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1 I ntr o d u cti o n

T h e u p d at e d H a nf or d Sit e C o m p osit e A n al ysis ( C A) will pr o vi d e a n  all- p at h w a ys d os e pr oj e cti o n t o a 
h y p ot h eti c al f ut ur e m e m b er of t h e p u bli c fr o m all pl a n n e d l o w-l e v el r a di o a cti v e w ast e dis p o s al f a ciliti es 
a n d p ot e nti al c o ntri b uti o ns fr o m all ot h er pr oj e ct e d e n d-st at e s o ur c es of r a di o a cti v e m at eri al l eft at t h e 
H a nf or d Sit e f oll o wi n g sit e cl os ur e. It s pri m ar y p ur p os e is t o s u p p ort t h e d e cisi o n- m a ki n g pr o c ess of t h e 
U. S. D e p art m e nt of E n er g y ( D O E) u n d er D O E O 4 3 5. 1- 1, R a di o a cti v e W ast e M a n a g e m e nt , r el at e d t o 
m a n a gi n g l o w-l e v el w ast e dis p os al f a ciliti es at t h e H a nf or d Sit e.

A k e y as p e ct of c o n d u cti n g a C A i s s el e cti n g t h e r a di o n u cli d es t o b e a n al y z e d. T hi s d o c u m e nt d es cri b es 
t h e s el e cti o n pr o c ess f or r a di o n u cli d es t o b e i n cl u d e d i n t h e qu a ntit ati v e a n al ysis.

2  B a c k gr o u n d

T h e dis p os e d i n v e nt or y esti m at e is p er h a ps t h e m ost i m p ort a nt c o m p o n e nt of t h e C A, as it dir e ctl y aff e cts 
t h e f ut ur e r a di ol o gi c al i m p a cts f oll o wi n g sit e cl os ur e. T h e prim ar y p ur p os e is t o esti m at e r a di o n u cli d e 
i n v e nt or y fr o m sit e i n c e pti o n t o cl os ur e. B e c a us e of t h e i n cl usi v e n at ur e of a C A, all r el e v a nt 
c o nt a mi n a nts ar e i d e ntifi e d a n d i niti all y c o nsi d er e d. T h e n, s u b s ets of c o nt a mi n a nts a p pr o pri at e f or 
q u a ntit ati v e a n al ysis ar e s el e ct e d. R e d u ci n g t h e n u m b er of r a di o n u cli d es f or i n cl usi o n i n t h e q u a ntit ati v e
a n al ysis h el ps f o c us b u d g et a n d r es o ur c es o n si m ul ati n g o nl y t h os e r a di o n u cli d es t h at ar e li k el y t o 
c o ntri b ut e t o t h e t ot al d os e t o t h e r e c e pt or a b o v e a t hr es h ol d v al u e.

3 S cr e e ni n g M et h o d ol o g y

T h e a p pr o a c h es a d o pt e d i n t h e t hr e e pri or sit e- wi d e st u di es w er e e v al u at e d t o h el p d e v el o p a r a di o n u cli d e 
s cr e e ni n g pr o c ess f or t h e C A.

F or t h e H a nf or d Sit e C A u p d at e, t h e m et h o d ol o g y f or s el e cti n g r a di o n u cli d es t o b e i n cl u d e d is b as e d, i n 
p art, o n t h e f oll o wi n g as p e ct s t h at i nfl u e n c e t h e s c o p e a n d a p p r o a c h:

Us e i nf or m ati o n fr o m p ast H a nf or d Sit e- wi d e st u di es t o g ui d e t h e m et h o d ol o g y f or s cr e e ni n g 
r a di o n u cli d es. T hr e e p ast st u di es r el at e d t o w ast e sit e e v al u ati o n a n d r a di o n u cli d es i n v e nt ori es 
pr o vi d e v al u a bl e i nsi g hts i nt o t h e r a di o n u cli d e s el e cti o n pr o c e ss:

1.  C A of r a di o n u cli d es c o n d u ct e d i n 1 9 9 8, d o c u m e nt e d i n P N N L- 1 1 8 0 0, C o m p osit e A n al ysis f or 
L o w- L e v el W ast e Dis p os al i n t h e 2 0 0- Ar e a Pl at e a u of t h e H a nf or d Sit e , a n d P N N L- 1 1 8 0 0
A d d e n d u m 1, A d d e n d u m t o C o m p osit e A n al ysis f or L o w- L e v el W ast e Dis p os al i n t h e 2 0 0 Ar e a 
Pl at e a u of t h e H a nf or d Sit e .

2.  A sit e- wi d e i n v e nt or y of r a d i o n u cli d es c o n d u ct e d i n 2 0 0 6, d o c um e nt e d i n P N N L- 1 5 8 2 9,
I n v e nt or y D at a P a c k a g e f or H a nf or d Ass ess m e nts, h er ei n aft er r ef err e d t o as t h e 2 0 0 6  D at a 
P a c k a g e.

3.  A sit e- wi d e a n al ysis of c u m ul ati v e i m p a cts fr o m r a di o n u cli d es  a n d c h e mi c als d o c u m e nt e d i n 
D O E/ EI S- 0 3 9 1, Fi n al T a n k Cl os ur e a n d W ast e M a n a g e m e nt  E n vir o n m e nt al I m p a ct St at e m e nt f or 
t h e H a nf or d Sit e, Ri c hl a n d, W as hi n gt o n , h er ei n aft er r ef err e d t o as t h e T C & W M EI S.

I n cl u d e a n y n e w i nf or m ati o n si n c e t h e p ast sit e- wi d e st u di es w er e c o n d u ct e d, i n cl u di n g t h e 
E n vir o n m e nt al R est or ati o n Di s p os al F a cilit y ( E R D F), W ast e M a n a g e m e nt Ar e a ( W M A) C, a n d t h e 
I nt e gr at e d Dis p os al F a cilit y (I D F) p erf or m a n c e ass ess m e nts, a n d t h e u p d at e d S oil I n v e nt or y M o d el 
( E C F- H A N F O R D- 1 7- 0 0 7 9, H a nf or d S oil I n v e nt or y M o d el ( SI M- v 2) C al c ul at e d R a di o n u cli d e 
I n v e nt or y of Dir e ct Li q ui d Dis c h ar g es t o S oil i n t h e H a nf or d Sit e's 2 0 0 Ar e as ).
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3. 1  A p pr o a c h e s C o n si d er e d i n P a st Sit e- wi d e St u di e s t o S el e ct R a di o n u cli d e s

T h e a p pr o a c h es us e d i n p ast sit e- wi d e st u di es (t h e 1 9 9 8 C A, t h e  2 0 0 6  D at a P a c k a g e, a n d t h e T C & W M 
EI S) ar e c o nsi d er e d i n t h e f oll o wi n g s u bs e cti o ns.

3. 1. 1 I niti al 1 9 9 8/ 2 0 0 1 C o m p o sit e A n al y si s

I n t h e 1 9 9 8 C A, r a di o n u cli d es w er e s el e ct e d pri m aril y b as e d o n t h os e i d e ntifi e d as p ot e nti all y si g nifi c a nt 
c o ntri b ut ors t o d os e i n t h e 2 0 0 W est a n d 2 0 0 E ast p erf or m a n c e ass ess m e nts a n d E R D F r e m e di al 
i n v esti g ati o n/f e asi bilit y st u d y. I n a d diti o n, ot h er st u di es w ere r e vi e w e d t o i d e ntif y r a di o n u cli d es u ni q u e t o 
s p e cifi c t y p es of w ast es or cl os e d f a ciliti es, a n d t o i d e ntif y k e y r a di o n u cli d es i n i m m o bili z e d l o w- a cti vit y 
r a di o a cti v e w ast e fr o m si n gl e- a n d d o u bl e-s h ell t a n ks a n d r esi di n g i n b uri al gr o u n ds. Diff er e nt lists of 
r a di o n u cli d es w er e d e v el o p e d f or gr o u n d w at er a n d air p at h w a ys.

T h e s el e cti o n pr o c ess ass u m e d t h at s o ur c es o utsi d e of t h e C e ntr al Pl at e a u w o ul d b e r e m e di at e d a n d n ot 
r e pr es e nt si g nifi c a nt s o ur c es of r a di o n u cli d es f oll o wi n g sit e cl os ur e. It als o ass u m e d ei g ht of t h e ni n e 
pr o d u cti o n r e a ct ors w o ul d b e dis p os e d o n t h e C e ntr al Pl at e a u; t h e ni nt h r e a ct or h a d b e e n d e cl ar e d a 
n ati o n al hist ori c m o n u m e nt a n d w as  e x p e ct e d t o r e m ai n al o n g t h e C ol u m bi a Ri v er. 

3. 1. 2 2 0 0 6  D at a P a c k a g e

I n t h e 2 0 0 6 D at a P a c k a g e, r a di o n u cli d es w er e s el e ct e d usi n g t h e d at a q u alit y o bj e cti v e pr o c ess. T h e i nt e nt
w as t o i d e ntif y t h os e r a di o n u cli d es t h at h a d b e e n o bs er v e d i n t h e e n vir o n m e nt or h a d s uffi ci e nt i n v e nt or y 
i n w ast e sit es t o p ot e nti all y i m p a ct h u m a n or e c ol o gi c al h e alt h. T h e s cr e e ni n g pr o c ess r e vi e w e d all 
gr o u n d w at er m o nit ori n g d at a fr o m 1 9 9 0 t o D e c e m b er 2 0 0 2 usi n g t h e f oll o wi n g st e ps:

R et ai n all s a m pl e r es ults a b o v e d et e cti o n l e v els.

R et ai n all s a m pl es n ot r ej e ct e d b y d at a q u alit y ass ur a n c e c h e c ks.

R et ai n all r a di o n u cli d es wit h a h alf-lif e gr e at er t h a n 1 0 y e ars .

I d e ntif y all s a m pl es a b o v e dri n ki n g w at er st a n d ar ds.

I d e ntif y all r a di o n u cli d es t h at h a v e r e gi o n al or H a nf or d Sit e sc al e di stri b uti o n (s p e cifi c all y, 
r a di o n u cli d es pr es e nt at m or e t h a n o n e or t w o p oi nts i n t h e a q uif er).

I d e ntif y all r a di o n u cli d es wit h a t e m p or al distri b uti o n of m or e t h a n a si n gl e m o m e nt i n ti m e.

A d d r a di o n u cli d es t h at c o ul d h a v e a f ut ur e i m p a ct as i n di c at e d b y p erf or m a n c e ass ess m e nts a n d 
e n vir o n m e nt al i m p a ct st at e m e nt st u di es.

T his pr o c ess r es ult e d i n 1 6 r a di o n u cli d es b ei n g r et ai n e d f or q u a ntit ati v e a n al ysi s.

3. 1. 3 T a n k Cl o s ur e a n d W a st e  M a n a g e m e n t E n vir o n m e nt al I m p a ct St at e m e nt

T h e i nt e nt of t h e T C & W M EI S s cr e e ni n g pr o c ess es w as t o f o c us at t e nti o n o n t h e c o nstit u e nts t h at c o ntr ol 
t h e i m p a cts t o gr o u n d w at er. S e p ar at e s cr e e ni n g pr o c ess es w er e co n d u ct e d f or sit es e v al u at e d f or 
c u m ul ati v e i m p a cts, f or t h e alt er n ati v es a n al ysis, a n d f or h u m a n h e alt h i m p a cts. C o nt a mi n a nt s of p ot e nti al 
c o n c er n ( C O P Cs) ass ess e d f or e c ol o gi c al i m p a cts ar e al s o s u m m ari z e d b el o w.

3. 1. 3. 1  C u m ul ati v e I m p a ct s A n al y si s

F or t h e sit es e v al u at e d u n d er t h e c u m ul ati v e i m p a cts a n al ysi s, t h e i niti al li st i n cl u d e d r a di o n u cli d es wit h 
h alf-li v es gr e at er t h a n 1 0 y e ars. C o nstit u e nts w er e c o nsi d er e d t o p os e a p ot e nti al h e alt h ris k fr o m 
i n g esti o n if t h e y h a d a m a xi m u m c o nt a mi n a nt l e v el or w er e list ed i n t h e I nt e gr at e d Ris k I nf or m ati o n 
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S yst e m as h a vi n g a h e alt h- b as e d i n g esti o n st a n d ar d. As d es cri b e d i n A p p e n di x S of t h e T C & W M EI S, t h e 
s cr e e ni n g pr o c ess w as i nt e n d e d t o s el e ct t h os e c o nstit u e nts a p p r o pri at e f or a gr o u n d w at er r el e as e 
s c e n ari o; t h us, f or r a di o n u cli d es, “ … o nl y gr o u n d w at er c o ns u m pti o n w as c o nsi d er e d, r el e as e w as ass u m e d 
t o b e p artiti o n li mit e d, a n d d e c a y d uri n g tr a ns p ort w as c o nsi d er e d ” ( D O E/ EI S- 0 3 9 1, p. S- 1 6). R el ati v e 
i m p a cts w er e b as e d o n t h e distri b uti o n of r a di o n u cli d es i n t h e c u m ul ati v e i m p a cts i n v e nt or y. T h e i niti al 
li st w as s cr e e n e d, r e m o vi n g r a di o n u cli d es c o ntri b uti n g l ess t h an o n e p er c e nt of t h e i m p a cts u n d er 
dri n ki n g w at er c o ns u m pti o n s c e n ari os a n d c h e mi c als pr es e nt at l e v els b el o w h e alt h- b as e d li mits. 
T h e s cr e e ni n g r es ult e d i n a fi n al s et of 1 4 r a di o a cti v e c o nstit u e nts ( D O E/ EI S- 0 3 9 1, p. S- 1 6). 

3. 1. 3. 2  Alt er n ati v e s I m p a ct s A n al y si s

F or sit es e v al u at e d u n d er t h e alt er n ati v e a n al ysis, diff er e nt p r o c ess es w er e us e d t o s el e ct c o nstit u e nts f or 
t a n k cl os ur e, F ast Fl u x T est F a cilit y ( F F T F) d e c o m missi o ni n g, an d w ast e m a n a g e m e nt alt er n ati v es.

