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SUMMARY

Bac kg ro u nd 

The  U.S. Dep a rt me nt  of  En er gy  ( DOE) Off ic e o f Bi o lo gi ca l  a nd  En vi ro n me nt a l Re se a rc h ( OBER), wi th i n
t he  Off i ce  o f  Sci en c e (SC), p ro p os es  to  a dd  a Fi e ld  Res e ar ch  Ce nt er  (FRC)  c ompo n en t t o th e e xi st i ng 
Nat ur al  an d Acc el er a te d Bio re me d ia ti o n Re se a rc h ( NABI R)  Pr og r am.  Th e NABIR Pro g ra m i s a te n -y ea r 
f un da me n ta l r es ea rc h  p ro g ra m de s ig ne d  t o in c re as e  t he  u n de rs t an di ng  of  f u nd amen t al  b i og eo ch e mi ca l 
p ro ce ss e s th a t wo ul d  a ll o w th e u se  o f  b io re med ia t io n ap p ro ac h es  f or  cl ea n in g up  DOE’ s  c on ta min at e d
l eg ac y was te  si te s.  An FRC wou l d be  in te gr a te d wit h th e  e xi s ti ng  a n d fu t ur e la b or at o ry  a nd  fi el d  r es ea r ch 
a nd  wou l d pr o vi de  a  me an s  o f ex a mi ni n g th e f un da men ta l b io ge o ch emic a l pr o ce ss es  th at  in fl ue n ce 
b io re me d ia ti o n un de r  c on t ro ll ed  smal l -s ca le  fi el d  c on di t io ns .  Th e NABIR Pr og ra m wou l d co nt i nu e t o
p er fo rm fu nd a me nt al  re se a rc h th a t mi g ht  l ea d  t o p ro mi si n g bi o re me di a ti on  te ch no l og ie s  t ha t c ou ld  be 
d emon st r at ed  by  o th e r me a ns  i n t he  f u tu re .

For over 50 years, DOE and its predecessor agencies have been responsible for the research, design, and
production of nuclear weapons, as well as other energy-related research and development efforts.  DOE’s
weapons production and research activities generated hazardous, mixed, and radioactive waste products.
Past disposal practices have led to the contamination of soils, sediments, and groundwater with complex
and exotic mixtures of compounds.  This contamination and its associated costs and risks represents a
major concern to DOE and the public.

The high costs, long duration, and technical challenges associated with remediating the subsurface
contamination at DOE sites present a significant need for fundamental research in the biological,
chemical, and physical sciences that will contribute to new and cost-effective solutions. One  p os s ib le  lo w- 
c os t ap p ro ac h  f or  r e me di a ti ng  t h e su b su rf ac e  c on t amin at i on  o f  DOE s i te s i s th ro u gh  t h e us e o f a t ec hn ol o gy 
k no wn  a s  b io r emed ia t io n.  Bio re med ia t io n ha s  b ee n  d ef in e d as  th e us e  o f mic ro or g an is ms to  b i od eg r ad e or 
b io tr an s fo rm ha za rd o us  o r ga ni c c on ta min an ts  to  e n vi ro nme nt al l y sa fe  le ve l s in  s o il s, su bs ur f ac e mat er ia l s,
wat er , s lu dg e s, a nd  re si d ue s.  Whi le  bi or eme di at i on  t ec h no lo g y is  p r omis i ng , DOE man a ge rs  a n d no n -DOE
s ci en ti s ts  h a ve  r ec o gn iz e d th at  th e f un da me n ta l s ci en ti f ic  i n fo rmat i on  n e ed ed  t o  d ev e lo p ef f ec ti v e
b io re me d ia ti o n te ch n ol og i es  f or  cl ea n up  o f t he  l e ga cy  wa st e s it es  i s  l ac k in g in  ma ny  ca se s.  DOE be li ev e s
t ha t fi e ld -b a se d re s ea rc h  i s ne e de d t o re al i ze  t h e fu ll  po te n ti al  o f  b io r emed ia t io n.

Purpo se  an d Nee d

The Department of Energy faces a unique set of challenges associated with cleaning up waste at its
former weapons production and research sites.  These sites contain complex mixtures of contaminants in
the subsurface, including radioactive compounds.  In many cases, the fundamental field-based scientific
information needed to develop safe and effective remediation and cleanup technologies is lacking.  DOE
needs fundamental research on the use of microorganisms and their products to assist DOE in the
decontamination and cleanup of its legacy waste sites.

The  e xi s ti ng  NABI R p ro gr a m to -d a te  h a s fo cu s ed  o n  f un da men ta l  s ci en t if ic  re se ar c h in  th e la b or at o ry .
Bec au se  su bs u rf ac e h yd ro l og ic  a n d ge o lo gi c c on di t io ns  a t  c on t amin at e d DOE s it es  ca nn o t ea si l y be 
d up li ca t ed  i n  a  l ab o ra to r y, h owe ve r, th e DOE n ee d s a fi e ld  c o mp on en t  t o p er mi t e xi st i ng  a nd  fu tu r e
l ab or at o ry  r e se ar ch  re su l ts  t o b e fi e ld -t es t ed  o n  a  s ma l l sc a le  i n a  c on t ro ll ed  ou td o or  s et t in g.  Suc h f ie ld - 
t es ti ng  ne ed s  t o be  co nd u ct ed  u n de r a ct ua l l eg ac y  was te  fi el d  c on di t io ns  re pr es e nt at i ve  o f t ho se  th at  DOE is 
mos t in  ne ed  of  r eme di at i ng .  I d ea ll y , th es e  f ie l d co nd i ti on s  s ho ul d  b e a s re pr e se nt a ti ve  a s  p ra c ti ca bl e  o f t he 
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t yp es  o f  s ub s ur fa ce  co nt a mi na ti o n co n di ti on s  t ha t  r es ul t ed  f r om l eg a cy  wa st es  f r om t h e nu cl e ar  we ap on s
p ro gr am ac ti v it ie s.  The y  s ho ul d  a ls o  b e re p re se n ta ti ve  of  t h e ty pe s  o f h yd ro lo g ic  a n d ge ol o gi c c on di ti o ns 
t ha t ex i st  a c ro ss  t h e DOE c ompl e x.

Pro po se d  Act i on  a nd  Al te rna ti ve s 

Pro po se d  Act i on.  Th e p ro po s ed  a ct i on  i s  t o se l ec t a nd  o pe r at e a  f ie ld  re se a rc h co mpo ne n t of  t h e NABIR
Pro gr am th ro u gh  t he  us e o f an  FRC. Th e pr op o se d FRC wou l d co n si st  o f  c on t amin at e d an d 
u nc on ta min at e d, i .e ., ba c kg ro un d  a re a s on  DOE la n ds .  Wi th in  th es e a re as  wo ul d b e sma ll  t es t  p lo t s (l es s 
t ha n on e  a cr e ), a lo n g wi t h su pp o rt in g  f ie ld  si te  tr ai le r s an d  e xi st i ng  l a bo ra to r y fa c il it ie s .  Th e ar ea s  wou l d
s er ve  a s  t he  pr imar y  f ie l d si te  fo r s ma ll -s c al e b as ic  b i or eme di at io n  r es e ar ch  a c ti vi t ie s.  The  t y pe s of 
a ct iv it i es  t h at  c ou l d oc c ur  a t t he  p r op os ed  FRC c an  b e c at eg o ri ze d i nt o p as si ve  an d a ct iv e s it e
c ha ra ct e ri za t io n, o b ta in i ng  r es e ar ch - qu al it y  s amp le s, a n d i n si tu  re se ar c h.  Bec au se  th e a ct iv it i es  a t  t he 
p ro po se d  FRC wo ul d b e un d er ta ke n  i n a n ar ea  li mi t ed  t o l es s t ha n an  ac re  an d a d ep th  of  7 5 f ee t, th e sc a le  o f 
r es ea rc h  a ct i vi ti es  wo ul d  b e co n si de r ed  s ma l l (f o r a de s cr ip t io n of  th e p ro po se d  a ct i on  a t t he  FRC se e
Sec ti on  2.0 a nd  App e nd ix  A) .

Pas si ve  su bs u rf ac e c ha ra c te ri za t io n a ct iv it i es  a r e de sc r ib ed  as  n on - in tr u si ve  ( e .g ., gr ou nd  pe ne t ra ti ng  ra da r ,
e le ct ro mag ne t ic s, a n d re s is ti vi t y)  a n d in tr u si ve  (e .g ., se is mic  t omo gr ap h y, r ad a r, d i re ct  p u sh  p e ne tr ome te r,
c re at io n  a nd  us e of  in je c ti on /e x tr ac t io n we l ls ).  Act iv e  c ha r ac te ri z at io n  c an  b e  d ef i ne d as  th e a dd it io n  o f
s ome su b st an c e (e .g ., ai r , no n- t ox ic  ch emic a l tr a ce rs  s u ch  a s  b ro mi d e, o r  a  g as  tr ac e r su ch  as  h e li um o r 
n eo n)  t o  t he  su bs ur f ac e u nd er  c o nt ro l le d co n di ti o ns . Th e  FRC wo ul d b e a p ri ma ry  so ur c e fo r g ro un d wa te r
a nd  s ed i me nt  sa mp le s  f or  NABI R i nv es t ig at or s .  Ob ta in in g  r es e ar ch -q u al it y  s ampl e s wo u ld  b e c ri ti c al  t o t he 
r es ea rc h  c on d uc te d u nd er  th e NABIR p r og ra m a t th e  FRC.  Gr ou n dwat er  wo ul d  b e sa mpl ed  by  p ump in g
wat er  f r om e x is ti ng  we ll s  o r by  in st a ll in g n ew we ll s.

I n si tu  re se ar c h (i .e., re s ea rc h  o cc ur r in g i n so il s  a nd  gr ou nd wat er  at  t he  FRC)  wo ul d i nc lu d e bi os t imul a ti on 
a nd  b io a ug me n ta ti on  st ud i es  wit h in  t h e te st  pl ot s .  Bio s ti mu l at io n wou ld  in vo lv e  i nt r od uc in g  s ub s ta nc es 
( e.g., e le ct r on  d on o rs  a n d ac ce p to rs )  i nt o t he  s u bs ur fa c e to  st imul a te  n a tu ra ll y  o cc u rr in g mic ro o rg an is ms to 
b io ac cu mul at e  o r tr a ns fo r m a he a vy  me ta l or  ra di o nu cl id e .  Bi oa ug me n ta ti o n wo ul d  i nv o lv e th e  i nj e ct io n o f
a dd it io n al  mi cr oo rg a ni sms  i nt o t he  s u bs ur fa c e to  ei th er  bi oa c cu mu la t e he a vy  met a ls  o r  r ad io n uc li d es , or 
t ra ns fo r m th e m su ch  th at  th ey  b e co me  le ss  t o xi c o r le ss  mo bi l e in  t h e su b su rf ac e .  I n si tu  re se ar c h wo u ld 
o nl y us e  n on - to xi c c he mi c al s.  The re  wo ul d b e no  us e of  ge ne t ic al ly  en gi n ee re d mic ro o rg an is ms, n o 
i nj ec ti o ns  o f  r ad io a ct iv e  mat er i al s, an d no  us e o f hu ma n  p at h og en s.  Wit h  t he  e x ce pt i on  o f t he  p r op os ed 
p la ce me n t of  te mp or a ry  wo rk /s amp le  p r ep ar at i on  t r ai le rs  at  t h e te st  pl ot s , th er e  wou l d be  n o  n ew
c on st ru c ti on  in vo lv e d wi t h th e o pe ra t io n of  th e p ro po se d  FRC.  Ex is t in g u ti li ti e s wo u ld  b e u se d, an d th e re 
wou ld  b e  n o i mp ac ts  to  t h es e ut i li ti e s be ca u se  o f  t he  s mal l- s ca le  r e se ar c h be in g  p ro p os ed .  He av y  e qu ip men t
( e.g., d ri ll  ri gs , b ru sh  ho gs , a ug er s ) wo ul d  b e u se d wh e n ne c es sa ry  fo r s it e cl e ar in g  p ri or  to  c o nd uc ti n g
r es ea rc h  a t t he  b ac k gr ou n d or  c o nt ami na te d s it es .  Th e e qu ip men t wo u ld  b e  u se d f or  s h or t pe r io ds  of  t ime .
Bes t ma n ag eme nt  p ra c ti ce s  a nd  a l l ap p li ca bl e  r ul e s an d r eg ul a ti on s wou ld  be  f ol l owed  du ri ng  th e u se  o f
e qu ip me n t.

Alt er na t iv es .  Th is  En vi r on me nt a l As s es smen t  ( EA)  a na ly z es  t wo al te r na ti v e si te s : Oa k  Rid ge  Na ti o na l
Lab or at o ry  ( ORNL) /Y- 12  Si te , Oa k  Rid g e, Ten n es se e ; an d Pac if i c No rt h we st  Na ti on a l La b or at or y 
( PNNL)/ DOE Ha nf or d 1 00 -H Ar ea , Ric hl a nd , Wa s hi ng t on ; an d  No Act io n.  OBER u se d a  s ys t emat ic  th re e -
p ha se d p ro ce s s to  i d en ti f y su it a bl e a lt er na t iv e s it es  f o r th e  l oc at i on  o f  a  p ro p os ed  FRC.  I n Ph a se  I , t he 
r eq ui re men ts  fo r an  FRC wer e de v el op e d (e .g ., th e  FRC mu st  b e  l oc at e d at  a DOE s it e a nd  mus t  h av e  l eg ac y 
was te  p r od uc e d du ri n g re s ea rc h, de si g n an d p ro du c ti on  o f  n uc l ea r we a po ns ) .  DOE si te s  t ha t met  t h e
r eq ui re men ts  we re  i d en ti f ie d.  Eig ht  si te s e xp re s se d an  in te r es t in  co mp e ti ng  f o r FRC s ta tu s : 1) 
PNNL/ Ha n fo rd  Si te , WA;  2 )  I da ho  Na ti o na l En g in ee r in g an d  Env i ro nmen t al  La bo ra to r y, I D; 3)  La wr en c e
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Liv er mo r e Na t io na l Lab or a to ry , CA;  4 )  Los  Al amos  Na ti on a l La b or at or y , NM;  5 ) Ne v ad a Tes t Si t e, NV; 6) 
ORNL, TN; 7)  Sa nd ia  Na ti o na l La b or at o ry , NM;  a nd  8)  Sav a nn ah  Ri ve r Sit e, SC.  I n  Pha s e II , p re fe r re d
c ha ra ct e ri st i cs  f or  th e FRC wer e  i de n ti fi ed  an d p ro vi de d  t o t he  DOE si te s  a lo ng  wi th  a re qu e st  f o r fo rma l
p ro po sa l s.  Of th e e ig ht  ca nd id a te  s i te s, o n ly  t wo in di c at ed  th at  t h ey  h a d fi el d  l oc a ti on s t ha t met  t he 
p re fe rr e d ch a ra ct er i st ic s .  Tho s e two  s it es  su bmi tt ed  p r op os a ls  t ha t  c on t ai ne d s ci en t if ic /t e ch ni c al ,
man ag eme nt  a n d co st  in fo r ma ti on . The  two FRC c an d id at e s it es  th at  me t th e  c ri te r ia  a n d ha d t he  p r ef er re d 
c ha ra ct e ri st i cs  f or  an  FRC, a nd  th er e fo re  r e pr es e nt  t he  ar ra y  o f re a so na b le  a lt e rn at i ve  s it e s fo r  t he  p r op os e d
FRC a re : 

•  Oak  Rid g e Na t io na l Lab or a to ry /Y- 12  Si te , Oa k  Rid g e, Ten n es se e 

•  Pac if ic  No rt h we st  Na ti on a l La bo r at or y /DOE Ha nf or d  Sit e, Ri ch l an d, Wa sh in g to n.

Due  t o b ud ge t  c on st r ai nt s , Ph as e  I II  of  t he  al te r na ti ve  si te  id en ti f ic at i on  p ro c es s i nv ol ve d  a  p e er  r ev i ew o f 
t he  t wo  DOE s it es  t h at  s u bmit te d  s ci e nt if ic / te ch n ic al  p r op os a ls  t o b e co n si de re d  f or  th e fi r st  FRC.  Ba s ed  o n 
r es ul ts  of  p e er  r ev i ew o f  t he  s c ie nt i fi c/ te c hn ic a l pr op o sa ls , o n- si t e vi s it s, a n d on  th e as s es sme nt  o f
e nv ir on men ta l  i mp ac t s pr o vi de d i n th i s EA, DOE’s  pr ef er r ed  a l te rn at i ve  i s  t he  ORNL/Y- 12  Sit e .  Pe nd in g
a dd it io n al  f u nd in g f or  t h e NABI R Pro g ra m, t h e PNNL/ Ha nf o rd  Si te  mig h t be  fu nd ed  as  a n  FRC a t  s ome 
p oi nt  i n  t he  fu tu re .

The  ORNL/Y-1 2  Sit e FRC wo ul d in c lu de  a pr ev i ou sl y  d is tu r be d 2 43 -a cr e  ( 98 - he ct ar e s)  c o nt amin a te d a re a
a nd  a  4 0 4- ac r e (1 63 - he ct a re s)  u n co nt a mi na te d  b ac k gr ou nd  ar ea  on  t he  Y- 12  Si te .  Wi th i n th es e  a re a s wo ul d 
b e smal l  ( le s s th an  on e a cr e)  t e st  p l ot s wh e re  f i el d re s ea rc h  wou ld  ta ke  pl ac e.  The  co nt ami na te d  a re a a t th e 
PNNL/ Ha n fo rd  10 0- H Are a wou ld  b e  a pp r ox imat e ly  2 ,95 0 fe e t lo n g (9 00  me te r s)  b y 2 ,3 00  fe et  wi de  ( 7 00 
met er s)  an d c on si st  of  a b ou t 16 0  a cr e s of  l a nd .  Th er e a re  t wo pr op o se d u nc on ta min at e d ba ck g ro un d  a re as  at 
t he  PNNL/Han f or d Si t e th a t ar e s ma ll e r in  s i ze  t h an  t he  co nt a mi na te d  a re a .  Tes t  p lo t s of  a p pr ox i ma te ly  on e
a cr e wo u ld  b e  l oc at e d wi t hi n th e  c on t amin at e d ar e a.

The  No Act io n  Alt er n at iv e  c on si s ts  o f  n ot  i mpl eme nt in g a  f ie l d- ba se d  c omp on en t t o NABIR b y n ot 
s el ec ti n g or  op er at i ng  a n  FRC. Thi s wou ld  r e su lt  in  c on t in ui n g th e NABIR Pr og ra m’s  l a bo ra to r y- ba s ed 
f un da me n ta l r es ea rc h  a pp r oa ch  a s  i t i s cu rr e nt ly  co nd uc t ed  b y  OBER, bu t wit ho ut  th e b en ef it  of  f o cu se d a nd 
i nt eg ra t ed  f i el d te s ti ng  un de r a ct ua l  l eg ac y  was t e cl ea n up  s i tu at io n s.  Spe ci fi c al ly , f un da men ta l 
b io re me d ia ti o n re se a rc h s up po rt e d by  OBER wo ul d n ot  i nt e gr at e  l ab or a to ry - ba se d r es ea r ch  wit h  f ie l d- ba se d 
r es ea rc h  f ro m t he  FRC si t e.  La b or at o ry  f in d in gs  wo ul d n ot  b e  f ie ld - te st e d.  Th e  No Act io n Alt er n at iv e
wou ld  n o t sa t is fy  t h e pu r po se  a n d ne e d.

Env iron men ta l  Con se q ue nc e s

General Considerations. This EA analyzes the potential impacts to the environment at the proposed FRC
at Oak Ridge, the alternative site at Hanford, and the No Action alternative.  This EA bounds the type of
work expected to occur at the FRC based on similar work that has occurred in other research programs on
DOE and non-DOE sites.  Resource areas analyzed include: earth resources; climate and air quality; water
resources; ecological resources; archaeological, cultural and historical resources; land use, recreation and
visual/aesthetic resources; socioeconomic conditions; human health; transportation; waste control; and
environmental justice.  Overall, because of the small-scale nature of the proposed field research; the
limited potential for impacts to the environment; the OBER environment, safety and health and scientific
review processes; and the regulatory and permitting compliance that would be required, no adverse
environmental impacts would be anticipated.
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Wit h th e  e xc e pt io n o f th e  p ro po s ed  p l ac emen t  o f t empo ra r y wo r k/ sa mp l e pr e pa ra ti o n tr a il er s a t th e  t es t
p lo ts , t he re  wo ul d b e no  ne w co n st ru c ti on  i n vo lv e d wi th  th e o pe ra ti o n of  th e pr o po se d  FRC.  FRC r es ea rc h 
a ct iv it i es  wo ul d no t  i nc l ud e ac t io ns  th at  wo ul d c ha ng e t he  l a nd sc ap e  ( e.g ., l ar g e- ar e a bu ll d oz in g , la rg e -s ca l e
c le ar in g , or  ex ca va t io n) .  Ac ti v it ie s  t o su p po rt  si te  c h ar ac t er iz at i on , t o ob ta i n re s ea rc h- q ua li t y sa mp l es , a nd 
t o co nd u ct  i n si tu  r es ea rc h  wou l d no t i mp ac t  t he  e n vi ro n me nt  o f  t he  pr op os e d FRC b ec au s e of  th e sma ll -
s ca le  n a tu re  (l es s t ha n o ne  a cr e  a nd  to  a  d e pt h o f le ss  th an  75  f ee t ) of  th e pr o po se d  a ct iv i ti es .  Dr il l in g t o
o bt ai n g ro un d wa te r a nd  o t he r sa mpl in g  a ct io n s wo u ld  n ot  pr od u ce  s ig n if ic a nt  a mo u nt s o f fu gi t iv e d us t.  I t is 
e xp ec te d  t ha t  t he se  ac ti v it ie s wou ld  ge ne ra t e mu c h le ss  du st  th an  n o rmal  fa rmin g  p ra c ti ce s i n th e 
s ur ro un d in g a re as .  Op er a ti on  o f  t he  FRC wo u ld  u s e st an d ar d, co ns tr u ct io n  b es t man ag e me nt  p r ac ti c es  t o
c on tr ol  er os i on , (e .g., s il t fe n ce s, be rms)  an d wat er  f o r du s t su pp r es si o n an d t o co n tr ol  f u gi ti v e emis s io ns 
d ur in g d ri ll i ng  a nd  ot he r  a ct iv i ti es .  It  i s  a nt i ci pa te d  t ha t  t he se  an d o th er  c o ns tr u ct io n/ d ri ll i ng  man a ge me n t
p ra ct ic e s wo u ld  a de q ua te l y co nt r ol  f u gi ti ve  emis s io ns  o f  r ad i on uc li d es  a n d an y o th er  ai r po l lu ta n ts .  He av y
e qu ip me n t (e .g., dr i ll  r i gs , br u sh  h o gs , an d  a ug e rs ) wo u ld  b e  u se d f or  s u pp or ti n g re s ea rc h a t th e  FRC
t hr ou gh  ma in t en an ce  an d b y pr ep a ri ng  th e te s t pl o ts  f or  we ll  an d fo r  c or e  s ampl e s.  The  e qu i pmen t  wou ld  be 
u se d fo r  s ho r t pe ri o ds  o f  t ime a nd  wo ul d no t  a dv e rs el y i mp ac t  t he  s u rr ou n di ng  e n vi ro n me nt s ( e.g., h ab it a ts 
a nd  s en s it iv e  r ec ep t or s) .  An y s hi pme nt  o f h az ar d ou s ma t er ia l s to  o r  f ro m a n FRC wou l d fo ll o w U.S.
Dep ar tme nt  o f  Tra ns p or ta t io n Ha z ar do u s Ma te r ia ls  Re gu la t io ns .  Co ll e ct io n  a nd  t r an sp o rt at io n  o f s ampl es 
wit hi n t he  FRC wo ul d  f ol l ow e xi s ti ng  DOE pr o ce du r es  a nd  me et  al l en v ir on men ta l, sa fe t y, a nd  he al t h
r eq ui re men ts .  Ex is t in g u ti li ti e s wo u ld  b e u se d, an d th e re  wo ul d be  no  i mpa ct s t o th e  e nv ir o nmen t  o r to  th e
a va il ab i li ty  of  t he s e ut i li ti es  be ca u se  o f t he  s mal l- sc a le  o f  r es ea r ch  a c ti vi ti e s pr o po se d.

ORNL/ Y- 1 2 Si t e. Pot en t ia l i mp ac ts  of  c o nc er n f ro m s it in g a nd  o p er at in g  t he  pr op os e d FRC a t th e  ORNL/Y-
1 2 Si te  in cl u de  c on t amin a ti on  o f  g ro u nd wa te r  a nd  su rf ac e  wat e r (Bea r  Cre e k) , imp ac ts  to  s en s it iv e  s pe ci e s
a nd  h ab i ta ts , a nd  e x po su r e of  FRC wo r ke rs  f r om r a di ol og i ca l s ou rc es  at  t h e co nt a mi na t ed  FRC ar ea s .

FRC activities to support site characterizations, obtain research-quality samples, and perform in situ
research would occur away from all surface waters including Bear Creek.  Research would take place
approximately 100 feet (30 meters) from Bear Creek.  Research activities would be temporary and small
in scale.  Any potential runoff occurring as a result of ground-disturbing activities, coupled with rain
events, would be controlled by implementing best management practices such as silt fencing at site-
specific research areas within the FRC.

The potential exists that groundwater additives injected as part of  in situ research at either the
background or contaminated areas might pass through groundwater channels to the surface waters of Bear
Creek.  Small quantities of nontoxic tracers, nutrients, electron donors or acceptors, microorganisms, or
other substances might be injected either in the background or contaminated areas of the FRC in
accordance with best management practices and close monitoring of environmental conditions.
Procedures for minimizing migration of contaminants during drilling and abandonment of boreholes and
wells would be developed and described in the FRC management documents.  These procedures may
include sealing the upper few feet of shallow boreholes with low permeability bentonite or grout and
installing conductor casing across the unconsolidated zone and sealing with grout or bentonite prior to
drilling to deeper  bedrock zones.

Pre vi ou s  s tu d ie s in  th e Bea r Cr e ek  Va ll ey  h a ve  u s ed  d ye  tr ac e rs  t o s tu dy  gr ou nd wat er  fl ow.  At  d o wn st re a m
p oi nt s i n Be a r Cr ee k  whe r e th e d ye  e mer ge d, no  a d ve rs e e ff ec t s on  a q ua ti c  l if e wer e d et ec te d .  Br omid e
t ra ce rs  in je c te d le s s th a n 10 0 f ee t f ro m th e  c re e k we re  no t d et ec te d  a bo v e ba ck g ro un d  l ev el s  i n s ee ps  o r  i n
Bea r Cr e ek .  Ba se d o n th e se  s tu d ie s, tr ac er s  i nj e ct ed  i n  t he  co nt ami na te d  a re a a pp ea r  t o be  gr ea t ly  d il u te d,
a nd  i n a t le a st  o ne  ca se  we re  n o t de t ec ta bl e  i n Bea r Cr e ek .  Th is  d i lu ti o n, p lu s  t he  fa ct  t h at  t r ac er s u se d b y
t he  NABI R Pr o gr am wo ul d b e no nt o xi c, wo ul d r es ul t  i n no  impa c t to  e i th er  gr ou nd wat er  or  t o t he  s u rf ac e
wat er s o f Be a r Cr ee k .
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Pre vi ou s  s tu d ie s al s o su g ge st  t h at  wh en  n ut r ie nt s  wer e “ ad de d ” to  t h e su b su rf ac e , th e  n at iv e  mic r ob ia l
c ommu ni t y st r uc tu re  wa s c ha ng ed  in  t h e imme d ia te  vi ci ni t y of  th e ad d it io n , bu t t he  c h an ge s l as te d  o nl y a s
l on g as  th e a dd it io n al  n u tr ie nt s  wer e  p re se n t.  Nat iv e mic ro o rg an is ms th a t wo ul d  b e u se d mo s t li k el y wo u ld 
b e st ra i ns  t h at  wou l d be  is ol at e d fr o m th e c on ta min at ed  ar ea  an d th e n re i nj ec te d .  Re in je ct i on  o f  n at iv e 
mic ro or g an is ms wo ul d  n ot  be  e xp e ct ed  to  b e o f co n ce rn  e i th er  at  t he  ba ck g ro un d o r co n ta mi na t ed  a r ea .
Non -n at i ve   mic ro or g an is ms mi gh t  b e o bt ai ne d  f ro m s ome o th er  fi el d s it e a nd  t he n  i nj e ct ed  a t  b ot h  t he 
c on ta mi n at ed  an d ba c kg ro u nd  a re a s.  Pre vi ou s  s tu d ie s su g ge st  th at  n o n- na t iv e mi c ro or g an is ms  th at  wo ul d
b e us ed  at  t h e co nt a mi na t ed  a re a  wou l d no t mov e a ny  g re a t di s ta nc e f ro m t he  p oi n t of  in je ct i on .  Th e
c on ce nt r at io n s of  mi cr oo r ga ni sms  t ha t  wou ld  be  u s ed  a nd  th e a mo un ts  po te n ti al ly  in je c te d wo u ld  b e  v er y
s ma ll  a n d wo u ld  n ot  be  e x pe ct ed  to  c r ea te  i mpa ct s  t o th e  e nv i ro nmen t .  No n- na ti v e mi c ro or ga n is ms  on  a  t e st 
p lo t wo u ld  n o t be  e x pe ct e d to  p e rs is t  i n th e  e nv i ro nmen t  a nd  wo ul d n ot  b e  e xp ec t ed  t o  r ea ch  Be ar  Cr ee k.
Gen et ic a ll y e ng in ee r ed  mi cr oo rg a ni sms  wou ld  no t b e in je c te d e it he r i nt o t he  b ac k gr ou n d or  c o nt ami na te d
a re as .

The only FRC activities expected to occur within floodplain areas would be well-drilling and monitoring
(e.g., installation of piezometers). Pro ce du r es  f o r pr ev e nt in g  mig ra t io n o f co nt a mi na n ts  d own  wel l 
b or eh ol e s wo u ld  b e d ev el o pe d an d  d es c ri be d i n th e  FRC ma na ge men t do c umen t s.  Th e se  p r oc ed ur e s ma y 
i nc lu de  se al i ng  t he  up pe r  f ew f e et  o f  s ha ll o w bo r eh ol es  wi th  lo w pe r me ab i li ty  b e nt on i te  o r g ro ut  an d
i ns ta ll i ng  c o nd uc to r  c as i ng  a cr o ss  t h e un co n so li d at ed  z o ne  a n d se al i ng  wi th  g ro u t or  be nt on i te  p r io r to 
d ri ll in g  t o d ee pe r b ed ro c k zo ne s . No structures or facilities would be situated in the floodplain.  Movement
of heavy equipment through the floodplain would be a temporary occurrence and would not impact the
capacity of the floodplain to store or carry water.  The negative effects to floodplains from the movement
of heavy equipment alone is expected to be negligible.  Because FRC research would take place on small
test plots (less than one acre), it is anticipated that any wetlands found in potential research areas would
be avoided.  In addition, the limited ground-disturbing activities associated with FRC research would
preclude damage to adjacent wetlands that might be in proximity to selected research areas.  A Floodplain
Assessment and Statement of Findings for the Y-12 Site Area of Responsibility has been completed, and
actions undertaken by investigators would be covered by this assessment (see Appendix D).

