leaching and operational spillage), human
intrusion, and limited site farming or reclamation. Pathways and
processes of transit from the trench to an individual or population
include ground-water transport, overland flow, erosion, surface water
dilution, suspension, atmospheric transport, deposition, inhalation,
external exposure, and ingestion of contaminated beef, milk, crops,
and water. Both population doses and individual doses, as well as
doses to the intruder and farmer, may be calculated. Cumulative health
effects in terms of cancer deaths are calculated for the population over
the 1000-year period using a life-table approach developed by EPA
[CCC-422/RADRISK]. The DARTAB model is used in modified form
to generate human health risk estimates from radionuclide
concentrations and intake values.

PRESTO-II tracks radionuclide transport through surface and
subsurface pathways and human exposures through external exposure,
inhalation, and ingestion with a resolution of 1y. The methodology is
mechanistic, and physical transport processes are modeled separately
and in detail. PRESTO-II computes infiltration through the trench cap
from experimentally determined permeability and hourly precipitation
values. Watershed infiltration is determined using a parametric
evapotranspiration equation requiring input values for several site
variables. A finite element approach is used to compute trench water

balance.
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