T h e B est B asis I n v e nt or y ( B BI), w hi c h i n cl u d e d 4 6 r a di o n u cli d es  a n d 2 4 c h e mi c als, w as us e d as t h e 
i niti al list of c o nstit u e nts t o c o nsi d er f or e v al u ati n g t h e t a nk cl os ur e a n d w ast e m a n a g e m e nt alt er n ati v es. 
C o nstit u e nts w er e s cr e e n e d o ut if t h e y c o ntri b ut e d l ess t h a n o n e p er c e nt of i m p a cts o n dri n ki n g w at er 
i n g esti o n f or t h e c h e mi c als, a n d o n i ntr u d er or dri n ki n g w at er c o ns u m pti o n s c e n ari os f or t h e 
r a di o n u cli d es. As d es cri b e d i n A p p e n di x D of t h e T C & W M EI S:

“ N ot all c o nstit u e nts ar e i m p ort a nt i n t h e e x p os ur e s c e n ari os u s e d t o ass ess T C & W M 
EI S alt er n ati v e i m pl e m e nt ati o n i m p a cts. T h us, t o f o c us att e nti o n o n t h e c o nstit u e nts t h at 
c o ntr ol t h e i m p a cts, D O E p erf or m e d a n i niti al s cr e e ni n g a n al ysi s. F or r a di o n u cli d es, 
gr o u n d w at er r el e as e a n d dir e ct i ntr usi o n s c e n ari os w er e c o nsi d e r e d. F or t h e gr o u n d w at er 
r el e as e s cr e e ni n g s c e n ari o, o nl y dri n ki n g w at er c o ns u m pti o n w as  c o nsi d er e d. R el e as e 
w as ass u m e d p artiti o n li mit e d, a n d d e c a y d uri n g tr a ns p ort w as c o nsi d er e d. F or t h e dir e ct 
i ntr usi o n s cr e e ni n g s c e n ari o, i n a d v ert e nt s oil i n g esti o n a n d i nh al ati o n p at h w a ys w er e 
c o nsi d er e d. ”

“ T h e a n al ysis esti m at e d r el ati v e i m p a cts b as e d o n distri b uti o n of r a di o n u cli d es i n t h e B BI
f or all t a n ks. R a di o n u cli d es c o ntri b uti n g l ess t h a n 1 p er c e nt o f i m p a ct s u n d er i ntr u d er or 
w ell s c e n ari os w er e eli mi n at e d fr o m t h e d et ail e d a n al ysi s. T o s cr e e n f or h a z ar d o us 
c h e mi c als, dri n ki n g w at er i n g esti o n i m p a cts w er e esti m at e d f or t h e 2 4 B BI c h e mi c al 
c o nstit u e nt s, a n d t h os e c o ntri b uti n g m or e t h a n 9 9 p er c e nt of i m p a cts w er e s el e ct e d f or 
d et ail e d a n al ysis. I n a d diti o n, r e p ort e d t a n k c o n c e ntr ati o ns w e r e r e vi e w e d a n d c o m p ar e d 
wit h h e alt h- b as e d li mits ( D O E 2 0 0 3 a) 1 ; c h e mi c al C O P Cs, w h e n c o m p ar e d wit h h e alt h-
b as e d li mits ( D O E 2 0 0 3 a), w er e a d d e d t o t h e i niti al list of s cr e e n e d c h e mi c als. ” 
( D O E/ EI S- 0 3 9 1, p. D- 3). ”

T h e s cr e e ni n g r es ult e d i n 1 0 r a di o n u cli d es a n d 1 0 c h e mi c als b ei n g  s el e ct e d f or d et ail e d a n al ysis, list e d i n 
T a bl e D- 2 i n t h e T C & W M EI S ( p. D- 4 ). O n e of t h e r a di o n u cli d es, A m er ci u m- 2 4 1, is a p pli e d t o t h e 
i ntr u d er s c e n ari os o nl y vi a t h e i n h al ati o n p at h w a y. Alt h o u g h A pp e n di x D m e nti o ns t h at ot h er C O P Cs 
w er e a d d e d t o t h e list fr o m t h e s cr e e ni n g c o n d u ct e d f or t h e c u m ul ati v e i m p a ct a n al ysis (l ast p ar a gr a p h,
p. D- 3), t h e t a bl es c o m p ari n g t a n k alt er n ati v es o nl y list 9 r a d i o n u cli d es a n d 1 0 c h e mi c als (f or e x a m pl es, 
s e e T a bl es D- 3 5 t hr o u g h D- 6 0).

1 D O E 2 0 0 3 a fr o m t h e q u ot e d m at eri al r ef er e n c e s: D O E ( U. S. D e p art m e nt of E n er g y), 2 0 0 3 a, E n vir o n m e nt al I m p a ct 
St at e m e nt f or R etri e v al, Tr e at m e nt, a n d Di s p o s al of T a n k W a st e a n d Cl o s ur e of Si n gl e- S h ell T a n k s at t h e H a nf or d 
Sit e, Ri c hl a n d, W A: I n v e nt or y a n d S o ur c e T er m D at a P a c k a g e , D O E/ O R P- 2 0 0 3- 0 2, R e v. 0, Offi c e of Ri v er 
Pr ot e cti o n, Ri c hl a n d, W a s hi n gt o n, A pril 1 7.
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F or t h e w ast e m a n a g e m e nt alt er n ati v es, t hr e e c at e g ori es of w ast e w er e c o nsi d er e d: s e c o n d ar y l o w-l e v el 
w ast e a n d mi x e d l o w-l e v el w ast es m a n a g e d at t hr e e H a nf or d f a ciliti es; o nsit e n o n- C o m pr e h e nsi v e 
E n vir o n m e nt al R es p o ns e, C o m p e ns ati o n, a n d Li a bilit y A ct of 1 9 8 0 ( n o n- C E R C L A)  w ast e, n o n-t a n k-
a cti vit y w ast e; a n d offsit e w ast e.

S e c o n d ar y l o w-l e v el w ast e a n d mi x e d l o w-l e v el w ast es fr o m t h e o p er ati o n of t hr e e sit es w er e e v al u at e d:
l o w-l e v el b uri al gr o u n d ( L L B G) 2 1 8- W- 5 (tr e n c h es 3 1 a n d 3 4), t he W ast e R e c ei vi n g a n d Pr o c essi n g 
F a cilit y, a n d t h e T Pl a nt c o m pl e x. T o e v al u at e t h e w ast e m a n a g e m e nt alt er n ati v e s, t h e s a m e 
9 r a di o n u cli d es a n d 1 0 c h e mi c als as t h e t a n k alt er n ati v es w er e c o nsi d er e d, b ut o nl y t hr e e of t h e c h e mi c als 
w er e e v al u at e d b e c a us e i n v e nt ori es f or t h e ot h er 7 c h e mi c als w er e n ot i n cl u d e d i n t h e cit e d r e p ort 
( p. D- 1 2 9, f o ot n ot e ‘ a’ t o T a bl e D- 8 2).

N o s cr e e ni n g pr o c ess w as d es cri b e d i n S e cti o n D. 3. 5, “ R a di o n u cl i d e a n d C h e mi c al I n v e nt or y Esti m at es 
f or O nsit e N o n- C E R C L A, N o n- T a n k- A cti vit y W ast e. ” I n t h e t a bl e s um m ari zi n g t h e i n v e nt or y of 
n o n- C E R C L A, n o n-t a n k- a cti vit y w ast e, t h e s a m e ni n e r a di o n u cli d e s as i n t h e t a n k alt er n ati v es ar e 
r e p ort e d, b ut a n e x p a n d e d list of 1 9 c h e mi c als i s r e p ort e d, b as ed o n a S oli d W ast e I nf or m ati o n Tr a c ki n g 
S yst e m f or e c ast fr o m fis c al y e ar 2 0 0 6 t o fis c al y e ar 2 0 3 5 as r e p ort e d i n S AI C, 2 0 1 1, W ast e I n v e nt ori es 
R ef er e n c e M a p pi n g .

Si mil arl y, n o s cr e e ni n g pr o c ess w as d es cri b e d i n S e cti o n D. 3. 6 “ Pr oj e ct e d V ol u m es, R a di o n u cli d e a n d 
C h e mi c al I n v e nt ori es f or Offsit e  W ast e. ” I n v e nt ori es fr o m pr oj e ct e d w ast e v ol u m es t h at c o ul d b e s hi p p e d 
t o H a nf or d list t h e s a m e ni n e r a di o n u cli d es as i n t h e t a n k alt er n ati v es b ut li st 1 5 c h e mi c al c o nstit u e nts.

T o e v al u at e t h e F F T F alt er n ati v es, i n v e nt ori es of v ari o us r a di o n u cli d es a n d c h e mi c als w er e o bt ai n e d fr o m 
e xisti n g r e p orts, s u c h as F F T F R a di o a cti v e a n d H az ar d o us M at eri als I n v e nt or y (i n D O E/ EI S- 0 3 9 1), 
F F T F- 1 8 3 4 6, T e c h ni c al I nf or m ati o n D o c u m e nt f or t h e F ast Fl u x T est F a cilit y Cl os ur e Pr oj e ct 
E n vir o n m e nt al I m p a ct St at e m e nt , a n d Ki d d, 2 0 0 5, A cti v ati o n of t h e F F T F Bi ol o gi c al S hi el d W all .
T h e pr o c ess us e d t o s cr e e n t h e m a n y r e p ort e d c o nstit u e nts t o t h e s el e ct e d f o ur r a di o n u cli d es a n d t hr e e 
c h e mi c al c o nstit u e nts w as d es cri b e d i n t h e T C & W M EI S as f oll o ws : “ M at c hi n g t h e list of r a di o n u cli d es 
a n d c h e mi c als i d e ntifi e d i n t h e a b o v e t a bl es wit h t h e C O P Cs i d e ntifi e d i n A p p e n di x D, S e cti o n D. 1. 1, 
r es ult e d i n a r e p ort of t h e f oll o wi n g r a di o n u cli d es (i n c uri es)… ” ( p. D- 1 1 9). T h e “ a b o v e t a bl es ” r ef ers t o 
t a bl es of i n v e nt ori es r e p ort e d fr o m t h e v ari o us s o ur c es, wit h diff eri n g n u m b ers of C O P Cs, fr o m s e v e n t o 
3 1. S e cti o n D. 1. 1 is “ C urr e nt T a n k I n v e nt or y of R a di o a cti v e a n d  C h e mi c al C o nstit u e nts ” a n d i n cl u d es 
T a bl e D- 2, “ C o nstit u e nts S el e ct e d f or D et ail e d A n al ysi s, ”  w hi c h lists t h e 1 0 r a di o n u cli d es a n d 1 0
c h e mi c als m e nti o n e d a b o v e. I n t h e F F T F alt er n ati v es a n al ysis, f o ur r a di o n u cli d es a n d t hr e e c h e mi c als 
w er e r e p ort e d i n t h e t a bl es a n d fi g ur es s h o wi n g t h e i n v e nt ori es  of C O P Cs.

3. 1. 3. 3  H u m a n H e alt h I m p a ct s A n al y si s

I n A p p e n di x Q of t h e T C & W M EI S, “L o n g-t er m H u m a n  H e alt h D os e a nd Ris k A n al ysis, ” t h e s cr e e ni n g 
pr o c ess is d es cri b e d as f oll o ws:  Usi n g t h e i n v e nt ori es i n A p p e n di x D f or t h e alt er n ati v es a n al ysis a n d 
A p p e n di x S f or t h e c u m ul ati v e i m p a cts a n al ysis, r el ati v e i m p a ct s w er e esti m at e d b as e d o n t h e distri b uti o n 
of r a di o n u cli d es i n w ast es ass o ci at e d wit h t a n ks, F F T F d e c o m missi o ni n g, t h e I D F, t h e pr o p os e d Ri v er 
Pr ot e cti o n Pr oj e ct Di s p os al F a cilit y, a n d c u m ul ati v e a n al ysis s it es. R a di o n u cli d es c o ntri b uti n g l ess t h a n 
o n e p er c e nt of i m p a cts f or i ntr u d er (i n a d v ert e nt s oil i n g esti o n  a n d i n h al ati o n) or dri n ki n g w at er s c e n ari os 
a n d c h e mi c als c o ntri b uti n g l ess t h a n o n e p er c e nt of dri n ki n g w a t er i m p a cts w er e s cr e e n e d o ut. T h e r es ult 
w as a li st of 1 4 r a di o n u cli d es a n d 2 6 c h e mi c al c o nstit u e nts ( T a bl e Q- 1, p. Q- 2). 

3. 1. 3. 4 E c ol o gi c al I m p a ct s  A n al y si s

A s cr e e ni n g pr o c ess t o s el e ct C O P Cs t o ass ess e c ol o gi c al i m p a ct s w as n ot d es cri b e d i n A p p e n di x P, 
“ E c ol o gi c al R es o ur c es a n d Ri s k A n al ysis. ”  A p p e n di x P d es cri b es p ot e nti al e c ol o gi c al i m p a cts of air b or n e 
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r el e as es d uri n g o p er ati o ns a n d gr o u n d w at er dis c h ar g es u n d er v ar i o us alt er n ati v es. A p p e n di x P st at es 
“ C o n c e ntr ati o ns of r a di o n u cli d es a n d c h e mi c als r es ulti n g fr o m d e p ositi o n of air b or n e c o nt a mi n a nts 
d uri n g c o nstr u cti o n a n d o p er ati o ns ass o ci at e d wit h t h e alt er n at i v es w er e pr e di ct e d, as d es cri b e d i n 
A p p e n di x G. ” ( p. P- 6). H o w e v er, A p p e n di x G, “ Air Q u alit y A n al ys i s, ” st at es “ T hi s a p p e n di x pr es e nts 
i nf or m ati o n o n t h e n o nr a di ol o gi c al air q u alit y i m p a cts t h at c o ul d r es ult fr o m e mi ssi o ns ass o ci at e d wit h 
c o nstr u cti o n, o p er ati o ns, d e a cti v ati o n, a n d cl os ur e a cti viti es u n d er t h e v ari o us alt er n ati v es … ” ( p. G- 1). 
T h e o nl y c o nstit u e nts d es cri b e d i n A p p e n di x G ar e n o nr a di ol o gi c al a m bi e nt air p oll ut a nts s u c h as c ar b o n 
m o n o xi d e; P M 1 0 ; a n d s ulf ur di o xi d e a n d ot h er p oll ut a nts s u c h as b e n z e n e, m er c ur y, f or m al d e h y d e, a n d 
1, 3- b ut a di e n e.

A p p e n di x P als o d es cri b es t h at pr e di ct e d s e e p, s e di m e nt p or e w a t er, s e di m e nt, a n d s urf a c e w at er 
“ … c o n c e ntr ati o ns w er e c al c ul at e d fr o m t h e m o d el e d gr o u n d w at er c o n c e ntr ati o ns at t h e C ol u m bi a Ri v er 
r es ulti n g fr o m t h e v ar yi n g r a di o acti v e a n d c h e mi c al C O P C i n v e nt ori es i n pl a c e u n d er t h e diff er e nt 
alt er n ati v es (s e e A p p e n di x O) . ” ( p. P- 4 6). Ap p e n di x O, “ Gr o u n d w at er Tr a ns p ort A n al ysis, ” d es cri b es t h e 
p arti cl e-tr a c ki n g m et h o d us e d t o i m pl e m e nt t h e c o nt a mi n a nt tr a n s p ort m o d el. R a di o n u cli d es i n cl u d e d i n 
t h e p arti cl e-tr a c ki n g a n al ysis w er e t h e s a m e as t h e s cr e e n e d C OP Cs t o ass ess h u m a n h e alt h i n 
A p p e n di x Q, e x c e pt t h at pl ut o ni u m- 2 3 9 a n d ur a ni u m- 2 3 8 w er e li st e d i nst e a d of pl ut o ni u m a n d ur a ni u m 
is ot o p es. F or c h e mi c als, A p p e n dix P a g ai n p oi nt s t o A p p e n di x G.  