Human health effects could potentially result from FRC worker exposure to contaminated soil and
groundwater, from occupational hazards associated with site work such as well drilling and core
sampling, and from hazards associated with accidental releases of liquid chemicals.  Radiological doses to
workers were bounded by evaluating a “bounding analysis” scenario, in the absence of any existing data
on worker doses for this kind of work in the field.  Workers were assumed to spill small amounts of soil
(5 grams per year) and groundwater (5 milliliters per year) on themselves during the course of retrieving
and processing the core samples.  To maximize the potential dose, it was further assumed that the workers
did not wash off the contamination, but actually ingested it.  For the soil ingestion pathway, the total dose
(for all radionuclides) is estimated to be less than 0.01 mrem/year, which is ten thousand times less than
the limit of 100 mrem/year allowed for members of the public under Title 10, Code of Federal
Regulations, Part 835, Section 208.  The groundwater ingestion pathway is three times smaller, with a
total dose of approximately 0.003 mrem/year. To estimate the total potential risk to workers from this
“bounding analysis” exposure scenario, it is further assumed that the workers were exposed during the
entire life of the project, which is ten years.  The combined annual dose from both the soil and
groundwater ingestion pathways is 1.26E-02 mrem per year (9.47E-03 + 3.09E-03).  Over the ten-year
lifetime of the project, the total dose is ten times that amount, or 1.26E-01 mrem, which yields a lifetime
risk of 6.28E-08, or roughly six in one hundred million.  There are no expected radiological health risks to
workers expected from work on the FRC.

Occupational hazards and industrial accidents, such as those associated with well-drilling/sampling and
striking a subsurface structure during drilling, have been very few during previous and similar work in the
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Bear Creek Valley. Existing wells would be used to the maximum extent possible during NABIR field
work on the FRC, thus the amount of new well-drilling work would be minimal.  The potential for health
effects from accidents on the FRC is expected to be minimal.  The expected low radiological doses and
the absence of serious accidents during previous field work in the Bear Creek Valley provides a
reasonable yardstick for the expectation of minimal impacts to people and the environment during future
NABIR studies.

The small scale of the action and its expected minimal level of environmental consequences for the
proposed FRC, should not result in any socioeconomic or environmental justice impacts.

PNNL/ Ha nfo rd  10 0- H Sit e.  Po te n ti al  impa ct s  o f c on ce rn  fr om si ti ng  an d o pe ra ti n g th e  p ro po s ed  FRC at 
t he  PNNL/Han f or d 10 0 -H Si te  i nc l ud e c on ta mi n at io n  o f gr o un dwa te r an d  s ur f ac e wa t er  ( Col umbi a  Riv e r) 
a nd  e xp o su re  of  FRC wo rk e rs  f ro m r ad i ol og ic a l so u rc es  a t  t he  co nt ami na te d  FRC a r ea s.

FRC activities to support site characterizations, obtain research-quality samples, and perform in situ
research would occur away from all surface waters including the Columbia River. Research would not
occur closer than 200 feet (60 meters) from all surface waters, including the Columbia River.  The closest
point where injection of materials might occur would be in the contaminated area 200 feet from the
Columbia River.  Tracer injections at the two proposed background areas would be more than 1,500 feet
from the Columbia River and concentrations would be expected to be unmeasurable by the time the tracer
had traveled only half that distance.  PNNL has proposed to install a series of groundwater extraction
wells within each test plot to capture any substances injected into upstream injection wells.  These
extraction wells would be positioned to intercept groundwater flow moving toward the Columbia River.
In addition, PNNL could make use of a secondary containment system of existing extraction wells located
within 150 feet of the Columbia River to ensure that substances injected as part of in situ research by
NABIR investigators do not reach the Columbia River.  The existing extraction wells are part of an on-
going Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) Interim
Remedial Action that involves pumping and treating for chromium-contaminated groundwater.  Filters to
extract tracers, electron donors and acceptors, nutrients, microorganisms and other substances would be
added to the existing well filtration system, as needed.  The pump and treat extraction wells have been
operating constantly and will continue to do so. The use of nontoxic and non-persistent tracers coupled
with the proposed and existing extraction well systems would ensure that tracers would not reach the
Columbia River.

Research activities on the FRC that might disturb the land would be temporary and small in scale; e.g.,
injecting a small quantity of native microorganisms into the background and contaminated areas of the
proposed FRC.  Native microorganisms would most likely be strains that would be isolated from the
contaminated area and reinjected.  Reinjection of native microorganisms would not be expected to be of
concern either at the background or contaminated area.  Non-native microorganisms would not be
injected either at the background or contaminated areas.  Similarly, genetically engineered
microorganisms would not be used either at the background or contaminated areas.  Any potential runoff
occurring as a result of ground-disturbing activities, coupled with rain events, would be reduced by
implementing best management practices such as silt fencing at site-specific research areas within the
FRC.

No structures or facilities would be constructed in the floodplain.  Movement of heavy equipment through
the floodplain would be a temporary occurrence and would not impact the capacity of the floodplain to
store or carry water.  The negative effects to floodplain from the movement of heavy equipment alone is
expected to be negligible.  To the extent practicable, staging areas and access roads would be temporary,
construction would be limited to periods of low precipitation, and stabilization and restoration of the
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affected areas would be initiated promptly.  Wetlands in association with the Columbia River occur on the
banks of the Columbia in proximity to the proposed contaminated area and background area.  These
wetlands are small in scale and are generally associated with the immediate bank of the Columbia River.
Proposed FRC research would not occur in proximity to the wetlands and would not impact them.

Human  h e al th  ef fe ct s  c ou l d po te n ti al l y re su l t fr o m FRC wor ke r  e xp os u re  t o  c on ta min at e d so il  an d
g ro un dwa te r, fr om o c cu pa t io na l h az ar d s as so c ia te d  wit h s it e wor k su c h as  we ll  d r il li n g an d c or e s ampl in g ,
a nd  f ro m h az a rd s as s oc ia t ed  wit h  a cc i de nt al  re le a se s of  li qu i d ch emi ca ls .  Ra di o lo gi c al  d os es  t o  wor k er s
wer e bo u nd ed  by  e va l ua ti n g a “b o un di n g an al y si s”  sc en ar i o, i n  t he  a b se nc e  o f an y  e xi s ti ng  d a ta  o n  wor ke r 
d os es  f o r th i s ki nd  of  wo rk  i n t he  f i el d.  Wor ke r s we re  as su med  t o s pi ll  smal l a mo un t s of  s o il  ( 5  g ra ms  pe r
y ea r)  a n d gr o un dwat e r (5  mi ll il i te rs  pe r ye a r)  o n  t he ms e lv es  du ri ng  th e c ou rs e o f re t ri ev in g  a nd  pr oc es s in g
t he  c or e  s amp le s.  To ma x imiz e t he  p o te nt ia l  d os e , it  wa s fu r th er  a s su me d  t ha t t he  wo rk er s d id  n o t wa sh  of f
t he  c on t amin a ti on , b ut  a c tu al ly  in ge s te d it .  Fo r  t he  s o il  i n ge st io n  p at h wa y, t h e to t al  d os e  ( fo r  a ll 
r ad io nu c li de s ) is  e s ti ma t ed  t o b e le s s th an  0.01  mr em/y e ar , whi ch  i s  t en  th ou sa n d ti mes  l es s  t ha n  t he  l i mi t o f
1 00  mre m/y ea r  a ll owe d fo r  membe r s of  th e pu b li c u nd er  Ti tl e 1 0, Cod e of  Fe de r al  Reg u la ti o ns , Par t 8 35 ,
Sec ti on  20 8.  The  g r ou nd wat er  i n ge st i on  p at h wa y i s th re e  t ime s smal l er , wit h a t ot al  do se  o f  a pp r ox imat e ly 
0 .0 03  mr em/y e ar . To es ti mat e t he  t ot a l po t en ti al  ri sk  to  wor k er s f ro m th i s “b o un di ng  an al y si s”  e x po su r e
s ce na ri o , it  is  f ur t he r a ss umed  th at  th e wo r ke rs  we re  e x po se d  d ur in g  t he  en ti re  li fe  of  t he  pr oj e ct , wh i ch  i s 
t en  y ea r s.  The  c omb in ed  an nu al  do se  fr om b o th  t h e so il  an d g ro un dwa te r i ng es ti o n pa t hway s i s 1.26 E- 0 2
mre m pe r  y ea r  ( 9 .4 7E-0 3  + 3 .09 E- 03 ) .  Ov er  t he  te n- y ea r li f et ime  o f th e  p ro j ec t, t h e to t al  d os e  i s t en  t ime s
t ha t amo un t, or  1 .2 6 E- 01  mr em, whi ch  yi el ds  a li f et ime r is k o f 6.28 E-0 8, or  r ou g hl y s ix  i n o ne  h u nd re d
mil li on .  The re  a r e no  ex pe ct e d ra d io lo gi c al  h e al th  r i sk s t o wo rk e rs  e x pe ct ed  fr om wo rk  o n  t he  FRC.

Occ up at i on al  ha za rd s  a nd  in du st r ia l a cc id en t s, s u ch  a s t ho se  a ss oc ia t ed  wi th  wel l -d ri l li ng /s a mp li n g an d
s tr ik in g  a  s u bs ur fa c e st r uc tu re  du ri n g dr il l in g, ha ve  b e en  v e ry  f ew du ri n g pr ev i ou s a nd  s imi la r wor k th e  a t
t he  Han f or d Sit e.  Exi st i ng  wel l s wo u ld  b e u se d t o th e max imu m ex te n t po s si bl e d ur in g  NABIR fi el d  wor k
o n th e FRC, t hu s th e  a mo u nt  o f n ew we ll -d ri l li ng  wo rk  wo ul d b e mi ni mal .  Th e po t en ti a l fo r h ea lt h  e ff ec t s
f ro m ac c id en t s on  t h e FRC i s ex p ec te d  t o be  mi ni mal .  Th e ex p ec te d l ow r a di ol og i ca l d os es  a n d th e  l imit e d
n umbe r o f ac c id en ts  du ri n g pr ev i ou s f ie ld  wo rk  a t  t he  Ha nf or d  Sit e p ro vi d e a re a so na b le  y ar d st ic k  f or  t h e
e xp ec ta t io n o f mi ni mal  i mpa ct s t o pe o pl e an d  t he  en vi ro n me nt  du ri ng  fu tu r e NABI R s tu d ie s.

No Action.  Under the No Action alternative, there would be no FRC at the Oak Ridge or Hanford sites.
As a result, DOE would not be able to conduct integrated field-based research and no intrusive actions
would be taken by the NABIR Program, resulting in no impacts to the affected environment at Oak Ridge
and Hanford.

Stakeholder Involvement

I n Ja nu a ry  2 0 00 , DOE p ro v id ed  t h e Fe d er al , Sta te , a nd  l o ca l g ov er nme nt  a g en ci es , t he  lo ca l c ommu n it ie s,
a nd  Tri b es  wi th  t he  dr af t  EA fo r  a  3 0 -d ay  r e vi ew.  Th er e  wer e  n o co mme nt s  f ro m t he  Tr ib es  o r  c ommun it y
membe rs  an d t he  c ommen ts  re ce iv e d fr o m th e Fed er a l an d Sta te  an d lo c al  g o ve rn me n t ag e nc ie s wer e
a dd re ss e d in  th is  f i na l EA.  Ap p en di x  B p ro v id es  a li st  of  c o mmen to r s, t h ei r co mme nt s , an d t he  l o ca ti on 
wit hi n t he  EA whe re  ea ch  co mmen t  i s a dd re ss e d.
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1.0 INTRODUCTION

The  U.S. Dep a rt me nt  of  En er gy ’s  (DOE)  Off ic e  o f Bio lo gi c al  a n d En vi r on me n ta l Re s ea rc h  ( OBER) ,
wit hi n t he  Of fi ce  o f  Sci e nc e (SC), p r op os es  to  a d d a Fi e ld  Re se ar ch  Ce nt e r (FRC)  c omp on en t t o th e 
e xi st in g  Nat u ra l an d  Acc e le ra te d  Bio r emed ia t io n Res ea rc h  ( NABIR) Pr o gr am.  Th e p ur po s e of  t h e
NABIR Pr og ra m i s to  in cr e as e th e  u nd e rs ta nd i ng  o f  f un da men ta l  b io ge o ch emi ca l pr o ce ss e s th at  al lo w
t he  u se  of  b i or emed i at io n  a pp ro a ch es  fo r cl e an in g  u p DOE’s  c o nt amin a te d l eg ac y was te  si te s.  A
Fie ld  Re se ar c h Ce nt e r wo u ld  b e i nt eg r at ed  wi th  e x is ti ng  an d f ut ur e l ab or a to ry  a n d fi e ld  r es e ar ch  an d
wou ld  p r ov id e  a  mea n s of  ex amin i ng  t h e fu nd a me nt a l
b io ge oc h emic a l pr oc e ss es  th at  i n fl ue n ce  b io r emed i at io n
a pp ro ac h es  u n de r fi e ld  c o nd it io n s.

Thi s Na t io na l  Env ir o nmen t al  Pol i cy  Ac t (NEPA)
Env ir on men ta l  Ass es s me nt  (EA)  i s  t he  fi rs t o f a t wo -
t ie re d NEPA p ro ce ss  fo r t he  NABI R Pr o gr am.  Th e f ir st 
t ie r de s cr ib e s OBER’ s ap p ro ac h t o imp le me nt  th e
e xi st in g  NABI R Pr og r am, a nd  a na l yz es  th e po t en ti a l
e nv ir on men ta l  c on se q ue nc e s as so c ia te d  wit h t he 
s el ec ti o n an d  o pe ra t io n o f a Fi e ld  Re se ar ch  Ce nt e r
( FRC)  wi th in  th e pr o gr am.  (See  Se ct i on  2 .0  an d
App en di x  A f o r a de s cr ip t io n of  th e p ro po se d  a ct i on .) 
As re qu i re d, th e No  Ac ti o n al te r na ti v e is  a l so  e v al ua te d .  Th e se co n d ti e r of  t h e NABIR NEPA
c ompl ia n ce  p r oc es s wou ld  be  t he  ev al u at io n o f th e  a pp ro p ri at e  l ev el  of  NEPA d oc u me nt a ti on  t h at 
wou ld  b e  p re p ar ed  f o r th e  s pe ci f ic  f i el d re s ea rc h  p ro po s ed  t o  b e co n du ct e d at  t h e FRC. Th e e va lu a ti on 
wou ld  c o ns id e r wh et h er  t h e pr op o se d f ie ld  r e se ar c h is  b o un d b y th is  EA. I f it  we re  f o un d th a t a
p ro po se d  p ro j ec t wa s  n ot  bo un d b y th i s EA b u t mi g ht  s ig n if ic a nt ly  a f fe ct  th e hu man  e n vi ro nme nt ,
DOE wou l d un d er ta ke  ap pr o pr ia te , s pe c if ic  NEPA r e vi si on s .

I n Ja nu a ry  2 0 00 , DOE p ro v id ed  t h e Fe d er al , Sta te , a nd  l o ca l g ov er nme nt  a g en ci es , t he  lo ca l
c ommu ni t ie s, an d Tr i be s wit h th e  d ra f t EA f o r a 3 0- da y r ev ie w.  The r e we r e no  c o mmen t s fr om th e
Tri be s o r co mmu ni ty  me mb e rs  a nd  th e c omme nt s  r ec e iv ed  f r om t h e Fe de r al  a n d St at e  a nd  lo ca l
g ov er nme nt  a g en ci es  we re  ad dr es s ed  i n  t hi s f in al  EA.  Ap pe nd i x B pr o vi de s  a  l is t  o f c omme nt o rs ,
t he ir  c o mmen t s, a nd  th e l oc at io n  wit h in  t he  EA wh er e ea c h co mme nt  i s  a dd r es se d.

Thi s do c umen t  c ompl i es  wi th  NEPA o f 1 96 9 (4 2  U.S.C. 4 32 1 -4 34 7 ), t he  Co un c il  o n Env ir o nmen ta l 
Qua li ty ’ s Re g ul at io n s fo r  I mp le men ti n g th e Pro ce d ur al  Pr ov is i on s of  NEPA (Tit le  40 , Cod e of 
Fed er al  Re gu l at io ns , Par ts  15 00 - 15 08 ) a nd  DOE’ s NEPA Imp le me nt i ng  Pr oc ed ur e s (Ti tl e 10 , CFR,
Par t 10 2 1) .

1.1 Background

For  o ve r  5 0 y ea rs , DOE a n d it s p re de c es so r a ge nc i es  h av e  b ee n  r es po n si bl e  f or  t h e re s ea rc h, de si g n,
a nd  p ro d uc ti o n of  n u cl ea r  wea po n s, a s  wel l a s ot h er  e ne r gy -r e la te d r es ea r ch  a nd  de ve l op me nt  ef fo r ts .
DOE’s  we ap on s  p ro du c ti on  an d re s ea rc h  a ct iv i ti es  ge ne ra t ed  h a za rd ou s , mi x ed , an d  r ad i oa ct iv e  was t e
p ro du ct s .  Pa st  d is p os al  pr ac ti c es  h a ve  l ed  to  t h e co nt a mi na t io n of  so il s , se di men ts , a nd  g r ou nd wat er 
wit h co mpl ex  an d ex o ti c mix tu re s  o f c ompo un d s.  Thi s co n ta mi n at io n a nd  i t s as so c ia te d  c os ts  an d
r is ks  c a n be  co ns id e re d a  “ Co ld  Wa r Mor tg ag e ,”  a n d re pr e se nt s  a  maj o r co n ce rn  t o  DOE an d th e 
p ub li c ( DOE 1 99 5a ).  Wit h in  DOE, t he  Of fi ce  of  En vi ro nme nt al  Ma na ge men t ( EM) is  re sp o ns ib le  fo r

The purpose of the NABIR
Program is to increase the
understanding of fundamental
biogeochemical processes that
allow the use of bioremediation
approaches for cleaning up
DOE’s contaminated legacy
waste sites.
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man ag in g  t he  cl ea nu p  e ff o rt s.  Cur re n tl y, EM h as  35 3 cl e an up  pr oj ec t s at  53  s it e s in  30  s ta t es  a n d
t er ri to r ie s o f th e U.S. ( BEMR 1 9 95 ; Acc el er a ti ng  Cl ea nu p : Pa t hs  t o Clo su r e 19 98 ) .  Th e 53  s i te s s pa n
a  r an ge  of  g e ol og ic , h yd r ol og ic , a nd  cl imat i c co n di ti on s .  Th e di ff e re nc e s in  t h es e c on di ti o ns  c a n ha ve 
a  l ar ge  impa c t on  t h e co s t, e ff i ci en c y, a nd  pr ac t ic ab il i ty  o f  a ny  s i ng le  re me di a ti on  te ch no l og y.  I n
a dd it io n , EM be li ev e s th a t th e r emed i at io n
a pp ro ac h es  f o r ma ny  of  t h es e si t es  a r e
i na de qu a te  o r  u na cc e pt ab l e du e t o ex c es si ve 
c os ts , l on g r emed ia t io n s ch ed ul e s, o r 
g en er at i on  o f  s ec on d ar y was te s ( Su bs u rf ac e
Con ta mi n an ts  Fo cu s Are a [ SCFA] Web  s i te 
Pro bl em St at e me nt  1 9 99 ; a nd  SCFA Ann u al 
Rep or t 1 99 7) .  Wi th  20 0 mil li on  cu bi c 
met er s o f co n ta mi na t ed  s e di me nt  an d 6 00 
b il li on  ga ll o ns  o f c on ta min at ed  gr ou n dwat er ,
EM es ti mat es  th e li f e cy c le  c os t s of  th e
c le an up  (o ve r  7 5 ye a rs ) a t cl os e  t o $ 18 9
b il li on  to  $ 2 65  b il l io n ( DOE 19 9 8a ).  The 
h ig h co s ts , l on g du r at io n , an d t ec hn i ca l ch a ll en g es  a ss o ci at e d wi th  re me d ia ti ng  th e s ub su rf a ce 
c on ta mi n at io n  a t DOE s it e s pr es e nt  a  si gn if i ca nt  ne ed  f o r fu n da me nt a l re s ea rc h i n th e  b io lo g ic al ,
c he mi ca l , an d  p hy si c al  s c ie nc es  th at  wi ll  c o nt ri b ut e to  ne w a nd  c os t -e ff e ct iv e s ol ut i on s.

One  p os s ib le  lo w- co s t ap p ro ac h f or  r e me di at i ng  t h e su bs u rf ac e  c on ta min at i on  o f DOE s i te s is  th ro u gh 
t he  u se  of  a  te ch no l og y k no wn  a s  b io r emed ia t io n.  Bio re med ia t io n ha s  b ee n  d ef in e d as  th e us e  o f
mic ro or g an is ms to  b i od eg r ad e or  bi ot r an sf or m h az a rd ou s o rg an i c co nt a mi na n ts  t o e nv ir o nmen ta l ly 
s af e le v el s i n so il s , su b su rf ac e  mat e ri al s, wa te r , sl ud g es , a nd  r es i du es .  Wh il e  b io r emed ia t io n

t ec hn ol o gy  i s  p ro mi s in g, DOE ma n ag er s  a nd  n o n- 
DOE s ci e nt is t s ha ve  re co g ni ze d t ha t t he  f un d amen t al 
s ci en ti f ic  i n fo rmat i on  n e ed ed  t o  d ev e lo p ef f ec ti v e
b io re me d ia ti o n te ch n ol og i es  f or  cl ea n up  o f t he  l e ga cy 
was te  s i te s i s la ck i ng  i n  man y c as es .  DOE b el ie v es 
t ha t fi e ld -b a se d re s ea rc h  i s ne e de d t o re al i ze  t h e fu ll 
p ot en ti a l of  bi or eme di at i on .

For  a  n u mb er  of  y ea r s, o n e of  OBER’s  mi ss io n s ha s 
b ee n to  fu nd  ba si c r es ea r ch  i n a re as  re la te d  t o
b io re me d ia ti o n.  Re c en tl y , OBER re co g ni ze d t he 
n ee d to  ob ta i n ne w f un da men ta l s ci en t if ic 

i nf or ma t io n o n bi or e me di a ti on  t o  a ss i st  DOE's le g ac y wa s te  c l ea nu p n ee ds .  Du ri n g 19 9 5 an d 1 99 6,
OBER he l d a s er ie s o f wo r ks ho ps  wi th  sc ie nt i st s a nd  e ng i ne er s  f ro m t he  DOE si te s , th e  s ci en t if ic 
c ommu ni t y, a n d th e p ri va t e se ct o r.  The  wor k sh op s  i de nt i fi ed  a se ri e s of  ke y th e me s t o me et  th e n ee ds 
i de nt if i ed  b y  DOE a n d th e  s ci en t if ic  co mmun i ty , a nd  t o g ui de  OBER’s  de ve l op me nt  of  a  ne w, f i el d- 
b as ed , f un da men ta l r es ea r ch  p ro g ra m i n bi or e me di a ti on .  Th e maj or  t h emes  in cl ud e d: 

•  i nt er di s ci pl i na ry  f u nd ame nt al  r e se ar c h fo cu se d  o n c ompl ex  co nt a mi na te d  s ub s ur fa ce  sy st e ms ;

•  f ie ld  r e se ar c h ce nt e rs  t o se rv e  a s v eh ic le s  f or  in te gr a ti ng  re se ar c h, i d en ti fy i ng  c r uc ia l r es ea r ch 
n ee ds , a nd  f o cu si ng  th e p ro gr am on  DOE's mo s t si g ni fi ca n t pr o bl ems; 

•  e th ic al , l eg a l, a nd  so ci a l is su e s as s oc ia te d  wit h  b io re med ia t io n t o be  i d en ti f ie d an d  a dd r es se d; 

•  l in ka ge s  t o o th er , r el at e d pr og r ams t o be  e s ta bl i sh ed  a n d ma i nt ai ne d .

Bioremediation has been defined
as the use of microorganisms to
biodegrade or biotransform
hazardous organic contaminants
to environmentally safe levels in
soils, subsurface materials, water,
sludges, and residues.

The high costs, long duration, and
technical challenges associated with
remediating the subsurface contamination
at DOE sites present a significant need for
fundamental research in the biological,
chemical, and physical sciences that will
contribute to new and cost-effective
solutions.
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OBER su b se qu e nt ly  c o mb in e d th e b io re med ia ti o n- re l at ed  e l emen t s of  s e ve ra l  f or me r  a nd  ex is ti n g
OBER pr o gr ams , in cl u di ng  th e fo r me r Sub su rf a ce  Sc ie nc e Pro gr a m (SSP) , wi t h ot he r  r es o ur ce s, an d
r eo rg an i ze d p or ti on s  o f i ts  r es e ar ch  ef fo rt s  t o f oc us  o n  f un d amen ta l  b io r emed ia t io n r es ea rc h  t o c re at e
a  n ew NABI R Pro gr am.  OBER th en  be ga n  t he  p l an ni n g an d i nt er n al  s co p in g p ro ce ss e s to  de ve lo p 
t he  p ro p os ed  fi el d c ompo n en t of  th e p ro gr am th at  wo ul d i mp le men t th e  k ey  th emes , a nd  fo rm t h e
p ro po se d  a ct i on  f or  th e NABIR EA.

I n Oc to b er  1 9 96 , Dr . Mar t ha  Kre b s, Di re ct or  of  t h e Of fi c e of  Sc ie nc e , si g ne d a NEPA Det er mi n at io n 
f or  t he  pr ep a ra ti on  of  a n  EA.  At th a t ti me , OBER’s  b ud g et  f o r th e NABIR pr og ra m was  $4 0 mi l li on 
p er  y ea r  f or  th e te n -y ea r  l if e o f th e  p ro gr a m.  I n ad di t io n, OBER p l an ne d  t o se l ec t u p to  t h re e FRCs
f or  i mme di at e  o pe ra t io n u po n co mpl et i on  o f t he  NEPA r ev i ew.  Al so , OBER i nt en de d  t o c on du ct 
g en et ic a ll y e ng in ee r ed  mi cr oo rg a ni sm (GEM) r es ea r ch .  Si nc e 1 99 6, OBER’s  fu nd in g  f or  th e NABIR
Pro gr am ha s b ee n si g ni fi c an tl y r ed uc e d to  $ 1 5 mi l li on  p e r ye a r)  a nd  th er e fo re  c o ul d e st ab li s h on l y
o ne  FRC at  t h is  t ime .  Fo ll owin g  c ar e fu l co n si de r at io n a nd  c o mmun ic a ti on  wi th  s c ie nt i st s in  th e f ie ld 
o f bi or e me di a ti on , OBER h as  d ec i de d n ot  t o p ur su e  r es ea r ch  u s in g GEMs (s e e Se ct i on  1 .2.1 fo r 
a dd it io n al  d e ta il s) .

1.2 Description of the Existing NABIR Program

The  NABI R Pr o gr am i s  a  t e n- ye ar  fu nd a me nt al  re se a rc h pr o gr am de si gn e d to  be tt er  un de r st an d t he 
b io ti c a nd  a b io ti c p ro ce s se s in  th e s ub su rf a ce , t o un de r st an d  h ow t o  c on t ro l an d  a cc e le ra te  th es e 
p ro ce ss e s, a n d to  p r ov id e  d ed ic a te d f ie ld  s i te s f or  s ma l l- sc a le  ( le s s th a n on e a cr e a nd  t o d ep th s  o f le s s
t ha n 75  fe et )  f ie ld - ba se d  r es ea r ch .  (See  Ap pe nd i x C fo r  d et a il s on  ma na g emen t o f th e  NABIR
Pro gr am.)  Th e pr og r am i s  d ir ec t ed  a t  t he  s p ec if i c go al  of  s u pp or ti n g fu n da me nt a l re s ea rc h t o
u nd er st a nd  b i or emed i at io n  p ro ce s se s o n co mp l ex  mi xt ur es  of  h e av y me t al s a nd  r ad i on uc l id es  i n  t he 
s ub su rf a ce .  Th e NABIR Pr og ra m s up po r ts  t he  fu nd i ng  o f l ab or a to ry -b a se d r es ea rc h  a s wel l as 
c ompu te r  mod e li ng  a n d ot h er  t yp e s of  re se ar c h.  Cur re nt l y fu n de d re s ea rc h  f oc us e s on  th e su b su rf a ce 
e nv ir on men t, an d in c lu de s  i nv es t ig at i on s of  bo th  th e sa t ur at e d (e .g ., gr o un dwat e r)  a n d un sa t ur at e d
( e.g., v ad os e ) zo ne s .

The  NABI R Pr o gr am wi ll  o n ly  b e f un di n g ba si c  f un d amen ta l  r es e ar ch  o n  p ro mis in g n ew me th od s
a nd  t ec h no lo g ie s th a t mi g ht  h av e  t he  po te nt i al  t o  b e us e d by  an ot he r  p ar t  o f DOE o r s ome ot h er 
a ge nc y f or  a  fu ll  c l ea nu p  a t a f ut ur e  t ime.  The  NABI R Pro gr a m wi ll  no t f un d a DOE En vi ro nme nt al 
Man ag eme nt  c l ea nu p p ro je c t in vo l vi ng  th e us e  o f b io re me d ia ti o n.  Re s ea rc h  i nv ol v in g o rg an ic 
c on ta mi n an ts  is  o nl y  c on s id er ed  to  t h e ex te n t th a t it  i n fl ue n ce s th e  p ri mar y go a l of  un de rs t an di n g th e
f un da me n ta l b io ge oc h emic a l fa ct o rs  t h at 
a ff ec t b io re med ia ti o n of  he av y met al s  a nd 
r ad io nu c li de s .  Res e ar ch  to  e va l ua te  th e ri s k
t o hu ma n s or  to  t he  en vi r on me nt , a nd 
r es ea rc h  o n p hy to re med ia t io n ar e  o ut s id e th e 
s co pe  o f  t he  NABI R Pro gr a m. Fin a ll y, th e
NABIR Pr og ra m wil l n ot  f u nd  a ny  re se a rc h
t ha t wo u ld  i n vo lv e t he  u s e of  mi cr ob e s th at 
a re  h uma n pa t ho ge ns  an d f ie ld  r e le as e s of 
a ny  GEMS.

NABIR-f u nd ed  pr oj ec t s re q ui re  s h or t- t er m us e  o f f ie ld  s i te s wit h sp e ci fi c  g eo lo g ic  o r  h yd ro l og ic 
c ha ra ct e ri st i cs . Th e  NABI R Pr og r am c a ll s th e se  Sh or t- Te r m Ex p er imen t al  Fi el d Si t es  ( STEFS), an d
d is ti ng u is he s  t he m f ro m a n FRC.  STEFS ar e s ma ll - sc al e f ie ld  re se ar c h ar e as  f or  sp ec i al  s tu d ie s t ha t ma y 
b e on  o r  o ff  DOE la n ds .  STEFS a re  n o t us er  fa ci l it ie s, an d t he y ac c ommo d at e on l y a f ew f oc u se d p ro je ct s 

The NABIR Program is a ten-year
fundamental research program designed to
better understand the biotic and abiotic
processes in the subsurface, to understand
how to control and accelerate these
processes, and to provide dedicated field sites
for field-based research.
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a nd  a  f e w re s ea rc he r s fo r  v er y s ho rt  du ra ti o n.  STEFS h a ve  c h ar ac te r is ti c s th at  ar e a na lo go u s to  th e ra n ge 
o f hy dr o lo gi c  a nd  g e ol og i c co nd i ti on s  ( e.g., r ai n fa ll , g ro un d wa te r, so il  ty pe s)  on  DOE si te s ; ho wev er , t he se 
s it es  h a ve  b e en  u se d  p ri mar il y f or  s u bs ur fa c e ch a ra ct er i za ti o n.  Th e se  s i te s pr o vi de  us ef ul  te ch n ic al 
i nf or ma t io n f or  r es e ar ch  th at  wo ul d b e co nd u ct ed  at  t he  pr op o se d FRC.  STEFs ma y  a ls o  s er ve  as  “ s it es  o f 
o pp or tu n it y”  fo r co l le ct i on  o f s ma ll  vo lu me s  o f s ed imen t  a nd  gr ou nd wat er  (1 .3  c u bi c y ar d [l e ss  t h an  o ne 
c ub ic  me te r] )  f or  l a b- ba s ed  e xp e ri me n ts .  STEFS h av e no  on -s i te  s ta f f, p e rman en t  t ra i le rs  o r  l ab o ra to ri e s.
STEFS a r e no t  i n th e  s co p e of  a n al ys i s in  t h is  EA b ut  a r e pr o vi de d a s ex a mp le s o f re s ea rc h s imil a r to  t h at 
p ro po se d  b y NABIR.

An ex amp le  o f  a  STEFS is  in  Oys t er , Vir gi ni a .  Fo r se ve r al  y e ar s, NABI R i nv es ti g at or s  h av e b ee n
c on du ct i ng  f u nd amen t al  r e se ar ch  in to  th e me c ha ni s ms  b y whi ch  mi cr oo r ga ni s ms  a re  tr an s po rt ed  in  t h e
s ub su rf a ce  e n vi ro nme nt  o f  u nc on s ol id a te d se d imen t s (s an d ) on  no n- DOE l an d .  Sci e nt if i c kn owl ed ge 
g ai ne d f ro m t hi s re s ea rc h  i n a s impl e  s ys te m o f u nc on so l id at e d se di men ts  is  u se f ul  t o  t he  b r oa d c ommu ni t y
o f NABI R r es e ar ch er s .  Ap pe nd ix  F co n ta in s NEPA d oc umen t at io n  f or  t h e Oy s te r Si t e.

1.2.1 Existing Science-Based Program Elements

The  NABI R Pr o gr am i s  a n i nt eg ra t ed  e f fo rt  c o nt ai n in g se v en  i n te rr el a te d s ci en ce - ba se d  t ec hn i ca l p ro gr am
e le me nt s  ( Fi g ur e 1- 1 ).  A s oc ie t al /l e ga l/ ed u ca ti o na l pr o gr am el emen t  a ls o  i nv es t ig at e s th e s oc ie t al  i ss u es 
a nd  c on c er ns  as so ci a te d wit h bi o re me d ia ti on .  Th e  f ir st  fi ve  of  t he  sc ie n ce  e le men ts  st ud y t he  b i ol og y o f
mic ro or g an is ms, t he i r ec o lo gy  a n d ph y si ca l e nv ir o nmen t, th ei r  e ff ec t s on  va ri ou s  c on t amin an t s, a n d
v ar io us  me ch a ni sms t o en h an ce  o r  a cc e le ra te  th ei r  b io re med ia t iv e pr o ce ss e s.  Th e  s ix t h sc ie n ce  e l emen t
p ro vi de s  t he  me an s t o as s es s an d  q ua n ti fy  t h es e p ro ce ss e s.  The  l as t  s ci e nt if ic  el eme nt  i nt e gr at e s re se a rc h
r es ul ts  so  t h at  p re d ic ti v e mo de l s ca n  b e de v el op e d.

Bio tr an s fo rma ti on  a n d Bi o de gr ad a ti on —Re se ar c h fo c us ed  o n  u nd e rs ta nd i ng  t h e me ch a ni sms  o f ho w
mic ro or g an is ms ac tu a ll y t ra ns fo r m, d e gr ad e, an d i mmob il i ze  c o mp le x c on ta min an t mix tu r es  i nt o 
d et ox if i ed  ma te ri al s .

Commu ni t y Dy n amic s a nd  Mi cr ob ia l  Eco l og y—Re se ar c h fo c us ed  o n  t he  na tu ra l  e co l og ic al  pr oc e ss es  a n d
i nt er ac t io ns  of  b io t ic  a n d ab io t ic  c o mp on en t s of  mi cr ob i al  s u bs ur fa c e ec o sy st ems  i n o rd er  t o  u nd e rs ta nd 
t he ir  n a tu ra l  i nf lu e nc e o n th e d eg ra d at io n, pe rs i st en ce , a nd  to xi ci t y of  mi xe d c on ta min an ts .

Bio mo le c ul ar  Sc ie nc e  a nd  En gi ne e ri ng —Re se ar c h in  mo le cu l ar  a n d st ru c tu ra l  b io lo g y fo c us ed  o n 
i mp ro vi n g th e  e ff ic i en cy  of  b io r emed i at io n a ct iv i ti es  b y  g en e ti ca ll y  mod i fy in g mol ec u le s an d  o rg a ni sms t o
d et ox if y  c on t amin an t s of  co nc er n  t o DOE.  Th is  r e se ar ch  wo ul d  b e co n du ct e d st ri c tl y i n a co n tr ol l ed 
l ab or at o ry  s e tt in g.  The r e wo ul d  b e n o fi el d -b as e d re se a rc h wit h ge n et ic a ll y mo d if ie d  mol ec u le s o r
o rg an is ms at  FRCs .1 Th er ef o re , b io mo le c ul ar  sc ie nc e  a nd  en gi ne e ri ng  ar e no t  p ar t  o f th e  p ro p os ed  a c ti on 
a ss es se d  i n t hi s EA.
                                                       

1 Scientists have been investigating the use of genetically engineered microorganisms (GEMs) for bioremediation.
Genetic engineering is the manipulation of genes to enhance the metabolic capabilities of an organism (LBNL NABIR
Primer, January 1999). While the NABIR Program is funding laboratory-based genetic engineering research, at this
time, the release of a GEM, according to the EPA definition (TSCA Final Rule, 1997), in the field is not considered to
be a part of the NABIR Program. NABIR Program management has determined that the fundamental laboratory
research that is prerequisite to the introduction of GEMs for radionuclides and heavy metals in the field has not
progressed scientifically to the point where the NABIR Program use of such GEMs in the field within the immediate
future can be reasonably assumed, planned or approved. NABIR Program management will re-evaluate at a later time
the status of GEMS research to determine whether the program will ever support GEMs research in the field. The final
decision on whether to include GEMs field research as part of the future NABIR Program would be evaluated in a
separate NEPA process, when appropriate.
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Figure 1-1 NABIR science-based program elements
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Bio ge oc h emic a l Dy na mic s—Re se ar c h f oc us ed  on  u n de rs ta n di ng  th e re l at io n sh ip s a mo ng  se ve ra l 
e nv ir on men ta l  f ac to r s th a t in te r ac t o r in te r fe re  wi th  t h e su r vi va l, gr owt h, a nd  ac ti v it y of  mi cr o bi al 
c ommu ni t ie s a nd  t he i r ab i li ty  t o  b io r emed ia t e co n ta mi na n ts .  Th e en v ir on men ta l f ac to r s ar e r el at e d to 
t he  d yn a mi c r el at io n sh ip s  a mo ng  ge oc h emic al , g eo l og ic al , h yd r ol og ic a l, a n d mi cr o bi al  pr oc es s es .

Bac te ri a l Tr a ns po rt —Re se ar c h fo c us ed  o n  b io a ug me nt a ti on  of  b io r emed i at io n b y th e  a dd it i on  o f 
mic ro or g an is ms.  Mi c ro bi a l de gr a da ti o n ac ti v it y mig ht  b e  e nh a nc ed  b y  a lt e ri ng  t h e fl o w an d t ra ns p or t
o f mi cr o or ga n is ms .  Th is  el emen t  wou l d de ve l op  e f fe ct iv e  met h od s fo r  a cc e le ra ti n g an d  o pt imi zi ng 
b io re me d ia ti o n ra te s .

Ass es sme nt —Re se ar c h fo c us ed  o n  d ev e lo pi ng  me th o ds  t o mea su r e, mon i to r, an d ch a ra ct e ri ze  t h e
s uc ce ss  of  b i or emed i at io n  p ro ce s se s a nd  t he  ra te s  a t wh i ch  t h ey  wor k .

S ys te m Eng in e er in g, In te g ra ti on , Pre d ic ti on , a nd  Op ti mi z at io n —Re se ar c h fo c us ed  o n  i nt e gr at in g  t he 
r es ul ts  of  a l l of  t h e pr o gr am e l emen t s an d o n sy n th es iz i ng  t h e in fo r ma ti o n so  t h at  t h e ef fe c ti ve n es s of 
b io re me d ia ti o n ca n b e pr e di ct ed  an d o pt imiz e d.

The  NABI R pr o gr am i s  b as e d on  a n  i nt e rd is ci p li na r y re se a rc h a pp ro ac h  t o t he  s tu d y of 
b io re me d ia ti o n. Eac h  s ci e nc e pr o gr am el emen t  s up p or ts  r e se ar c he rs  f r om a  br oa d s pe ct r um o f
d is ci pl i ne s b es id es  mi cr o bi ol og y ; ot h er  d is c ip li n es  i nc l ud e, bi ol og y , ec o lo gy , h yd ro l og y, g e ol og y ,
c he mi st r y, a n d co mp u te r mod el in g . So me of  t h es e r es ea rc h er s c on du ct  in de p en de nt  re se a rc h st u dy in g 
i nd iv id u al  p r ob le ms  wi th i n a sc i en ce  el emen t . Ot h er  p ro j ec ts  in vo lv e  c ol l ab or at i ve  e f fo rt s o n sp e ci fi c
p ro bl ems  a nd  in cl ud e  r es e ar ch er s  f ro m v ar io u s sc i en ce  p r og ra m e le me n ts  t o  d ra w o n a v ar ie ty  of 
d if fe re n t pe r sp ec ti v es , d is ci pl i ne s, an d ex p er ie n ce s.

1.2.2 Facilitating Coordination/Communication of Research Opportunities and
Results

The NABIR Program is managed by a team of program managers from OBER.  The management
team’s areas of responsibility involves overall management of research funded under the NABIR
Program, and would include the management of a proposed FRC, including the management of
potential risks to the human environment.  Specifically, two OBER program managers coordinate
the NABIR Program (co-coordinators); several OBER program managers provide leadership for a
number of technical areas of focus (elements) within the NABIR Program (program element
managers); and one OBER program manager would oversee the NABIR FRC (field activities
manager).  The NABIR Program co-coordinators and the program element managers are
responsible for developing and soliciting new research for the NABIR Program through the
publication of research announcements in the Federal Register.

A critical role for the management of the NABIR Program is to facilitate the coordination and
communication of research opportunities and results of NABIR-funded research.  This coordination
and communication is fostered through an annual meeting at which investigators are encouraged to
present the results of their research.  In addition, the NABIR Program periodically sponsors small
workshops on specific topics of interest to investigators.  Publication of peer-reviewed research in
open scientific literature is strongly encouraged, as is participation in open scientific meetings.

In addition to OBER program managers, OBER uses national experts in bioremediation from
several DOE National Laboratories.  Their efforts are consolidated under the NABIR Program
Office.  The role of the NABIR Program Office is to assist OBER program managers with the
development of technical documents and communication tools to facilitate communication among
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researchers and other interested parties.  For example, in addition to providing assistance with the
annual meeting, the NABIR Program Office currently provides information concerning ongoing
bioremediation research on the World Wide Web, (http://www.lbl.gov/NABIR), and distributes a
NABIR Program newsletter.  Recently the NABIR Program Office developed a primer on
bioremediation for use by researchers and other interested parties (LBNL NABIR Primer January
1999, available from OBER.)

Individuals external to DOE are also asked to provide advice to OBER concerning the NABIR
Program and to assist with communication and coordination of NABIR Program research.  A
NABIR subcommittee of the Biological and Environmental Research Advisory Committee
(established by the Federal Advisory Committee Act) has been established to:  a) advise OBER
program managers on future research directions in bioremediation, b) ensure coordination with
other, complementary federal programs, and c) identify opportunities for leveraging scientific and
infrastructure investments.

1.3 Purpose and Need

DOE f ac e s a u ni qu e s et  o f  c ha ll e ng es  as so ci a te d wit h cl e an in g  u p wa s te  a t  i ts  f o rmer  we ap on s 
p ro du ct i on  a n d re se a rc h s it es .  Th es e  s it es  co nt a in  c omp le x mix tu re s  o f c on ta mi n an ts  in  t he 
s ub su rf a ce , i nc lu di n g ra d io ac ti v e co mpo un ds .  In  ma ny  c a se s, th e fu n da me n ta l fi e ld -b a se d sc i en ti f ic 
i nf or ma t io n n ee de d t o de v el op  s a fe  a n d ef fe c ti ve  re me di a ti on  an d cl e an up  te ch no l og ie s  i s la c ki ng .
DOE n ee d s fu n da me nt a l re s ea rc h o n th e  u se  o f 
mic ro or g an is ms an d t he ir  pr od uc t s to  as si st  DOE i n
t he  d ec o nt ami na ti on  an d c le an up  of  i t s le ga c y
was te  a t  DOE re se ar c h an d  p ro du c ti on  si te s ( i.e.,
h is to ri c  was t es  g en e ra te d  b y DOE’s  we ap on s
r es ea rc h  a nd  pr od uc t io n) .

The  e xi s ti ng  NABI R p ro gr a m to -d a te  h a s fo cu s ed 
o n fu nd a me nt a l sc ie n ti fi c  r es ea r ch  o n  a  l ab o ra to r y
s ca le .  Be ca u se  s ub s ur fa c e hy dr o lo gi c  a nd  g e ol og i c
c on di ti o ns  a t  c on ta min at e d DOE s it es  ca nn ot  ea si l y
b e du pl i ca te d  i n a l ab or a to ry , t he  DOE ne ed s  a 
f ie ld  c o mp on e nt  t o p er mi t  e xi st i ng  a n d fu tu r e
l ab or at o ry  r e se ar ch  re su l ts  t o b e fi e ld -t es t ed  o n  a 
s ma ll  s c al e.  Suc h f ie ld - te st in g  n ee d s to  b e 
c on du ct e d un d er  a ct u al  l e ga cy  wa st e f ie ld 
c on di ti o ns  r e pr es en t at iv e  o f th o se  t h at  DOE is  mo st 
i n ne ed  of  r e me di at i ng .  Th es e f ie ld  co nd it i on s s ho ul d b e as  re pr es e nt at i ve  a s p ra ct i ca bl e o f th e  t yp es 
o f su bs u rf ac e  c on ta min at i on  c on d it io n s th at  re su l te d fr o m le g ac y wa s te s f ro m th e  n uc l ea r we a po ns 
p ro gr am ac ti v it ie s.  The y  s ho ul d  a ls o  b e re p re se n ta ti ve  of  t h e ty pe s  o f h yd ro lo g ic  a n d ge ol o gi c
c on di ti o ns  t h at  e xi s t ac r os s th e  DOE co mp le x .

DOE needs fundamental research on
the use of microorganisms and their
products to find new bioremediation
technologies that could assist DOE in
its nationwide waste cleanup effort.
Because subsurface hydrologic and
geologic conditions at contaminated
DOE sites cannot easily be duplicated
in a laboratory, DOE needs a field
component to permit existing and
future laboratory research results to
be field-tested.
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2.0 PROPOSED ACTION AND ALTERNATIVES

2.1 Proposed Action

DOE’s  p r op os e d ac ti o n is  to  s el e ct  a n d op er a te  a  fi el d r es ea r ch  c en t er  c o mp on en t  o f t he  NABI R
Pro gr am th ro u gh  t he  us e o f an  FRC.  FRC-f oc u se d r es ea rc h  wou l d al lo w NABI R Pr og r am ma na ge rs 
t o ap pl y  a n i nt eg ra t ed  a p pr oa ch  to  t h e pr og r am’s  ov er al l  g oa l  o f un d er st a nd in g t he  f u nd amen t al 
b io ge oc h emic a l pr oc e ss es  th at  d e te rmi ne  t he  su cc e ss  o f a ny  b i or emed i at io n  t ec hn o lo gy .  Th e FRC
wou ld  b e  o f s uf fi ci e nt  s i ze  t o a cc ommod at e mul ti - in ve st i ga to r  s tu di e s ov e r th e t en -y e ar  l if e sp an  of  t he 
NABIR Pr og ra m.

The  p ro p os ed  FRC wo u ld  c o ns is t o f co n ta mi na t ed  a n d
u nc on ta min at e d ba ck g ro un d  a re as  on  DOE la nd s .  Wi th in 
t he se  a r ea s wou ld  b e  s ma l l te st  pl ot s  ( le ss  th an  on e ac r e) ,
a lo ng  wi th  s u pp or ti n g fi e ld  s it e  t ra i le rs  a n d ex i st in g
l ab or at o ry  f a ci li ti e s.  The  a re a s wo u ld  s er v e as  th e pr i ma ry 
f ie ld  s i te  f o r smal l -s ca l e ba si c  b io r emed ia t io n r es ea rc h 
a ct iv it i es .  Th e ty p es  o f  a ct iv i ti es  th at  c o ul d o cc ur  a t  t he 
p ro po se d  FRC ca n be  ca te g or iz ed  in to  pa ss iv e  a nd  ac ti ve 
s it e ch a ra ct e ri za ti o n, o b ta in in g  r es e ar ch –q u al it y  s ampl e s, a n d i n si tu  re se ar c h.  Bec au se  th e a ct iv it i es 
a t th e p ro po s ed  FRC wo ul d  b e un d er ta k en  i n a n ar e a li mi t ed  t o  l es s t ha n a n ac re  an d a  d ep th  of  7 5 
f ee t, t h e sc a le  o f r es ea r ch  a ct i vi ti e s wo ul d  b e c on si de r ed  s mal l (f o r a d et ai le d  d es c ri pt io n  o f t he 
p ro po se d  a ct i on  a t t he  FRC se e App en d ix  A).

Pas si ve  su bs u rf ac e c ha ra c te ri za t io n a ct iv it i es  a r e de sc r ib ed  as  n on - in tr u si ve  ( e .g ., gr ou nd  pe ne t ra ti ng 
r ad ar , e le ct r omag ne t ic s, an d re s is ti v it y)  a n d in t ru si ve  (e .g ., se is mic  t o mo gr ap h y, r a da r, d i re ct  pu sh 
p en et ro met er , c re at i on  a n d us e o f in j ec ti on / ex tr a ct io n wel ls ) .  Act i ve  c h ar ac te r iz at i on  c an  be  d e fi ne d
a s th e a dd it i on  o f s ome s ub st an c e (e .g., ai r , no n -t ox ic  ch emi ca l tr a ce rs  su ch  a s  b ro mid e, o r  a  g a s tr ac e r
s uc h as  he li u m or  n e on ) t o th e s ub su r fa ce  u n de r c on tr ol l ed  c o nd it io n s.  The se  a c ti ve  ch ar ac t er iz a ti on 
s tu di es  wo ul d  a ll ow th e NABIR i n ve st i ga to rs  to  b e tt er  u n de rs t an d th e  h yd r au li c p ro pe r ti es  o f  t he 
s ub su rf a ce , p ro vi de  a de t ai le d u nd er s ta nd in g  o f g ro un dwa te r f lo w pa t hs  a n d th e s pe ed  at  whi c h
g ro un dwa te r a nd  o th e r su b st an ce s  mig h t mo ve  th ro u gh  t he  aq ui f er , an d  c ou l d as si s t in  de te rmi ni ng 
a dd it io n al  c h emic al  an d p hy si ca l  p ro p er ti es  of  a n  a qu if e r.  The se  a c ti vi t ie s wo u ld  a l lo w re s ea rc h er s to 
b et te r u nd er s ta nd  t h e su b su rf ac e  e nv i ro nmen t .

The  FRC wo ul d  b e a p ri ma r y so ur c e fo r  g ro un d wa te r  a nd  s e di me n t sa mp l es  f o r NABI R i nv e st ig at o rs .
Obt ai ni n g re s ea rc h- q ua li t y sa mp l es  wo ul d be  cr it i ca l to  th e r es ea rc h  c on d uc te d u nd er  th e NABIR
p ro gr am at  t h e FRC.  Gro u nd wa te r  wou l d be  s a mp le d  b y pu mpi ng  wa te r f ro m e xi st in g  wel l s or  b y 
i ns ta ll i ng  n e w we ll s .  Ap pr ox ima te ly  20 0 gr o un dwa te r sa mpl es  pe r ye a r wo u ld  b e e xp ec t ed .  Th es e
wou ld  b e  s ma l l qu an t it y s ampl es , a pp r ox imat e ly  o n e li te r  e ac h  a nd  t o ta li n g le ss  th an  20 ,0 00  ga ll o ns 
( 76 ,0 00  L)  p e r ye ar , a nd  wo ul d n ot  c h an ge  t h e gr o un dwat e r fl o w ra te s  o r a va il ab i li ty  of  g ro u nd wa t er .
App ro xi mat el y  6 00  c o re  s a mp le s o f se d imen ts  wo ul d  b e ta k en  o v er  t he  te n- y ea r li f e of  th e pr o po se d 
FRC t hr o ug h t he  u se  of  a  dr il l r ig  o r  s pl it - sp oo n  s ampl e r.  Aga in , t he  s e di me nt  sa mp l es  wou l d be 
s ma ll  i n  v ol u me  ( ap p ro xi mat el y l es s t ha n on e  c ub i c me te r ) an d  t he  d r il li n g ho le s  wou l d be  b a ck fi l le d
whe n no  lo ng e r ne ed e d.

Col le ct i on  a n d tr an s po rt a ti on  o f  s amp le s wi t hi n t he  b ou n da ri e s of  t h e ho s t DOE s it e wou ld  f o ll ow
e xi st in g  DOE pr oc ed u re s a nd  mee t  a ll  en vi ro n me nt a l, s af e ty  a n d he al t h re q ui re me n ts .  Sa mp le s  c ou l d

The proposed action is to
select and operate a field
research center component of
the NABIR Program through
the use of an FRC.
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b e sh ip p ed  o f fs it e t o re s ea rc he r s at  un iv er s it ie s  a nd  c o mmer c ia l la b or at o ri es .  An y s hi pmen t  o f
h az ar do u s ma t er ia ls  to  o r  f ro m a n FRC wou ld  fo ll o w U.S. De pa r tmen t o f Tr a ns po rt a ti on  Ha za rd o us 
Mat er ia l s Re g ul at io n s.

App ro xi mat el y  4 0 i n si tu  re se ar c h ac t iv it ie s  wou l d be  c o nd uc t ed  o ve r  t he  te n- ye a r li f e of  t h e pr o po se d
FRC.  Two ty p es  o f i n si tu  r es ea rc h  a ct i vi ti es  ar e p ro po se d  t o t ak e pl a ce  –  bi os ti mul at i on  a nd 
b io au gme nt at i on . Bi o st imu la ti on  wo ul d  i nv ol v e in t ro du ci n g su b st an ce s  i nt o  t he  s u bs ur f ac e to 
s ti mu la t e na t ur al ly  oc cu r ri ng  mi cr oo r ga ni sms  i n si tu  t o bi oa c cu mu l at e or  tr an s fo rm a  he av y  met al  or 
r ad io nu c li de .

Bio st imu la ti o n ac ti v it ie s  mig ht  in cl u de : 1)  in je c ti on  o f  e le c tr on  d o no rs  or  e le c tr on  ac ce pt o rs  t o  c ha ng e 
p ar t of  th e c he mi ca l  e nv i ro nmen t  o f t he  s ub s ur fa c e so  t h at  i t  i s mo r e fa v or ab le  fo r mic ro bi a l ac t iv it y
o r gr owt h, 2 )  i nj ec t io n o f ga se s  o r n ut ri en t s to  st imul a te  t h e gr owt h of  se le ct e d mi c ro or ga n is ms , 3 )
i nj ec ti o n of  ch el at o rs  t o  t es t t he  e x te nt  o f  c on t amin at e  mob i li za ti o n, o r  4 ) in j ec ti o n of  s u rf ac t an ts  t o 
r ed uc e t he  t o xi ci ty  of  a  sp ec if i c co n ta mi na n t to  mi cr oo r ga ni s ms .

Bio au gme nt at i on  wou l d in v ol ve  t h e in j ec ti on  of  a d di ti on a l mi c ro or ga n is ms  (e it he r  n at i ve  o r n on -
n at iv e)  in to  th e su b su rf a ce  t o e it he r  b io ac c umul a te  h ea v y me t al s or  ra di o nu cl id e s, o r  t ra ns f or m t he m
s uc h th a t th e y be co me le s s to xi c  o r l es s mo b il e i n th e s ub su r fa ce .

Wit h th e  e xc e pt io n o f th e  p ro po s ed  p l ac emen t  o f t empo ra r y wo r k/ sa mp l e pr e pa ra ti o n tr a il er s a t th e 
t es t pl o ts , t he re  wo ul d b e no  n e w co n st ru ct i on  i n vo lv ed  wi th  th e op e ra ti o n of  t h e pr o po se d FRC.
Exi st in g  u ti l it ie s wou ld  be  u se d .  He av y eq u ip me n t (e .g ., dr i ll  r ig s , br u sh  h og s , au g er s)  wo ul d b e us ed 
whe n ne c es sa r y fo r s it e c le ar in g  p ri o r to  c o nd uc t in g re s ea rc h  a t th e  b ac k gr ou nd  or  c o nt amin a te d s it es .
The  e qu i pmen t  wou ld  be  u s ed  f or  sh or t  p er io d s of  ti me .  Be st  ma na ge men t p ra ct ic e s an d  a ll 
a pp li ca b le  r u le s an d  r eg u la ti on s  wou l d be  f o ll owe d du ri n g th e  u se  o f  e qu i pmen t.

2.2 Alternatives

2.2.1 Alternatives Identification Process

OBER ha s  u se d  a  s ys t emat i c th re e -p ha s ed  p ro c es s t o id en t if y s ui ta bl e  a lt e rn at iv e  s it e s fo r t he  l o ca ti on 
o f a pr o po se d  FRC.  In  Ph as e I, ma nd a to ry  r e qu ir e me nt s f or  a n  FRC we re  i d en ti fi e d, a l on g wi t h DOE
s it es  t h at  me t th e r eq ui r emen ts .  In  Ph as e I I, p r ef er re d  c ha r ac te ri s ti cs  we re  d e ve lo p ed  a nd  pr ov i de d to 
t he  DOE si te s  a lo ng  wi th  a re qu e st  f o r pr op o sa ls .  Ph as e  I II  in vo lv e d a p ee r re v ie w o f DOE s it es  th at 
s ub mi tt e d sc i en ti fi c /t ec h ni ca l p ro po s al s to  be  t h e fi rs t  FRC.

2.2.1.1 Phase I: Mandatory Required Criteria

Pha se  I  of  t h e pr oc e ss  b e ga n by  id en t if yi ng  th e man da to r y re q ui re me n ts  o f  a n FRC l oc a ti on .  Th e t wo 
man da to r y re q ui re me n ts  we re  t ha t  t he  FRC:  ( 1 ) mu s t be  l o ca te d  a t a DOE s i te ; an d  ( 2)  mu st  h a ve 
l eg ac y was te  pr od uc e d du r in g re s ea rc h , de si g n, a n d pr od u ct io n  o f nu c le ar  we ap on s  o r o th er  e n er gy - 
r el at ed  re se a rc h an d  d ev e lo pmen t .

I n Oc to b er  1 9 96 , OBER re q ue st ed  a st a te me nt  of  i n te re st  fr om an  a rr a y of  DOE si t es  t h at  met  th e
i ni ti al  ma nd a to ry  r e qu ir e me nt s.  The  fo ll owi ng  e i gh t si t es  e x pr es se d  a n i nt er es t  i n c ompe ti n g fo r  FRC
s ta tu s:  1)  PNNL/Han f or d Sit e, WA; 2)  Id ah o Nat io n al  Eng i ne er i ng  a nd  En vi r on me nt a l La b or at or y ,
I D;  3 ) Lawre n ce  Liv e rmor e  Nat io n al  La bo ra to r y, CA; 4)  Lo s Al a mo s Na t io na l  Lab or a to ry , NM;  5 ) 
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Nev ad a Tes t Sit e, NV; 6)  ORNL, TN;  7 )  San di a  Nat i on al  La bo ra t or y, NM; an d  8 ) Sa v an na h  Riv er 
Sit e, SC.

2.2.1.2 Phase II: Preferred Characteristics

Und er  Ph as e I I of  t h e si t e- se le c ti on  pr oc es s , OBER de ve l op ed  a se t o f Pr e fe rr ed  Ch ar a ct er is t ic s f or  a n
FRC l oc a ti on .  Th e NABIR pr og ra m man a ge rs , s ta ff  fr om t h e NABIR Pro g ra m Off ic e, an d o th er s
d ev el op e d th e  c ha ra c te ri s ti cs .  Th e c ha ra ct e ri st i cs  wer e  u se d  t o fu r th er  sc re en  th e a rr ay  o f  i nt e re st ed 
DOE s it e s.  The y ar e  a s f ol lo ws : 

Own er sh i p—Al l pr o po se d  FRC f i el d s it es  s h ou ld  be  l oc a te d o n DOE- o wn ed  la nd s. Pr op o se d fi e ld 
s it es  wo ul d b e ex pe c te d t o be  o n  g ov e rn me nt - owne d , co nt r ac to r -o pe ra t ed  DOE si te s .