3. 1. 3. 5  C o m p ari s o n of Diff er e nt  T C & W M EI S S cr e e ni n g R e s ult s

I n t h e T C & W M EI S, t h e t a bl es of c o nstit u e nts s el e ct e d f or d et ail e d a n al ysis w er e t h e s a m e f or t h e h u m a n 
h e alt h i m p a cts a n al ysis a n d t h e c u m ul ati v e i m p a cts a n al ysis ( D O E/ EI S- 0 3 9 1) as s h o w n i n  T a bl e 1,
d es pit e k e y diff er e n c es i n t h e s cr e e ni n g m et h o d ol o gi es. T h e h u m a n h e alt h i m p a cts s cr e e ni n g c o nsi d er e d 
gr o u n d w at er r el e as e a n d i ntr u d er s c e n ari os w hil e t h e c u m ul ati v e i m p a cts s cr e e ni n g o nl y c o nsi d er e d 
gr o u n d w at er c o ns u m pti o n. I n t h e h u m a n h e alt h i m p a cts s cr e e ni n g,  r el ati v e i m p a cts w er e esti m at e d b as e d 
o n t h e distri b uti o n of r a di o n u cli d es i n m ulti pl e t y p es of s o ur c es (t a n ks, F F T F d e c o m missi o ni n g, w ast e 
pr o p os e d f or dis p os al at I D F a n d t h e Ri v er Pr ot e cti o n Pr oj e ct D is p os al F a cilit y, a n d c u m ul ati v e a n al ysis 
sit es), w hil e i n t h e c u m ul ati v e a n al ysis s cr e e ni n g, t h e distri b uti o n of r a di o n u cli d es w as b as e d o nl y fr o m 
c u m ul ati v e a n al ysis sit es. T his s u g g ests t h e i n v e nt ori es i n t h e c u m ul ati v e i m p a ct w ast e sit es w er e t h e 
m aj or dri v er of i m p a ct s.

S cr e e ni n g pr o c ess es c o n d u ct e d t o e v al u at e t h e t a n k cl os ur e alt e r n ati v es a n d h u m a n h e alt h i m p a cts b ot h 
c o nsi d er e d gr o u n d w at er r el e as e a n d i ntr u d er s c e n ari os. H o w e v er,  t h e t a n k cl os ur e s cr e e ni n g w as b as e d o n 
t h e di stri b uti o n of r a di o n u cli d es i n t h e B BI, w hi c h i n cl u d es f e w er r a di o n u cli d es a n d c h e mi c als t h a n i n t h e 
i niti al lists us e d f or t h e h u m a n h e alt h s cr e e ni n g, a n d w o ul d h el p e x pl ai n t h e s h ort er s cr e e n e d list f or t a n k 
cl os ur e ( T a bl e 1).

T a bl e 1. S el e ct e d C O P C s B a s e d o n S cr e e ni n g E v al u ati o n s C o n d u ct e d i n t h e T C & W M EI S

A n al yt e

A n al y sis of H u m a n H e alt h I m p a ct s 
( A p p e n di x Q, T a bl e Q- 1)a a n d 

C u m ul ati v e I m p a ct s 
( A p p e n di x S, T a bl e S- 8)a

A n al y sis of T a n k Cl o s u r e 
Alt e r n ati v es 

( A p p e n di x D, T a bl e D- 2)a

R a di o n u cli d e s

A m eri ci u m- 2 4 1 X X b

C ar b o n- 1 4 X X

C e si u m- 1 3 7 X X
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T a bl e 1. S el e ct e d C O P C s B a s e d o n S cr e e ni n g E v al u ati o n s C o n d u ct e d i n t h e T C & W M EI S

A n al yt e

A n al y sis of H u m a n H e alt h I m p a ct s 
( A p p e n di x Q, T a bl e Q- 1)a a n d 

C u m ul ati v e I m p a ct s 
( A p p e n di x S, T a bl e S- 8)a

A n al y sis of T a n k Cl o s u r e 
Alt e r n ati v es 

( A p p e n di x D, T a bl e D- 2)a

G a d oli ni u m- 1 5 2 X

H y dr o g e n- 3 (triti u m) X X

I o di n e- 1 2 9 X X

N e pt u ni u m- 2 3 7 X X

Pl ut o ni u m i s ot o p e s X X

P ot assi u m- 4 0 X

Str o nti u m- 9 0 X X

T e c h ni ci u m- 9 9 X X

T h ori u m- 2 3 2 X

Ur a ni u m i s ot o p e s X X

Zir c o ni u m- 9 3 X

a. S o ur c e: D O E/ EI S- 0 3 9 1, Fi n al T a n k Cl o s u r e a n d W a st e M a n a g e m e nt E n vir o n m e nt al I m p a ct St at e m e nt f o r t h e H a nf o r d Sit e ,
Ri c hl a n d, W a s hi n gt o n

b. A p pli es t o t h e i n h al ati o n p at h w a y f or t h e i ntr u d er s c e n ari o a n al y z e d i n A p p e n di x Q b ut n ot t o t h e EI S alt er n ati v es a n al ysis  
( p. D- 3).

3. 2  R a di o n u cli d e S el e cti o n

T h e a p pr o a c h us e d t o s el e ct C O P Cs f or t h e c urr e nt st u d y b e g a n w it h d e v el o p m e nt of a n i niti al li st of 
p ot e nti all y i m p ort a nt r a di o n u cli d es b as e d o n t h e e v al u ati o ns c o n d u ct e d b y t h e 1 9 9 8 C A, t h e 2 0 0 6 D at a 
P a c k a g e, t h e T C & W M EI S, a n d a v ail a bl e p erf or m a n c e ass ess m e nts f o r t h e 2 0 0 W est L L B Gs, 2 0 0 E ast 
L L B Gs, E R D F, W M A C, a n d I D F. T h e l ist is pr es e nt e d i n T a bl e 2.
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T h e i niti al li st i n T a bl e 2  w as s cr e e n e d t o i d e ntif y k e y r a di o n u c li d es t h at c o ul d p ot e nti all y aff e ct a
r e c e pt or vi a t h e gr o u n d w at er wit hi n 1 0, 0 0 0 y e ars aft er sit e cl os ur e. T h e i niti al li st w as als o e v al u at e d 
a g ai nst c urr e nt i nf or m ati o n o n sit e- wi d e i n v e nt ori es a n d c o nt a m i n a nt m o bilit y. S h ort-li v e d r a di o n u cli d es 
wit h a h alf-lif e of l ess t h a n 1 0 y e ars w er e s cr e e n e d o ut.

T h e f oll o wi n g s u bs e cti o ns pr o vi d e i nf or m ati o n us e d t o s u p p ort t h e d e cisi o n t o i n cl u d e or e x cl u d e t h e 
r a di o n u cli d es list e d i n T a bl e 2 d uri n g t h e s cr e e ni n g pr o c ess.  T a bl es 3 a n d 4 c o nt ai n t h e r a di o n u cli d e 
h alf-li v es ( D O E- S T D- 1 1 9 6- 2 0 1 1, D eri v e d C o n c e ntr ati o n T e c h ni c al St a n d ar d ) a n d Kd  v al u es us e d f or t h e 
pr e vi o us st u di es r e pr es e nt e d i n T a bl e 2. K d v al u es f or t h e 2 0 0 W est L L B Gs P erf or m a n c e Ass ess m e nt 
( P A) a n d t h e 2 0 0 E ast L L B Gs P A w er e n ot i n cl u d e d si n c e r a di o n u cli d es w er e gr o u p e d as n o ns or bi n g, 
sli g htl y s or bi n g, m o d er at el y s or bi n g, a n d str o n gl y s or bi n g a n d assi g n e d v al u es of 0, 1, 1 0 a n d 1 0 0 m L/ g, 
r e s p e cti v el y.

T a bl e 3. H alf-lif e V al u e s f or P ot e nti all y I m p ort a nt 
R a di o n u cli d e s

C O P C
H alf- Lif e
( Y e a r s)

A m eri ci u m- 2 4 1 4 3 2. 2

C ar b o n- 1 4 5 7 0 0

C esi u m- 1 3 7 3 0. 1 6 7 1

C hl ori n e- 3 6 3. 0 1 e + 5

C o b alt- 6 0 5. 2 7 1 3

E ur o pi u m- 1 5 2 1 3. 5 3 7

G a d oli ni u m- 1 5 2 1. 0 8 e + 1 4

H y dr o g e n- 3 (triti u m) 1 2. 3 2

I o di n e- 1 2 9 1. 5 7 e + 7

M ol y b d e ni u m- 9 3 4 0 0 0

N e pt u ni u m- 2 3 7 2. 1 4 e + 6

Ni o bi u m- 9 3 m 1 6. 1 3

Ni o bi u m- 9 4 2 0 3 0 0

Pl ut o ni u m- 2 3 8 8 7. 7

Pl ut o ni u m- 2 3 9 2 4 1 0 0

Pl ut o ni u m- 2 4 0 6 5 6 4

Pl ut o ni u m- 2 4 1 1 4. 3 5

Pl ut o ni u m- 2 4 2 3. 7 5 e + 5

P ol o ni u m- 2 0 9 1 0 2

P ot assi u m- 4 0 1. 2 5 e + 9

Pr ot a cti ni u m- 2 3 1 3 2 8 0 0

R a di u m- 2 2 6 1 6 0 0

R a d o n- 2 2 2 0. 0 1 0 5
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T a bl e 3. H alf-lif e V al u e s f or P ot e nti all y I m p ort a nt 
R a di o n u cli d e s

C O P C
H alf- Lif e
( Y e a r s)

R h e ni u m- 1 8 7 4. 1 2 e + 1 0

S el e ni u m- 7 9 2. 9 5 e + 5

Str o nti u m- 9 0 2 8. 7 9

T e c h n eti u m- 9 9 2. 1 1 e + 5

T h ori u m- 2 3 0 7 5 4 0 0

T h ori u m- 2 3 2 1. 4 1 e + 1 0

Ti n- 1 2 6 2. 3 0 e + 5

Ur a ni u m- 2 3 2 6 8. 9

Ur a ni u m- 2 3 3 1. 5 9 e + 5

Ur a ni u m- 2 3 4 2. 4 6 e + 5

Ur a ni u m- 2 3 5 7. 0 4 e + 8

Ur a ni u m- 2 3 6 2. 3 4 e + 7

Ur a ni u m- 2 3 8 4. 4 7 e + 9

Zir c o ni u m- 9 3 1. 5 3 e + 6

S o ur c e: D O E- S T D- 1 1 9 6- 2 0 1 1, D eri v e d C o n c e ntr ati o n 
T e c h ni c al St a n d a r d

T a bl e 4. R a di o n u cli d e K d V al u e s fr o m P a st St u di e s

C O P C
1 9 9 8
C A a

2 0 0 6  D at a 
P a c k a g e b T C & W M EI S c

E R D F
P A d

W M A C 
P A e

I D F
P A f

A m eri ci u m- 2 4 1 3 0 0 1 9 0 0 3 0 0 6 0 0 3 0 0

C ar b o n- 1 4 5 0 4 0. 5 1 5

C esi u m- 1 3 7 1 5 0 0 2 0 0 0 8 0 2 0 0 0 1 0 0 2 0 0 0

C hl ori n e- 3 6 0 0 0 0

C o b alt- 6 0 1 2 0 0 1 0 0 2 0 0 0

E ur o pi u m- 1 5 2 3 0 0 2 0 0 3 0 0 1 0 3 0 0

G a d oli ni u m- 1 5 2 5

H y dr o g e n- 3 (triti u m) 0 0 0 0 0 0

I o di n e- 1 2 9 0. 5 0. 2 0 0. 2 0. 2 0. 2 5

M ol y b d e ni u m- 9 3 0

N e pt u ni u m- 2 3 7 1 5 1 0 2. 5 1 0 1 0 1 5

Ni o bi u m- 9 3 m 3 0 0 0 0 0
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T a bl e 4. R a di o n u cli d e K d V al u e s fr o m P a st St u di e s

C O P C
1 9 9 8
C A a

2 0 0 6  D at a 
P a c k a g e b T C & W M EI S c

E R D F
P A d

W M A C 
P A e

I D F
P A f

Ni o bi u m- 9 4 3 0 0 0 0

Pl ut o ni u m i s ot o p e s 2 0 0 6 0 0 1 5 0 6 0 0 6 0 0 1 5 0

P ol o ni u m- 2 0 9

P ot assi u m- 4 0 1 5 0

Pr ot a cti ni u m- 2 3 1 1 5 3 0 0 1 5

R a di u m- 2 2 6 2 0 2 0 1 0 1 4

R a d o n- 2 2 2 0

R h e ni u m- 1 8 7

S el e ni u m- 7 9 0 5 5 0. 1 7

Str o nti u m- 9 0 2 0 2 2 1 0 2 0 1 0 1 4

T e c h n eti u m- 9 9 0 0 0 0 0 0

T h ori u m- 2 3 2 1 0 0 0 3 2 0 0 1 0 0 0 3 0 0 1 0 0 0

Ti n- 1 2 6 3 0 0 5 0 0. 5 3 0 0

Ur a ni u m i s ot o p e s 3 0. 8 0. 6 0. 8 0. 6 1

Zir c o ni u m- 9 3 1 0 0 0 6 0 0 1 0 0 0 3 0 0 1 0 0 0

S o ur c es:

a. P N N L- 1 1 8 0 0, C o m p o sit e A n al ysis f o r L o w- L e v el W a st e Dis p o s al i n t h e 2 0 0 A r e a Pl at e a u of t h e H a nf o r d Sit e ,  A p p e n di x E, 
T a bl e  E. 1 0 ( K d B est E sti m at es f or L o w Or g a ni c/ L o w S alts/ N e ar N e utr al).

b. P N N L- 1 4 7 0 2, V a d o s e Z o n e H y d r o g e ol o g y D at a P a c k a g e f o r H a nf o r d A ss ess m e nt s , T a bl e 4. 1 1 ( Kd B est esti m at es f or l o w 
or g a ni c/l o w s alt/ n e ar n e utr al, i nt er m e di at e i m p a ct - s a n d or gr o u n d w at er).

c. D O E/ EI S- 0 3 9 1, Fi n al T a n k Cl o s u r e a n d W a st e M a n a g e m e nt E n vir o n m e nt al I m p a ct St at e m e nt ,  A p p e n di x N, T a bl e N- 2.

d. W C H- 5 1 5 R e v. 0, P ar a m et er U n c ert ai nt y f o r t h e E R D F P erf or m a n c e Ass ess m e nt U n c ert ai nt y a n d S e nsiti vit y A n al ysis ,
T a bl e 2 5. B est esti m at es f or l o w or g a ni c/l o w s alt/ n e ar n e utr al w ast e c h e mistr y, n ot i m p a ct e d s a n d.

e. R P P- E N V- 5 8 7 8 2 R e v. 0, P erf or m a n c e A ss ess m e nt of W a st e M a n a g e m e nt A r e a C, H a nf o r d Sit e, W a s hi n gt o n , T a bl e 6- 1 1.

f. R P P- R P T- 5 9 9 5 8, P erf o r m a n c e Ass ess m e nt f o r t h e I nt e g r at e d Dis p o s al F a cilit y, H a nf o r d Sit e, W a s hi n gt o n, T a bl e 4- 3 3 ( B est 
esti m at es f or f ar fi el d s a n d s e q u e n c e wit h n at ur al r e c h ar g e ( n o  i m p a ct fr o m w ast es)).

3. 2. 1  R a di o n u cli d e s S cr e e n e d fr o m t h e I niti al Li st of C O P C s

A m e ri ci u m- 2 4 1

O nl y t h e T C & W M EI S i n cl u d e d a m e ri ci u m- 2 4 1 i n t h e list of s el e ct e d C O P Cs. T a bl e D- 2 i n T C & W M 
EI S A p p e n di x D, W ast e I n v e nt ori es, i n di c at es t h at a m eri ci u m- 2 4 1 w as c o nsi d er e d f or i ntr u d er a n al ysis 
s c e n ari os o nl y. A p p e n di x Q a n d A p p e n di x S d o n ot i n cl u d e t his l i mit ati o n. A r e vi e w of t h e T C & W M 
EI S v a d os e z o n e si m ul ati o ns s h o w e d t h at a m eri ci u m- 2 4 1 w as i n cl u d e d i n 2 1 1 of t h e tr a ns p ort 
si m ul ati o ns, b ut r e a c h e d t h e w at er t a bl e i n o nl y o n e si m ul ati o n wit h a c u m ul ati v e r el e as e of o nl y 
4. 6 E- 1 3  Ci.