Fie ld  s i te  c h ar ac te r is ti c s—Th e pr o po se d  FRC s h ou ld  in cl ud e  o ne  pr imar y  c on t amin at e d ar e a an d o ne 
u nc on ta min at e d ba ck g ro un d  a re a wit h c ompa ra b le  h y dr ol og y  a nd  ge ol og y .  Th e co nt a mi na t ed  s it e 
s ho ul d p re fe r ab ly  o f fe r b ot h a c on ta min at ed  va do s e zo ne  an d z on e of  sa tu r at io n.  At a  min imu m, t h e
z on e of  sa tu r at io n n ee ds  to  b e c on ta min at ed .  Hy d ro lo gi c  c on t ro l of  th e FRC a nd  th e c on ta mi n at ed 
p lu me (s )  n ee d s to  b e  a s c ompl et e  a s p os si bl e .

S it e si z e an d  d ur at i on —Th e co n ta mi n at ed  a n d ba c kg ro un d  a re a s mu st  be  o f  s uf fi c ie nt  si ze  t o 
a cc ommo d at e s ub su rf a ce  s a mp li ng  an d i n si tu  re se ar c h ov e r th e t en -y e ar  l if e sp an  of  t he  NABI R
Pro gr am.

Acc es s—Ac ce ss  to  t h e pr op o se d f ie ld  s i te s s ho ul d b e co n tr ol le d  t o a cc ommo d at e ES&H co n ce rn s , bu t
s ho ul d b e ea s il y ac c es si b le  t o o ut si d e (n on - DOE)  re se ar c he rs  fu nd ed  un de r  NABIR.  A c ap ab il i ty  f o r
s ub su rf a ce  d r il li ng  an d o th er  s a mp li n g/ mo ni t or in g  e qu ip men t a nd  y ea r -r ou n d ac ce s s wo u ld  b e
r eq ui re d .

Typ es  o f  c on t amin an t s—Bo th  r a di on u cl id es  an d h ea vy  me ta ls  sh ou ld  be  p r es en t a t th e  c on ta min at e d
a re a.  The  p r op os ed  fi el d  s it es  wo ul d  n ee d t o pr o vi de  e a sy  a c ce ss  t o  t he  su bs ur f ac e.  Con ta min an t s or 
t he  c on t amin a te d pl u me  a t  t he  c o nt ami na te d a re a c ou ld  n o t be  lo ca te d  u nd e r a bu i ld in g  o r st r uc tu r e
( ro ad s e xc lu d ed .) 

Lev el s o f co n ta mi na t io n—At  l ea s t pa r t of  t h e pr o po se d c on ta min at ed  ar ea  sh ou ld  co nt a in  s uf f ic ie n t
l ev el s o f co n ta mi na t io n t o re qu i re  mo ni to ri n g or  ev en tu a l cl e an up  a c ti on .

S ou rc e t er ms  of  c on t amin a ti on —Th e so u rc e t er m of  co nt a mi na ti o n, e .g., la n df il l s, t an k s, t r en ch es ,
e tc ., i f  s ti l l ac ti v e, s h ou ld  b e  r ea s on ab ly  we ll  de fi ne d  a nd  co ns is t en t o ve r th e  t en - ye ar  l i fe sp a n of  t h e
NABIR Pr og ra m.

I n Ja nu a ry  1 9 99 , th e  e ig h t po te n ti al  FRC ca n di da t es  ( as  id en t if ie d a bo ve )  t ha t r es po n de d to  th e c al l fo r 
s ta te me n ts  o f  i nt er e st  we re  p ro v id ed  th es e p re fe r re d ch a ra ct e ri st ic s  a nd  ot he r s ol ic i ta ti on  ma te r ia ls .
The  c an d id at e s we re  as ke d  t o co n du ct  th ei r o wn  s y st emat i c si t e- se le c ti on  pr oc es s es  t o  i de nt i fy 
s pe ci fi c  f ie l d lo ca t io ns  on  t he i r DOE s it es  fo r t he ir  p r op os e d FRC.  I n a dd it io n , OBER re qu e st ed  th at 
t he  c an d id at e s su bmi t sp e ci fi c i nf or mat io n t ha t c ou ld  b e  u se d  t o su p po rt  th e re v ie w a nd  a na l ys is  of  t he 
p ot en ti a l en v ir on me n ta l i mp ac ts .  Of  th e ei g ht  c a nd id at e  s it e s, o nl y  t wo  fe lt  t h at  t h ey  h ad  fi el d 
l oc at io n s th a t me t t he  p r ef er re d  c ha r ac te ri s ti cs .  Th os e  t wo  si te s s ub mi t te d pr o po sa l s th at  co nt a in ed 
s ci en ti f ic /t e ch ni ca l , ma n ag emen t  a nd  co st  i n fo rma ti on . ( Th at  in fo rma ti on  is  i nc l ud ed  in  t he 
d es cr ip t io n o f th e p ro po s ed  a ct i on  a n d th e d es cr i pt io n o f th e  a ff ec t ed  e n vi ro nme nt  a t  t he  t wo si t es 
a na ly ze d  i n t hi s EA.)
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2.2.1.3 Phase III: Scientific Peer Review

Pha se  I I I of  th e pr o ce ss  in vo lv e d pe e r re vi e w of  th e sc i en ti f ic /t ec h ni ca l  p ro po s al s.  The  p e er  r e vi ew
p ro ce ss  in cl u de d bo t h a r ev ie w o f th e  wri tt e n sc i en ti fi c /t ec h ni ca l p ro po s al s as  we ll  as  a n o ns it e  v is it 
a nd  i nt e rv ie ws.  Th e  t wo  FRC ca n di da t e si te s  met  th e cr i te ri a  a nd  h a d th e  p re fe r re d c ha ra ct e ri st i cs  f or 
a n FRC, an d t he y re s po nd e d wi th  pr op o sa ls  a n d wi t h in fo r ma ti o n to  s u pp or t  t he  e n vi ro n me nt al 
a na ly si s .  Th es e two  s it e s, t he r ef or e , re pr e se nt  th e ar r ay  o f  r ea so n ab le  al te rn a ti ve  si te s f or  t h e
p ro po se d  FRC: 

•  Oak  Rid g e Na t io na l Lab or a to ry /Y- 12  Si te , Oa k  Rid g e, Ten n es se e 

•  Pac if ic  No rt h we st  Na ti on a l La bo r at or y /DOE Ha nf or d  Sit e, Ri ch l an d, Wa sh in g to n

2.2.2 Alternative One: Oak Ridge National Laboratory/Y-12 Site

Oak  Rid g e Na t io na l Lab or a to ry  ( ORNL)  ha s re c omme n de d th a t th e  h os t s it e f or  t he  pr op o se d FRC
wou ld  b e  t he  Y- 12  Si te  o n  t he  Oa k Ri d ge  Res e rv at i on .  Th e pr o po se d FRC wo ul d in c lu de  a 24 3- a cr e
( 98 -h a)  pr ev i ou sl y d is tu r be d co n ta mi n at ed  a r ea  a n d a 40 4 -a cr e  ( 16 3- h a)  b a ck gr ou n d ar e a on  t h e Y- 1 2
Sit e.  The  p r op os ed  co nt a mi na te d  a re a  wou ld  be  u s ed  f or  co nd u ct in g e xp er i me nt s o n co n ta mi na t ed 
g ro un dwa te r a nd  s ub s ur fa c e se di men ts .  Th e p ro po s ed  b ac k gr ou n d ar ea  wo ul d  p ro vi d e fo r 
c ompa ri s on  s t ud ie s i n an  un co nt a mi na t ed  a re a .  Th e pr op o se d c on ta mi n at ed  ar ea  a n d ba c kg ro un d 
a re as  wo ul d b e lo ca t ed  i n  Bea r Cre ek  Va ll ey  (BCV) .  The  BCV i s ap pr o xi ma t el y te n  mil e s (1 6
k il omet e rs  [ k m] ) lo n g an d  e xt en d s fr o m th e e as te r n en d o f th e  Oak  Ri dg e Y-1 2 Si t e to  th e Cl i nc h
Riv er  o n  t he  we st .  Be ar  Cr ee k i s a t ri bu ta r y to  Ea st  Fo rk  Po pl ar  Cr ee k, wh ic h d ra in s  i nt o t he  Cl in ch 
Riv er  a t  t he  Ea st  Te nn es s ee  Tec h no lo g y Pa rk .  Ex c ep t fo r  t he  ex tr eme  e as t er n en d  o f t he 
c on ta mi n at ed  ar ea  o f  t he  pr op os e d FRC, th e a re a i s ou ts i de  o f  a ny  s e cu ri t y fe nc e s, a d ja ce nt  to  p u bl ic 
u se  r oa d s, b u t pr ot e ct ed  fr om u n wa rr a nt ed  p a ss er s by .  I n it ia l ly , te s t pl o ts  o f l es s t ha n on e  a cr e  wou ld 
b e si tu a te d i n pr ox i mi ty  to  t he  S- 3 Pon ds  Si te  p a rk in g l ot .  (See  Se ct io n  3 .0  f o r ma p s an d a  d et a il ed 
d es cr ip t io n o f th e p ro po s ed  FRC af fe c te d en v ir on men t) .  A Re med ia l I nv es t ig at io n  Rep o rt  was 
c ompl et e d on  th e Be a r Cr e ek  Val l ey  i n  1 99 7;  th e r ep or t p ro vi d ed  a  s i gn if i ca nt  a mou nt  of 
c ha ra ct e ri za t io n da t a on  th e S- 3  Pon d s Si te  as  we ll  a s o th er  ar ea s o f th e  BCV.

The  s oi l s of  th e co n ta mi n at ed  a r ea  i n cl ud e l ow l e ve ls  o f  u ra n iu m, t e ch ne t iu m- 99  (Tc9 9) , st ro n ti um,
n it ra te , b ar i um, ca d mi um, b or on , a nd  vo la ti l e or g an ic  c o nt ami na nt s ( VOCs ) .  Con t amin a nt s in  th e
g ro un dwa te r i nc lu de  ur an i um, Tc 9 9, s tr on t iu m, ni tr at e , ba r iu m, c a dmiu m, bo ro n , me r cu ry , c hr omi um,
a nd  VOCs .

The re  wo ul d b e no  n e w co n st ru ct i on  n e ed ed  f o r op e ra ti on  of  t h e FRC.  Exi s ti ng  a n ci ll a ry  f ac i li ti e s
( e.g., e qu ip men t sh e ds ) wou ld  b e  u se d  t o su p po rt  FRC ac t iv it i es .  St af f a nd  r es e ar ch e rs  wou l d us e 
e xi st in g  f ac i li ti es  at  ORNL, in c lu di n g of fi c es  a n d re se a rc h l ab or at o ri es .  An  e x is ti n g of fi c e tr a il er  n e ar 
t he  S-3  Po nd s  Sit e c ou ld  be  u se d  f or  FRC pu r po se s .

2.2.3 Alternative Two: Pacific Northwest National Laboratory/Hanford 100-H Area

Pac if ic  No rt h we st  Na ti on a l La bo r at or y  ( PNNL)  h as  re co mme nd ed  th e 10 0 -H Ar ea  o f t he  Ha nf or d
Sit e fo r  a n FRC.  Th e pr o po se d FRC wo ul d in c lu de  a co nt a mi na t ed  a re a  t ha t  e nc omp as se s  a  t ra c t
a pp ro xi mat el y  2 ,9 50  fe et  lo ng  b y  2 ,3 0 0 fe et  wi de  (9 00 m b y 70 0 m) .  Th e sh a pe  o f t he  c o nt amin a te d
a re a is  ir re g ul ar  s o  t ha t  o th er  co ns t ru ct io n  a nd  wa st e- r emed i at io n a ct iv i ti es  p l an ne d  a nd  o n -g oi n g
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c ou ld  c o nt in u e un in t er ru p te d.  Two  s mal le r b ac kg r ou nd  a r ea s a re  l oc a te d j us t so u th ea s t an d s ou th wes t
o f th e c on ta min at ed  ar ea .  Te st  pl ot s  o f ap p ro xi mat el y o ne  a c re  wou l d be  es ta bl i sh ed  wi th in  th e
b ac kg ro u nd  a n d co nt a mi na t ed  a re a s.  ( Se e Se c ti on  3.0 fo r  map s  a nd  a  de ta i le d de s cr ip t io n of  th e
a ff ec te d  e nv i ro nmen t ).  The  p ro p os ed  co nt ami na te d  a re a wou ld  be  u se d  f or  co nd uc t in g e xp er ime nt s
o n co nt a mi na t ed  g ro u nd wa t er  a nd  su bs u rf ac e s ed ime nt s.  The  p r op os ed  ba ck g ro un d a re as  wo ul d
p ro vi de  fo r c ompa ri s on  s t ud ie s i n un c on ta mi n at ed  ar ea s.  Alt h ou gh  t h e 10 0 -H Are a  h as  se ve ra l 
o pe ra bl e  u ni t s th at  ar e i nc lu de d  i n a  Tri -Pa rt y Agr ee me n t (b e twee n DOE, U.S. EPA a nd  th e St a te  o f 
Was hi ng t on ) v er y li t tl e s it e ch a ra ct e ri za ti o n ha s  t ak en  pl ac e  i n th e  p ro p os ed  FRC ar e as  ( DOE 1 99 3 ).

The  p ri mar y s ur fa ce  wa te r  c lo se s t to  th e pr o po se d  FRC i s  t he  Co lu mb i a Ri v er .  At  t he  cl os es t  p oi n t,
t he  FRC bo un d ar y is  lo ca t ed  a pp r ox ima te ly  2 1 5 fe e t (6 0 m) fr o m th e Col omb ia  Riv e r.  The  1 00 - H
Are a is  cl os e d to  t h e pu b li c.

Soi l co n ta mi n at es  i n cl ud e  u ra ni u m, t e ch ne ti u m- 99  (Tc9 9) , st ro n ti um, a nd  c h ro mi u m.  Co n ta mi n an ts  i n 
t he  g ro u nd wa t er  i nc l ud e u ra ni um, Tc9 9, n it ra t e, a n d ch ro miu m.

The re  wo ul d b e no  n e w co n st ru ct i on  n e ed ed  f o r op e ra ti on  of  t h e FRC.  Anc i ll ar y f ac il i ti es  wo ul d b e
u se d to  su pp o rt  t he  FRC a ct iv it i es .  St af f a nd  r e se ar ch e rs  wo ul d us e  e xi s ti ng  f a ci li t ie s at  PNNL,
i nc lu di n g of f ic es  a n d re s ea rc h l ab or a to ri es .  Sp a ce  i n e xi st i ng  t ra i le rs  at  t he  10 0- H Are a wou ld  be 
a va il ab l e fo r  u se  b y  FRC st af f a nd  r e se ar ch e rs .

2.2.4 Preferred Alternative

Bas ed  o n  r es u lt s of  pe er  re vi ew of  t h e sc ie n ti fi c /t ec hn i ca l p ro po sa l s, o n -s it e v is it s , an d o n th e 
a ss es sme nt  o f  e nv ir o nmen t al  i mp a ct s p ro vi de d  i n t hi s EA, DOE’ s pr ef e rr ed  al te rn a ti ve  is  t he 
ORNL/ Y- 1 2 Si t e.

2.2.5 No Action

The  No Act io n  Alt er n at iv e  c on si s ts  o f  n ot  i mpl eme nt in g a  f ie l d- ba se d  c omp on en t t o NABIR b y n ot 
s el ec ti n g or  op er at i ng  a n  FRC. Thi s wou ld  r e su lt  in  c on t in ui n g th e NABIR Pr og ra m’s  l a bo ra to r y- 
b as ed  f u nd ame nt al  r e se ar c h ap pr o ac h a s it  i s  c ur r en tl y c on du c te d by  OBER, b ut  wi th ou t  t he  b e ne fi t  o f
f oc us ed  an d i nt eg ra t ed  f i el d te s ti ng  un de r c on tr o ll ed  o u td oo r  c on di t io ns  th at  r e pr es e nt  a ct u al  l e ga cy 
was te  c l ea nu p  s it ua t io ns .  Sp ec i fi ca l ly , fu n da me n ta l bi o re me d ia ti on  re se a rc h su p po rt e d by  OBER
wou ld  n o t in t eg ra te  la bo r at or y- b as ed  re se ar c h wi t h fi el d -b as e d re se a rc h f ro m FRC s it e s.  Re s ea rc h 
wou ld  b e  l es s  l ik el y  t o o cc ur  i n  a  wa y th at  pe rmi tt ed  l a bo ra t or y fi n di ng s  t o be  fi el d -t es te d .  Th e No 
Act io n Alt er n at iv e d oe s n ot  s at i sf y t he  p ur p os e a nd  n ee d .
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Figure 3-10  Photographs of the Proposed FRC Contaminated and Background Areas at 
PNNL/Hanford

Contaminated
Area

A portion of the Proposed FRC Contaminated Area at PNNL/Hanford

A portion of the Proposed FRC Background Area at PNNL/Hanford
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3.2.1 Earth Resources

3.2.1.1 Topography

The 100-H Area lies on an essentially low-relief, semiarid bench south of the Columbia River.  The
elevation of the area ranges from river level (~380 feet) to 425 feet above mean sea level.  The land
surface slopes gradually toward the river, with a bank up to 30 feet at the edge of the river.  The
surface topography of the 100-H Area reflects the impacts of river erosion (i.e., channeling) of the
area during unregulated floods prior to construction of Priest Rapids Dam up-river.  To the east,
beyond the 100-H Area, lie the high-relief cliffs of eroded Ringold Formation, referred to as the
White Bluffs.

3.2.1.2 Geology

The  Han f or d Sit e is  lo ca t ed  n ea r  t he  ju nc ti o n of  th e Ya k ima Fol d Be l t an d  t he  Pa lo us e  s tr uc t ur al 
s ub pr ov i nc es  (DOE 1 9 88 a) .  Th e Pal ou s e su bp r ov in c e is  p r imar i ly  a  r e gi on a l pa le o sl op e  t ha t d ip s
g en tl y t owar d  t he  c e nt ra l  Col umb ia  Ba si n an d  e xh i bi ts  o n ly  r e la ti ve l y mi l d st ru c tu ra l  d ef or mat io n .
The  p ri n ci pa l  c ha ra c te ri s ti cs  o f 
t he  Yak i ma  Fo ld  Bel t  a re  a
s er ie s o f se g me nt ed , n ar r ow,
a sy mmet r ic  a n ti cl in e s.  The se 
a nt ic li n al  r i dg es  a r e se p ar at ed  by 
b ro ad  s y nc li n es  o r b as in s  t ha t, in 
man y ca s es , c on ta in  th ic k 
a cc umul a ti on s  o f se d imen t s (i .e .,
Rin go ld  an d Han fo rd 
f or ma ti o ns ).  Thr us t  o r h ig h- 
a ng le  r e ve rs e  f au lt s  a re 
p ri nc ip a ll y f ou nd  a l on g t he 
l imbs  o f  t he  an ti cl i ne s.

The  1 00 - H Ar e a li es  wi th i n th e
Wah lu ke  sy nc l in e, t h e ea s t- we st 
t re nd in g  s tr u ct ur al  de pr e ss io n
l yi ng  b e twee n  Sad dl e  Mou n ta in s
t o th e n or th  an d th e  Umt a nu m
Rid ge -Ga bl e Mou nt ai n  u pl i ft  t o
t he  s ou t h.  The  Wah l uk e
s yn cl in e  i s a sy mmet r ic  a n d
r el at iv e ly  f l at -b ot t omed .  Th e
Umt an um Ri dg e -Gab le 
Mou nt ai n  u pl i ft  i s a  s eg men te d,
a sy mmet r ic al  an ti cl i na l r id ge 
t ha t ex t en ds  on to  t h e Ha n fo rd 
Sit e fr o m th e  wes t.  Gab l e
Mou nt ai n  a nd  Ga bl e But te 
c on si st  of  t wo to po g ra ph i ca ll y
i so la te d , an t ic li na l  r id g es 

Figure 3-11  Stratigraphic column for the Hanford site 
showing correlations among various authors
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c ompo se d  o f a  s er ie s  o f n or th we s t- tr e nd in g, do ub l y pl un g in g, en  e ch e lo n a nt ic li n es , s yn cl in e s, a n d
a ss oc ia t ed  f a ul ts .  Th e p ot en ti a l fo r  p re se n t- da y  f au lt i ng  h a s be en  id en t if ie d o n Ga b le  Mou n ta in .

Bed ro ck  be ne a th  t he  Ha nf o rd  Sit e  c on s is ts  o f  t he  Mi oc en e  Col u mb ia  Ri ve r Bas al t Gro up  (v ol ca n ic 
o ri gi n)  in te r be dd ed  wi th  se di me n ta ry  de po si t s of  th e El l en sb u rg  For mat io n .  Ove r l yi ng  b e dr oc k a re 
s up ra ba s al t s ed imen t s be l on gi ng  to  t h e Mi oc e ne -Pl io ce ne  Ri ng o ld  For mat io n  a nd  Pl ei st o ce ne 
Han fo rd  fo rma ti on .  Ot he r  s tr at i gr ap h ic  u ni t s of  lo ca l e xt en t  i nc lu d e th e  e ar ly  “Pal o us e”  s o il , t he  Pli o -
Ple is to c en e u ni t, a n d pr e -Mis so u la  g r av el s.  The  Ha nf or d Si t e st r at ig ra p hy  ( Fig ur e 3 -1 1)  is  d es c ri be d 
i n mo re  de ta i l in  Ne it ze l  e t al . 1 99 9 .

The  Col u mb ia  Ri ve r Bas al t  Gro up  co ns i st s of  co nt i ne nt al  fl oo d  b as al t s th a t er up t ed  f r om l in e ar  v e nt s
wit hi n n or th e as te rn  Or eg o n, e as t er n Was hi ng t on , a nd  wes t er n I da ho  b e twee n  6  t o 1 7 mi l li on  y e ar s
a go .  Th e Sa d dl e Mo u nt ai n s Ba sa l t fo r ms  t he  up pe r mo st  b a sa lt  un it  i n  t he  Pa sc o Bas in , e xc ep t  a lo n g
s ome of  th e b ou nd in g  r id g es  whe r e Wa n ap um a n d Gr a nd e Ro n de  Ba sa lt  f l ows a re  e xp o se d.

The  f lu v ia l- l ac us tr i ne  Ri ng ol d For ma t io n wa s  d ep o si te d i n ge n er al ly  ea st - we st  t r en di n g va ll e ys  b y  t he 
a nc es tr a l Co l umbi a Riv er  an d it s  t ri b ut ar ie s  i n r es po ns e  t o d ev el op men t o f th e Yak ima  Fol d Bel t.

Cat ac ly s mi c f lo od in g , or i gi na ti n g in  we st er n  Mon t an a an d  n or t he rn  I d ah o, sp il le d  a cr o ss  e as t er n a nd 
c en tr al  Wa sh i ng to n, fo rmi ng  t he  ch an n el ed  s c ab la n ds  a nd  de po s it in g s ed ime nt s in  th e Pas co  Ba si n.
The  l as t  maj o r fl oo d  o cc u rr ed  a b ou t 1 3,00 0 y ea rs  ag o.  Cat ac l ys mi c f lo od s  i nu nd a te d t he  Pas c o Ba s in 
a  n umbe r  o f t imes  d u ri ng  th e la s t ic e  a ge .  Th e f lo od  d e po si t s, i nf o rmal ly  c a ll ed  th e Ha n fo rd 
f or ma ti o n, b l an ke t l ow-l y in g ar e as  o v er  mos t  o f t he  c en t ra l Pas co  Ba si n.

All uv iu m i s p re se nt  as  a  su rf ic i al  d e po si t a lo ng  th e Co l umbi a  a nd  Ya ki ma  Ri ve rs ;  a nd  in  t he 
s ub su rf a ce , i nt er be d de d wit h ca t ac ly s mi c fl o od  d e po si ts .  Co l lu vi um (t al u s an d s lo pe was h)  i s  a 
c ommo n Hol oc e ne  d ep o si t i n mo de r at e-  to -h ig h -r el i ef  a re a s.  Var yi ng  th ic k ne ss es  of  l o es s or  sa nd 
man tl e muc h o f th e Col umb ia  Pla t ea u.  Act iv e  a nd  st ab il i ze d s an d du n es  a r e wi de s pr ea d  o ve r t he 
Pas co  Ba si n.  Lan ds l id e d ep os it s  i n t he  Pas c o Ba s in  o cc u r wi t hi n th e  b as a lt  o ut c ro ps  al on g t he  r i dg es 
o r st ee p  r iv e r emba n kmen t s (e .g ., th e  n or th  si de  of  Rat t le s na ke  Mo un ta i n an d Whi te  Bl uf fs ,
r es pe ct i ve ly ) .

App ro xi mat el y  3 00  f e et  ( 9 1.5 m)  of  s u pr ab as a lt  s e di me nt s  o ve r li e th e  p ro p os ed  FRC an d  t he  1 0 0- H
Are a.  Sed ime nt s ov e rl yi n g Co lu mbi a Riv er  b a sa lt  in cl ud e  t he  Ri ng ol d  For mat io n, th e Han fo rd 
f or ma ti o n, a s  wel l a s lo c al iz ed  Ho lo c en e al l uv iu m a nd  b a ck fi l l (Lin d se y a nd  J ae g er  1 9 93 ).  The 
Rin go ld  Fo rma ti on  a n d Ha n fo rd  f o rmat i on  a re  co nt i nu ou s a cr os s  t he  1 0 0- H Are a.

The  Han f or d f or ma ti o n co n si st s p ri ma r il y of  gr av e l- do mi n at ed  fa ci es , wit h  l oc al  oc cu r re nc es  of  s a nd -
d omin at e d or  si lt -d o mi na t ed  f ac i es .  Th e Ha n fo rd  fo rmat i on  g e ne ra ll y  t hi c ke ns  f r om n o rt h to  so ut h ,
r an gi ng  fr om 30  t o 6 5 fe e t (9  t o  2 0 m), a nd  ov er l ie s fi n e- gr a in ed  f a ci es  of  t he  Ri ng o ld  For mat io n .

Rin go ld  Fo rma ti on  s e di me n ts —wit h  t ot a l th ic k ne ss  of  2 50  to  2 7 0 fe et  (7 6 t o 82  m)  n ea r  t he  p r op os e d
FRC —ar e  d omi na te d b y la c us tr in e , ov e rb an k d ep os i ts  a nd  as so c ia te d p al eo s ol s.  All  a r e re pr e se nt e d
wit hi n t he  1 0 0- H Ar e a.  Fin e- gr a in ed , o ve rb a nk -p a le os ol  fa ci e s (Rin g ol d u pp er  mu d)  ( Aut en  a n d
Mye rs  1 9 96 ), co mp ri s es  t h e up pe r  1 00  to  1 25  fe et  (3 0 to  38  m)  o f th e  Rin g ol d Fo r ma ti o n.  Th e  u pp e r
mud  u ni t  i s d es cr ib e d as  a mo de r at el y  c on so l id at e d, l ig h t br o wn is h g ra y t o li gh t  y el l owis h b ro wn  to 
r ed di sh  br own , sa nd y  c la y ey  s il t  t o c la ye y s il t ( Fr uc ht e r et  al . 19 9 6) .  Th is  u n it  a v er ag es  19 .7  pe rc en t 
s an d, 5 4 .7  p e rc en t s il t, an d 25 .5 pe r ce nt  c l ay .

Two  o th e r Ri n go ld  u n it s a re  p re s en t wit hi n t he  1 0 0- H Ar e a.  A s an di e r fa c ie s (Un it  B/ D [Aut e n an d 
Mye rs  1 9 96 ])  se pa ra t es  t h e up pe r  mud  se qu en c e fr o m th e Rin go l d lo we r  mud  un it .  Un it  B/ D is 
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c ompo se d  o f a  f lu vi a l sa n d fa ci e s.  The  Rin g ol d l ower  mu d un i t (9 0-  to 10 0 -f oo t t ot al  th ic kn e ss ) i s
i nt er pr e te d t o be  l a cu st r in e (Li nd se y  a nd  J a eg er  19 93 ).

I n th e 1 00 -H Ar ea , a n er o si on al  un co n fo rmit y  e xi s ts  b et wee n t he  Rin g ol d a nd  Han f or d f or ma ti o ns ,
whi ch  s l op es  ge nt ly  to wa r d th e e as t.  The  u p pe r c on ta ct  wi th  th e Ri n go ld  Fo rmat i on  wa s sc ou r ed  o u t
d ur in g Ple is t oc en e c at ac l ys mi c f lo od i ng , an d  s ub s eq ue nt l y de p os it ed  th e Han fo rd  fo rma ti on  d u ri ng 
t he  wan i ng  s t ag es  o f  f lo o di ng  ( Ba k er  e t  a l. 1 9 91 ).

Sei smic i ty  o f  t he  Co lu mb i a Pl at e au  i s  r el at i ve ly  lo w wh e n co mpa re d wit h o th er  r e gi on s  o f th e  Pac i fi c
Nor th we s t, t h e Pu ge t  Sou n d ar ea , a nd  we st er n  Mon t an a/ ea s te rn  Id ah o.  The  la rg es t  k no wn ea rt h qu ak e 
i n th e Col umb ia  Pla t ea u o cc ur re d  i n 1 93 6 ne a r Mi l to n- Fr e ewat e r, Ore g on .  Th is  e a rt hq u ak e ha d  a 
Ric ht er  ma gn i tu de  o f  5 .7 5 .  I n t he  c e nt ra l p or ti o n of  t h e Co l umbi a Pla te a u, t he  la rg e st  r ec o rd ed 
e ar th qu a ke  n e ar  t he  Ha nf o rd  Sit e  o cc u rr ed  i n  1 97 3 .  Thi s  e ve n t re gi s te re d  a  mag n it ud e  o f 4.4  a nd  wa s
l oc at ed  no rt h  o f th e  Han f or d Si t e ne a r Ot he l lo .

Ear th qu a ke s c ommo nl y  o cc u r in  s p at ia l  a nd  t e mp or a l cl us t er s i n th e c en tr a l Co lu mbi a Pla te au  an d a re 
t er me d “ ea rt h qu ak e s wa rms .”   Th e  r eg i on  n or t h an d  e as t o f th e  Han fo r d Si t e is  a  re gi o n of 
c on ce nt r at ed  ea rt hq u ak e s wa rm a c ti vi t y, b ut  ea rt h qu ak e s wa rms  h av e a ls o o cc ur re d  i n s ev er al 
l oc at io n s wi t hi n th e  Han f or d Si t e.  The  f re q ue nc y  o f ea r th qu a ke s in  a swa rm t en d s to  gr ad ua l ly 
i nc re as e  a nd  de cl in e  wit h ou t a l ar ge  ev en t i n th e  s eq ue n ce .  Ro ug hl y  9 0 p er ce nt  of  t h e ea rt h qu ak e s in 
s wa rms h av e Ric ht er  ma gn i tu de s o f 2 o r le ss .  Th e se  e ar t hq ua k e swar ms ge n er al ly  oc cu r  a t sh a ll ow
d ep th s, wi th  75  p er c en t o f th e e ve nt s  l oc at e d at  de pt hs  of  l e ss  t ha n  2 .5  mi le s ( <4  k m).

3.2.1.3 Soils

Haj ek  1 9 66  d e sc ri be s  1 5 d if fe re n t so i l ty pe s  o n t he  Han f or d Sit e, v a ry in g  f ro m s an d t o si lt y  a nd  sa nd y
l oa m.  I n th e  1 00 -H Ar ea , s oi ls  ar e c la ss if i ed  a s  e it he r  Bur b an k lo a my  s a nd  o r Riv er was h, wi th 
Riv er wa s h oc c ur ri ng  cl os e r to  t h e ri v er .  Bu rb an k  l oa my  so il  is  a  c o ur se - te xt ur e d so i l un de r la in  by 
g ra ve l.  The  su rf ac e  s oi l  i s us u al ly  ab ou t 1 6 in c he s (4 0  c m)  th ic k, bu t c an  b e 3 0 in c he s (7 5  c m)  th ic k.
Thi s so i l ty p e is  h i gh ly  pe rmea b le . Soi ls  b e ne at h  1 00 -H Ar ea  wa st e d is po s al  s it e s ha v e be en  fo un d  t o
c on ta in  ur an i um, te c hn et i um-9 9 ( Tc 9 9) , st ro n ti um, a nd  c h ro mi u m, a mo n g ot h er  c on s ti tu e nt s.

3.2.2 Climate and Air Quality

Cli ma te  at  t h e Ha nf o rd  Si te  i s c la ss i fi ed  a s  mid - la ti tu d e se mia ri d o r mi d -l at it u de  d e se rt , d ep en d in g on 
t he  c li mat ol o gi ca l c la ss i fi ca ti o n sc h eme us e d.  Summe rs  ar e war m an d  d ry  wi th  a b un da n t su ns h in e.
Lar ge  d i ur na l  t empe r at ur e  v ar ia t io ns  re su lt  fr om in te ns e  s ol a r he at i ng  d u ri ng  t h e da y  a nd  r a di at i on al 
c oo li ng  at  n i gh t.  Day ti me te mp e ra tu r es  i n J un e, Ju ly , a nd  Au gu st  p e ri od i ca ll y e xc ee d  1 00 °F (3 8C) .
Win te rs  ar e c oo l wi t h oc c as io na l  p re c ip it at i on .  Ou tb re a ks  o f  c ol d a ir  a s so ci at e d wi t h mo di f ie d a rc ti c
a ir  mas s es  c a n re ac h  t he  ar ea  a n d ca u se  t emp er at u re s to  dr op  be lo w 0 °F ( - 18 C) .  Ov er c as t sk i es  a n d
f og  o cc u r pe r io di ca l ly .

Air  q ua l it y i n th e Han fo r d re gi o n is  we ll  wi th in  th e st a te  a n d fe de r al  s t an da rd s  f or  cr it er i a po l lu ta nt s ,
e xc ep t t ha t s ho rt -t e rm p a rt ic ul a te  c o nc en tr a ti on s  o cc as i on al l y ex ce e d th e  2 4- ho u r “p a rt ic ul a te  ma tt er 
n omin al l y 10  mi cr on s  o r l es s”  ( PM1 0)  s ta nd a rd . Ben to n Cou nt y  i s in  an  “ u nc la ss i fi ed ”  a re a f or  PM1 0

( Ne it ze l  e t a l. 1 99 9 ).
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3.2.3 Water Resources

3.2.3.1 Surface Water

The  p ri mar y s ur fa ce  wa te r  f ea tu r e in  th e vi c in it y  o f th e  p ro p os ed  FRC is  th e Co l umbi a  Riv er .  Th e 
p ri ma ry  us es  of  t he  Co lu mbi a Ri v er  i n cl ud e t he  p r od uc ti o n of  hy dr oe l ec tr i c po we r  a nd  ex te ns i ve 
i rr ig at i on  i n  t he  Mi d- Co l umbi a Bas in .  Se ve r al  c o mmun it i es  l o ca te d o n th e  Col umb ia  Ri ve r re l y on 
t he  r iv e r as  th ei r s ou rc e  o f dr i nk in g  wat er .  Th e  r iv er  is  a l so  u se d  a s a  s ou rc e  o f d ri nk in g  wat e r at 
s ev er al  Ha nf o rd  f ac i li ti e s an d f or  o n si te  i n du st r ia l us e s (Ne it ze l e t al . 1 99 9) .

The  Comp re he n si ve  La nd  Us e Pl an  de si g na te s 4 3.1 mil es  ( 1 11 .6  km) of  th e Col umbi a  Riv e r ad ja c en t
t o th e Han fo r d Si te  as  t h e Co lu mbi a Riv er  Co rr id o r.  Al o ng  t h e so ut h er n s ho re li n e of  th e co r ri do r , th e
1 00  Are a s oc c up y ap p ro xi mat el y 2 6 mi l es  ( 68  km).  RCRA c lo su r e pe rmi t re s tr ic ti o ns  h a ve  b ee n 
p la ce d i n th e  v ic in i ty  o f  t he  1 0 0- H Are a, wh ic h i s as so c ia te d  wit h t he  1 8 3- H So l ar  Ev ap or at i on 
Bas in s.  Add i ti on al  de ed  re st ri c ti on s  o r co v en an t s fo r a ct iv i ti es  t h at  p o te nt ia l ly  e x te nd  mo re  t h an  1 5
f ee t (4 .6 m)  be lo w g ro un d  s ur fa c e ar e  e xp ec t ed  f o r CERCLA re med ia ti o n ar e as .

The  Col u mb ia  Ri ve r b or de r s th e 1 00 -H Ar ea  o n  t he  no rt he a st .  Th e Ha n fo rd  Re ac h i s th e  o nl y s tr et c h
o f th e Col umb ia  Riv e r wi t hi n th e  Uni t ed  Sta t es  t h at  i s n ot  i mpo un de d  b y a  d am, t ho ug h  t he  f l ow i s 
c on tr ol l ed  b y  t he  Pr ie st  Ra pi ds  Da m l oc at ed  se ve r al  mil e s up s tr ea m o f th e  Han fo r d Si t e.

The  e xi s te nc e  o f th e  Han f or d Si t e ha s  p re cl u de d d ev el op men t o f th is  se ct i on  o f t he  r i ve r fo r  i rr i ga ti on 
a nd  p owe r an d  t he  Ha nf or d  Rea ch  is  n o w cu rr e nt ly  un de r c on si d er at io n  f or  Wi ld  a n d Sc e ni c Ri v er 
s ta tu s b y th e  Nat io n al  Pa rk  Ser v ic e.  I n 19 8 8, Co ng re ss  pa ss e d Pu bl i c La w 1 00 -6 05 .  Th e la w r eq ui r es 
t he  Sec r et ar y  o f In t er io r  t o pr e pa re  a st ud y  i n c on su lt a ti on  wi th  t h e Se c re ta ry  of  En er gy  t o  e va l ua te  t h e
o ut st an d in g f ea tu re s  o f t he  Han f or d Rea ch  a n d it s  i mmed i at e e nv ir on men t a nd  t o i ns ti t ut e in t er im
p ro te ct i on  me as ur es .  An  En vi ro n me nt a l Impa c t St a te me nt  (EIS)  was  p r ep ar e d to  e v al ua t e th e u ni qu e 
n at ur al  fe at u re s of  th e Han fo rd  Re ac h .  Bas e d on  th e ev a lu at i on  i n t he  EI S, t he  Se cr e ta ry  o f  I nt e ri or 
s ig ne d a  Rec o rd  o f Dec is i on  o n J ul y 1 6, 1 99 6  ( DOI  1 99 6) , r ec o mmen di n g Co n gr es s d es ig n at e th e 
Han fo rd  Re ac h  a nd  p u bl ic  la nd  wi th in  on e- qu a rt er  mi le  o f  t he  ri ve r o n th e  s ou th  sh or e  ( as  we ll  a s  a 
l ar ge r a re a o n th e n or th  sh or e)  as  a  Wi ld  a n d Sc e ni c Ri v er .  To  d at e , de s pi te  t h e in t ro du ct i on  o f  b il ls 
c on ce rn i ng  t h is  i ss u e, Co ng re ss  ha s n ot  a ct e d to  de si gn a te  t h e Ha nf o rd  Re ac h as  a Wi l d an d Sce ni c 
Riv er .

Wat er  s a mp le s  a re  c o ll ec t ed  q ua r te rl y  f ro m t he  Co lu mb ia  Ri ve r  a lo ng  es ta b li sh ed  po in t s on  t h e
Han fo rd  Si te  as  wel l  a s i mmed ia t el y u ps tr ea m a nd  do wn st r ea m.  The  c u rr en t  maj or  so ur c e of  h e at  t o 
t he  Han f or d Rea ch  i s  s ol a r ra di a ti on .  Th e a ve ra g e pH v a lu es  ra ng ed  fr om 7.7 to  8.1.  Mea n s pe ci f ic 
c on du ct a nc e v al ue s r an ge d  f ro m 1 28  t o  1 65  mi cr oSi emen s/ c m.  Rad io nu c li de s  c on si s te nt l y de te c te d
i n th e r iv er  du ri ng  19 98  in cl ud e d tr i ti um, Sr- 90 , I -1 29 , U-2 3 4,23 8, an d Pu-2 39 ,2 40 .  To t al  a lp h a an d 
b et a me a su re men ts  ( u se fu l  i nd ic a to rs  of  t he  ge ne r al  r ad i ol og i ca l qu a li ty  th at  p r ov id e  a n ea r ly 
i nd ic at i on  o f  c ha ng e s in  ra di oa c ti ve  co nt ami na ti o n le ve l s)  we re  a pp r ox ima te ly  5  pe rc e nt  o r l es s o f th e
a pp li ca b le  d r in ki ng  wa te r  s ta nd a rd s o f 15  a n d 50  pCi/ L, re sp e ct iv el y  ( Ne i tz el  e t  a l. 19 99 , PNNL
1 99 8) .

3.2.3.2 Floodplain and Wetlands

The re  a r e no  Fe de ra l  Eme r ge nc y Man ag e me nt  Ag en cy  (FEMA)  fl oo d pl ai n map s o f th e Han fo r d
Rea ch  o f  t he  Co lu mb i a Ri v er .  Pr io r t o 19 33 , whe n  t he  Co lu mb i a Ri ve r  was  fr ee -f l owi ng , pe r io di c 
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l ar ge  f l oo ds  oc cu rr e d th a t af fe c te d t he  1 00 - H Ar e a.  Th i s is  in di ca t ed  b y  a  s er i es  o f  f lu vi a l ch a nn el s
t ha t di s se ct  ol de r c at ac l ys mi c- f lo od  an d ol d er  f l uv ia l d ep os i ts  i n t he  v i ci ni ty  of  1 0 0- H Ar e a.  The se 
c ha nn el s  wer e  p ro ba b ly  l a st  o cc u pi ed  du ri ng  th e l ar ge st  kn own  u nr eg u la te d  h is to r ic al  fl oo d, wh ic h 
o cc ur re d  i n 1 89 4 an d  i s e st imat e d to  ha ve  a  di sc h ar ge  o f  7 42 ,00 0 cu b ic  f e et  p er  se co n d  ( 21 ,00 0 c ub ic 
met er s p er  s e co nd  [ m3 / s] ) (Ne it ze l  e t al . 1 99 9 ).  Th e  Col u mb ia  Ri ve r f lo w is  no w c on tr ol l ed  b y  a 
s er ie s o f da ms lo ca t ed  b o th  u ps t re am an d do wns tr e am o f t he  Ha nf or d Are a.

The  l ar g es t r ec en t f lo od  at  t he  Ha nf o rd  Are a  t oo k  p la ce  in  1 9 48  wit h  a n o bs er ve d  p ea k  d is ch a rg e o f
7 00 ,0 00  cu bi c  f ee t p er  s e co nd  ( 2 0,00 0  m3 / s) .  Th e 19 4 8 fl oo d  d id  no t in u nd at e  t he  1 0 0- H Are a.  An
e st imat e  o f t he  1 00 - ye ar  da m- re g ul at e d fl oo d  i s 4 40 ,0 00  cu bi c  f ee t p er  s e co nd  ( 1 2,40 0  m3 / s)  ( Ne i tz el 
e t al . 1 99 9) .  Th e 1 00 -y e ar  r eg u la te d  f lo od  wo ul d  n ot  a f fe ct  th e 10 0 -H Ar ea .

The  1 00 - H Ar e a do es  no t i nc lu de  an y wet la nd s  o th e r th an  th e n ar ro w r ib bo n  o f we t la nd s  a lo ng  th e
s ho re li n e of  th e Co l umbi a  Riv er ;  t he s e we tl a nd s a re  n ot  lo ca t ed  wit h in  t h e pr op o se d FRC ( Ne i tz el  et 
a l. 1 99 9 ).

3.2.3.3 Groundwater

Gro un dwa te r b en ea th  th e Han fo rd  Si te  is  f ou n d in  bo th  a n  u pp e r un co n fi ne d  a qu if e r sy s t em a nd 
d ee pe r b as al t -c on fi n ed  a q ui fe rs  (Nei t ze l et  al . 1 99 9) .  Po rt i on s of  th e u pp er  a q ui fe r  s ys te m a re  in 
l oc al ly  co nf i ne d or  se mi c on fi ne d .  Co nf in ed  aq ui f er s wi t hi n t he  Col u mb ia  Ri ve r Bas al t  Gro up  ar e
f or me d b y re l at iv el y  p er mea bl e s ed ime nt ar y i nt er b ed s an d  t he  mo re  p o ro us  to ps  a n d bo t to ms  o f  b as a lt 
f lo ws .  Th e h or iz on t al  h y dr au li c  c on d uc ti vi t ie s o f mo st  of  t h es e aq u if er s  f al l i n th e  r an ge  of  3  x 10 - 10 

t o 3 x 1 0- 4 fe et  p e r se c on d (1 0 - 10  to  1 0- 4 m/ s) .  Th e d en se  i n te ri o r se ct i on s o f th e b as al t  f lo ws  ha ve 
h or iz on t al  h y dr au li c  c on d uc ti vi t ie s r an gi ng  fr om 3 x 10 - 15  to  3  x  10 - 9 fe et  p e r se c on d (1 0 - 15  to  1 0- 9

m/s ), a b ou t f iv e or d er s o f ma gn i tu de  lo we r t ha n t ho se  o f  t he  co nf in e d aq u if er s.  Gro u nd wa te r  i n t he 
b as al t c on fi n ed  a qu i fe rs  ge ne ra l ly  f l ows to war d t he  Col u mb ia  Ri ve r a nd , i n so me  pl ac e s, t owa rd  a r ea s
o f en ha n ce d v er ti ca l  c ommun ic at i on  wi th  t he  un co n fi ne d a qu if e r sy st e m.

Gro un dwa te r i n th e u nc on f in ed  a q ui fe r  a t Ha n fo rd  ge ne ra l ly  f l ows fr o m re c ha rg e a re as  in  t he  el ev a te d
r eg io n n ea r t he  wes t er n b ou nd ar y  o f t he  Han f or d Sit e to war d t he  Col u mb ia  Ri ve r o n th e  e as te r n an d 
n or th er n  b ou n da ri es  (t he  10 0- H Are a) .  Th e Col umb ia  Riv e r is  th e pr i ma ry  di sc ha r ge  a r ea  f or  th e
u nc on fi n ed  a q ui fe r.  Alo n g th e Col umb ia  Riv e r sh o re li ne , d ai l y ri ve r  l ev e l fl uc t ua ti o ns  may  re su l t in 
wat er  t a bl e e le va ti o n ch a ng es  o f  u p t o 10  f e et  ( 3  m).  Dur in g  t he  h i gh  r i ve r st a ge  p e ri od s o f 19 9 6 an d
1 99 7 so me we l ls  n ea r  t he  Co lu mb i a Ri v er  s ho wed  wa te r le v el  c h an ge s o f mo r e th an  10  f e et ).  As th e 
r iv er  s t ag e r is es , a  p re s su re  wa ve  i s  t ra ns mit te d  i nl an d  t hr o ug h th e  g ro u nd wat er .  Th e l on ge r th e
d ur at io n  o f t he  h ig h er  r i ve r st a ge , t he  f ar t he r i nl an d t he  e f fe ct  i s  p ro p ag at ed .  Th e p re ss ur e  wav e  i s
o bs er ve d  f ar t he r in l an d t ha n th e  wat e r ac tu a ll y mov es .  Fo r t he  r iv e r wa t er  t o f lo w i nl an d, th e r iv er 
l ev el  mu st  b e  h ig he r  t ha n  t he  g r ou nd wat er  s u rf ac e  a nd  mu st  r e ma in  h i gh  l o ng  e no u gh  f o r th e wat er  to 
f lo w th r ou gh  th e se d imen t s.  Ty p ic al l y, t hi s  i nl a nd  f lo w o f r iv er  wa te r i s re st r ic te d  t o wi t hi n s ev er al 
h un dr ed  fe et  of  t he  sh or e li ne .

Gro un dwa te r r ec ha rg e  f ro m p re ci p it at i on  a cr o ss  t h e en ti r e Ha n fo rd  Si te  i s  t ho ug h t to  ra ng e f ro m
a pp ro xi mat el y  0  t o 4  i nc h es  p er  ye ar  (0  t o 1 0 cm/ yr ) bu t  i s p ro ba bl y  l es s  t ha n 1  i nc h  p er  y e ar  ( <2.5
c m/ yr ) o ve r mos t of  th e Sit e.  Sin ce  19 44 , t he  a r ti fi ci a l re c ha rg e f ro m Han fo rd  wa st e wa te r d is po s al  i n
t he  2 00  Ar ea s  h as  b e en  s i gn if ic a nt ly  gr ea te r  t ha n  t he  n a tu ra l  r ec ha r ge .  An  e st i ma te d  4 .4 4 x  1 01 1

g al lo ns  (1 .6 8  x  1 01 2 L)  o f l iq ui d  was  d i sc ha r ge d to  di sp o sa l po n ds , t re nc he s , an d  c ri bs  fr om 19 44  t o 
t he  p re s en t.  Hor iz on t al  h y dr au li c  c on d uc ti vi t ie s o f sa nd  an d g ra ve l f ac ie s  wit hi n  t he  Ri ng ol d  For ma-
t io n ge n er al l y ra ng e  f ro m a bo ut  0.9 t o 9 fe e t pe r  d ay  ( 0 .3  t o  3  met e rs  p e r da y [ m/ d] )  c ompa r ed  t o 
1 ,0 00  t o  1 0,0 00  f ee t  p er  da y (3 0 0 to  3,00 0 m/d ) f or  t he  Ha nf o rd  f or mat io n .  Bec au se  th e Rin go ld 
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s ed imen t s ar e  mor e c on so l id at ed  an d p ar ti al l y ce men te d, th ey  ar e ap p ro xi mat el y 1 0 to  10 0 ti mes  l e ss 
p er me ab l e th a n th e s ed imen ts  o f  t he  ov er ly i ng  Ha nf or d f or ma t io n.  Bef or e  was te wat er  di sp os a l
o pe ra ti o ns  a t  t he  Ha nf or d  Sit e, th e u pp er mo s t aq u if er  wa s ma i nl y wi t hi n t he  Rin g ol d For ma ti o n an d 
t he  wat e r ta b le  e xt e nd ed  in to  t h e Ha n fo rd  f o rmat i on  a t o nl y a f ew l o ca ti on s .  Ho we ve r, wa st e wa te r
d is ch ar g es  r a is ed  t h e wa t er  t ab l e el e va ti on  ac ro s s th e Sit e, es pe ci a ll y wit hi n t he  2 0 0 Ar ea s .  Be ca us e
o f th e g en er a l in cr e as e i n gr ou n dwat e r el ev a ti on , t he  u n co nf i ne d aq u if er  no w ex t en ds  up wa rd  in to  th e
Han fo rd  fo rma ti on .  Th is  ch an ge  ha s r es ul te d  i n a n in cr e as e i n gr ou n dwat e r ve lo c it y n ot  o nl y  b ec a us e
o f th e g re at e r vo lu me of  gr ou nd wat er  bu t al s o be c au se  t h e ne wly  s at u ra te d  Han fo r d se d imen ts  ar e
h ig hl y p er me a bl e.  Mor e r ec en tl y , wat er  l e ve ls  ha ve  d e cl in e d ov er  mo st  of  t he  Ha nf o rd  Sit e  b ec a us e
o f de cr e as ed  wa st ewa te r d is ch ar g es  ( Nei tz el  19 99 ) .

The  h yd r ol og y  o f th e  1 00  Ar ea s i s no t ab le  b e ca us e  o f th e  l oc a ti on  a d ja ce n t to  t h e Co l umbi a Riv er .  A
map  s ho win g t he  wat e r ta b le  e le v at io n s in  t h e vi c in it y o f th e  1 00 -H Ar ea  is  s ho wn in  Fi gu re  3- 12 .
The  wat e r ta b le  r an g es  i n  d ep th  fr om ne ar  0  fe et  at  t he  ri ve r  e dg e t o 10 7  f ee t ( 30  m) .  The 
g ro un dwa te r f lo w di r ec ti o n is  g e ne ra l ly  t owa rd  t h e ri ve r . Du r in g hi g h- ri v er  s ta g e, h o we ve r, th e f lo w
d ir ec ti o n ma y  r ev er s e immed ia te l y ad j ac en t t o th e  r iv er .

The  g ro u nd wa t er  g ra d ie nt  va ri es  de pe n di ng  o n  t he  di st an c e fr o m th e r iv er  an d th e  t ime  o f ye a r.
Gro un dwa te r f lo w ne a r th e  r iv er  is  s t ro ng ly  in fl u en ce d b y fl u ct ua ti o ns  i n  Col umb ia  Ri ve r st a ge ,
whi ch  i s  c on t ro ll ed  by  d a ms .  Ri ve r s ta ge  c a n va r y 6 to  8 fe e t da il y  a nd  8 to  1 0  f ee t  s ea so n al ly .  Th e
h yd ra ul i c gr a di en t i s gr e at ly  i n cr ea s ed  n ea r  t he  ri ve r d ur in g  p er io d s of  lo w fl o w.  As th e r iv er  st ag e
i nc re as e s th e  g ra di e nt  f l at te ns , a s t he  g ro u nd wa t er  r es p on ds  to  a  h i gh er  di sc ha r ge  e l ev at io n .  No rmal 
p ea k di s ch ar g e oc cu r s du r in g Ju n e wh i le  n or mal  l o w fl ow oc cu r s in  Oc to be r  a nd  No ve mb e r.  Ri v er 
s ta ge  c a n in f lu en ce  we ll s  u p to  2,00 0  f ee t ( 60 0 m) in la n d fr o m th e r iv er .  Co nf i ne d a qu if er  la ye r s ha ve 
p ot en ti o me tr i c su rf a ce s t ha t ar e  g en e ra ll y a bo ve  th os e o f th e  u nc on f in ed  aq ui fe r .

Groundwater Quality

Gro un dwa te r q ua li ty  ha s b ee n ne g at iv e ly  i mp a ct ed  by  p as t  p ra c ti ce s a t th e  1 00 -H Ar ea , a nd  b e ca us e 
o f it s p ro xi mit y to  th e Col umbi a  Riv e r, t he  10 0- H Are a h as  r e ce iv ed  hi gh  pr io ri t y fo r  t he  r e me di a ti on 
o f ha za r do us  an d ra d io ac t iv e wa s te s a t Ha nf o rd .  Co nt ami na nt s  o f co n ce rn  in cl ud e  c hr o mi um, n it ra t e,
Tc9 9, a nd  u r an iu m, al l o f wh i ch  o cc u r ab o ve  d ri n ki ng  wa te r s ta nd a rd s wi t hi n t he  1 00 - H Ar e a.  A
p ump an d  t re a t sy st e m is  pr es en t ly  i n  o pe ra t io n t o co nt a in  t h es e co n ta mi n an ts  a n d pr e ve nt  t h em f r om
e nt er in g  t he  ri ve r.  The  pr op os e d FRC i s lo c at ed  hy dr au l ic al l y up gr a di en t  o f th e  p ump  a nd  t r ea t
s ys te m.  The  sy st em is  p r es en tl y  p ump in g co n t amin at e d gr o un dwat e r fr o m f iv e wel ls  imme di a te ly 
a dj ac en t  t o t he  r iv e r, p a ss in g t he  wa te r th r ou gh  an  i on - ex ch a ng e fi l te r a nd  i nj e ct in g  t he  t r ea te d  wat er 
i nt o se v er al  we ll s l oc at e d 1,97 0  t o 2 ,3 00  f e et  ( 6 00  t o 7 00  m)  u pg ra d ie nt  of  t he  ri ve r .  Thr o ug h t he 
CERCLA I nt er i m Re co r d of  De ci si o n, t h e EPA a nd  DOE ar e s ch ed u le d to  re vi e w th e s ta tu s  a nd 
s uc ce ss  of  t h is  p ump  a nd  tr ea t e ff or t  i n 20 0 2.  At th at  ti me , c ha ng e s mi g ht  b e mad e t o th e p ump a nd 
t re at  s y st em.
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Figure 3-12  Groundwater table in the vicinity of the 100-H Area
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3.2.4 Ecological Resources

The following s ection identifies and describes the terrestrial, and aquatic resources that occur on the
Hanford Site and in the 100-H Area

3.2.4.1 Terrestrial Resources

The  Han f or d Sit e is  lo ca t ed  wit h in  wh at  h as  be en  bo ta ni c al ly  ch ar ac t er iz e d as  a  sh ru b -s te pp e 
e co sy st e m, wi th  v ar i ou s s hr ub  a n d bu n ch gr as s  a ss o ci at io n s pl a yi ng  d o mi na n t ro le s .  Th e re gi o n is 
o ft en  r e fe rr e d to  a s  h ig h  d es er t , no r th er n d es er t  s hr ub , o r d es er t s cr ub  (Fra nk l in  a n d Dy rn e ss  1 9 73 ).
The  Han f or d Sit e is  a re l at iv el y  l ar g e, u nd i st ur b ed  a re a  o f s hr ub -s t ep pe  ha bi ta t  t ha t  c on ta i ns  n u me ro us 
p la nt  a n d an i ma l sp e ci es  ad ap te d  t o t he  s emi -a ri d  e nv ir o nmen t  i n th e  r eg i on .  Th e ma j or  DOE
f ac il it i es  a n d in fr a st ru c tu re  o c cu py  on ly  a  smal l  p ar t o f th e  s it e a nd  t h ei r imp ac t o n th e s ur ro u nd in g
e co sy st e ms  i s  min ima l.  Mos t of  th e Han fo rd  Si te  ha s no t  e xp e ri en ce d  t il l ag e or  li ve s to ck  g r az in g 
s in ce  t h e ea r ly  1 94 0 s.

A p ed es t ri an  an d vi s ua l r ec on na i ss an c e of  t h e pr o po se d c on ta min at ed  ar ea  an d th e  b ac k gr ou nd  ar ea 
n ea r th e  s ou t he as t c or ne r  o f 10 0 -H Ar ea  was  pe rf o rmed  b y  s ta f f fr om th e Han fo rd  Bi ol o gi ca l
Res ou rc e s La b or at or y  o n Apr il  2 3 , 19 9 8.  An  ad di t io na l b ac kg r ou nd  a r ea , whi ch  i s  p ro p os ed  t o  b e t o
t he  s ou t h/  s o ut hwes t  o f t he  o ri g in al  10 0- H p er ime te r, ha s no t  b ee n  r ec en t ly  s u rv ey ed .  Ho wev er ,
i nf or ma t io n o n th e h ab it a t of  t h e re g io n wa s  o bt a in ed  f r om t h e ha bi t at  c l as si fi c at io n  d at ab a se  o f  t he 
Eco sy st e ms  Mo ni to ri n g Pr o je ct  ( Nei tz e l et  a l . 19 9 9) .  Th e Br a un -Bla n qu et  co ve r- a bu nd a nc e sc a le 
( Bo nh am 19 89 )  was  u s ed  t o  d et er min e p er ce nt  co ve r  o f do min an t  v eg et a ti on .

The  n or t he rn  po rt io n  o f t he  p ro p os ed  co nt ami na te d  a re a i s ch a ra ct er i ze d a s a Ra b bi tb r us h
( Cry so th a mn us  na us eo s us ) /c he at g ra ss  (Bro mu s t ec to r um)  c ommu n it y, wi th  a  si gn i fi ca nt  amou n t of 
b ul bo us  bl ue g ra ss  ( Poa  b ul b os a) .  Oth e r po r ti on s o f th e  p ro po s ed  c o nt amin a te d a re a ar e  p ri mar il y
c ha ra ct e ri ze d  a s ch e at gr a ss  c ommun it i es .  Al l pr o po se d c on ta min at ed  ar ea s  h av e b ee n p re vi ou s ly 
d is tu rb e d.  The  p ro p os ed  ba ck gr o un d a re a in  th e s ou th ea s t co r ne r of  10 0- H Are a i s ch a ra ct er i ze d a s a
c he at gr a ss  c o mmun it y .

I n 19 99 , t he  U.S. Fi sh  a n d Wi ld l if e Ser vi ce  pr ov i de d a l is t o f th re a te ne d  a nd  e n da ng e re d sp e ci es ,
c an di da t e sp e ci es  a n d sp e ci es  o f  c on c er n, wh ic h may  b e p re se n t in  t h e Be n to n Co u nt y p or ti on  of  t h e
Han fo rd  Ar ea  (App en d ix  E) .  Howe ve r, no  p la n t or  an imal  sp ec i es  p ro t ec te d  u nd er  th e End an ge r ed 
Spe ci es  Ac t, ca nd id a te s f or  s uc h  p ro t ec ti on , o r s pe ci es  li st e d by  t h e Wa s hi ng to n  Sta t e go ve r nmen t  a s
t hr ea te n ed  o r  e nd an g er ed  we re  o b se rv e d wi th i n th e  p ro po s ed  FRC bo un d ar ie s .  Bal d  e ag l es  u se  th e
r iv er  a r ea  a d ja ce nt  to  t h e pr op o se d a re a du r in g t he  win t er .  Ba ld  e a gl es  ar e cu r re nt l y on  t h e Fe d er al 
End an ge r ed  Sp ec ie s l is t;  ho we ve r , a p ro po sa l  t o d el is t t he  b a ld  e ag l e wa s  p ub li s he d i n th e Fed er a l
Reg is te r , Ju l y 6, 1 9 99 .  A fi na l  d ec i si on  i s  e xp e ct ed  i n  J ul y  2 00 0.