R e p ort e d K d v al u es f or a m eri ci u m- 2 4 1 i n t h e T C & W M EI S, 1 9 9 8 C A, a n d t h e E R D F, W M A C, a n d 
I D F P As r a n g e d fr o m 3 0 0 t o 1, 9 0 0 m L/ g. B as e d o n t h es e hi g h K d  v al u es a n d mi ni m al gr o u n d w at er 
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impact predicted by the TC & WM EIS vadose zone simulations, americium-241 will be removed from 
the list of proposed COPCs. 

Cesium-137

Cesium-137 was included in the list of selected COPCs for two of the past site-wide studies: the 2006 
Data Package and the TC&WM EIS. Reported Kd values for cesium-137 in the TC&WM EIS, the 2006 
Data Package, the 1998 CA, and the ERDF, WMA C, and IDF PAs ranged from 80 to 2,000 mL/g. 
PNNL-13895, Hanford Contaminant Distribution Coefficient Database and Users Guide, states that 
"Under normal Hanford conditions, Cs(I) adsorption is high with Kd values in excess of 1,000 mL/g" and 
"it appears that Cs(I) transport through the Hanford Site vadose zone and groundwater will be negligible 
except under conditions of extremely high salt concentration".

A review of the TC&WM EIS vadose zone simulations showed that cesium-137 was included in 250 of 
the transport simulations, but reached the water table in only three locations (Gable Mtn Pond, 216-A-5,
and 218-W-2A_Burial Ground). However, the TC&WM EIS Kd of 80 mL/g appears to be based on a 
value from PNNL-14702, Vadose Zone Hydrogeology Data Package for Hanford Assessments, for IDF 
vitrified waste for intermediate impact sand. For the same intermediate impact sand and low organic/low 
salt/near neutral waste chemistry, the "best" value in PNNL-14702 is 2,000 mL/g. PNNL-14702 also 
states "For cesium, the best estimate Kd value selected for most Hanford impact zones and waste 
categories is 2,000 ml/g with a range of 200 to 10,000."

Based on the high Kd values, cesium-137 will be removed from the list of proposed COPCs. 

Cobalt-60

Only the WMA C PA included cobalt-60 in the list of selected COPCs. RPP-ENV-58782, Performance 
Assessment of Waste Management Area C, Hanford Site, Washington, states that "Among radionuclides, 
the only contaminant producing nonzero concentrations at 100 m from the WMA C fenceline in the
compliance period is 99Tc. Other mobile contaminants such as 3H, 60Co, and 93mNb decay to insignificant 
quantities before reaching the water table".

PNNL-13895 states that "The general conclusions that can be drawn from these results are 1) Co(II) is 
highly immobile under normal Hanford groundwater conditions…".

Based on these observations and a half-life of less than 10 years, cobalt-60 will be removed from the list 
of proposed COPCs.

Europium-152

Only the 2006 Data Package included europium-152 in the list of selected COPCs. Reported Kd values for 
europium-152 in the 1998 CA, the 2006 Data Package, and the ERDF and IDF PAs ranged from 200 to 
300 mL/g. For the WMA C PA, a Kd value of 10 mL/g was reported for europium-152, which was then 
excluded from consideration due to the Kd value being greater than 1.5 mL/g. The WMA C PA references 
PNNL-17154, Geochemical Characterization Data Package for the Vadose Zone in the Single-Shell Tank 
Waste Management Areas at the Hanford Site, as the source for the europium-152 10 mL/g Kd value. 
In PNNL-17154 the 10 mL/g Kd is assigned as the “best” value for all europium isotopes in sand size 
sediments under intermediate impact conditions. For the same sand size sediments under no impact 
conditions, the “best” Kd value is 300 mL/g.

Based on the high Kd values, europium-152 will be removed from the list of proposed COPCs.
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Gadolinium-152

Only the TC & WM EIS included gadolinium-152 in the list of selected COPCs. In the inventory tables in 
the TC&WM EIS, only one site was reported with an inventory of gadolium-152, 3.39 x 10-3 curies at the 
218-W-3A Burial Ground. A review of the TC&WM EIS vadose zone simulations showed that 
gadolinium-152 did not emerge to groundwater in 10,000-year evaluation period. Because there was no 
impact to groundwater for the single gadolinium-152 source, gadolinium-152 will be removed from the 
list of proposed COPCs.

Molybdenum-93

Only the ERDF PA included molybdenum-93 in the list of selected COPCs. Since molybdenum-93 was 
identified as a selected COPC in only a single PA, composite impacts do not need to be evaluated. 
Molybdenum-93 will be removed from the list of proposed COPCs.

Niobium-93m

Niobium-93m was included in the list of selected COPCs for two PAs: the ERDF PA and the WMA C 
PA. WCH-520, Performance Assessment for the Environmental Restoration Disposal Facility, Hanford 
Site, Washington, states that, for the ERDF PA, “Hydrogen-3 and niobium-93m do not exist anywhere in 
the model domain in significant quantities after 1,000 years and decay to insignificant quantities (less than 
1 E-14 Ci per Ci source) before reaching the water table.” RPP-ENV-58782 states that “Among 
radionuclides, the only contaminant producing nonzero concentrations at 100 m from the WMA C 
fenceline in the compliance period is 99Tc. Other mobile contaminants such as 3H, 60Co, and 93mNb decay 
to insignificant quantities before reaching the water table.” Based on the lack of impact at the water table 
for these two PAs, niobium-93m will be removed from the list of proposed COPCs.

Niobium -94

Only the ERDF PA included niobium-94 in the list of selected COPCs. Since niobium-94 was identified 
as a selected COPC in only a single PA, composite impacts do not need to be evaluated. Niobium-94 will 
be removed from the list of proposed COPCs.

Plutonium isotopes

Only the TC&WM EIS included plutonium in the list of selected COPCs. A review of the TC&WM EIS 
vadose zone simulations showed that plutonium-239 was included in 264 of the transport simulations, but 
reached the water table in only three locations (Gable Mtn Pond, 216-A-5, and 200-E-78). Total 
cumulative releases to the water table were 2.65E-3 Ci for Gable Mtn Pond, 1.92E-6 Ci for 216-A-5, and 
1.58E-6 Ci for 200-E-78.

Reported Kd values for plutonium isotopes in the TC&WM EIS, the 1998 CA, the 2006 Data Package,
and the ERDF, WMA C, and IDF PAs ranged from 150 to 600 mL/g. PNNL-13895 states that “Based on 
the limited data available for Pu, it appears that Pu will be fairly immobile except at very low pH values 
or high ethylenediaminetetraacetic acid concentrations.” Based on the high Kd values and minimal 
groundwater impact predicted by the TC&WM EIS vadose zone simulations, plutonium will be removed 
from the list of proposed COPCs.

Polonium-209

Only the 200-W LLBGs PA included polonium-209 in the list of selected COPCs. Since polonium-209
was identified as a selected COPC in only a single PA, composite impacts do not need to be evaluated. 
Polonium-209 will be removed from the list of proposed COPCs. 
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Potassium-40

Potassium-40 was included in the list of selected COPCs for the TC&WM EIS and the ERDF PA. 
A review of the TC&WM EIS vadose zone simulations showed that potassium-40 did not reach 
groundwater in any of the 10 transport simulations where it was included. WCH-520 states that, for the 
ERDF PA, “For K-40 and Rn-222, there is no limit calculated because K-40 occurs naturally in the soils 
(it was not generated during the Hanford reactor operations)…”. Based on the lack of impact to 
groundwater, potassium-40 will be removed from the list of proposed COPCs.

Protactinium-231

Protactinium-231 was included in the list of selected COPCs for the 2006 Data Package and the 200-W
LLBGs PA. Protactinium-231 as a progeny will be included in the calculation of uranium-235 dose. 
Protactinium-231 will be removed from the list of proposed COPCs.

Radon-222

Only the WMA C PA included radon-222 in the list of selected COPCs. RPP-ENV-58782 indicates that 
radon-222 was included to complete the uranium decay chain to calculate radon flux. Since radon flux 
calculations will not be included as part of the CA, and radon-222 has a half-life of less than 10 years, 
radon-222 will be removed from the list of proposed COPCs.

Selenium-79

Selenium-79 was included in the list of selected COPCs for two of the past site-wide studies (1998 CA 
and 2006 Data Package), and three Performance Assessments (200 West LLBGs PA, 200 East LLBGs 
PA and WMA C PA). Although selenium-79 was predicted to be a groundwater dose contributor in some 
of the earlier studies, this would not be the case for Kd values currently considered to be appropriate for 
selenium-79. As discussed in Appendix A, the understanding of selenium-79 Kd has progressed over time. 
During the early studies, the Kd for selenium-79 was assumed to be 0 mL/g (i.e., no retardation). Current 
estimates, based on site-specific data, are higher, ranging from 3 to 10 mL/g (PNNL-13895), assuming 
low selenium concentrations and near neutral conditions. In the immediate vicinity of waste sites, the 
selenium Kd may be lower due to higher selenium concentrations or basic conditions, but throughout most 
of the vadose zone, conditions favoring the higher Kd range should apply.

Also, the SIM inventory (ECF-HANFORD-17-0079, Appendix J) for selenium-79 was less than 2.3 Ci
for all historical liquid discharges included in the SIM. Based on the relatively high Kd, limited inventory, 
exclusion from the TC&WM EIS list of COPCs, and lack of impact for studies with higher Kd values 
(DOE/ORP-2000-24, Hanford Immobilized Low-Activity Waste Performance Assessment: 2001 Version,
WCH-520, Performance Assessment for the Environmental Restoration Disposal Facility, Hanford Site, 
Washington, and RPP-RPT-59958, Performance Assessment for the Integrated Disposal Facility, 
Hanford Site, Washington), selenium-79 will be removed from the list of proposed COPCs.

Thorium-232

Only the TC&WM EIS included thorium-232 in the list of selected COPCs. A review of the TC&WM 
EIS vadose zone simulations showed that thorium-232 did not reach groundwater in any of the 195
transport simulations where it was included.

Reported Kd values for thorium-232 in the TC & WM EIS, the 1998 CA, and the ERDF, WMA C, and 
IDF PAs ranged from 300 to 3,200 mL/g. Also, the SIM inventory (ECF-HANFORD-17-0079,2017) for 
thorium-232 was less than one hundredth of a Ci for all historical liquid discharges included in the SIM. 



C P- 6 2 1 8 4,  R E V. 0

1 5

B as e d o n t h e hi g h K d v al u es a n d l o w i n v e nt or y, t h ori u m- 2 3 2 will b e r e m o v e d fr o m t h e li st of pr o p os e d 
C O P Cs.

Ti n- 1 2 6

O nl y t h e W M A C P A i n cl u d e d ti n- 1 2 6 i n t h e li st of s el e ct e d C O P Cs . Si n c e ti n- 1 2 6 w as i d e ntifi e d as a 
s el e ct e d C O P C i n o nl y a si n gl e P A, c o m p osit e i m p a cts d o n ot n e e d t o b e e v al u at e d. Ti n- 1 2 6 will b e 
r e m o v e d fr o m t h e list of pr o p os e d C O P Cs.

Zi r c o ni u m- 9 3

O nl y t h e T C & W M EI S i n cl u d e d zir c o ni u m- 9 3 i n t h e list of s el e ct e d C O P Cs. A r e vi e w of t h e T C & W M 
EI S v a d os e z o n e si m ul ati o ns s h o w e d t h at zir c o ni u m- 9 3 di d n ot r e a c h gr o u n d w at er i n a n y of t h e 1 7 0 
tr a ns p ort si m ul ati o ns w h er e it w as i n cl u d e d.

R e p ort e d K d  v al u es f or zir c o ni u m- 9 3 i n t h e T C & W M EI S, t h e 1 9 9 8 C A, a n d t he E R D F, W M A C, a n d 
I D F P As r a n g e d fr o m 3 0 0 t o 1, 0 0 0 m L/ g. B as e d o n t h es e hi g h K d v al u e s, zir c o ni u m- 9 3 will b e r e m o v e d 
fr o m t h e list of pr o p os e d C O P Cs.

3. 2. 2  R a di o n u cli d e s R et ai n e d fr o m  t h e I niti al Li st of C O P C s

Triti u m, i o di n e- 1 2 9, n e pt u ni u m- 2 3 7, t e c h n eti u m- 9 9, a n d t h e ur a ni u m is ot o p es ar e k n o w n l e a di n g d os e 
c o ntri b ut ors a n d, as s u c h, will b e r et ai n e d i n t h e fi n al list o f C O P Cs. C ar b o n- 1 4, c hl ori n e- 3 6, a n d 
r h e ni u m- 1 8 7  w er e i n cl u d e d i n m ulti pl e st u di es w h er e t h e y w er e pre di ct e d t o b e gr o u n d w at er d os e
c o ntri b ut ors.  T h es e r a di o n u cli d es  will b e r et ai n e d i n t h e fi n al li st of C O P Cs. Si n c e str o nti u m- 9 0 is f o u n d 
i n gr o u n d w at er i n t h e 2 0 0 Ar e a i n c o n c e ntr ati o ns t h at e x c e e d t h e dri n ki n g w at er st a n d ar d ( D O E/ R L- 2 0 1 6-
6 7), str o nti u m- 9 0 will b e r et ai n e d i n t h e fi n al list of C O P Cs. A d diti o n all y, r a di u m- 2 2 6 will b e r et ai n e d 
a n d t h ori u m- 2 3 0 will b e a d d e d t o e v al u at e t h e d e c a y c h ai n: ur a n i u m- 2 3 4 > t h ori u m- 2 3 0 > r a di u m- 2 2 6.
T a bl e 5 s h o ws t h e i niti al li st of p ot e nti al C O P Cs a n d t h e r e as o n f or r et ai ni n g or r e m o vi n g e a c h 
r a di o n u cli d e fr o m t h e fi n al C O P C list.

T a bl e 5. C O P C S cr e e ni n g R e s ult s

C O P C R ati o n al e

R et ai n

C ar b o n- 1 4 K e y C o ntri b ut or t o D o s e.

C hl ori n e- 3 6 K e y C o ntri b ut or t o D o s e.

H y dr o g e n- 3 (triti u m)  K e y C o ntri b ut or t o D o s e.

I o di n e- 1 2 9 K e y C o ntri b ut or t o D o s e.

N e pt u ni u m- 2 3 7  K e y C o ntri b ut or t o D o s e.

R a di u m- 2 2 6 A d d e d d e c a y c h ai n U 2 3 4 > T h 2 3 0 > R a 2 2 6.

R h e ni u m- 1 8 7 D o s e c o ntri b ut or i n t h e 2 0 0- E L L B Gs P A a n d t h e 2 0 0- W  L L B G s P A.

Str o nti u m- 9 0 C urr e nt gr o u n d w at er c o n c e ntr ati o ns.

T e c h n eti u m- 9 9  K e y C o ntri b ut or t o D o s e.

Ur a ni u m i s ot o p e s  K e y C o ntri b ut or t o D o s e.
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T a bl e 5. C O P C S cr e e ni n g R e s ult s

C O P C R ati o n al e

A d d

T h ori u m- 2 3 0 A d d e d d e c a y c h ai n U 2 3 4 > T h 2 3 0 > R a 2 2 6.

Eli mi n at e

A m eri ci u m- 2 4 1  Hi g h K d v al u e s.

C e si u m- 1 3 7 Hi g h K d v al u e s.

C o b alt- 6 0 H alf-lif e l es s t h a n 1 0 yr.

E ur o pi u m- 1 5 2  Hi g h K d v al u e s.

G a d oli ni u m- 1 5 2  N o i m p a ct t o gr o u n d w at er f or t h e T C & W M EI S.

M ol y b d e ni u m- 9 3  O nl y i d e ntifi e d i n t h e E R D F P A, s o c o m p o sit e i m p a cts d o n ot n e e d t o b e e v al u at e d.

Ni o bi u m- 9 3 m N o i m p a ct t o gr o u n d w at er f or t h e t w o P As w h er e ni o bi u m- 9 3 m w a s e v al u at e d.

Ni o bi u m- 9 4 O nl y i d e ntifi e d i n t h e E R D F P A, s o c o m p osit e i m p a cts d o n ot n e e d t o b e e v al u at e d.

Pl ut o ni u m i s ot o p e s  Hi g h K d v al u e s.

P ol o ni u m- 2 0 9 O nl y i d e ntifi e d i n t h e 2 0 0- W L L B Gs P A, s o c o m p o sit e  i m p a cts d o n ot n e e d t o b e 
e v al u at e d.

P ot a ssi u m- 4 0 N o i m p a ct t o gr o u n d w at er f or t h e T C & W M EI S or E R D F P A.

Pr ot a cti ni u m- 2 3 1 Pr ot a cti ni u m- 2 3 1 will b e i n cl u d e d a s a pr o g e n y i n t h e c al c ul ati o n of ur a ni u m- 2 3 5
d o s e.

R a d o n- 2 2 2 H alf-lif e l es s t h a n 1 0 yr.

S el e ni u m- 7 9 R el ati v el y hi g h K d , li mit e d i n v e nt or y, a n d l a c k of i m p a ct f or st u di es wit h hi g h er Kd
v al u e s.

T h ori u m- 2 3 2 Hi g h K d v al u e s.

Ti n- 1 2 6 O nl y i d e ntifi e d i n t h e W M A C P A, s o c o m p o sit e i m p a ct s d o  n ot n e e d t o b e e v al u at e d.

Zir c o ni u m- 9 3 Hi g h K d v al u e s.

4 S u m m ar y

T his d o c u m e nt d es cri b es t h e s cr e e ni n g a n d s el e cti o n pr o c ess f or r a di o n u cli d es t o i n cl u d e i n t h e H a nf or d 
Sit e C A. T hi s s cr e e ni n g a p pr o a c h w as b as e d o n m et h o ds a d o pt e d i n t hr e e pri or sit e- wi d e st u di es: t h e 1 9 9 8 
C A, t h e 2 0 0 6 D at a P a c k a g e, a n d t h e T C & W M EI S. Si xt e e n r a di o n u cli d es ( T a bl e 6) w er e s el e ct e d f or t h e 
H a nf or d Sit e C A gr o u n d w at er p at h w a y e v al u ati o n.

T a bl e 6. S el e ct e d C o nt a mi n a nt s f or Gr o u n d w at er 
P at h w a y D et ail e d E v al u ati o n

C o nt a mi n a nt

C ar b o n- 1 4

C hl ori n e- 3 6
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T a bl e 6. S el e ct e d C o nt a mi n a nt s f or Gr o u n d w at er 
P at h w a y D et ail e d E v al u ati o n

C o nt a mi n a nt

H y dr o g e n- 3 (triti u m)

I o di n e- 1 2 9

N e pt u ni u m- 2 3 7

R a di u m- 2 2 6

R h e ni u m- 1 8 7

Str o nti u m- 9 0

T e c h n eti u m- 9 9

T h ori u m- 2 3 0

Ur a ni u m- 2 3 2

Ur a ni u m- 2 3 3

Ur a ni u m- 2 3 4

Ur a ni u m- 2 3 5

Ur a ni u m- 2 3 6

Ur a ni u m- 2 3 8

5  R ef er e n c e s

C o m pr e h e nsi v e E n vi r o n m e nt al R es p o ns e, C o m p e ns ati o n, a n d Li a bilit y A ct of 1 9 8 0 , 4 2 U S C 9 6 0 1 et s e q., 
P u b. L. 1 0 7- 3 7 7, D e c e m b er 3 1, 2 0 0 2. A v ail a bl e at: 
htt ps:// w w w. cs u. e d u/ c er c/r es e ar c hr e p orts/ d o c u m e nt s/ C E R C L A S u m m ar y 1 9 8 0. p df .

D O E O 4 3 5. 1 C h g 1, 2 0 0 1, R a di o a cti v e W ast e M a n a g e m e nt , U. S. D e p art m e nt of E n er g y, 
W as hi n gt o n, D. C. A v ail a bl e at: htt ps:// w w w. dir e cti v es. d o e. g o v/ dir e cti v es- d o c u m e nts/ 4 0 0-
s eri es/ 0 4 3 5. 1- B Or d er- c h g 1 .

D O E/ EI S- 0 3 9 1, 2 0 1 2, Fi n al T a n k Cl os ur e a n d W ast e M a n a g e m e n t E n vir o n m e nt al I m p act St at e m e nt f or 
t h e H a nf or d Sit e, Ri c hl a n d, W as hi n gt o n ( T C & W M EI S), U. S. D e p art m e nt of E n er g y, Offi c e 
of Ri v er Pr ot e cti o n, Ri c hl a n d, W as hi n gt o n. A v ail a bl e at: 
htt p:// e n er g y. g o v/ n e p a/ d o w nl o a ds/ ei s- 0 3 9 1-fi n al- e n vir o n m e nt al-i m p a ct-st at e m e nt .

D O E- S T D- 1 1 9 6- 2 0 1 1, 2 0 1 1, D eri v e d C o n c e ntr ati o n T e c h ni c al St a n d a r d, U. S. D e p art m e nt of E n er g y, 
W as hi n gt o n, D. C. A v ail a bl e at: 
htt p:// w w w. hss. d o e. g o v/ n u cl e ar s af et y/t e c hst ds/ d o cs/st a n d ar d/ D O E - S T D- 1 1 9 6- 2 0 1 1. p df.

E C F- H A N F O R D- 1 7- 0 0 7 9, 2 0 1 8, H a nf or d S oil I n v e nt or y M o d el ( SI M- v 2) C al c ul at e d R a di o n u cli d e 
I n v e nt or y of Dir e ct Li q ui d Dis c h ar g es t o S oil i n t h e H a nf or d Sit e's 2 0 0 Ar e as, R e v. 0, 
C H 2 M HI L L Pl at e a u R e m e di ati o n C o m p a n y, Ri c hl a n d, W as hi n gt o n.

F F T F- 1 8 3 4 6, 2 0 0 5, T e c h ni c al I nf or m ati o n D o c u m e nt f or t h e F ast Fl u x T est F a cilit y Cl os ur e Pr oj e ct 
E n vir o n m e nt al I m p a ct St at e m e nt , R e v. 1, Fl u or H a nf or d, Ri c hl a n d, W as hi n gt o n. 
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A 1  D o c u m e nt e d S e- 7 9 K d V al u e s

A p p e n di x B ( S el e ni u m- 7 9 K d V al u e s) li st s t h e di stri b uti o n c o effi ci e nt s ( K d s) i n t h e D O E/ EI S- 0 3 9 1, Fi n al 
T a n k Cl os ur e a n d W ast e M a n a g e m e nt E n vi r o n m e nt al I m p a ct St at e m e nt f or t h e H a nf or d Sit e , Ri c hl a n d, 
W as hi n gt o n ( h er ei n aft er r ef err e d t o as t h e T C & W M EI S), c o m p osit e a n al ys es ( CAs), p erf or m a n c e 
ass ess m e nts ( P As), a n d r el at e d or r ef er e n c e d d o c u m e nts. A p p e n di x B i n cl u d es o nl y t h os e K d v al u e s t h at 
w er e i d e ntifi e d as s a n d si z e or wit h n o si z e d es cri pti o n; silt- si z e, gr a v el c orr e ct e d, a n d c ar b o n at e-
d o mi n at e d v al u es w er e n ot i n cl u d e d. T h er e is a pr o gr essi o n fr o m  a n ass u m e d v al u e of 0 m L/ g i n t h e e arl y 
d o c u m e nts ( W H C- E P- 0 6 4 5, P erf or m a n c e Ass ess m e nt f or t h e Dis p os al of L o w- L e v el W ast e i n t h e 
2 0 0  W est Ar e a  B uri al Gr o u n ds, h er ei n aft er r ef err e d t o as t h e 2 0 0- W L L B Gs P A;  W H C- S D- W M- TI- 7 3 0,
P erf or m a n c e Ass ess m e nt f or t h e Di s p os al of L o w- L e v el W ast e i n t h e 2 0 0 E ast Ar e a B uri al Gr o u n ds,
h er ei n aft er r ef err e d t o as t h e 2 0 0- E L L B Gs P A; a n d P N N L- 1 1 8 0 0, C o m p osit e A n al ysis f or L o w- L e v el 
W ast e Dis p os al i n t h e 2 0 0  Ar e a Pl at e a u of t h e H a nf or d Sit e, h er ei n aft er r ef err e d t o as t h e 1 9 9 8 C A) t o a 
v al u e of 4 m L/ g ( b as e d o n sit e s p e cifi c d at a [ D O E/ O R P- 2 0 0 0- 2 4, H a nf or d I m m o bili z e d L o w- A cti vit y 
W ast e P erf or m a n c e Ass ess m e nt: 2 0 0 1 V ersi o n, h er ei n aft er r ef err e d t o as t h e 2 0 0 1 I L A W P A]), t o a “ b est ” 
n o n-i m p a ct e d v al u e of 5 or 7 ( d e p e n di n g o n t h e d o c u m e nt) f or t h e l at er d o c u m e nts. T a bl e A- 1 li st s t h e 
l e ast i m p a ct e d ( b y w ast e c h e mi str y) “ b est ” S e- 7 9 Kd  v al u es f o u n d f or e a c h of t h e st u di es b ei n g r e vi e w e d. 
At fir st gl a n c e, t h e W ast e M a n a g e m e nt Ar e a ( W M A)  C P A l o o ks t o b e a n e x c e pti o n wit h a v al u e of 
0. 1 m L/ g. H o w e v er, f oll o wi n g t h e  r ef er e n c es (s e e S e cti o n A 1. 5) s h o ws t h at t his v al u e is f or t h e 
i nt er m e di at e i m p a ct z o n e.

T a bl e A- 1. S el e ni u m K d V al u e s f or t h e EI S, C A s, a n d P A s

C O P C 1 9 9 8 C A

2 0 0 6
D at a 

P a c k a g e

2 0 0- W
L L B Gs 

P A

2 0 0- E
L L B Gs 

P A
T C & W
M EI S

E R D F
P A

W M A C 
P A I D F P A

S el e ni u m-
7 9

0 5 0 0
N ot 

List e d
5 0. 1 7

R ef er e n c es:

D O E/ EI S- 0 3 9 1, Fi n al T a n k Cl o s u r e a n d W a st e M a n a g e m e nt E n vir o n m e nt al I m p a ct St at e m e nt .

P N N L- 1 1 8 0 0, C o m p o sit e A n al ysis f o r L o w- L e v el W a st e Dis p o s al i n t h e 2 0 0 A r e a Pl at e a u of t h e H a nf o r d Sit e.

P N N L- 1 4 7 0 2, V a d o s e Z o n e H y d r o g e ol o g y D at a P a c k a g e f o r H a nf o r d A ss ess m e nt s .

R P P- E N V- 5 8 7 8 2, P erf o r m a n c e Ass ess m e nt of W a st e M a n a g e m e nt A r e a C, H a nf o r d Sit e, W a s hi n gt o n .

R P P- R P T- 5 9 9 5 8, P erf or m a n c e Ass ess m e nt f or t h e I nt e gr at e d Di s p o s al F a cilit y, H a nf o r d Sit e, W a s hi n gt o n .

W C H- 5 1 5, P a r a m et er U n c ert ai nt y f o r t h e E R D F P erf o r m a n c e Ass ess m e nt U n c ert ai nt y a n d S e n siti vit y A n al ysis .

W H C- E P- 0 6 4 5, P erf o r m a n c e A ss ess m e nt f o r t h e Dis p o s al of L o w L e v el W a st e i n t h e 2 0 0 W est Ar e a B u ri al Gr o u n d s .

W H C- S D- W M- TI- 7 3 0, P erf o r m a n c e A ss ess m e nt f o r t h e Dis p o s al of L o w L e v el W a st e i n t h e 2 0 0 E a st Ar e a B u ri al  Gr o u n d s .

P N N L- 1 3 8 9 5, H a nf or d C o nt a mi n a nt Di stri b uti o n C o ef fi ci e nt D at a b as e a n d Us ers G ui d e, pr o vi d es t h e 
f oll o wi n g s u m m ar y r e g ar di n g s el e ni u m:

S el e ni u m. A f air n u m b er of S e( VI) K d  v al u es h a v e b e e n d et er mi n e d usi n g n at ur al H a nf or d 
s e di m e nt a n d ar e list e d i n T a bl e 1 4. T h es e r es ults i n di c at e t h at  at tr a c e c o n c e ntr ati o ns, a ds or pti o n 
of S e( VI) t o H a nf or d s e di m e nt is l o w t o m o d er at e wit h K d  v al u es r a n gi n g fr o m 3 t o 1 0 m L/ g. 
At hi g h er S e( VI) c o n c e ntr ati o ns, t h e K d  v al u e s ar e l o w er ( 0 t o 3 m L/ g). A ci di c c o n diti o ns 
i n cr e as e S e( VI) a ds or pti o n, a n d b asi c c o n diti o ns r e d u c e a ds or pti o n. T his is c o nsist e nt wit h t h e 
a ni o ni c c h ar a ct er of S e( VI).
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M o st of t h e s el e ni u m c o n c e ntr ati o ns i n t h e v a d os e z o n e w o ul d li k el y b e “tr a c e c o n c e ntr ati o ns ”, wit h a K d

of 3 t o 1 0 m L/ g b as e d o n P N N L- 1 3 8 9 5.

A 1. 1 2 0 0- W L L B G s P A, 2 0 0- E L L B G s P A, a n d 1 9 9 8 C A

T h e 2 0 0- W L L B Gs P A, 2 0 0- E L L B Gs P A, a n d 1 9 9 8 C A pr e di ct e d t h at S e- 7 9 will b e a d os e c o ntri b ut or. 
Fi g ur es A- 1 a n d A- 2 s h o w t h at gr o u n d w at er d os e f or S e- 7 9 e x c e e d e d t h e T c- 9 9 d os e f or t h e 2 0 0- W
L L B Gs P A a n d t h e 2 0 0- E L L B Gs P A e v al u ati o ns. F or t h e 1 9 9 8 C A, t h e S e- 7 9 c u m ul ati v e r el e as e is o nl y 
sli g htl y l ess t h a n U- 2 3 8 a n d m or e t h a n C- 1 4 a n d I- 1 2 9 ( T a bl e A- 2). All t hr e e of t h es e e arl y st u di es h a d a 
S e- 7 9 K d  of 0 m L/ g.

Fi g ur e A- 1. T a bl e 4- 2 2 of t h e 2 0 0- W L L B G s P A

2 0 0- W L L B G s C P A ( W H C- E P- 0 6 4 5)
1 9 9 5

T a bl e 4- 2 2. R a di o n u cli d e D os e Esti m at es f or Gr o u n d w at er P at h w a ys. 