3.2.4.2 Aquatic Resources

The  Col u mb ia  Ri ve r i s th e  d omin a nt  a q ua ti c e co sy s te m on  th e Han fo rd  Ar ea  an d fl o ws  t o  t he 
n or th ea s t of  th e 10 0 -H a r ea .  Th e ri v er  s up p or ts  a la rg e  a nd  di ve rs e  c ommun it y o f fi s h, b en t hi c
i nv er te b ra te s , an d o th er  co mmun i ti es .

Nei tz el  19 99  li st s 4 3 sp e ci es  o f  f is h  i n th e  Han f or d Re a ch  o f  t he  Co lu mb i a Ri ve r .  Th e br own 
b ul lh ea d  ( I ct al ur u s ne b ul os us )  h as  b e en  c o ll ec te d  s in c e 19 77 , b ri n gi ng  t h e to t al  n umb er  o f  f is h
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s pe ci es  id en t if ie d i n th e  Han fo r d Re a ch  t o 4 4.  Of th es e  s pe c ie s, c h in oo k  s al mo n , so c ke ye  s a lmon 
c oh o sa l mo n, an d st e el he a d tr ou t  u se  th e ri v er  a s  a  mig r at io n  r ou te  to  a n d fr om up st r ea m sp a wn in g 
a re as  a n d ar e  o f th e  g re a te st  e c on omi c impo r ta nc e .  The  Up pe r  Col umb ia  Ri ve r st e el he a d, Upp e r
Col umbi a  Riv e r sp ri n g- ru n  c hi no o k sa l mo n, a n d th e  b ul l t ro ut  ar e kn o wn  t o  o cc ur  in  t h e Co lu mbi a
Riv er  i mme di a te ly  a d ja ce n t to  t h e pr o po se d p ro je c t ar ea s .  Al l th re e  s pe c ie s ar e  f ed e ra ll y l is te d  a s
e nd an ge r ed 

Ben th ic  or ga n is ms  a r e fo u nd  e it h er  a t ta ch ed  to  o r  c lo se l y as s oc ia te d  wit h  t he  s u bs tr a tu m.  All  ma jo r
f re sh wa t er   b en th ic  ta xa  ar e re p re se n te d in  th e Col umbi a  Riv e r.  In s ec t l ar va e s uc h a s ca dd i sf li e s
( Tri ch op t er a) , mi dg e  f li e s (Chi ro no mid ae ) , an d b la ck  fl ie s ( S imul ii d ae )  a re  d o mi na n t.  Ot h er  b e nt hi c
o rg an is ms in c lu de  l i mp et s , sn ai l s, s p on ge s, an d c ra yf is h .  Pe ak  l ar v al  i n se ct  d e ns it i es  a re  fo un d  i n la t e
f al l an d  win t er , an d  t he  ma jo r e me rg e nc e is  in  s p ri ng  a n d su mme r (Ne it ze l  1 99 9) .

3.2.5 Archaeological, Cultural, and Historic Resources

Man ag eme nt  o f  t he  Ha nf or d  Are a c ul tu r al  r es o ur ce s  f ol lo ws th e  Han fo rd  Cu lt u ra l Re s ou rc e s
Man ag eme nt  Pl an  (PNL 1 9 89 ), whi ch  wa s ap p ro ve d b y th e  Sta te  Hi st o ri c Pr e se rv a ti on  Of fi ce  in 
1 98 9.  The  Ma na ge me n t Pl a n wa s d ev el o pe d to  es ta b li sh  g u id an c e fo r t he  i d en ti fi c at io n , ev al u at io n ,
r ec or da t io n, cu ra ti o n, a n d ma na g emen t  o f ar c ha eo l og ic al , h is t or ic , a nd  t r ad it io n al  c u lt ur al  re so u rc es 
a s in di v id ua l  e nt it i es  o r  a s co n tr ib u ti ng  p r op er t ie s wi t hi n a  d is tr i ct .  Th e pl a n sp e ci fi es  me th o ds  o f
c on su lt a ti on  wi th  a f fe ct e d tr ib e s, g o ve rn me n t ag e nc ie s, an d i nt er es t ed  p a rt ie s, an d i nc lu de s  s tr a te gi es 
f or  t he  pr es e rv at io n  a nd / or  c ur a ti on  of  r ep r es en t at iv e p ro pe r ti es , a rc hi v es , an d  o bj e ct s.

The  p ro p os ed  co nt ami na te d  a re a was  r e vi ewed  by  s t af f fr o m th e  Han fo r d Cu l tu ra l Res ou r ce s
Lab or at o ry  ( App en di x  E).  The re  ar e n o kn own  h is t or ic  p r op er t ie s wi t hi n t he  p ro p os ed  co nt ami na te d 
a re a.  A r ec o rd s re v ie w i nd ic at e d th a t ap pr o xi ma t el y ha l f of  th e pr o po se d  c on ta min at e d ar ea  ha s b ee n
i nt en si v el y s ur ve ye d  f or  cu lt ur a l re s ou rc es .  No  ar ch ae o lo gi c al  s it e s or  is ol at e d ar t if ac ts  we re 
i de nt if i ed  i n  t he  s u rv ey  ar ea .  Th e p ro po se d  c on t amin at e d ar e a is  p r imar i ly  wit h in  a r ea s wh e re  t h e
g ro un d s ur fa c e ha s b ee n d is tu rb e d by  pr io r Han fo r d Si te  co ns t ru ct io n  a ct i vi ti es .  Al l  b ut  a  ve ry  smal l
p ar t of  th e r emai nd e r of  th e pr o po se d  c on ta min at e d ar ea  no t i nt en si v el y s ur ve ye d  i s i de nt if i ed  a s 
o ri gi na l  g ro u nd  s ur f ac e.  Par t o f th e  p ro po s ed  c o nt amin a te d a re a is  wi th i n 1,31 0  f ee t  ( 40 0 m) of  th e
Col umbi a  Riv e r, whi c h is  co ns id e re d c ul tu ra l ly  s e ns it iv e .  A cu lt ur a l re s ou rc e e xp er t  i s re q ui re d  t o be 
p re se nt  du ri n g ex ca v at io n  i n th i s ar e a.

The  p ro p os ed  so ut hwe st  a n d so ut h ea st  ba ck gr o un d a re as  h a ve  a l so  b ee n  p re v io us ly  su rv e ye d fo r 
c ul tu ra l  r es o ur ce s.  No a rc ha eo l og ic a l si te s  o r i so la te d  a rt i fa ct s wer e l oc at ed  wi th i n th e b ac kg r ou nd 
a re as .  Re vi e w of  1 9 41  a e ri al  p h ot og r ap hs  i n di ca t es  t ha t , pr i or  t o Han fo r d Si te  de ve l op me nt , t he 
s ou th wes t ba c kg ro u nd  a re a  was  un de ve l op ed  ra ng e la nd , whi l e th e s ou th e as t ba c kg ro u nd  a re a  was  a
c ombi na t io n o f un de v el op e d an d a gr ic u lt ur al  la nd .  Th er e  a re  no  k no wn hi s to ri c p ro pe r ti es  wi th in 
e it he r o f th e  b ac kg r ou nd  ar ea s.

3.2.6 Land Use, Recreation, and Aesthetic Resources

The  Han f or d Sit e en c ompa s se s 56 0  s qu a re  mil e s (1 ,45 0 km2 )  a nd  i n cl ud e s se ve r al  DOE op er a ti on a l
a re as .  La nd  us e ca t eg or i es  a t t he  Ha nf or d Sit e i nc lu de  re ac t or  o pe r at io n s, was t e op e ra ti on s ,
a dmin is t ra ti v e su pp o rt , o pe ra ti o ns  s u pp or t, se ns i ti ve  a r ea s, an d un d ev el o pe d ar e as .  Re me di a l
a ct iv it i es  a r e cu rr e nt ly  fo cu se d  wit h in  o r n ea r t he  d is t ur be d  a re as , s uc h  a s th e  1 00  Ar ea s.  Muc h  o f th e 
Han fo rd  Si te  is  u nd e ve lo p ed , pr o vi di n g a sa f et y a nd  s ec u ri ty  bu ff er  fo r t he  s ma l le r a re as  u s ed  f o r
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o pe ra ti o ns .  Th e en t ir e Han fo rd  Si te  ha s be e n de s ig na te d  a  Na ti on al  En vi r on me nt a l Re s ea rc h Par k.
Pub li c a cc es s  t o mo s t fa c il it y a re as  is  r es t ri ct e d.

DOE, in  pa rt n er sh ip  wi th  se ve ra l  c oo p er at in g  a ge n ci es , h as  i s su ed  a  Re co r d of  De ci si o n ba se d  o n t he 
Han fo rd  Co mp r eh en si v e La n d- Us e Pla n Env ir on men ta l  I mp ac t  Sta t emen t ( EI S)  (DOE/RL 1 99 9 b)  t o
a dd re ss  pr op o se d la n d us e s at  t h e Ha n fo rd  Si te  o v er  t he  ne xt  50  y ea r s.  The  c omp re he n si ve  l a nd  u s e
p la n pr o vi de s  a  c omp re he n si ve  a n d lo n g- te rm ap pr o ac h to  pl an n in g an d  d ev e lo pmen t  f or  th e Ha n fo rd 
Sit e an d  r ec o gn iz es  th e mul ti pl e  u se s  t ha t mus t b e co or d in at e d, i nc l ud in g  r es ea r ch  a n d de ve l op me n t
a ct iv it i es .  Th e 10 0  Are a s ar e t he  s i te  o f e ig ht  re ti re d  p lu t on iu m p ro du c ti on  r e ac to r s an d t he  N
Rea ct or .  Th e  f ac il i ti es  in  t he  10 0 Are as  a r e be i ng  p la c ed  i n  a  s ta b il iz e d st at e  f or  ul ti ma t e
d ec ommi s si on i ng .  Re me di a l ac ti v it ie s  a re  c u rr en t ly  f oc u se d wit hi n o r ne a r th e d is tu r be d ar e as .

Acc es s t o th e  Han fo r d Si t e is  r e st ri c te d, s o  r ec r ea ti on  do es  no t oc c ur  o n  t he  s i te .  Ho we ve r, a c ce ss  to 
t he  Han f or d Rea ch  o f  t he  Co lu mb i a Ri v er , wh i ch  f l ows ad j ac en t  t o th e  1 00 - H Ar ea , i s u nr es tr i ct ed .
The  r iv e r is  us ed  e x te ns i ve ly  f o r fi s hi ng , h un ti n g, b oa t in g, wi nd su r fi ng , wat er - sk ii n g, d iv i ng , a nd 
s wi mmin g .

The  Han f or d Rea ch  o f  t he  Co lu mb i a Ri v er  i s d es ig n at ed  a s  Cla s s A, Ex ce ll e nt .  Cl as s A wat er s  a re 
s ui ta bl e  f or  al l us e s, i n cl ud in g  r aw dr in ki n g wa t er , re c re at i on , an d  wil d li fe  h a bi ta t .  Wat e r qu a li ty  i s 
r ou ti ne l y mo n it or ed  fr om lo ca ti o ns  u p st re am an d d owns tr e am o f  t he  Ha nf or d  Sit e.  Sta t e an d f ed er a l
d ri nk in g  wat e r st an d ar ds  ap pl y t o th e  Col umb ia  Ri ve r an d  a re  cu rr en t ly  b e in g me t .

The  l an d  i n t he  v ic i ni ty  of  t he  Ha nf o rd  Sit e  i s g en er al l y fl a t wi th  li tt l e re li e f.  Rat tl es n ak e Mou nt ai n ,
r is in g t o 3,4 80  f ee t  ( 1,0 60  m) a bo ve  me an  s e a le v el , fo r ms  t h e so ut h ea st e rn  b ou n da ry  of  t he  Ha nf o rd 
Sit e.  Gab le  Mo un ta i n an d  Gab le  Bu tt e  a re  t h e hi g he st  l a nd fo r ms  wit h in  t h e Ha nf o rd  Si te .  La rg e
r ol li ng  hi ll s  a re  l o ca te d  t o th e  wes t  a nd  n o rt h o f th e Sit e.  The  Co lu mb i a Ri ve r , fl o wi ng  a cr o ss  t h e
n or th er n  p ar t  o f th e  Sit e  a nd  f o rmin g  t he  e a st er n  b ou nd a ry , i s ge ne r al ly  co ns id e re d s ce ni c, wi th  it s
c on tr as t in g b lu e ag a in st  a ba ck g ro un d  o f da r k ba s al ti c r oc ks  an d de s er t s ag eb ru sh .  Th e Whi te  Bl uf fs ’ 
s te ep , whi ti s h- br own  b lu f fs  a dj a ce nt  to  t he  Co lu mbi a Ri v er  ( l oc at ed  ac ro s s th e r iv er  fr om t h e 10 0 -H
Are a)  a r e a s tr ik in g  n at u ra l fe a tu re  of  t he  la nd s ca pe .

3.2.7 Socioeconomic Conditions

The  Tri - Ci ti e s co ns t it ut e  t he  n e ar es t  p op ul a ti on  ce nt er  an d a re  l oc a te d s ou th ea s t of  th e Ha n fo rd  Si te .
The  1 99 7  e st i ma te s d is tr i bu te d t he  Tr i- Ci ti e s po p ul at io n  a s f ol lo ws :   Ri c hl an d 3 6,86 0 , Pa sc o  2 6,0 00 ,
a nd  Ken n ewic k  5 0,39 0 .  Ac ti vi ty  on  t h e Ha nf o rd  Si te  p la y s a d omin an t  r ol e  i n th e  s oc i oe co no mic s o f
t he  Tri - Ci ti e s an d s ur ro u nd in g c ou nt i es .  I n  a dd i ti on  t o  p ro v id in g d ir ec t  e mp lo y me nt , t he  Ha nf or d 
p ay ro ll  ha s a  wid es p re ad  impa ct  on  t h e Tr i- Cit ie s  a nd  s t at e e co no mi e s (Ne it ze l e t al . 1 99 9) .

Thr ee  ma jo r e mp lo yme nt  s e ct or s h av e b ee n th e  p ri n ci pa l d ri vi n g fo rc e s of  th e ec o no my  of  t he  Tr i- 
Cit ie s s in ce  th e ea r ly  1 9 70 s:   1 ) DOE a nd  i t s co n tr ac to r s op e ra ti ng  th e Han fo rd  Si te ;  2 ) En e rg y
Nor th we s t an d  i ts  o p er at i on  o f a  c ommer ci al  nu cl e ar  p owe r pl a nt  l oc a te d o n th e Han fo r d Si te ;  a nd  3) 
t he  a gr i cu lt u ra l co mmu ni t y, i nc l ud in g  a  s ub s ta nt i al  f oo d  p ro c es si ng  co mp o ne nt .  In  1 9 97 , ne a rl y 2 0
p er ce nt  of  t h e no na g ri cu l tu ra l j ob s i n Be nt o n an d  Fra nk l in  c o un ti es  we re  co mp os e d of  DOE an d  i ts 
c on tr ac t or s a t th e Han fo r d Si te  (Nei t ze l et  al . 1 99 9) .

Lan d in  th e s ur ro un d in g e nv ir on s  i s u se d fo r  u rb a n an d i nd us t ri al  d e ve lo p me nt , i rr ig a te d an d  d ry - la nd 
f ar mi ng , a nd  gr az in g .  Ma jo r in d us tr i al  f ac i li ti e s wi th i n a 5 0- mi le  (8 0- k m)  r ad i us  i n cl ud e a  mea t -
p ac ki ng  pl an t , fo od - pr oc e ss in g f ac il i ti es , f er ti l iz er  p l an ts , a  p ul p  a nd  pa pe r mil l, ch emic a l pl a nt ,
h yd ro el e ct ri c  d ams, an d s ma ll  ma nu fa c tu ri ng  fi rms .  Wit h in  a  50 -mil e  r ad i us  o f t he  1 0 0- H Ar e a, b u t
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o ut si de  th e Han fo rd  bo un d ar y, a g ri cu l tu re  i s  t he  pr ed omi na nt  la nd  u s e.  Gov er nme nt  f a ci li ti e s lo c at ed 
o n th e Han fo r d Si te  in cl u de  r et i re d c he mi ca l  p ro c es si ng  pl an t s, r ad i oa ct i ve  was t e co n tr ol  u n it s,
d ec on ta min at i on  f ac i li ti e s, n uc l ea r mat er ia l s st o ra ge  f a ci li t ie s, r e se ar c h la bo r at or i es , an d  a  r e ti re d
r ea ct or  at  t h e 10 0- H Are a .  Commer ci a l us e o f th e  Han fo r d Si t e in cl u de s a  n uc le a r po wer  p la n t
( En er gy  No rt h we st  Nu cl ea r  Pla nt  2)  a n d a lo w-l ev e l ra di o a ct iv e was te  bu ri al  ar ea  ad mi ni s te re d  b y
Was hi ng t on  St at e an d  o pe r at ed  b y  U.S. Eco lo g y In c .

3.2.8 Human Health

Rad io ac t iv e e mi ss io n s fr o m ma ny  on si t e fa ci l it ie s  a re  a p pr oa c hi ng  l e ve ls  pr ac ti c al ly  in di st i ng ui s ha bl e
f ro m th e  n at u ra ll y o cc ur r in g ra d io ac t iv it y p re se n t ev er y wh er e . (PNNL 1 99 8 ).  Th i s tr a ns la te s  t o a  v er y
s ma ll  o f fs it e  r ad ia t io n d os e at t ri bu t ab le  t o  s it e  a ct iv i ti es .  Us in g  t he r mo lu mi n es ce n t do si met er s ,
r ad io lo g ic al  do se  r a te s wer e me a su re d  a t bo t h on s it e an d  o ff s it e lo c at io n s du ri n g 19 9 7.  Ra d io ac t iv e
s ub st an c es  c o nt ri bu t in g t o th e mea su r ed  d os e  r at e s we re  of  e i th er  n at ur al  or  ma n- ma de  or ig i n.  Th e 
d os e ra t es  d i d no t c ha ng e  s ig ni f ic an t ly  f ro m t he  do se  r a te s mea su re d  i n p re vi ou s  y ea r s.  Th e  1 99 7 
a nn ua l a ve ra g e ba ck g ro un d  d os e r at e mea su re d  i n c ommu ni t ie s d is ta nt  fr om th e Ha n fo rd  Si te  wa s 67 
±  1  mil l ir em pe r ye a r (mr em/y r) .  Th e  1 99 7 a nn ua l  a ve ra g e pe r imet er  do se  ra te  wa s 89  ± 10  mr em/y r .
All  o ns i te  t h er mo lu min es c en t do s imet e rs  a ve r ag ed  85  ±  5  mr em/ ye ar  ( PNNL 1 99 8) .

The  Han f or d Env ir on men ta l  Hea lt h  Fou n da ti on  (HEHF) pr ov i de s o cc up at i on al  he al th  se rv i ce s to 
Han fo rd  pe rs o nn el  t h ro ug h  h ea lt h  r is k  man ag e me nt  an d oc c up at i on al  h e al th  mo ni to r i ng .  Th e
HEHF’ s h ea lt h  r is k man ag e me nt  p r og ra m i de nt i fi es  an d an a ly ze s  t he  h a za rd s  Han fo r d pe r so nn el  fa ce 
i n th e wor k e nv ir on men t a nd  b ri n gs  a n  a wa re n es s t o wo rk e r he a th  a nd  sa fe t y is su e s at  Ha nf or d .
HEHF’ s o cc up a ti on al  he al t h se rv i ce s p ro vi de  oc cu p at io na l  med i c in e an d  n ur s in g, i n cl ud i ng  med i ca l
mon it or i ng  a n d su rv e il la n ce ; er g on omi cs  a ss e ss me n t;  p sy c ho lo g y an d c ou ns e li ng ; f it ne s s fo r d ut y
e va lu at i on ; i nf ec ti o n co n tr ol ; i mmed i at e he a lt h c ar e;  i n du st r ia l hy g ie ne ;  a nd  h e al th , s af et y , an d  r is k
a ss es sme nt s.

Noise

Bac kg ro u nd  n o is e le v el s wer e ev a lu at e d in  t h e 19 8 0s  a t f iv e Han fo rd  Si te  lo ca ti o ns .  No is e l ev el s 
wer e ex p re ss e d as  e q ui va l en t so u nd  l e ve ls  f o r 24  ho ur s ( Le q- 2 4) .  Th e av e ra ge  n o is e l ev el  f o r th e se 
f iv e si t es  wa s 38 .8  dB/A on  t he  da te s  t es te d .  Th e wi nd  wa s i de nt if i ed  a s  t he  p r imar y co n tr ib u to r to 
b ac kg ro u nd  n o is e le v el s, wi th  wi nd s e xc ee di n g 12  mi le s p er  h o ur  ( 19  km/h r ) si gn i fi c an tl y a ff ec t in g
n oi se  l e ve ls .  Th is  st ud y  c on cl u de d t ha t ba c kg ro u nd  n oi s e le v el s in  un de v el op ed  ar ea s  a t th e  Han f or d
Sit e ar e  g en e ra ll y i n th e  r an ge  of  2 4  t o 36  dB/A.  Pe ri o ds  o f  h ig h win d, wh ic h n or ma l ly  o cc u r in  th e
s pr in g, wo ul d  e le va t e ba c kg ro un d  n oi s e le ve l s (Ne it ze l e t al . 1 99 9) .

Noi se  l e ve ls  at  t he  10 0- H Are a a re  e x pe ct ed  to  b e  s imil a r to  th e le v el s i de nt if i ed  i n  t he  Ha nf or d  s tu dy .
The re  mi gh t o cc as io n al ly  be  h ig h er  n o is e le v el s a ss oc ia t ed  wi th  o ng o in g r emed ia ti on  wo rk  at  1 00 - H.
Pot en ti a l ac t iv it ie s  a t t he  c on t amin a te d ar e a an d  b ac kg r ou nd  ar ea  a r e li s te d in  Se ct i on  2 .2 .3.  Noi se 
a ss oc ia t ed  wi th  p ot e nt ia l  FRC a c ti vi t ie s wo u ld  b e  p ro du c ed  b y  wel l- d ri ll i ng  e qu i pmen t , co mp r es so r s,
t ru ck s, an d g en er at o rs .  No is e f ro m FRC a ct i vi ti e s wo ul d  b e t empo ra r y an d  l ik el y  t o d is tu rb  wi ld l if e
o r ot he r  s en s it iv e r ec ep t or s fo r  o nl y  s ho rt  pe ri o ds  d ur i ng  d a yl ig ht  ho ur s .

3.2.9 Waste Control

Was te s g en er a te d at  th e p ro po se d  c on t amin at e d ar e a an d b ac kg r ou nd  a r ea  c o ul d in c lu de  smal l
q ua nt it i es  o f  c on ta min at e d gr ou n dwat e r fr om dr il l in g we l ls  a n d sa mp l in g i n co nt a mi na t ed  z on e s; 
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s ma ll  q u an ti t ie s of  ex ce s s so il  fr om co ri ng ;  f ie l d la bo r at or y  was te s , so me of  wh ic h wou ld  b e 
c on si de r ed  RCRA was t e;  b i ol og ic a l wa s te s;  d o me st i c wa st e s fr o m th e o ff ic e s an d l ab or a to ri es ;  a nd 
s an it ar y  was t es .

The re  a r e ex i st in g was te  di sp os a l fa c il it ie s  o n t he  Han f or d Sit e fo r  t he  di sp os a l of  ra di oa c ti ve ,
h az ar do u s, c h emic al , b io l og ic al , a nd  do me st i c wa s te s.

3.2.10 Transportation

U.S. De p ar tme nt  o f Tra ns p or ta ti o n (DOT)  Haz a rd ou s  Mat er i al s Reg ul at i on s ( Ti tl e 4 9, CFR, Par ts 
1 71 -1 80 )  e st a bl is he s  r eq u ir emen t s go v er ni ng  pa ck a gi ng  a n d sh i pp in g h az ar d ou s ma t er ia l s on  p u bl ic 
h ig hway s .  Th e st an d ar ds  ar e ap p li ca b le  t o a ny  n e ce ss ar y  s hi p me nt s o f ha z ar do us  ma te r ia ls  t o  o r f ro m
t he  p ro p os ed  FRC.  The  PNNL Shi p pi ng  an d Tr a ns po r ta ti on  Pr og r am e ns u re s c ompl ia n ce  wi th  t he 
DOT Haz a rd ou s  Mat er i al s Reg ul at i on s a nd  DOE re qu i re me nt s  s pe c if ic  t o  p ac k ag in g a nd 
t ra ns po r ta ti o n sa fe t y.  The  PNNL Haz a rd ou s Mat er i al s Tr a ns po r ta ti on  Of fi c er  wou l d be  co ns ul t ed  t o 
a ss ur e s af e p ac ka gi n g an d  t ra ns p or ta t io n of  re gu l at ed  s a mp le s , ha za r do us  ma te ri a ls , o r wa st e s.

The  1 00 - H Ar e a is  r e st ri c te d to  us e o nl y by  DOE a nd  i ts  co nt r ac to rs .  In  th e vi c in it y  o f th e  p ro p os ed 
FRC, th e  maj o ri ty  o f  r oa d s ar e b ei ng  us ed  f o r th e  d ec ommis si o ni ng  o f  t he  H Re ac t or  Bu il di ng , a nd  fo r
r emed ia t io n a ct iv it i es  a t  t he  1 8 3- H Sol ar  Ev ap or a ti on  Ba si ns  an d 10 7 -H Li qu id  Wa st e Tre nc h. La rg e 
t ru ck s a re  f r eq ue nt l y on  th e ro a ds .

3.2.11 Utilities and Infrastructure

The  Han f or d Sit e ha s  a  p o ta bl e a nd  r a w wa te r  s ys t em, su p pl yi n g th e d ev el o pe d ar e as  o f  t he  Si te ,
i nc lu di n g th e  1 00 -H Ar ea .  El ec t ri ca l  p ower  is  p r ov id ed  to  t h e 10 0 Are as  fr om t h e Bo n ne vi ll e  Powe r
Admin is t ra ti o n.  Ad d it io n al  s up p or t s er vi ce s  i nc l ud e se wer s, fi re  p r ot ec t io n, wa st e d is po sa l , an d 
s af eg ua r ds , a nd  s ec u ri ty .

Key  e le men ts  of  s it e  i nf r as tr uc t ur e i nc lu de  fa ci l it ie s a nd  r o ad s (DOE/ RL 19 94 a) .  On s it e
p ro gr ammat ic  an d ge n er al  pu rp os e  f ac i li ti es  pr ov i de  6 .5  mi ll i on  s qu a re  f e et  ( 60 0 ,0 00  m2 )  o f sp a ce .
Gen er al  pu rp o se  f ac i li ti e s in cl u de  o f fi ce s, la bo r at or ie s , sh o ps , wa r eh ou s es , an d  o th e r fa ci l it ie s .
Pro gr ammat ic  sp ac e s up po r ts  a  l i qu id  wa st e e va po r at or , was te  re co ve r y, t r ea tmen t , st o ra ge  f a ci li t ie s,
a nd  r es e ar ch  an d de v el op men t la b or at o ri es .  Th e r oa d ne t wo rk  is  wel l  d ev e lo pe d a t Ha n fo rd  wi th 
a pp ro xi mat el y  2 90  mi le s ( 46 0 km)  o f r oa ds .  Up gr a de s ar e  p la n ne d or  un de r wa y to  su pp o rt 
r emed ia t io n e ff or ts  in cl u di ng  i n  t he  10 0 Ar e as , a s ha ul i ng  wa st es  a n d wa s te  s it e  c ov e r ma te r ia l i s
i nt eg ra l  t o man y of  th e r emed ia t io n e ff or ts .  An c il la ry  fa ci l it ie s wou ld  be  u se d  t o s up po rt  th e p ro po se d 
FRC.

FRC s ta f f an d  r es ea r ch er s  wou ld  us e e xi st in g  f ac i li ti es  at  PNNL, in c lu di n g of fi c es /l a bo ra to r ie s i n th e
Lif e Sc i en ce  Bu il di n g (3 3 1 Bu il d in g) , t he  En vi ro n me nt al  Mo le c ul ar  Sc ie nc e s La bo r at or y , Si gma  V
Bui ld in g , th e  Res ea r ch  Te ch no lo g y La b or at or y , th e  Che mi c al  En gi ne er i ng  La bo ra to r y, a n d th e Pla nt 
Gro wt h Fac il i ti es .

3.2.12 Environmental Justice

On Fe br u ar y 1 1, 1 99 4 , th e  Pre si d en t o f th e Uni te d  Sta te s  i ss u ed  Exe c ut iv e  Ord er  12 89 8 , Fed er al 
Act io ns  to  Ad dr es s Env ir o nmen ta l  J us t ic e in  Mi no r it y Po p ul at i on s an d  Low- In co me  Po pu l at io ns .
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The  Exe c ut iv e  Ord er  ma nd a te s th a t ea c h fe de r al  a g en cy  ma ke  e n vi ro nme nt al  ju st ic e  p ar t  o f th e 
a ge nc y mis si o n an d t o ad d re ss , a s ap p ro pr ia t e, d i sp ro po r ti on a te ly  h i gh  a n d ad ve r se  h u ma n he a lt h o r
e nv ir on men ta l  e ff ec t s of  th e pr o gr ams  a nd  p o li ci e s on  mi no ri t y an d l ow-i n co me  p o pu la t io ns .

App ro xi mat el y  3 83 ,9 3 4 pe o pl e li v e wi t hi n a 5 0- mi l e (8 0- k m)  r a di us  o f  t he  Ha nf or d  Sit e .  Bas e d on 
1 99 0 ce n su s d at a, mi no ri t ie s co mpo se  ne ar ly  25  p e rc en t o f th e  p op ul a ti on .