All- p at h w a ys Gr o u n d w at er P o p ul ati o n d os e 
D os e r ati o s 

R a di o n u cli d e d os e d os e All 
( mr e m/)'l") ( mr e m/ yr) ( p ers o n-r e m/ ~r) 

p at h/ G W ? o p./ G W 

- > H 4. 1 E- 0 3 3. 6 E- 0 3 N A 1. 1 N A 
"' C 2. 7 ( + 0 2 1. 2 E + 0 2 2 0 2. 2 0. 1 7 
. » Cl 3. 0 E + 0 3 1. 7 E + 0 2 3 6 0 1 7 2. 1 
7 9 S e 8. 5 E + 0 2 4. 8 E + 0 2 7 8 l. S 0. 1 6 
.,,.,, T c 2. 5 E + 0 2 7: 6 E + Ol 2 0 3. 3 0. 2 6 ' 
l Zl'I 2. 9 E + 0 4 1. 6 E + 0 4 2 1 0 0 l. S 0. 1 3 
'
0 ' R e 7. 0 E- 0 1 4. 8 E- 0 1 0. 0 5 1 . 1. 5 0. 1 1 

~' N p 1. 6 E + 0 3 1. 4 E + o 3 1 1 0 1. 1 0. 0 7 6 
'"" P o 3, 3 E + Ol 2. 9 E + Ol 2. 3 1. 1 0. 0 7 8 
~' P a 4. 2 E + o 4 3. 9 E + 0 4 2 9 0 0 1. 1 0. 0 7 6 
u 1. 6 E + 0 4 . 1. 4 E + 0 4 1 1 0 0 1. 1 0. 0 8 0 
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Fi g ur e A- 2. T a bl e 4- 1 4 of t h e 2 0 0- E L L B G s P A

T a bl e A- 2. 1 9 9 8 C A C u m ul ati v e R el e a s e fr o m All 
S o ur c e s t o t h e W at er T a bl e fr o m 1 9 4 0 t o 3 0 0 0.

R a di o n u cli d e A cti vit y ( Ci)

T c- 9 9 1 4 6 0

Cl- 3 6 1 1. 6 7

U- 2 3 8 8. 6 7

S e- 7 9 8. 0 3

C- 1 4 4. 5 8

I- 1 2 9 2. 1

N ot e: E sti m at e d fr o m Fi g ur e s 4. 5 t o 4. 1 0 fr o m 
P N N L- 1 1 8 0 0, C o m p o sit e A n al ysis f o r L o w- L e v el 
W a st e Dis p o s al i n t h e 2 0 0  A r e a  Pl at e a u of t h e H a nf o r d 
Sit e

A 1. 2 2 0 0 6 C A (I n c o m pl et e)

P N N L- 1 5 8 2 9, I n v e nt or y D at a P a c k a g e f or H a nf or d Ass ess m e nts, r ef er e n c es t h e 2 0 0 1 I L A W P A as t h e 
“ pri m ar y s o ur c e of t h e s el e cti o n d at a ” r e g ar di n g t h e i n cl usi o n of S e- 7 9 i n t h e H a nf or d Ass ess m e nts. 

2 0 0- E L L B G s C P A ( W H C- S D- W M- TI- 7 3 0)
1 9 9 6

T bl 4 1 4 R di a e - a l ' d 0 o n u c 1 e o s e Et' t f G s 1 m a e s or d t P t h r o u n w a er a w a vs. * 
Dri n ki n g W at er D os e All- P at h w a ys D o s e r ati o 

R a di o n u c li d e ( mr e m/ yr) D os e ( mr e m/ yr) ( All- P at h w a ys/ 
ar o u n d w at er) 

' H 0. II 0. 1 2 1. 1 

1 4 c 1, 1 0 0 2. 4 0 0 2. 2 
3 6 r 1 1 t;I O 2 6. 7 0 0 1 7 

7 9 S e 4 , 2 0 0 7 4 0 0 1. 8 

9 9 T c 6 5 0 2 1 0 0 3. 3 
1 2 9 1 J 4l, 0 0 0 2 9 2. 0 0 0 1. 8 

1 8 7 R e 4 6 1. 5 

2 3 7 N D 1. 9 6 4. 0 0 0 2 2 1 6. 0 0 0 1. 1 

u 1, 2 0 9; 0 0 0 1, 3 3 0, 0 0 0 1. 1 

* T h es e d os es ar e fr o m t h e b a s e- c a s e a n al y si s ass u mi n ~ a 1- C i i n v e nt or y 
p er r a di o n u cli d e a n d C at e g or y 1 i nfiltr ati o n c ori dit 1 o ns ( 5 c m/ yr). T h e 
v al u e s d o es n ot r e pr e s e nt a ct u al i n v e nt or y pr oj e cti o n s a n d a s s o ci at e d 
d o s e s. 

1 1 1 1 -
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A review of the 2001 ILAW PA shows that Se-79 was not a significant contributor to dose within the 
10,000-year evaluation period. 

The Kd used for Se-79 changed from 0 mL/g in the 1998 ILAW PA to 4.0 mL/g in the 2001 ILAW PA. 
Section 4.3.6 of the 2001 ILAW PA states:

“In the 1998 ILAW performance assessment (Mann 1998a), the most restrictive impact 
was caused by the drinking water dose from beta- and photon-emitting radionuclides. 
At 10,000 years, this dose was calculated to be 2.0 mrem in a year resulting mainly from 
99Tc (75 percent) and 79Se (20 percent). This performance assessment shows much lower 
numbers at 10,000 years (0.010 mrem/y). The highest value calculated for the 
beta/photon drinking water dose is 0.013 mrem/year at about 76,500 years. Table 4-4
shows the major contributions at 1,000 years and 10,000 years to the estimated beta and 
photon drinking water dose at a well 100 m downgradient from the disposal facility. 
Figure 4-17 shows the time dependence. In this assessment, 99Tc is still the most 
important radionuclide, contributing approximately 58 percent of the dose at 1,000 and 
10,000 years. However, the next most important radionuclide is 129I, which contributes 
approximately 42 percent at 1,000 and 10,000 years. The switch of selenium and iodine is 
a direct result of site specific data increasing selenium's Kd from 0. to 4.0 mL/g and 
decreasing iodine’s Kd from 3.0 to 0 mL/g (see Section 3.4.3.3).”

Section 7.7 of the 2001 ILAW PA states:

“In the 1998 ILAW PA, 79Se was assumed to be mobile because no Hanford Site-specific 
data were available that indicated otherwise. Since then, we have learned that the half-life 
of 79Se is longer than was believed. Also, disposal-site specific information has shown 
that selenium transport in the vadose zone is chemically retarded.”

Because of this change in the Kd value, Se-79 does not reach the water table within 10,000 years for the 
2001 ILAW PA Base Analysis Case. Section 4.3.4 of the 2001 ILAW PA states:

“Figure 4-10 shows the contaminant flux summed over horizontal distance as a function 
of time and Kd bin. Only the mobile contaminants reach the groundwater during the time 
of compliance (the first 1,000 years). At 10,000 years, the slightly retarded contaminants 
(Kd = 0.6 mL/g) also are beginning to reach the groundwater, but their inventory-
normalized contribution is still approximately one order of magnitude less than the 
mobile contribution. Higher Kd contaminants (Kd 4 mL/g) do not contribute to the 
estimated doses at 10,000 years and are even less important.”

Figure A-3 is a copy of Figure 4-10 from the 2001 ILAW PA. It shows that, for the Base Analysis Case, 
radionuclides with a Kd of 4.0 mL/g (including Se-79) do not reach the water table until after 
25,000 years.
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S o ur c e: D O E/ O R P- 2 0 0 0- 2 4, H a nf o r d I m m o biliz e d L o w- A cti vit y W a st e P erf o r m a n c e Ass ess m e nt: 
2 0 0 1 V e rsi o n

Fi g ur e A- 3. Fi g ur e 4- 1 0 of t h e 2 0 0 1 I L A W P A

B as e d o n t h es e o bs er v ati o ns, S e- 7 9 s h o ul d n ot h a v e b e e n i n cl u d e d i n t h e 2 0 0 6  D at a P a c k a g e s cr e e n e d 
r a di o n u cli d e list usi n g t h e 2 0 0 1 I L A W P A as a b asi s f or s el e ctin g S e- 7 9 si n c e, wit h its K d  of 4. 0 m L/ g, 
S e- 7 9 w o ul d n ot h a v e r e a c h e d t h e w at er t a bl e wit hi n 1 0, 0 0 0 y e ar s u n d er t h e 2 0 0 1 I L A W P A B as e 
A n al ysis C as e. Als o, t h e K d  of 5 m L/ g s el e ct e d f or S e- 7 9 for t h e i n c o m pl et e 2 0 0 6 C A a n d d o c u m e nt e d i n 
P N N L- 1 4 7 0 2, V a d os e Z o n e H y dr o g e ol o g y D at a P a c k a g e f or H a nf or d Ass ess m e nts , s h o ul d r es ult i n 
mi ni m al t o n o i m p a ct t o t h e gr o u n d w at er fr o m S e- 7 9.

A 1. 3 T C & W M EI S

R a di o n u cli d e s cr e e ni n g f or t h e T C & W M EI S is dis c uss e d i n t hr e e of t h e a p p e n di c es: A p p e n di x D,
A p p e n di x Q, a n d A p p e n di x S. T h e n e xt t hr e e p ar a gr a p hs s h o w e x c er pts fr o m t h es e a p p e n di c es.

A p p e n di x D:

“ T h e B BI i n cl u d es q u a ntit y esti m at es of 4 6 r a di o n u cli d es a n d 2 4  c h e mi c al c o nstit u e nts. 
N ot all c o nstit u e nts ar e i m p ort a nt i n t h e e x p os ur e s c e n ari os us e d t o ass ess T C & W M EI S 
alt er n ati v e i m pl e m e nt ati o n i m p a cts. T h us, t o f o c us att e nti o n o n  t h e c o nstit u e nts t h at 

Fi g ur e 4-l 0. I n v e nt or y- N or m ali z e d C o nt a mi n a nt Fl u x S u m m e d O v er H ori z o nt al Di st a n c e 
as a F u n cti o n of Ti m e a n d ~ Bi o ( L o g arit h mi c S c al e). 

1 0 ~ 

" F a cilit y R el e a s e " r ef er s t o v al u e s j u st b el o w t h e dis p os al f a cilit y. 

N o r m ali z e d Fl u x t o G r o u n d w at e r 
B a s e A n al y si s C a s e 

..... • -- 0 •-·-

Ti m e Aft er Cl o s ur e ( y) 

F a clllt y R el e a s e 

I <(! = 0. 0 
K et = 0. 6 
K d = 4. 0 
l « <j • 1 0 
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control the impacts, DOE performed an initial screening analysis. For radionuclides, 
groundwater release and direct intrusion scenarios were considered. For the groundwater 
release screening scenario, only drinking water consumption was considered. Release 
was assumed to be partition limited, and decay during transport was considered. For the 
direct intrusion screening scenario, inadvertent soil ingestion and inhalation pathways 
were considered.

The analysis estimated relative impacts based on distribution of radionuclides in the BBI 
for all tanks. Radionuclides contributing less than 1 percent of impacts under intruder or 
well scenarios were eliminated from the detailed analysis.”

“The screening of the BBI for the groundwater scenarios resulted in reduction of the 
original set of 46 radionuclides and 24 chemical constituents to a final set of ten
radionuclides and ten chemical constituents that was used in the analysis of the tank 
waste. However, a screening of the cumulative impacts analysis data resulted in the 
addition of other COPCs that are not included in Table D–2. Appendix Q provides details 
on this screening.”

Appendix Q:

“The process of impacts analysis is iterative in nature, with execution of initial passes 
through the steps at a high level so as to screen out less important conditions and produce 
a manageable set of scenarios for analysis. An initial iteration through the procedure was 
used to establish the number of constituents to be included in the analysis. For 
radionuclides in this screening analysis, groundwater release and direct intrusion 
scenarios were considered. For the groundwater release screening scenario, only drinking 
water consumption was considered, release was assumed to be partition limited, and 
decay during transport was considered. For the direct intrusion scenario, inadvertent soil 
ingestion and inhalation pathways were considered. The analysis involved estimation of 
relative impacts based on the distribution of radionuclides in all tanks; FFTF 
decommissioning; waste proposed for disposal at IDF-East, IDF-West, and the RPPDF; 
and contamination in place at cumulative analysis sites. In reviewing constituents at a 
given source area, radionuclides contributing in combination less than 1 percent of 
impacts for intruder or well scenarios were not included in the detailed analysis.”

“The screening resulted in reduction of the original set of radioactive and chemical 
constituents to a final set of 14 radioactive and 26 chemical constituents, which 
represents both alternatives and cumulative impact sources.”

Appendix S:

“The initial list of radionuclides included those with half-lives greater than 10 years, and 
the initial list of chemicals included those with a health risk from ingestion—that is, they 
have maximum contaminant levels or are listed in the Integrated Risk Information 
System as having health-based ingestion standards. Not all the radioactive and chemical 
constituents on the initial list are important in exposure scenarios used to assess 
cumulative impacts in this TC & WM EIS. Therefore, to focus attention on constituents 
that control impacts, an additional screening analysis was performed. The primary focus 
of that analysis was to consider groundwater release scenarios for cumulative impacts 
analysis sources and to ensure consistency with the screening done for the alternatives 

-
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a n al ysis, all o wi n g f or c u m ul ati v e i m p a cts t o b e a d d e d t o t h e al t er n ati v es i m p a cts. F or 
r a di o n u cli d es, o nl y gr o u n d w at er c o ns u m pti o n w as c o nsi d er e d, r ele as e w as ass u m e d t o b e 
p artiti o n li mit e d, a n d d e c a y d uri n g tr a ns p ort w as c o nsi d er e d. F or a n al ysis p ur p os es, 
esti m ati o n of r el ati v e i m p a cts w as b as e d o n t h e distri b uti o n of  r a di o n u cli d es i n t h e 
c u m ul ati v e i m p a cts i n v e nt or y. R a di o n u cli d es c o ntri b uti n g l ess t h a n 1 p er c e nt of i m p a cts 
u n d er w ell s c e n ari os w er e eli mi n at e d fr o m t h e d et ail e d a n al ysis . ”

“ As i n di c at e d i n T a bl e S – 8, t h e s cr e e ni n g r es ult e d i n r e d u cti o n  of t h e ori gi n al s et of 
r a di o a cti v e a n d c h e mi c al c o nstit u e nts t o a fi n al s et of 1 4 r a dio a cti v e a n d 2 6 c h e mi c al 
c o nstit u e nts, w hi c h i n cl u d es t h os e c o nstit u e nt s al s o i d e ntifi e d  f or t h e alt er n ati v es i m p a cts 
a n al ysis. A p p e n di x Q of t his T C & W M EI S pr o vi d es f urt h er d es cr i pti o n of t h e s cr e e ni n g 
pr o c ess f or t h e r a di o a cti v e a n d c h e mi c al c o nstit u e nt s i d e ntifi e d f or t h e gr o u n d w at er 
a n al ysis. ”

All t hr e e a p p e n di c es st at e t h at r a di o n u cli d es c o ntri b uti n g l ess t h a n 1 p er c e nt of i m p a cts w er e eli mi n at e d 
fr o m t h e d et ail e d a n al ysis. T hi s st at e m e nt i n di c at es t h at s el e ni u m- 7 9 w as d et er mi n e d t o c o ntri b ut e littl e t o 
n o i m p a ct u n d er t h e ass u m pti o ns of t h e T C & W M EI S.