The  d is t ri bu t io n of  mi no r it y po p ul at i on s re s id in g  i n ar e as  s u rr ou nd i ng  t h e Ha nf o rd  Si te  i s s ho wn  in 
Tab le  3 - 2.  The  t ab l e sh o ws  min o ri ty  po pu la t io ns  an d th e  r ac i al  a nd  et hn i c co mp o si ti o ns  wit h in  a  50 -
mi (8 0- k m)  r a di us  o f  t he  Si te .  At  t h e ti me  of  1 9 90  c en s us , His pa ni c s co mpo se d n ea rl y  8 1 pe r ce nt  of 
t he  min o ri ty  po pu la t io n s ur ro un d in g t he  Han f or d Sit e.  The  Si te  i s a ls o s ur ro un d ed  b y  a  r el a ti ve l y
l ar ge  p e rc en t ag e (a b ou t 8  p er ce n t)  o f  Nat iv e  Ame r ic an s b ec au s e of  t h e pr e se nc e o f th e  Yak ama  I nd i an 
Res er va t io n i n th e v ic in i ty  ( Ne i tz el  et  a l. 19 99 ) .

Table 3-2.  Description of the Populations Surrounding the Hanford Site (1990)

Environmental Justice Parameter PNNL

Population and Minority Population Statistics

Population within 50 mi (80 km) of center of Site 383,934

Minority population within 50 mi (80 km) of center of Site 25%

Native American and other race categories 7,913

Asian or Pacific Islander population 5,864

African American population 4,331

Hispanic origin population 76,933

Distribution of Low-Income Households in 50 mi Radius of Site

Households in counties surrounding the Site 204,501

Low-income households in counties surrounding the Site 86,693

Percent of low-income households in counties surrounding the Site 42%

3.3 No Action

The re  wo ul d b e no  a f fe ct e d en vi r on me n t un de r  t he  No  Act i on  a l te rn at i ve .  No  DOE si te s  wou ld  be 
u se d fo r  o pe r at io n o f an  FRC to  co nd u ct  b as i c fu n da me nt a l bi o re me di a ti on  re se ar c h.
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4.0 ENVIRONMENTAL CONSEQUENCES

Thi s se c ti on  de sc ri b es  t h e en vi r on me n ta l co n se qu e nc es  o f  t he  al te rn a ti ve s —t he  ORNL/Y- 12  Sit e  ( th e 
p re fe rr e d al t er na ti v e) , t he  PNNL/Han f or d Si t e 10 0 -H Are a , an d  No Ac t io n.  The  a n al ys e s ar e b as ed 
o n th e t yp e o f wo rk  an d r es ea rc h  a ct i vi ti es  th at  wo ul d b e ex p ec te d t o oc c ur  o n t he  FRC.

4.1 Oak Ridge National Laboratory/Y-12 Site

4.1.1 Earth Resources

4.1.1.1 Topography

FRC r es e ar ch  ac ti vi t ie s wou ld  n o t ch a ng e th e  l an d sc ap e ( e.g., l ar ge - ar ea  bu ll do z in g, la rg e- s ca le 
c le ar in g , an d  e xc av a ti on .)  Act i vi ti e s to  s u pp or t  s it e c ha ra c te ri za t io n, to  o bt a in  r e se ar ch - qu al i ty 
s ampl es , a nd  i n si tu  r es ea rc h  wou l d no t i mp ac t  t he  g e ne ra l  t op og r ap hy  of  t he  pr op o se d FRC b ec a us e
o f th e s ma ll - sc al e n at ur e  ( le ss  th an  on e ac r e)  o f  t he  p r op os e d ac ti v it ie s .

4.1.1.2 Geology

The  g eo l og y o f Be ar  Cr ee k  Val le y  p ro v id es  a  un iq u e op po r tu ni t y to  i n ve st i ga te  t h e ph y si og ra p hi c
i nf lu en c e of  ge ol og i c un i ts  a ff e ct in g  t he  mo ve me n t an d c on ta i nmen t o f co n ta mi na n ts .  FRC re s ea rc h 
a ct iv it i es  s h ou ld  p r ov id e  r es ea r ch er s  i ns ig h t in t o ho w t he  s t ra ti gr a ph y o f Be ar  Cr ee k  Val le y  a ff e ct s
v ad os e z on e c on ta mi n an ts .  Be ca u se  o f  t he  s mal l s ca le  o f  i nv e st ig at i on s ( le ss  t h an  o n e ac re  an d t o a
d ep th  o f  u p t o 75  f e et ), no  i mp a ct s t o th e l ar ge  ge ol og i c un i ts  a re  an ti c ip at ed  as  a  re su lt  of  p r op os ed 
FRC a ct i vi ti e s.

When drilling deep boreholes within the FRC, there would be a small potential for downhole
migration of shallow contaminants to deeper zones through the borehole annular space.  Procedures
for preventing this migration, such as installing conductor casing across the unconsolidated zone
and sealing with low permeability grout or bentonite prior to drilling to deeper bedrock zones,
would be developed and described in the FRC management documents.

4.1.1.3 Soils

Soi ls  wi th in  th e FRC a re  pr ev io u sl y d is tu rb e d an d  c ompo s ed  o f  man -ma de  f i ll , al l uv iu m a nd 
c ol lu vi u m.  Pro po se d  FRC ac ti vi t ie s wou ld  d i st ur b  t he se  so il  ty pe s o nl y i n ar ea s  whe r e dr il l in g,
b or in g, or  we ll  i ns t al la t io n wo u ld  o c cu r.  Unc on t amin at e d so i ls  wou l d be  re di st r ib ut e d ar ou n d th e  t es t
p lo t.  Con ta min at ed  so il s  wou ld  be  d i sp os ed  of  i n  a cc or d an ce  wi th  s i te -s p ec if ic  ma na g emen t p la ns .
Soi ls  o b ta in e d as  r e se ar c h- qu al i ty  s a mp le s wou ld  be  c ha r ac te r iz ed  f o r po t en ti al  ha za r do us 
c on ta mi n an ts  pr io r t o la b or at or y  e xp e ri me nt a ti on .  It  i s  e st i ma te d t ha t t he  q ua n ti ty  of  s oi l  r emo ve d as 
a  r es ul t  o f r es ea rc h  a ct i vi ti es  at  a  te st  p l ot  wo ul d be  smal l  ( 1.2 c ub ic  fe et  p e r bo r e ho le ;  1 0 t o 15  b o re 
h ol es  p e r te s t pl ot ) ; th e re fo re , i mp a ct s to  so il s  wou ld  be  mi ni ma l.
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4.1.2 Climate and Air Quality

ORR/Y-1 2  e mi s si on s a re  wi th in  s t an da r ds  s et  by  t h e NAAQS f or  pr io ri t y po l lu ta nt s .  Ad di ti on a l
c ri te ri a  p ol l ut an ts  ge ne r at ed  a s  a  r e su lt  o f  s ma l l- sc al e  t emp or ar y d ri ll i ng , cl e ar in g , or  o t he r s it e
d ev el op men t a ct iv it i es  wo ul d be  smal l  a nd  wo ul d n ot  c au s e NAAQS v io l at io n s.  Be c au se  ORR/ Y- 1 2
i s in  a n  a tt a in me nt  ar ea  fo r al l  c ri t er ia  p o ll ut a nt s, a  co nf o rmit y d et er min at io n  i s n ot  n ee d ed .

Dri ll in g  a nd  as so ci a te d s ampl in g  a ct i on s wo u ld  n o t pr od u ce  s i gn if ic a nt  a mou nt s o f fu g it iv e d us t.  I t is 
e xp ec te d  t ha t  t he se  ac ti v it ie s wou ld  ge ne ra t e mu c h le ss  du st  th an  n o rmal  fa rmin g  p ra c ti ce s i n th e 
s ur ro un d in g Oak  Rid g e ar e a.  Be c au se  of  t he  la rg e  n umbe r  o f e xi st in g  wel l s an d e xi st i ng  NABI R
r es ea rc h  s up p or t in f ra st r uc tu re  at  ORNL, it  is  a n ti ci pa t ed  t h at  min i ma l l an d di s tu rb a nc e wo u ld  b e 
r eq ui re d .

Ope ra ti o n of  th e FRC wou l d us e s ta nd a rd , co n st ru c ti on  b e st  ma na ge me n t pr a ct ic es  to  mi ti ga te  an y
a ir bo rn e  r el e as es .  Co mmo n me as u re s i nc lu de  ap pl i ca ti on  of  wa te r fo r  d us t  s up pr e ss io n  a nd  t o  c on t ro l
f ug it iv e  e mi s si on s d ur in g  d ri ll i ng  a n d ot he r  a ct i vi ti es .  It  is  a nt i ci pa t ed  t ha t  t he s e an d o th er 
c on st ru c ti on / dr il li n g ma n ag emen t  p ra c ti ce s s ho ul d  a de qu a te ly  co nt ro l  f ug i ti ve  e mis si o ns  o f
r ad io nu c li de s  a nd  a n y ot h er  a ir  po ll u ta nt s.

The  r el e as e o f ra di o lo gi c al  c on t amin a nt s in t o th e  a tmos p he re  at  ORR/ Y- 12  oc cu rs  al mo s t ex cl u si ve l y
a s a re s ul t o f Y- 12  pl an t  p ro du c ti on , mai nt e na nc e , an d was te  co nt ro l  a ct i vi ti es .  In  19 97 , 4 6 of  th e Y- 
1 2 Pl an t ’s  5 8  s ta ck s  wer e  c on si d er ed  ma jo r s ou rc e s of  r a di on u cl id e e mi ss i on s (ORNL 1 9 98 ).  A
maj or  s o ur ce , a s de f in ed  un de r Nat io n al  Emi s si on s  Sta nd a rd  f o r Ha za r do us  Ai r Po l lu ta n ts  ( NESHAP) 
i n 40  CFR 61 , Su b pa rt  H, i s a  s ta c k/ ve nt  th at  co nt ri b ut es  mo re  t h an  0 .1 mr em pe r y ea r to  an  o f fs it e
i nd iv id u al   I t is  n o t an t ic ip at e d th a t FRC a ct iv i ti es  wo ul d r es ul t i n ad d it io na l  r ad i ol og ic a l
c on ta mi n an ts  be in g r el ea s ed  i nt o  t he  at mo sp h er e.  Fin al  pr oj e ct  p la n s wo u ld  b e e va lu a te d fo r 
a pp li ca b il it y  o f th e se  b e st  man a ge me n t pr ac t ic es  an d th e  r eq u ir emen t s of  an y pe r mi ts  wo ul d b e
c ompl ie d  wit h  i f re q ui re d .

Oth er  s u bs ta n ce s, wh ic h c ou ld  b e  r el e as ed  i n to  t h e ai r a t th e  FRC, i nc lu d e ox yg e n, h y dr og en ,
n it ro ge n , an d  met ha n e.  Non e of  th es e  a re  r e gu la t ed  u nd e r st a te  o r f ed er a l ai r r eg ul a ti on s.
Gro un dwa te r c ol le ct e d du r in g th e  r es e ar ch  a c ti vi t ie s wo u ld  n o t be  e x pe ct e d to  c o nt ai n  p ol lu t an ts  th at 
wou ld  v o la ti z e in to  th e a ir .

No ad ve r se  i mpa ct s t o ai r  q ua li t y wo u ld  b e e xp ec t ed  f ro m FRC ac ti vi t ie s.

4.1.3 Water Resources

4.1.3.1 Surface Water

The  p ri mar y s ur fa ce  wa te r  f ea tu r e of  th e FRC i n BCV i s Bea r Cre ek .  Be ar  Cr ee k i s su p pl emen t ed  b y 
o th er  s mal l t ri bu ta r ie s a nd  s pr i ng s e ma na ti n g pr i ma ri ly  fr om th e ba s e of  Ch es tn u t an d  Pin e Rid ge s .
Sur fa ce  wa te r  a nd  s p ri ng  sa mp le s  c ol l ec te d d ur in g  1 99 7 s ho w t ha t sp r in g d is ch ar g es  a n d wa te r  i n t he 
u pp er  r e ac he s  o f Be a r Cr e ek  c on t ai n man y of  th e c on ta mi n an ts  fo un d i n th e  g ro un d wa te r .

FRC a ct i vi ti e s to  s u pp or t  s it e c ha ra c te ri za t io ns , o bt ai n  r es e ar ch -q u al it y  s ampl e s, a n d pe rf o rm  i n si tu 
r es ea rc h  wou l d oc cu r  a wa y  f ro m a ll  s u rf ac e wat er s  i nc lu d in g Bea r Cr e ek .  Re se ar c h ge n er al ly  wo ul d 
t ak e pl a ce  a p pr ox ima te ly  10 0 fe e t or  mo re  f r om Be ar  Cre e k.  Res ea rc h  a ct i vi ti es  wo ul d  b e te mpo ra r y
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a nd  s ma l l in  sc al e.  Any  po te nt i al  r u no ff  o c cu rr i ng  a s a  r es u lt  o f g ro un d -d is tu r bi ng  ac ti vi t ie s, co up le d 
wit h ra i n ev e nt s, wo ul d b e re du c ed  b y  i mp le men ti n g be st  ma na g emen t p ra ct i ce s su c h as  si lt  f e nc in g  a t
s it e- sp e ci fi c  r es ea r ch  a r ea s wi t hi n t he  FRC.

The  p ot e nt ia l  e xi st s  t ha t  g ro un d wa te r  a dd it i ve s i nj ec te d  a s p ar t of  i n si tu  re se ar c h at  ei th er  th e
b ac kg ro u nd  o r  c on ta min at e d ar ea s  mig h t pa ss  th ro u gh  g ro u nd wa t er  t o t he  s u rf ac e wat er s  o f Be a r
Cre ek .  As  d e sc ri be d  i n App en di x  A, s ma ll  q u an ti t ie s of  no nt o xi c tr a ce rs , n ut ri e nt s, el ec tr o n do n or s or 
a cc ep to r s, mi cr oo rg a ni sms , or  o t he r s ub st an c es  mi gh t be  in je c te d ei t he r i n th e b ac kg r ou nd  o r 
c on ta mi n at ed  ar ea s o f th e  FRC i n  a cc o rd an ce  wi th  st at e a nd  f e de ra l r eg ul a ti on s, be st  ma na ge men t
p ra ct ic e s an d  c lo se  mo ni t or in g o f en v ir on me n ta l c on di ti o ns .  Wh il e i n si tu  re se ar c h at  th e ba c kg ro u nd 
a nd  c on t amin a te d ar e as  wo ul d pr o vi de  ad di ti o na l i nf or ma t io n o n gr ou n dwat e r fl ow pa th s  a nd  t h e
mov emen t  o f i nj ec te d  mat e ri al s, su ff i ci en t i nf or mat io n c ur re n tl y ex i st s t o pe rmi t es t imat es  of  p o te nt ia l 
i mp ac ts  fr om th e in j ec ti o n of  t h es e mat er ia l s.

4.1.3.1.1 Tracers

To be tt e r un d er st an d  g ro u nd wa te r  f lo w p at hs  an d s pe ed , n on to x ic  a nd  no np e rs is te n t tr a ce rs  c o ul d b e
i nj ec te d  i n c on ce nt r at io n s ra ng i ng  f r om l es s  t ha n  5 00  p a rt s p er  mil l io n ( pp m)  t o  1 0,0 00  p pm at  b o th 
t he  b ac k gr ou n d an d c on ta min at ed  ar ea s  o f th e  p ro p os ed  FRC.  Exa mp le s  o f t ra ce rs  th at  mi gh t b e us e d
i nc lu de  br omi de , so d iu m c hl or id e  ( Na Cl) , dy e s su c h as  f l uo re s ce in  o r  r ho d amin e WT, n o bl e ga s es 
( e.g., n eo n o r he li u m) , s ul fu r h ex af l uo ri de , mic r os ph er e s, o r  b ac te r io ph a ge s (i .e., a  v ir us  th at  at ta ck s 
b ac te ri a .)   I n so me  ca se s , mo re  th an  on e tr a ce r mig ht  b e  i nj e ct ed  d u ri ng  th e co u rs e o f a fi e ld  s t ud y.
I nj ec ti o ns  a t  t he  b a ck gr o un d ar e a wo u ld  n ot  oc cu r  i n cl o se  p r ox imit y  t o Bea r Cr e ek  ( g re at er  th an  30 0
f ee t) ; h owev e r, b ec a us e i nj ec ti o ns  a t  t he  c o nt ami na te d a re a c ou ld  b e  a s c lo se  a s  1 00  fe et  t o  Bea r 
Cre ek , t he  p o te nt ia l  e xi s ts  f or  tr ac e rs  t o r ea ch  th e su r fa ce  wa te rs  of  Be ar  Cre e k.

At le as t  t wo  di ff er e nt  t y pe s of  tr ac e rs  h av e  b ee n  i nj ec t ed  wi th in  1 0 0 fe e t of  Be ar  Cr ee k in  th e
p ro po se d  c on t amin at e d ar e a wi th i n th e  p as t f ew y e ar s.  I n on e  t es t, ap pr o xi ma te l y 9 g al lo ns  (4 0 L) of 
a  mag ne s iu m b ro mi de  tr ac e r wa s i nj ec t ed  i nt o  a  we ll  t ha t  i s a bo ut  1 0 0 fe e t fr om Be ar  Cr ee k a t a
c on ce nt r at io n  o f 10 ,00 0 p pm b ro mid e ( Wa ts on  an d Gu 19 98 ) .  Th e ma xi mum c o nc en tr a ti on  of 
b ro mi de  de te c te d in  a gr o un dwat e r se e p ad ja c en t t o Be ar  Cr ee k  was  0 .57  p p m, f or  a di l ut io n f ac to r  o f
1 7,50 0.  I n Bea r Cr e ek , t he  d il u ti on  fa ct or  un de r  d ry  b a se  f l ow c on d it io n s wa s 7 0,00 0 .  I n a dd it i on ,
t he  c on c en tr a ti on  o f  b ro mid e in  th e s ee p re t ur ne d  t o ba c kg ro u nd  l ev e ls  wi th in  1 5  d ay s  a ft er  th e t ra ce r
was  i nj e ct ed .  In  a  se co n d te st , 5 00  gr ams o f fl u or es ce i n dy e  was  a d de d t o a 3 g ra ms  pe r li t er  s o lu ti on 
o f Na Cl .  Ap p ro xi ma t el y 2 ,3 20  g a ll on s  ( 10 ,2 2 0 L)  of  t he  so lu t io n wa s  i nj e ct ed  i n to  a  dr y pa r t of  th e
Bea r Cr e ek  s t re am b e d in  an  a tt e mp t t o be tt e r un d er st an d  t he  gr ou nd wat er  fl ow p a th s ( Ge ra gh t y an d 
Mil le r 1 98 9) .  At  d o wn st r ea m po i nt s i n Be ar  Cr ee k  whe re  th e d ye  e me r ge d, no  a dv e rs e e ff ec ts  on 
a qu at ic  li fe  we re  d e te ct e d.   Fi na ll y , in  a  th ir d  t es t, 5 ga l lo ns  o f  a  5 ,00 0 pp m b ro mid e so l ut io n  was 
i nj ec te d  l es s  t ha n 1 00  f e et  f ro m t he  cr ee k.  Bro mid e wa s  n ot  de te ct e d ab o ve  b ac k gr ou n d le ve l s in 
s ee ps  o r  i n Bea r Cr e ek  ( Wat so n 1 99 9a ) .  Bas e d on  th es e s tu di e s, t ra c er s i nj ec te d  i n t he  c on t amin a te d
a re a ap p ea r t o be  g r ea tl y  d il ut e d, a n d in  a t  l ea s t on e c as e wer e no t  d et e ct ab le  in  Be ar  Cre e k.

Dif fe re n t tr a ce rs  mo ve  a n d di ff u se  i n to  t he  gr ou n dwat er  at  d i ff er en t  r at e s.  Th e re fo r e, t he  us e o f mo re 
t ha n on e  t ra c er  a t t he  s a me  t ime  p ro v id es  a d di ti o na l in f or ma t io n ab o ut  t h e su bs u rf ac e  t ha n wou ld  be 
p os si bl e  wit h  o nl y o ne  t r ac er .  Th e u se  o f mul ti p le  t ra c er s a t on e t ime wou ld  n o t be  ex pe ct e d to  re su lt 
i n an  i n cr ea s ed  p os s ib il i ty  t ha t  a ny  of  t he  tr ac e rs  wou l d re a ch  Bea r  Cre e k.  Mu l ti pl e  t ra ce r s ha v e be en 
u se d at  an ot h er  f ie l d si t e on  t h e Oa k  Rid ge  Re se r va ti on .  Th e  r es ul t s of  th is  s t ud y s ug ge st  no t o nl y th a t
t he  mov e me nt  of  o ne  tr ac e r is  n o t af f ec te d b y an o th er , b ut  t h at  a ll  of  t h e tr ac e rs  b e co me  d i lu te d  v er y
q ui ck ly  (J ar d in e et  al . 1 99 9a ).  Simi la rl y, th e u se  o f mul ti p le  t ra c er s a t th e c on ta min at ed  ar ea  wo ul d b e
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e xp ec te d  t o r es ul t i n mo v emen t a nd  d i ff us io n  p ro f il es  f o r ea c h tr ac e r co n si st en t  wit h  t he ir  in di v id ua l
mov emen t  a nd  di ff us i on  p r of il es .

Tra ce r c on ce n tr at io n s wo u ld  n ot  be  e x pe ct ed  to  e x ce ed  1 0 ,0 00  pp m.  Thi s, co up le d  wit h  t he  a p pa re n t
h ig h de g re e o f di lu t io n ( ma tr ix  di ff u si on ) o f tr a ce rs  i n  t he  gr ou nd wat er  of  t he  co nt a mi na te d  a re a , an d
t he  l ac k  o f a dv er se  en vi r on me nt a l imp ac ts  t o  a qu a ti c re s ou rc e s fr om mu ch  hi gh er  le ve l s of  a  tr ac e r,
s ug ge st s  t ha t  n o en v ir on men ta l i mp ac t s wo ul d  b e e xp ec te d  f ro m t he  i n je ct i on  o f t ra ce r s.  Fu r th er 
i nf or ma t io n o n th e p ro po s ed  u se  of  g r ou nd wa t er  t r ac er s a t th e  FRC i s  a va i la bl e i n Ap p en di x A.

4.1.3.1.2 Electron Donors and Acceptors and Other Nutrients

To st imu la te  th e ac t iv it y  a nd  g r owth  of  mic r oo rg a ni sms, el ec t ro n do n or s o r ac ce p to rs  or  o th e r
n ut ri en t s co u ld  b e i nj ec t ed  i n c on ce n tr at io n s ra n gi ng  f r om 1 0 0 pp m t o 1,0 00  p pm (i .e ., 10 0 mg/ L t o
1 ,0 00  mg /L) a t bo th  th e b ac kg ro u nd  a n d co nt a mi na t ed  a re a s of  th e pr o po se d  FRC.  Ex amp le s of 
e le ct ro n  d on o rs  t ha t  mig h t be  u s ed  i n cl ud e a ce ta t e, g lu c os e, la ct at e , py r uv at e, mo la s se s, o r  b io mas s
r emna nt s  ( e.g ., y ea s ts ).  Exa mp l es  o f  e le ct r on  a c ce pt or s  t ha t  mig ht  be  u s ed  i nc l ud e o xy ge n, ni tr a te ,
met ha ne  or  s u lf at e.  Oth e r nu tr i en ts  mi gh t i nc lu d e ni tr o ge n a nd  p ho s ph or u s.  In j ec ti o ns  a t t he 
b ac kg ro u nd  a r ea  wou l d no t  o cc ur  in  c l os e pr o xi mi t y (wit h in  3 0 0 fe et )  t o Bea r Cr e ek .  Ho we ve r ,
b ec au se  in je c ti on s a t th e  c on ta min at e d ar ea  co ul d  b e as  cl os e  a s 10 0  f ee t  t o Be a r Cr e ek , th e  p ot e nt ia l
e xi st s f or  e l ec tr on  do no r s, e le c tr on  ac ce pt o rs , a nd  n ut r ie nt s  t o re a ch  t h e su rf a ce  wa te rs  o f  Bea r  Cre ek .
Sho ul d t he y r ea ch  Be ar  Cr ee k in  su ff i ci en t c on ce n tr at io n , th e y co ul d  s ti mul at e mic ro b ia l po p ul at i on s
i n th e v ic in i ty  o f t he  p o in t of  en tr y .

Whi le  t h er e h av e be e n no  di re ct  in je c ti on s o f el e ct ro n d on or s  o r ac c ep to r s, o r n ut ri e nt s at  ei th e r th e
b ac kg ro u nd  o r  c on ta min at e d ar ea s , th e re  h as  be en  an  a dd i ti on  of  a n e le ct r on  d on o r (s p ec if ic a ll y a 
c ar bo n s ou rc e ) to  t h e su b su rf ac e  i n t he  c on t amin a te d ar e a.  Dur in g c on st r uc ti on  of  o n e of  t h e two 
p er me ab l e re a ct iv e b ar ri e rs  i n t he  c o nt amin a te d a re a, a p pr ox i ma te ly  80 ,0 0 0 ga ll o ns  o f  a  g ua r  g um
b io po ly mer  s l ur ry  wa s pu mpe d in t o th e  t re nc h  t o k ee p th e  s id e  wal ls  fr om co ll ap s in g.  Onc e t he 
c on st ru c ti on  ef fo rt  wa s c ompl et e d, a n  e nz yme  was  ad de d t o th e  s ub su r fa ce  to  b re a k do wn th e g ua r
g um.  Th is  r e su lt ed  in  a n  e xt re mel y l ar ge  s o ur ce  of  c ar b on  f o r th e s ub su r fa ce  mi cr ob i al  c ommun it y 
a nd  a  s o ur ce  th at  a l so  mo ve d wi t h th e  g ro un d wa te r  a nd  s e ep ed  in to  Be ar  Cr ee k (Wa ts on  an d Gu 
1 99 9) .  Gu ar  gu m en t er in g  t he  c r ee k f or me d a  s he e n th at  ex te n de d le s s th a n 10 0 f ee t d owns tr e am.  In 
a dd it io n , th e re  was  a st r on g su l fu r s me ll  ( d ue  t o  t he  g r owth  of  s ul f at e- r ed uc in g  b ac t er ia ) t ha t l as te d f or 
s ev er al  mo nt h s.  Ho wev er , n o lo n g- te r m ec ol o gi ca l  i mp ac t s we r e ob se r ve d i n Be ar  Cr ee k  f ro m t hi s
d is ch ar g e (Wa ts on  1 9 99 b) .  Wh il e  t hi s  s it ua t io n s ug ge st s  t ha t  a t su f fi ci e nt  c on c en tr a ti on  e l ec tr o n
d on or s c ou ld  re ac h Bea r Cre ek , t he  a mou nt  o f  e le c tr on  d o no rs  th at  mi gh t b e ad de d  a t t he 
c on ta mi n at ed  ar ea  wo ul d b e th ou s an ds  of  t ime s le s s th an  th e a mo un ts  th at  we re  a d de d i n th is  si tu a ti on 
( Wa ts on  19 99 b ).

Mor e ty p ic al  of  t he  amou n t of  e l ec tr o n do no r s th a t mi gh t  b e a dd ed  t o  t he  co nt ami na te d  a re a wou ld  be 
t he  a mo u nt s u se d in  a re c en t fi e ld  s t ud y at  a co n ta mi na t ed  s i te  i n Sch oo l cr af t, Mi ch i ga n (Dy ba s e t al .
1 99 7) .  In  t h e Sc ho o lc ra f t st ud y , bo t h ac et a te  a n d mi cr o or ga n is ms  we re  a d de d to  a sa n dy  a qu i fe r t o
d eg ra de  ca rb o n te tr a ch lo r id e.  I ni ti a l ac et a te  c o nc en tr a ti on s  wer e 1 00  p p m, b ut  su bs e qu en t a na ly s es 
i nd ic at e d th a t on ly  50  p p m wa s s uf fi c ie nt  t o  d eg r ad e th e  c ar b on  t et r ac hl o ri de .  Ba se d  o n da t a co l le ct ed 
f ro m do wns tr e am mon i to ri n g we ll s , ac e ta te  c o nc en t ra ti on s  wer e  a t ba c kg ro u nd  wit h in  a b ou t th r ee  f e et 
( th re e met er s ) of  t h e in j ec ti on  we ll .  Th er e fo re , i t ap p ea rs  th at  t h e ba c te ri a u se d t he  a ce t at e a s a ca r bo n
s ou rc e whi le  de gr ad i ng  t h e ca rb o n te t ra ch lo r id e, an d th a t th e  a ce ta t e wa s  c ompl e te ly  us ed  u p  wit h in 
a bo ut  t h re e f ee t of  th e i nj ec ti o n po i nt  ( Cr i dd le  19 99 a) .
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The re  wa s a p os si bi l it y t ha t th e  mic r ob ia l c ommu n it y (t h e mi x  o f sp e ci es  of  mic r oo rg a ni sms i n a
g iv en  v o lu me  of  t he  se di men t)  mi gh t b e pe rma ne nt l y al te r ed , o r th at  th e e ff ec t o f th e  a dd it i on s mig ht 
e xt en d s ome g re at  d i st an c e fr om th e i nj ec ti o n po i nt .  To  s tu d y th is , t he  sc ie nt i st s i nv ol ve d  i n t he 
Sch oo lc r af t s tu dy  h a ve  b e en  mon i to ri n g co nd i ti on s  i n do wns tr e am wel l s fo r  a lmos t  t wo  ye ar s.  Whi l e
c ha ng es  ha ve  be en  d e te ct e d in  mi cr ob i al  c ommun it i es  d own st re a m fr om th e i nj ec ti o n we l l, t he s e
c ha ng es  ap pe a re d on l y up  to  a  d i st an c e of  a b ou t t hr ee  f e et  f r om t he  in je c ti on  we ll  a n d th ey  ha ve  be en 
s ta bl e f or  a l mo st  t wo ye a rs  ( Cr i dd le  19 99 b) .  In  ad di ti o n, i t  a pp ea r s th a t as  t h e co n ce nt ra t io n o f th e
a ce ta te  de cr e as es  wi th  d i st an ce  fr om th e in j ec ti o n po in t , th e  mic ro b ia l c ommu ni t y ap p ea rs  t o  r et u rn  t o
t he  o ri g in al  co mmun i ty .  Th e ph e no me n a of  l o ca li z ed  c ha n ge s t o th e mic ro b ia l co mmu ni t y ap pa r en tl y 
i s no t t ha t u nu su al .  Two  r ec en t  s tu d ie s at  two d if fe re n t fi e ld  s it e s li k ewis e d is cu s s sh if t s in  th e mi x  o f
s pe ci es  pr es e nt  i n c on ta min at ed  so il s  a nd  g r ou nd wat er  f r om t h at  p re s en t i n ne ar b y un c on ta mi n at ed 
a re as  ( Kon op k a et  a l . 19 9 9, Roo n ey -Va rg a et  al . 1 99 9) .  In  b o th  s tu d ie s, ch an ge s  i n t he  mic r ob ia l 
c ommu ni t y we r e ag ai n  a tt r ib ut ab l e on l y to  t h e pr e se nc e o f co n ta mi na t io n ( i.e., t he  c o nt amin a nt  o r 
n ut ri en t  a dd i ti on  h a d to  be  p re s en t t o re su l t in  ch an ge s  i n t he  mic r ob ia l  c ommu n it y) .  Ta ke n  t og e th er ,
t he se  s t ud ie s  s ug ge s t th a t wh en  nu tr i en ts  o r  c on t amin an t s ar e  “ ad de d ” to  th e su b su rf a ce , th e  mic r ob ia l
c ommu ni t y st r uc tu re  ch an g es , bu t  t he  ch an ge s  a re  lo ca li z ed  a n d oc cu r  o nl y  i n th e  p re s en ce  o f  t he 
a dd it io n  ( i.e ., a  c a rb on  so ur ce , a  c o nt amin a nt , e tc .) 