A 1. 4 E R D F P A

W C H- 5 2 0, P erf or m a n c e Ass ess m e nt f or t h e E n vir o n m e nt al R e st or ati o n Dis p os al F a cilit y, H a nf or d Sit e, 
W as hi n gt o n ( h er ei n aft er r ef err e d t o as t h e E R D F P A), us e d a S e- 7 9 K d  of 5 m L/ g. S e- 7 9 d o es n ot r e a c h 
t h e w at er t a bl e wit hi n t h e 1 0, 0 0 0- y e ar p eri o d f or t h e E R D F P A co m pli a n c e c as e e v al u ati o n, as n ot e d i n 
S e cti o n 4. 2. 3 of t h e E R D F P A:

“ D uri n g t h e p ost- c o m pli a n c e p eri o d 1, 0 0 0 t o 1 0, 0 0 0 y e ars aft er cl os ur e, c hl ori n e- 3 6,
t e c h n eti u m- 9 9, ni o bi u m- 9 4, m oly b d e n u m- 9 3, a n d i o di n e- 1 2 9 br e a kt hr o u g h at t h e p oi nt of 
c o m pli a n c e ( 1 0 0 m d o w n gr a di e nt of  t h e E R D F) as s h o w n i n Fi g ur e 4- 9. I o di n e- 1 2 9 is t h e 
o nl y r a di o n u cli d e wit h a K d v al u e gr e at er t h a n z er o t o d o s o. ”

T his c a n b e s e e n i n Fi g ur e 4- 9 of W C H- 5 2 0.

A 1. 5  W M A C P A

Fi g ur e A- 4 s h o ws t h at R P P- E N V- 5 8 7 8 2, P erf or m a n c e Ass ess m e nt of W ast e M a n a g e m e nt Ar e a C, 
H a nf or d Sit e, W as hi n gt o n ( h er ei n aft er r ef err e d t o as t h e W M A C P A) pr e di ct e d a S e- 7 9 p e ak 
gr o u n d w at er c o n c e ntr ati o n t h at w as h alf t h at of U- 2 3 8 a n d o v er t wi c e t h e I- 1 2 9 c o n c e ntr ati o n. T h e W M A 
C P A st at e s t h at “ T h e K d v al u e s ar e c h os e n ass u mi n g l o w-s alt, n e ar- n e utr al w ast e c h e mi st r y i n t h e v a d os e 
a n d s at ur at e d z o n e. ” T h e S e- 7 9 K d  of 0. 1 m L/ g us e d f or t h e W M A C PA is r ef er e n c e d t o P N N L- 1 7 1 5 4,
G e o c h e mi c al C h ar a ct eriz ati o n D at a P a c k a g e f or t h e V a d os e Z o n e i n t h e Si n gl e- S h ell T a n k W ast e 
M a n a g e m e nt Ar e as at t h e H a nf or d Sit e. T his v al u e a p pli es t o t h e “ B est ” v al u e f or s a n d si z e s e di m e nts i n 
t h e i nt er m e di at e i m p a ct z o n e (s e e  T a bl es 3. 3, 3. 7, 3. 9, 3. 1 3, 3.1 7, 3. 2 1, a n d 3. 2 3 of P N N L- 1 7 1 5 4). 
P N N L- 1 7 1 5 4 d efi n es t h e i nt er m e di at e z o n e as “ Z o n es i n w hi c h t h e  a ci di c or b asi c n at ur e of t h e w ast es 
w as e x p e ct e d t o h a v e b e e n l ar g el y n e utr ali z e d b y r e a cti o n wit h t h e n at ur al s e di m e nt. ” T a bl e 3. 4 i n 
P N N L- 1 7 1 5 4 li st s a S e- 7 9 “ B est ” K d  of 5 m L/ g f or s a n d si z e s edi m e nts i n n at ur al p or e 
w at ers/ gr o u n d w at er. T his v al u e i s i n t h e r a n g e gi v e n b y P N N L- 1 3 8 9 5, a gr e es wit h t h e v al u e us e d i n t h e 
E R D F P A, a n d is si mil ar t o t h e v al u e us e d i n R P P- R P T- 5 9 9 5 8, P erf or m a n c e Ass ess m e nt f or t h e 
I nt e gr at e d Di s p os al F a cilit y, H a nf or d Sit e, W as hi n gt o n ( h er ei n aft er r ef err e d t o as t h e I D F P A).

Als o, T a bl e 4. 1 1 i n P N N L- 1 4 7 0 2 gi v es a “ B est ” S e- 7 9 K d  v al u e of 5 m L/ g f or s a n d si z e s e di m e nts i n t h e 
i nt er m e di at e i m p a ct z o n e ass u mi n g a l o w-s alt/ n e ar- n e utr al w ast e c h e mi str y.
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Fi g ur e A- 4. T a bl e 7- 3 of t h e W M A C P A

A 1. 6 I D F P A

T a bl e 4- 3 3 i n I D F P A lists S e- 7 9 “r e as o n a bl y c o ns er v ati v e ” a n d “ b est ” K d  v al u es of 1 a n d 2 m L/ g f or 
c h e mi c all y i m p a ct e d f ar fi el d i n s a n d, a n d v al u es of 3 a n d 7 m L / g f or f ar fi el d i n s a n d wit h n at ur al 
r e c h ar g e (i. e., n o i m p a ct fr o m w ast es). T h es e Kd v al u es ar e r ef er e n c e d t o P N N L- 1 3 0 3 7, G e o c h e mi c al 
D at a P a c k a g e f or t h e 2 0 0 5 H a nf or d I nt e gr at e d Dis p os al F a cilit y P erf or m a n c e Ass ess m e nt . B as e d o n 
Fi g ur e 1- 4 i n t h e I D F P A (s h o w n h er e as Fi g ur e A- 5), S e- 7 9 d o es  n ot r e a c h t h e w at er t a bl e wit hi n t h e 
1 0, 0 0 0- y e ar p eri o d.

Fi g ur e A- 5. Fi g ur e 1- 4 of t h e I D F P A

R P P- E N V- 5 8 7 8 2 R e v 0 0 1 0 /4/ 2 0 1 6 - 1 1 : 1 6 A M 

T a bl e 7- 3. S u m m al' y of B a s e C a s e P e a k Gr o u n d w at er C o n c e ntr ati o n s a n d Arri v al Ti m e s f or S el e ct e d R a di o n u eli d e s. 

R a di o n u cli d e or N o mi n al 
:\l a J:i m u m P oi nt of C al c u lati o n Y e ar s aft er 1\ I ui m u m P oi nt of C al c u l ati o n 

N o ur a di ol o gi c al K d v a l ue 
C o n c e ntr a ti o n w h er e 1\f a xi m u m C l os ur e of C o n c e ntr a ti o n d uri n g w h er e l\I a xi m u m 

C o nt a mi n a nt ( m L J g) 
d mi n g C o m pli a n c e C o n c e n tr atio n l\I ari m u m S e n s itivi ty/ U n c ert a i nty C o n c e ntr ati o n 
Ti m e Fr a m e ( p Ci/ L) O c c ur s C o n c e utr nti o n Ti m e Fr a m e ( p Ci/ L) O c c u r s 

I o di n e- 1 2 9 0. 2 0 6 5 4 0 0. 0 0 4 P o C a l 4 

S el e.ni u m - 7 9 0  I 0 3. 7 7 0 0 0 1 P o C a l 5 

Ti n- 1 2 6 0 . 5 0 1 0, 0 0 0 0 0 5 P o C a l S 

T e c h n e tiu m- 9 9 0 0. 1 P o C al 5 1, 5 5 0 3 0 P o C a l 4 

Ur a ni u m- 2 3 8 0. 6 0 1 0, 0 0 0 0. 0 2 P o C a l  3 

R P P- R P T- 5 9 9 5 8. R e v. B D r aft 

I Fi g u r e 1- 4 . I nt e g r at e d S y st e m :\f o d el G r o u n d w at e r P at h w a y T ot al D o s e b y R a cli o n u di cl e. 
2 

T ot a l G W D o s e 
T ot a l G W O o s o ( 1 1 2 9] 

1 0 1 

1 0 ~ 

0 1 0 0 0 2 0 0 0 

T ot al G W D o s e [ R a 2 2 6J - T ot al G W D o s e [ U 2 3 3 ) -  T ol al G W D o s e f U 2 3 B J 
T ot a l G W D o s o [ Tc 9 9) - T ot al G W D o s e [ U: 2 3 41 

3 0 0 0 4 0 0 0 5 0 0 0 6 0 0 0  7 0 0 0 8 0 0 0 9 0 0 0 
Ti m e Aft er Cl os ur e ( 2 0 5 1) ( y e ars) 

1 0 0 0 0 

3 O W _ d o V: _ b)' _ 1! 1 1' 1 1!1 ~ _ G W _ P l!lll', w1 1 y _ Dt'ltf Mi M ~ e _  R e\ O _  N H _ 2 0 1 7 0 4 2 1 

4 N o t e: l nl e gr at e d s yst e m m o d e l d o s e at 1, 0 0 0 y e ars is 2. 0 E- 0 4 mr e m/ yr a n d p e a k d os e i s 1. 6 5 r nr e m/ yr at 6 4 1 5 y e ar s aft er cl os ur e . 

5 
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A 2 Eff e ct s of p H a n d I o ni c Str e n gt h o n S el e ni u m K d

P N N L- 1 1 9 6 4, Eff e cts of Hi g h- p H a n d Hi g h-I o ni c St r e n gt h Gr o u n d w at er o n I o di d e, P ert e c h n et at e, a n d 
S el e n at e S or pti o n t o H a nf or d S e di m e nt s , a n d P N N L- 1 4 3 2 5, T h e I nfl u e n c e of Gl ass L e a c h at e o n t h e 
H y dr a uli c, P h ysi c al, Mi n er al o gi c al a n d S or pti v e Pr o p erti es of H a nf or d S e di m e nt, l o o k e d at t h e eff e cts of 
i n cr e as e d p H a n d hi g h i o ni c str e n gt h d u e t o l e a c h at e fr o m t h e wast e. T a bl e 4 i n P N N L- 1 1 9 6 4 s h o ws t h at 
i n cr e asi n g i o ni c str e n gt h, w hil e m ai nt ai ni n g p H at a p pr o xi m at el y 7. 7, di d n ot h a v e a l ar g e i m p a ct o n t h e 
s el e ni u m K d , s h o wi n g a s m all i n cr e as e wit h hi g h er i o ni c str e n gt h. I n cr e asin g p H fr o m 8. 1 t o 1 1. 9 s h ar pl y 
d e cr e as e d s el e ni u m K d  fr o m 5. 7 8 ± 0. 2 8 t o 0. 0 4 ± 0. 0 0 m L/ g, wit h m ost of t h e dr o p o c c urri n g b et w e e n p H 
8. 1 a n d p H 9. 9 ( T a bl e 7 i n P N N L- 1 1 9 6 4).

T h e r es ult s of t h e P N N L- 1 4 3 2 5 b at c h s or pti o n st u d y ( T a bl e 3. 1 4)  s h o w S e- 7 9 Kd v al u es f or ti m e 0 t h at 
i n cr e as e d wit h i n cr e asi n g i o ni c str e n gt h. T a bl e 3. 1 4 als o s h o ws t h at t h er e w as n o s or pti o n aft er ti m e 0 ( 1 0, 
9 0, 1 8 0, a n d 3 6 0 d a ys). H o w e v er, Fi g ur e 3. 4 2 i n P N N L- 1 4 3 2 5 s h o ws  t h at, aft er ti m e 0, t h e l o w est 
m e as ur e d p H w as a b o ut 9. 5. T hi s a p p e ars t o b e i n a gr e e m e nt wit h  t h e P N N L- 1 1 9 6 4 r es ults. P N N L- 1 4 3 2 5
n ot es t h at “ as t h e p H of t h e gl ass l e a c h at e is n e utr ali z e d b y r e a cti o ns wit h t h e v a d os e z o n e s e di m e nts, or 
c ert ai nl y b y t h e ti m e v a d os e z o n e p or e w at er r e a c h es t h e w at er t a bl e, t h er e w o ul d a p p e ar t o b e s o m e 
a ds or pti o n p ot e nti al f or s el e n at e (i n cl u di n g 7 9 S e). ”

U m a n d S er n e, 2 0 0 4, “ S or pti o n a n d Tr a ns p ort B e h a vi or of R a di o n u cli d es i n t h e Pr o p os e d L o w- L e v el 
R a di o a cti v e W ast e Di s p os al F a cilit y at t h e H a nf or d Sit e, ” c o m p a r e d S e- 7 5 ( as a n a n al o g f or S e- 7 9) Kd

v al u e s f or t hr e e diff er e nt H a nf or d s e di m e nts usi n g u n c o nt a mi n at e d H a nf or d gr o u n d w at er a n d si m ul at e d 
gl ass l e a c h at e s pi k e d wit h i n di vi d u al r a di o n u cli d es. T a bl e 3 of  U m a n d S er n e ( 2 0 0 4) s h o ws t h at Kd v al u es 
f or t h e t hr e e t est s wit h u n c o nt a mi n at e d gr o u n d w at er r a n g e d fr o m 7. 1 4 ± 0. 1 8 t o 8. 6 5 ± 0. 3 4 m L/ g ( p H fr o m 
7. 6 t o 7. 7). F or t h e t hr e e t est s wi t h si m ul at e d gl ass l e a c h at e, K d  v al u e s r a n g e d fr o m 1. 0 8 ± 0. 0 9 t o 
2. 6 8 ± 0. 1 2 m L/ g ( p H fr o m 8. 9 t o 9. 0).

P N N L- 1 3 0 3 7 i n cl u d es t h e f oll o wi n g dis c ussi o n r e g ar di n g S e- 7 9 K d v al u e s:

“I n 1 9 9 8, littl e H a nf or d-s p e cifi c d at a e xist e d f or t h e a ds or pti o n pr o p erti es of s el e ni u m ( as 
s el e n at e or s el e nit e). F or t h e 1 9 9 8 I L A W P A, it w as, t h er ef or e,  r e c o m m e n d e d t h at t h e Kd v al u e s 
f or 7 9 S e b e s et at 0 m L/ g. B et w e e n 1 9 9 8 a n d 2 0 0 1, b at c h K d st u di es ( K a pl a n et al. 1 9 9 8 c) w er e 
c o m pl et e d usi n g s e v er al H a nf or d s e di m e nts, i n cl u di n g I D F b or e h o l e 2 9 9- E 1 7- 2 1. T h e s ol uti o n 
us e d i n t h es e m e as ur e m e nts w as u n c o nt a mi n at e d gr o u n d w at er, a n d t h e s e di m e nts w er e d o mi n at e d 
b y s a n d-si z e d p arti cl es. K a pl a n et al. ( 1 9 9 8 b) 2  als o st u di e d t h e a ds or pti o n of 7 5 S e, as a s urr o g at e 
f or 7 9 S e, fr o m H a nf or d gr o u n d w at er s wit h p H v al u es t h at h a d b e e n a dj u st e d t o hi g h er t h a n n or m al 
v al u es. T h e m e as ur e m e nts s u g g est t h at s o m e si g nifi c a nt a ds or pti o n of s el e n at e w o ul d b e e x p e ct e d 
f or b ot h gr o u n d w at er a n d hi g h er p H s ol uti o ns. T h us, f or t h e 2 0 01 I L A W P A, t h e “ m ost pr o b a bl e ” 
K d v al u e f or s el e ni u m w as c h os e n as 4 m L/ g.

M or e r e c e nt w or k b y K a pl a n et al. ( 2 0 0 3) i n di c at es t h at s el e n at e a ds or pti o n t o H a nf or d s e di m e nts 
i s nil f or hi g hl y al k ali n e s ol uti o ns. T his i s c o nsist e nt wit h ge o c h e mi c al pri n ci pl es (s e e di s c ussi o n 
i n E P A 1 9 9 9 a a n d r ef er e n c es t h er ei n) t h at s u g g est t h at a ni o ni c sp e ci es, s u c h as s el e nit e a n d 
s el e n at e, s h o ul d s h o w r e d u c e d s or pti o n at gr e at er-t h a n- n e utr al p H c o n diti o ns o nt o a n y s e di m e nt 
c o nt ai ni n g mi n er al s wit h v ari a bl y c h ar g e d a ds or pti o n s urf a c e sit es, s u c h as ir o n a n d al u mi n u m
h y dr o us o xi d e mi n er als a n d p arti cl e c o ati n gs.

2 K a pl a n 1 9 9 8 b i s P N N L- 1 1 9 6 6, R a di o n u cli d e Di stri b uti o n C o effi ci e nt s of S e di m e nt s C oll e ct e d fr o m B or e h ol e 
2 9 9- E 1 7- 2 1: Fi n al R e p ort f or S u bt a s k 1 a .
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U m a n d S er n e ( a) u s e d a n u n c o nt a mi n at e d gr o u n d w at er a n d a si m ul at e d gl ass l e a c h a t e b as e d o n t h e
c o m p ositi o n f or t h e l o n g-t er m, st e a d y-st at e c h e mi c al c o m p ositi o n of gl ass l e a c h at e a n d v a d os e 
z o n e p or e  w at er pr e di ct e d b y t h e S T O R M c o d e f or t h e 2 0 0 1 I L A W P A  (s e e T a bl e 6. 2) t o st u d y 
s el e n at e a ds or pti o n o nt o t hr e e s a m pl es of H a nf or d f or m ati o n s e di m e nts fr o m a n ot h er I D F 
b or e h ol e ( 2 9 9- E 2 4- 2 1 [I L A W b or e h ol e # 2 –  C 3 1 7 7]). T h e K d v al u es m e as ur e d b y U m a n d S er n e 
f or s el e n at e ar e d es cri b e d i n S e cti o n 3. 5. 3. T h es e t ests als o c o nt ai n e d a tr a c e a m o u nt of st a bl e 
s el e n at e (f e w p arts p er billi o n) t h at w as n ot pr es e nt i n t h e e a rli er st u di es b y K a pl a n et al. ( 1 9 9 8 b, 
c). B e c a us e t h es e e arli er st u di es us e d o nl y t h e c arri er-fr e e 7 5 S e is ot o p e ( w hi c h ess e nti all y m e a ns 
t h e m ass of s el e ni u m pr es e nt w as i nfi nit esi m al), w e l at er b e c a m e c o n c er n e d t h at t h e Kd r e s ult s 
mi g ht b e bi as e d hi g h b y n ot h a vi n g s o m e s el e ni u m m ass pr es e nt. T h e m ost r e c e nt r es ults b y U m 
a n d S er n e ( a) c orr o b or at e t h e s el e ni u m Kd  v al u es o bt ai n e d b y K a pl a n et al. ( 1 9 9 8 c) f or n at ur al 
gr o u n d w at er a n d H a nf or d s e di m e nts , b ut d o i n di c at e t h at s el e ni um K d v al u e s f or m or e al k ali n e 
s ol uti o ns, i n cl u di n g si m ul at e d gl ass l e a c h at e, ar e c o nsi d er a bl y  s m all er t h a n 4 m L/ g, t h e v al u e 
r e c o m m e n d e d i n 2 0 0 1. T h us, f or t h e 2 0 0 5 I D F P A, w e c h a n g e d ( d e cr e as e d) t h e Kd v al u e f or 7 9 S e 
f or t h e c h e mi c all y i m p a ct e d z o n es, w h er e t h e gl ass l e a c h at e f orc es t h e p or e fl ui d p H t o b e
el e v at e d a b o v e b a c k gr o u n d. N o c h a n g es w er e m a d e t o t h e K d v al u es f or s el e ni u m f or t h e n e ar
fi el d c o n cr et e-i m p a ct e d z o n e. D uri n g pr e p ar ati o n of t his d at a p ac k a g e, w e d et er mi n e d t h at f or t h e 
2 0 0 1 d at a p a c k a g e, t h e r e c o m m e n d e d K d v al u e s f or t h e c h e mi c all y i m p a ct e d gr a v el z o n e h a d 
i n a d v ert e ntl y n ot b e e n r e d u c e d b y t h e f a ct or of 1 0 t o a c c o u nt f or t h e ass u m e d 9 0 % gr a v el c o nt e nt. 
T h us, t h er e is a c h a n g e ( c orr e cti o n) t o t h e r e c o m m e n d e d 2 0 0 5 K d v al u e s f or t hi s z o n e.

U m a n d S er n e ( a) m e a s ur e d t h e K d f or s el e n at e i n si m ul at e d gl ass l e a c h at e o nt o I D F b or e h ol e 
s e di m e nts ( s e e S e cti o n 3. 5. 3) a n d c o nsist e ntl y f o u n d n o n- z er o K d  v al u es f or s el e ni u m f or si x 
t est s. T h eir v al u es f or t h e si m ul at e d gl ass l e a c h at e r a n g e d fr om 1 t o 3 m L/ g wit h g o o d pr e cisi o n. 
At l o n g ti m e p eri o ds, w e ass u m e  t h at gl ass w e at h eri n g pr o d u cts will a ds or b s o m e s el e ni u m. 
T h er ef or e, w e r e c o m m e n d t h at a n o n- z er o K d i s a p pr o pri at e a n d c h os e a Kd v al u e of 1 m L/ g f or 
s el e n at e f or t h e l o n g-t er m n e ar-fi el d z o n e.  B as e d o n t h e r es ult s  of U m a n d S er n e, w e als o ar e 
m or e c o nfi d e nt t h at t h e “ m ost pr o b a bl e ” K d f or 7 9 S e f or t h e c h e mi c all y u n alt er e d p or e 
w at er/ gr o u n d w at er fl ui d c a n b e i n cr e as e d fr o m 4 t o 7 m L/ g (s e e T a bl e 6. 1).  W e h a v e n ot t est e d 
s el e ni u m a ds or pti o n o n H a nf or d s e di m e nts t h at c o nt ai n si g nifi c a nt q u a ntiti es of gr a v el-si z e d 
m at eri al. W e, t h er ef or e, r el y o n t h e c o ns er v ati v e gr a v el- c orr e cti o n f a ct or (s e e E q u ati o n 2. 6) a n d 
ass u m e t h at t h e gr a v el- d o mi n at e d s e q u e n c e at t h e b ott o m of t h e v a d os e z o n e a n d at t h e u p p er 
u n c o nfi n e d a q uif er h as 9 0 % gr a v el. T his eff e cti v el y r e d u c es t h e  r e c o m m e n d e d Kd v al u e s i n 
gr a v el z o n es b y a f a ct or of 1 0 as list e d i n T a bl e 6. 1. T o b uil d  i n f urt h er c o ns er v atis m, t h e 
c h e mi c all y i m p a ct e d gr a v el v al u es w er e r e d u c e d f urt h er. It is li k el y t h at t h e c h e mi c all y i m p a ct e d 
s a n d z o n e c o ntr ols t h e tr a v el ti m e of s el e ni u m i n t h e P A c al c ul a ti o ns. ”

B as e d o n t h es e st u di es, it a p p e ars t h at o ur c h oi c e of S e- 7 9 K d  will b e d e p e n d e nt o n t h e e x p e ct e d v a d os e 
z o n e p H b e n e at h t h e s o ur c e z o n es. 

A 3  R ef er e n c e s

D O E/ EI S- 0 3 9 1, 2 0 1 2, Fi n al T a n k Cl os ur e a n d W ast e M a n a g e m e n t E n vir o n m e nt al I m p act St at e m e nt f or 
t h e H a nf or d Sit e, Ri c hl a n d, W as hi n gt o n ( T C & W M EI S), U. S. D e p art m e nt of E n er g y, Offi c e 
of Ri v er Pr ot e cti o n, Ri c hl a n d, W as hi n gt o n. A v ail a bl e at: 
htt p:// e n er g y. g o v/ n e p a/ d o w nl o a ds/ ei s- 0 3 9 1-fi n al- e n vir o n m e nt al-i m p a ct-st at e m e nt .
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B 1 I ntr o d u cti o n

T a bl e B- 1 s u m m ari z es t h e S e- 7 9 di stri b uti o n c o effi ci e nt ( K d ) v al u es f o u n d i n D O E/ EI S- 0 3 9 1, Fi n al 
E n vir o n m e nt al I m p a ct St at e m e nt T a n k Cl os ur e a n d W ast e M a n a g e m e nt f or t h e H a nf or d Sit e , Ri c hl a n d, 
W as hi n gt o n , c o m p osit e a n al ys es, p erf or m a n c e ass ess m e nts, a n d r el at e d or r efer e n c e d d o c u m e nts. T h e 
t a bl e i n cl u d es o nl y t h e S e- 7 9 Kd v al u es t h at w er e i d e ntifi e d as s a n d si z e or wit h n o si z e d es cri pti o n; silt-
si z e, gr a v el c orr e ct e d, a n d c ar b o n at e- d o mi n at e d v al u es w er e n ot i n cl u d e d. Bl u e s h a di n g i n di c at es K d s t h at 
w er e li st e d as n o n-i m p a ct e d a n d/ or gr o u n d w at er ( ass u mi n g littl e  t o n o i m p a ct f or gr o u n d w at er). Kd s t h at 
w er e i d e ntifi e d as i nt er m e di at e i m p a ct or c h e mi c all y i m p a ct e d f ar fi el d w er e s h a d e d gr e e n. K d s t h at w er e 
i d e ntifi e d as hi g h i m p a ct or n e ar fi el d w er e s h a d e d t a n. V al u es ar e arr a n g e d i n d o c u m e nt d at e or d er.

T h e t a bl e i n cl u d es d o c u m e nt n u m b er, y e ar p u blis h e d, l o c ati o n i n t h e d o c u m e nt, w ast e c h e mi str y, p arti cl e 
si z e, i m p a ct z o n e, K d esti m at es ( C o ns er v ati v e, B est, Mi n, a n d M a x), a n d a n y n ot es i n c l u d e d wit h t h e Kd
e sti m at es ( C o m m e nts c ol u m n). T h e  t e xt “--- ” i n di c at es t h at i nf or m ati o n w as n ot i n cl u d e d i n t h e s o ur c e 
d o c u m e nt.

B 2  R ef er e n c e s

D O E/ O R P- 2 0 0 0- 2 4, 2 0 0 1, H a nf or d I m m o biliz e d L o w- A cti vit y W ast e P erf or m a n c e Ass ess m e nt: 2 0 0 1 
V ersi o n , R e v. 0, U. S. D e p art m e nt of E n er g y, Offi c e of Ri v er Pr ot e cti o n, Ri c hl a n d, 
W as hi n gt o n. A v ail a bl e at: 
htt ps:// p d w. h a nf or d. g o v/ ar pir/i n d e x. cf m/ vi e w D o c ? a c c essi o n = 0 9 1 1 3 0 0 0 0 5 .

P N N L- 1 1 8 0 0, 1 9 9 8, C o m p osit e A n al ysis f or L o w- L e v el W ast e Dis p os al i n t h e 2 0 0  Ar e a Pl at e a u of t h e 
H a nf or d Sit e , P a cifi c N ort h w est N ati o n al L a b or at or y, Ri c hl a n d, W as hi n gt o n. A v ail a bl e at:
htt p:// p d w. h a nf or d. g o v/ ar pir/i n d e x. cf m/ vi e w D o c ? a c c essi o n = 0 0 7 9 1 4 1 H .

P N N L- 1 1 8 0 0, A d d e n d u m 1, 2 0 0 1, A d d e n d u m t o C o m p osit e A n al ysis f or L o w- L e v el W ast e Dis p os al i n t h e 
2 0 0  Ar e a  Pl at e a u of t h e H a nf or d Sit e , P a cifi c N ort h w est N ati o n al L a b or at or y, Ri c hl a n d, 
W as hi n gt o n. A v ail a bl e at 
htt p:// p d w. h a nf or d. g o v/ ar pir/i n d e x. cf m/ vi e w D o c ? a c c essi o n = 0 0 8 4 0 8 5 .

P N N L- 1 1 9 6 6, 1 9 9 8, R a di o n u cli d e Di stri b uti o n C o effi ci e nts f or S e di m e nts C oll e ct e d fr o m B or e h ol e 
2 9 9- E 1 7- 2 1: Fi n al R e p ort f or S u bt as k 1 a , P a cifi c N ort h w est N atio n al L a b or at or y, Ri c hl a n d, 
W as hi n gt o n. A v ail a bl e at: htt ps:// w w w. p n nl. g o v/ p u bli c ati o ns/ a bstr a cts. as p ?r e p ort = 2 4 6 8 5 6 .

P N N L- 1 3 0 3 7, 2 0 0 4, G e o c h e mi c al D at a P a c k a g e f or t h e 2 0 0 5 H a nf or d I nt e gr at e d Dis p os al F a cilit y 
P erf or m a n c e Ass ess m e nt , R e v. 2, P a cifi c N ort h w est N ati o n al L a b or at or y, Ri c hl a n d, 
W as hi n gt o n. A v ail a bl e at: htt ps:// w w w. p n nl. g o v/ p u bli c ati o ns/ a bstr a cts. as p ?r e p ort = 8 2 5 8 6 .

P N N L- 1 3 8 9 5, 2 0 0 3, H a nf or d C o nt a mi n a nt Distri b uti o n C o effi ci e nt D at a b as e a n d Us ers G ui d e , R e v. 1, 
P a cifi c N ort h w est N ati o n al L a b or at or y, Ri c hl a n d, W as hi n gt o n. A v ail a bl e at: 
htt ps:// w w w. p n nl. g o v/ p u bli c ati o ns/ a bstr a cts. as p ?r e p ort = 7 6 0 5 4 .

P N N L- 1 4 7 0 2, 2 0 0 6, V a d os e Z o n e H y dr o g e ol o g y D at a P a c k a g e f or H a nf or d Ass ess m e nts , R e v. 1, P a cifi c 
N ort h w est N ati o n al L a b or at or y, R i c hl a n d, W as hi n gt o n. A v ail a bl e at: 
htt ps:// w w w. p n nl. g o v/ p u bli c ati o ns/ a bstr a cts. as p ?r e p ort = 9 3 2 4 5 .

P N N L- 1 7 1 5 4, 2 0 0 8, G e o c h e mi c al C h ar a ct eriz ati o n D at a P a c k a g e f or t h e V a d os e Z o n e i n t h e Si n gl e-
S h ell T a n k W ast e M a n a g e m e nt Ar e as at t h e H a nf or d Sit e , P a cifi c N ort h w est N ati o n al 
L a b or at or y, Ri c hl a n d, W as hi n gt o n. A v ail a bl e at: 
htt ps:// w w w. p n nl. g o v/ p u bli c ati o ns/ a bstr a cts. as p ?r e p ort = 1 0 5 9 3 6 .
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