I nj ec ti o n of  el ec tr o n do n or s or  ac ce p to rs  o r  n ut r ie nt s i nt o t he  c on t amin a te d ar e a wo u ld  b e a t le v el s
mor e co n si st e nt  wit h  t ho s e us ed  at  t h e Sc ho o lc ra f t si te  ra th e r th an  th e l ev el s e nc ou n te re d d ur in g  t he 
g ua r gu m s it u at io n.  For  ex ampl e , as  pa rt  o f  a no t he r pr o gr am, ORNL s ci en t is ts  a r e pl a nn in g t o in j ec t
l es s th a n 70 0  p pm o f  l ac t at e (a n  e le c tr on  d o no r)  to  s ti mul at e  t he  mi cr ob i al  c ommun it y  i n an o th er  fi el d
s it e on  th e Oak  Rid g e Re s er va ti o n to  ex amin e  whe t he r co b al t c on ta mi n at io n  c an  b e  mit i ga te d ( Ja rd i ne 
1 99 9b ; Bro ok s  e t al . 1 99 9 ).  An o th er  re as on  fo r i nj ec ti n g on l y lo w l ev el s  o f el e ct ro n  d on or s  o r
a cc ep to r s or  nu tr ie n ts  i s  t ha t a t hi g h co nc e nt ra t io ns , t he  i n je ct io n  o f e le ct ro n  d on o rs  o r a cc ep t or s or 
n ut ri en t s co u ld  o ve r st imu la te  mi cr ob i al  r ep r od uc t io n an d  r es u lt  i n wel l c lo gg in g .  Co ns is te n t wi t h th e
f in di ng s  f ro m t he  Sc ho ol c ra ft  s t ud y, el ec tr o n do n or s or  ac ce p to rs  o r  n ut r ie nt s i nj ec t ed  i nt o  t he 
c on ta mi n at ed  ar ea  wo ul d n ot  b e e xp ec t ed  t o mig ra t e th e min imu m 10 0 f ee t t o Be ar  Cr ee k .  Rat h er ,
t he y wo u ld  b e  u se d b y na t iv e mi c ro or g an is ms  an d wou ld  b e  u nd e te ct ab l e wi t hi n 25  fe et  of  t he 
i nj ec ti o n po i nt .  Fu rt he r  i nf or mat io n  o n th e  p ro p os ed  u s e of  el ec tr o n do n or s an d  a cc e pt or s a nd 
n ut ri en t s at  th e FRC i s a va il ab l e in  Ap pe nd i x A.

4.1.3.1.3 Microorganisms

To de te r mi ne  wh et he r  i t mig ht  b e  f ea s ib le  t o  a dd  mi cr oo r ga ni s ms  t o a  c on t amin at e d su b su rf ac e 
e nv ir on men t, a smal l  q ua n ti ty  ( 2  X 1 0 7  co lo ny  fo rmi ng  u ni t s pe r  ml [c f u/ ml ] ) of  n a ti ve  or  n on - na ti v e
mic ro or g an is ms co ul d  b e i nj ec te d  i nt o  t he  b a ck gr o un d an d  c on t amin at e d ar e as  o f t he  p r op os ed  FRC.
Nat iv e mic ro o rg an is ms wo u ld  b e i so la t ed  f ro m t he  co nt ami na te d  a re a a nd  t h en  r ei n je ct e d.
Rei nj ec t io n o f na ti v e mi c ro or ga n is ms  wo ul d n ot  b e  e xp ec t ed  t o  b e of  co nc e rn  e it h er  a t  t he 
b ac kg ro u nd  o r  c on ta min at e d ar ea .  No n -n at iv e  ( bu t  n ot  g e ne ti c al ly  e n gi ne e re d)  mi cr oo r ga ni sms  mig h t
b e ob ta i ne d f ro m so me ot h er  f ie l d si t e, b ut  th en  in je ct e d at  bo th  t h e co n ta mi na t ed  a n d ba ck g ro un d 
a re as .  Fo r t he  n on - na ti v e mi cr o or ga n is ms , a  p os s ib le  c o ns eq u en ce  o f  i nj e ct in g t he se  mi cr oo r ga ni s ms 
wou ld  b e  t he  po ss ib l e mo v emen t o f th e  n on -n a ti ve  ba ct er i a th r ou gh  t h e gr o un dwat e r to  Be ar  Cr ee k.

Bec au se  no  i n je ct io n s of  ba ct er i a ha v e be en  un de r ta ke n e it he r  a t th e  b ac k gr ou nd  or  c o nt amin a te d
a re as  o f  t he  pr op os e d FRC, or  o n  t he  Oa k Ri d ge  Re se rv at i on , i t is  d i ff ic u lt  t o s pe cu l at e ho w f ar  no n- 
n at iv e mic ro o rg an is ms mi g ht  mov e  e it h er  i n t he  b a ck gr ou n d or  co nt ami na te d  a re as .  Ho wev er , t he re 
h av e be e n a n umbe r o f re c en t fi e ld  s i te  r eme di at i on  s tu d ie s i nv ol vi n g th e  i nj ec t io n o f no n- n at iv e 
mic ro or g an is ms in to  a va r ie ty  o f  g eo l og ic al l y di f fe re nt , a nd  co nt ami na nt - sp ec if i c, s u bs ur fa c e
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e nv ir on men ts  (Bou rq u in  e t  a l. 1 9 97 , Dyb as  e t  a l. 19 97 , Ste fa n  e t al  19 99 ) .  Res u lt s f ro m th e se  s t ud ie s
c ou ld  b e  e xt r ap ol at e d to  th e ba c kg ro u nd  a nd  co nt a mi na te d  a re a s of  t h e pr o po se d FRC.

Non -n at i ve  b a ct er ia  (1 09  ce ll s/ mL)  we re  i nj e ct ed  in to  a  sa nd y  g ro un d wa te r  a qu if e r at  a co nt a mi na t ed 
s it e in  Wi ch i ta , Ka n sa s o n two s ep ar a te  o cc a si on s  ( Bo ur q ui n e t al . 1 99 7) .  In  t h e fi r st  i ns t an ce ,
b ac te ri a  o nl y  wer e i nj ec t ed .  J u st  0 .00 5% o f  t he  in je ct e d ba c te ri a wer e r ec ov er e d in  an  e xt r ac ti o n we ll 
t ha t wa s  l es s  t ha n o ne  f o ot  ( 30  ce nt i me te rs )  a wa y .  Eve n  t ho u gh  t hi s  was  a sa nd y  a qu i fe r, t h e ba c te ri a
h ar dl y mov ed .  In  t h e se c on d in s ta nc e , gl uc o se  a n d ot he r  n ut r ie nt s wer e a dd ed  a l on g wit h th e  b ac t er ia 
i n a pu l se d mod e.  The  b a ct er ia  mo ve d  o nl y s li gh t ly  f ar t he r t ha n in  th e f ir st  t e st .  Ov er al l , th e  r es ul t s
s ug ge st  th at  98 % of  th e b ac te ri a  i nj e ct ed  mo ve d l es s th a n on e  i nc h ( two c en ti me t er s)  fr om t h e po i nt  o f
i nj ec ti o n (Re ar do n 1 99 9) .  A se c on d s tu dy  i n vo lv i ng  t he  in je c ti on  o f  a  n o n- na ti v e st r ai n in t o a s an dy 
a qu if er  at  Sc ho ol cr a ft , Mic hi ga n , ha s  a lr ea d y be e n de sc r ib ed  in  s ec t io n 4 .1 .3 .1 .2 (Dy ba s et  al . 1 99 7) .
The  r es u lt s s ug ge st  th at  no n- na t iv e b ac te ri a  d o n ot  mov e  g re a t di st a nc es , mos t l ik el y  b ec au s e th e 
c ar bo n s ou rc e  ( ac et a te ) c on ce nt r at io n s de cr e as e t o ba ck g ro un d  wit hi n  a  f e w ya rd s .  Bo th  o f t he se 
s tu di es  su gg e st  v er y  l imi te d mo v emen t  o f mi c ro or g an is ms  in  s a nd y aq u if er s .

I n co nt r as t, a th ir d  s tu d y in vo l ve d t he  i nj e ct io n  o f a n on -n a ti ve  s t ra in  of  b ac t er ia  (a t 1 X 1 01 1 cf u/ ml ) 
a lo ng  wi th  o x yg en  i n to  a  co nt ami na te d  s il ty  sa nd  aq ui fe r  i n Pen ns au k en , New J er s ey .  Th e ba c te ri a 
wer e fo u nd  t o  mov e a s mu c h as  6 5  f ee t  i n 20  da ys  (Ste fa n  e t a l. 1 99 9 ).  For  t hi s  s it e , mo ve men t was 
n ee de d t o ge t  d is pe r sa l o f th e b ac te r ia  t o l ar ge  pa rt s o f th e  c on ta min at e d ar ea ;  i n f ac t, t h e st r ai n of 
b ac te ri a  u se d  was  s p ec if i ca ll y s el ec t ed  b ec a us e i t di d n ot  a d he re  t o  a qu i fe r so l id s.  Yet , i n sp i te  o f t he 
a dh es io n -d ef i ci en t c ha ra c te r of  th is  st ra in  of  b a ct er ia , mos t  o f th e  b ac t er ia  r e ma in e d co nc e nt ra t ed  n ea r 
t he  i nj e ct io n  wel l.

The  s tu d ie s c it ed  s u gg es t  t ha t n on -n a ti ve  mi cr oo r ga ni sms  t ha t  wou ld  be  u s ed  a t t he  c o nt amin a te d a re a
wou ld  n o t mo v e an y g re at  di st an c e fr o m th e p oi nt  of  i nj e ct io n  u nl es s  t he y  wer e a dh es i on -d ef i ci en t .
Eve n so , t he  hi gh es t  c on c en tr at i on s o f mi cr o or ga n is ms  wo ul d b e ex pe c te d t o re ma i n ne a r th e i nj ec t io n
wel l.  Fin al l y, t he  co nc e nt ra ti o ns  o f  mic ro o rg an i sms us e d in  al l of  th es e  s tu di e s an d  t he  a mou nt s 
i nj ec te d  wer e  u se d i n at t empt s t o ac h ie ve  s i te  r e me di at i on .  Be ca us e  s it e -r emed i at io n  e xp er i me nt s  a t
t he  c on t amin a te d ar e a ar e  n ot  p a rt  o f  t hi s a ct io n , th e c on ce n tr at io n s an d  a mo un t s of  mi cr oo r ga ni s ms 
t ha t wo u ld  b e  i nj ec t ed  wo ul d be  mu ch  le ss  t h an  i n  t he se  st ud i es .  Ta ke n t og et he r , no n -n at iv e 
mic ro or g an is ms wo ul d  n ot  be  e xp e ct ed  to  r ea c h Be a r Cr ee k .  Fu rt he r i nf or mat io n o n th e  p ro po s ed  u s e
o f mi cr o or ga n is ms  a t  t he  FRC is  av ai l ab le  i n  App e nd ix  A.

4.1.3.1.4 Other Substances

Two  c la s se s o f ot he r  s ub s ta nc es  th at  co ul d b e in j ec te d a t th e  b ac kg r ou nd  or  c on t amin a te d ar e as  a r e
b io su rf a ct an t s an d c he la t or s.  To ex a mi ne  t h e in f lu en ce  of  s u rf ac ta n ts  p r od uc ed  by  c e rt ai n
mic ro or g an is ms (b io s ur fa c ta nt s)  on  c o nt amin a nt  c h ar ac te r is ti c s an d o n th e  mic ro b ia l c ommu ni t y,
b io su rf a ct an t s co ul d  b e i nj ec te d .  Bi os ur fa c ta nt s  wou ld  in cl u de  r ha mno li p id s, p o ly su l fo na te s , an d 
p ol ya lc o ho ls .

The  i nj e ct io n  o f a b io su r fa ct an t  e it h er  i nt o  t he  ba ck gr o un d o r th e c on ta min at ed  ar ea s  mig ht  be 
c on du ct e d to  ex amin e  t he  in fl ue n ce  o f  t he  b i os ur f ac ta nt  on  n a ti ve  mi cr oo r ga ni sms , on  th e in t er ac t io ns 
b et we en  na ti v e mi cr o or ga n is ms  a n d th e  c on ta min an t s, o r f or  o t he r re a so ns .  Be ca u se  b i os ur fa c ta nt s 
a re  b io d eg ra d ab le , t he y wou ld  n o t be  ex pe ct e d to  be  p er s is te n t if  i n je ct e d, a nd  th ey  wo ul d b e de g ra de d
wit hi n a  s ho r t di st a nc e o f th e i nj ec t io n po i nt .

To in ve s ti ga t e th e mob il i za ti on  an d i mmob il i za ti o n of  me ta ls  an d ra d io nu c li de s, ch el a to rs  c o ul d b e
i nj ec te d  i n t he  b ac k gr ou n d an d c on ta min at ed  ar ea s .  Typ i ca l c he la to r s wo u ld  i nc l ud e
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e th yl en e di ami ne te tr a ce ti c  a ci d ( EDTA) , ni tr i lo tr i ac et ic  ac id  (NTA), Na tu r al  Org a ni c Mat te r s uc h a s
h umic s, or  q u in on es .  In j ec ti on  co nc e nt ra ti o ns  wo ul d be  ex pe c te d to  ra ng e  f ro m 1 00  p p m to  1 ,00 0
p pm, al t ho ug h  mos t i nj ec t io ns  wo ul d b e at  t h e lo wer  c on c en tr a ti on s.  Mov e me nt  o f  t he s e su bs t an ce s 
t hr ou gh  th e a qu if er  to  Be ar  Cre e k sh o ul d be  co ns i de re d.

Met al s a nd  r a di on uc l id es  wo ul d b e ex p ec te d t o co mpl ex  mo re  r e ad il y wit h c he la to r s th a n wi th  aq ui f er 
s ol id s, an d t he  r es u lt in g  met al  or  r a di on uc l id e/ c he la te  co mp l ex es  wo ul d t he re fo r e be c ome mo r e
mob il e i n th e  g ro un d wa te r .  Howe ve r, re su lt s  f ro m a n on - go in g  s tu dy  at  a n ot he r f ie ld  si te  o n  t he  Oa k
Rid ge  Re se rv a ti on  s u gg es t  t ha t a t le a st  f or  so me  ra di on u cl id e /c he la t e co mpl ex es , s ed i me nt  mi ne ra l s
o ut co mp e te  t h e ch el a to r a nd  c omp le x wit h th e  r ad i on uc li d e (J ar di ne  et  a l . 19 99 b ) .  The  st ud y  was 
c on du ct e d at  a fi el d  s it e  wit h g eo lo g ic  a nd  ch emi ca l ch a ra ct e ri st ic s  t ha t  a re  s i mi la r  t o th o se  a t  t he 
c on ta mi n at ed  ar ea .  In  t h is  s tu d y, i n je ct ed  ra di o nu cl id e /c he l at e co mpl ex e s we re  di ss o ci at ed  wi th i n 60 
f ee t of  th e i nj ec ti o n po i nt  a nd  th e r ad io nu c li de s  wer e a tt en u at ed  b y  t he  se di me n ts .  Th e re s ul ts  su gg es t 
t ha t ra d io nu c li de /c h el at e  c ompl e xe s t ha t mi g ht  b e  i nj ec t ed  a t  t he  c o nt ami na te d a re a mig ht  n o t re mai n
a s co mp l ex es  (a nd  t h er eb y  p ro mo t e mo b il iz at i on ), bu t th a t th e y mi gh t  b e b ro ke n a pa rt  su ch  t h at  t h e
r ad io nu c li de  wo ul d b e immob il iz e d af t er  a  s h or t d is ta nc e  a nd  wo ul d n ot  r e ac h Be a r Cr e ek .

4.1.3.2 Floodplain and Wetlands

Bea r Cr e ek  t r av er se s  t he  le ng th  of  t h e pr op o se d FRC.  Th us , i t in cl u de s a ss oc ia t ed  s e ct io ns  of  t h e
1 00 -y ea r  f lo o dp la in . I n 1 99 3, DOE pu b li sh ed  a “No ti ce  o f  Flo o dp la in / We tl a nd s In v ol ve men t fo r 
Env ir on men ta l  Res to r at io n  a nd  Wa st e Man ag eme nt  Ac ti vi ti e s at  th e DOE’s  Oa k Ri dg e  Res e rv at io n ;
Oak  Rid g e, TN, (5 8 FR 51 6 24 ).”  In  1 9 96 , th e  “ Fl o od pl ai n  Ass e ss me nt  fo r Sit e In v es ti g at io n
Act iv it i es  a t  t he  Oa k Ri d ge  Y-1 2  Are a  o f Re s po ns i bi li ty ”  ( DOE 1 99 3)  wa s p ub li sh e d.  The 
a ss es sme nt  a d dr es se d  g en e ra l co n st ru c ti on , s ampl e  c ol le c ti on , a nd  e n vi ro n me nt al  mo ni t or in g.  I n
a dd it io n , th e  a ss es s me nt  co ns id e re d b ot h in t ru si v e an d n on in t ru si ve  ac ti v it ie s.  On Mar ch  3 , 1 99 7 ,
DOE i ss u ed  a  “Flo od p la in  St at eme nt  o f  Fin di n gs  f o r Si te  In ve s ti ga ti o n Ac t iv it ie s  a t t he  Oak  Ri dg e 
Y-1 2 Pl a nt  Ar ea  o f Res po n si bi li t y.”  Th e St a te me n t of  Fi nd in g s st at e s, “ Mos t of  th e a ct iv it i es 
a dd re ss e d by  th e fl o od pl a in  a ss e ss me n t wi ll  re su l t in  n o  mea s ur ab le  impa c t of  f l oo dp l ai n cr o ss -
s ec ti on s  o r f lo od  s t ag e, an d th u s do  no t in c re as e  t he  r i sk  o f  f lo od i ng .”   The  a c ti vi t ie s pr o po se d  f or  t h e
FRC f al l  wit h in  t he  te rms  o f th e  Not i ce  o f Flo od p la in  a n d We t la nd s I nv ol v emen t.  The  No ti ce  of 
I nv ol ve men t, a su mma ry  o f  t he  Fl oo dp l ai n As s es sme nt , an d  t he  St at eme nt  o f  Fin di n gs  a r e in cl u de d i n
App en di x  D.

The  o nl y  FRC ac ti vi t ie s e xp ec te d  t o o cc ur  wi th in  fl oo dp l ai n a re as  wo ul d b e we ll  dr il l in g an d 
mon it or i ng  ( e .g ., i n st al l at io n o f pi e zo me te r s) .  Ty pi ca l  i ns t al la ti o ns  o f  wel ls  or  p i ez omet e rs , u si ng  f o r
e xa mp le , 2  f o ot  b y 6  i nc h  ( 0.41  me te r  b y 15 .24  c e nt imet e r)  d i amet er  pr ot e ct iv e c as in g  a nd  4  fo ot  by  3 
i nc h (0 .82  me te r by  7.62  ce nt ime te r)  di amet e r bo l la rd s wit h a  c on cr e te  p a d 3 in c he s h ig h an d  2  f e et 
l on g (7 .62  c e nt imet e rs  b y  .41  me te rs )  may  r e du ce  th e cr o ss -s e ct io na l  a re a  o f th e  f lo o dp la in  by  1 .64 
s qu ar e f ee t ( .5  s qu a re  me te rs ).  Thi s  r ed uc t io n i n vo lu me of  ev en  s e ve ra l  wel ls  wo ul d  b e ne g li gi b le 
wit hi n t he  t o ta l cr o ss -s e ct io na l  a re a  o f th e  f lo o dp la in .  We l l an d p ie zo met er  c o ns tr u ct io n t he re f or e,
wou ld  h a ve  a  ne gl ig i bl e i mp ac t o n th e  f lo od p la in .  Th e wel l p ad s wo u ld  mi ni mi ze  th e e ro si on 
p ot en ti a l of  th e we l ls  a n d bo ll a rd s.

Procedures for preventing migration of contaminants down boreholes would be developed and
described in the FRC management documents.  These procedures would include sealing the upper
few feet of shallow boreholes with low permeability bentonite or grout and installing conductor
casing across the unconsolidated zone and sealing with grout or bentonite prior to drilling to deeper
bedrock zones.
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At th e a pp ro p ri at e t ime, we ll s wou ld  be  p lu g ge d ( ba ck fi l le d wit h cl e an  s o il s)  a n d ab a nd on ed .  We l l
p lu gg in g  a nd  ab an do n me nt  wo ul d r es ul t  i n th e  r emo va l of  su rf a ce  s tr u ct ur e s (e .g . wel l he ad s)  an d
r es to ra t io n o f th e f or me r  g ra de .  Th i s ac ti v it y wou ld  h a ve  l i tt le  i mpa ct  on  f lo o ds ta g e or  f l oo dp l ai n
c ro ss -s e ct io n al  a re a , no r  wou ld  th er e  b e an  in cr e as e in  er os i on al  p o te nt i al  s in c e th e  wel lh e ad  a n d ot he r 
s ur fa ce  eq ui p me nt  wo ul d b e re mo v ed  a n d th e s it e r es to re d  t o t he  o ri g in al  gr ad e.

No st ru c tu re s  o r fa c il it i es  wou l d be  co ns tr u ct ed  in  t he  fl oo d pl ai n.  Mov e me nt  o f  h ea v y eq ui p me nt 
t hr ou gh  th e f lo od pl a in  wo ul d be  a te mpo ra ry  oc cu r re nc e a nd  wo ul d no t  i mp a ct  t he  ca pa c it y of  th e
f lo od pl a in  t o  s to re  or  c a rr y wa t er .  Th e imp ac ts  fr om t h e mo v emen t o f he a vy  e qu i pmen t  a lo ne  is 
e xp ec te d  t o b e ne gl i gi bl e .  To t he  e x te nt  p r ac ti c ab le , s ta gi n g ar ea s  a nd  ac ce ss  ro ad s  wou ld  be 
t empo ra r y, c o ns tr uc t io n wou ld  b e  l imi te d to  pe ri o ds  o f l ow p r ec ip it a ti on , a nd  s t ab il i za ti on  an d
r es to ra t io n o f th e a ff ec t ed  a re a s wo u ld  b e i ni ti a te d pr o mp tl y .

Wet la nd s  a re  in te rs p er se d  t hr ou g ho ut  th e pr o po se d  FRC.  Ma ny  ar e of t en  s mal l an d  a re  cl as si f ie d a s
p al us tr i ne  f o re st ed , s hr u b- sc ru b , or  emer ge n t we t la nd  t y pe s ( Co wa rd i n et  al . 19 7 9) .  Be ca us e  FRC
r es ea rc h  wou l d ta ke  pl ac e  o n sma ll  t e st  p lo t s (l e ss  t ha n  o ne  ac re ), it  i s  a nt ic i pa te d  t ha t a ny  we tl an ds 
f ou nd  i n  p ro p os ed  s e le ct e d re se a rc h a re as  c o ul d b e av oi d ed .  In  a dd i ti on , t he  l i mi te d  g ro un d -
d is tu rb i ng  a c ti vi ti e s as s oc ia te d  wit h  FRC r e se ar c h sh ou l d pr e cl ud e d amag e  t o ad j ac en t  wet la n ds  t h at 
mig ht  b e  i n p ro xi mi t y to  se le ct e d re s ea rc h a re as . The  U.S. Ar my  Cor p s of  En gi ne e rs  ( USACOE)  an d
TDEC ha v e re g ul at or y  r es p on si bi l it y f or  wet l an d man ag eme nt  a n d fo r mit ig a ti on  o f  i mp a ct ed 
r es ou rc e s.  FRC man a ge me n t wo ul d  c on s ul t wi t h USACOE an d  TDEC i f th e  p ot e nt ia l f or  i mpa ct s t o
wet la nd s  wou l d to  o c cu r.

4.1.3.3 Groundwater

The  p ri mar y g eo lo gi c  u ni t s of  i n te re s t in  t h e pr o po se d FRC a r e th e Nol ic h uc ky  Sh al e ( lo w
p er me ab i li ty )  a nd  Ma yn ar d vi ll e Limes t on e (h i gh  p e rmea bi l it y) .  Th e f lo w o f sh al l ow i n te rv al 
g ro un dwa te r ( up  t o 1 00  f e et ) in  th e l imes to n e oc c ur s th r ou gh  a sy st e m of  in te rc o nn ec t ed  f ra c tu re s  a nd 
s ol ut io n  c on d ui ts  a n d ca v it ie s.  Mos t  g ro un d wa te r  f lo w i n th e  s ha le  fo rma ti on  o c cu rs  in  t he  sh al l ow
i nt er va l  a nd  is  o ri e nt ed  al on g g eo lo g ic al  s t ri ke  an d is  ve ry  pr ed ic t ab le .  Th e s ha ll o w in te r va l
g ro un dwa te r i n bo th  ge ol o gi c un i ts  d i sc ha rg e s to  Be ar  Cr ee k o r it s t ri bu t ar ie s.  Any  ad di ti v es  t o  t he 
g ro un dwa te r i nt ro du c ed  a s  a  r es u lt  o f  FRC r e se ar c h ac ti v it ie s  ( e.g., n on t ox ic  c h emic a l tr ac e rs ,
n ut ri en t s, o r  mic ro b es ) mig ht  a l so  r e ac h su r fa ce  wa te r i nc lu d in g Be a r Cr e ek .  I t  i s e st imat e d th a t
g ro un dwa te r f lo w ra t es  a r e as  mu ch  a s  s ev en  fe et  in  2 4 h ou rs .  Fa te - an d- e ff ec t i nf or mat io n wou ld  be 
d et er mi n ed  p r io r to  in it i at io n o f FRC a pp li c at io n s th at  in cl u de  g ro u nd wa t er  a dd i ti ve s .  Per mea bl e 
r ea ct iv e  b ar r ie rs  h a ve  b e en  c on s tr uc t ed  a nd  in st a ll ed  b y  DOE EM-4 0 p ar al l el  a nd  ad ja c en t to  Be ar 
Cre ek .  Fo r s ome FRC s tu d ie s in  th e v ic in it y  o f t he se  b a rr ie r s it  mi gh t b e po ss i bl e t o us e t he  b a rr ie rs 
t o co nt a in  FRC gr ou n dwat e r ad di t iv es .

The  p ri mar y s ou rc es  of  g r ou nd wa t er  c o nt amin a ti on  wi th in  th e p ro po se d  FRC ar e th e  S-3  Di sp os a l
Pon ds  a n d th e  Bon ey a rd /Bu rn ya rd  (BY/ BY) .  Bo th  s o ur ce  a r ea s a re  u nd e rl ai n  b y No l ic hu c ky  Sha l e.
Con ta mi n an ts  wi th in  th e p ro po se d  c on t amin at e d ar e a in cl u de  h e av y me t al s, ra di on u cl id e s, VOCs , an d 
i no rg an i cs .  Th e pr i ma ry  pu rp os e  o f FRC a ct i vi ti e s wo ul d  b e t o in ve s ti ga t e th es e  c on t amin an t s i n si tu ,
t hu s at t empt i ng  t o p re ve n t th e mig ra t io n of  co nt a mi na nt s  o ff s it e.  Con se q ue nt ly , a  p o ss ib le  ne t
p os it iv e  i mp a ct  t o g ro un d wa te r i s an t ic ip at e d.

When drilling boreholes for the FRC, there would be a small potential for downhole migration of
shallow contaminants to deeper zones.  Procedures for minimizing migration of contaminants
during drilling and abandonment of boreholes and wells would be developed and described in the
FRC management documents.  These procedures would include sealing the upper few feet of
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shallow boreholes with low permeability bentonite or grout and installing conductor casing across
the unconsolidated zone and sealing with grout or bentonite prior to drilling to deeper bedrock
zones.

Gro un dwa te r p umpi ng  ac ti v it ie s a t an  FRC te s t pl o t (e .g ., pu mp/ sl ug  an d o th er  p u mp in g  t es ts , a nd 
t ra ce r e xp er i me nt s)  wo ul d  n ot  c o ll ec t  mor e t ha n 2 0,00 0 g al lo n s (7 6,0 00  L)  o f gr o un dwa te r pe r  y ea r .
I n ye ar s  whe n  l on g- t er m p umpi ng  te st s  wer e n ot  p e rf or me d , le s s th an  2,00 0  g al lo n s (7 ,60 0 L)  of 
g ro un dwa te r wou ld  b e  c ol l ec te d.  Simi la r vo l umes  wo ul d b e co l le ct ed  at  t h e ba ck g ro un d  s it e.
Con ta mi n at ed  gr ou nd wat er  wo ul d b e co l le ct ed  in  5 5 -g al lo n  d ru ms or  o t he r s ui ta bl e  c on t ai ne rs .
Tan ke r t ru ck s  wit h 1 0,00 0 - to  2 0 ,0 00 - ga ll on  (3 8,0 00 - to  76 ,0 0 0- L)  c a pa ci t y co ul d  a ls o  b e us e d du r in g
l on g- te r m pu mpi ng  t e st s wit h co n ta mi n at ed  g r ou nd wat er  b e in g t ra ns po r te d t o th e n ea rb y  Y-1 2 Wes t
End  Tre a tmen t  Fac il i ty  ( WETF) .  Th e s ta te  a l so  mi gh t al l ow d i sc ha rg e  o f c on ta mi n at ed  wa te r t o
i nf il tr a ti on  ba si ns  as  l o ng  a s t he re  wo ul d b e no  di re ct  di sc h ar ge  t o  Bea r  Cre ek .  In  th is  c a se , t re at me n t
wou ld  b e  d ef e rr ed  t o  f in a l cl ea n up  u n de r CERCLA.  Cle an  gr ou n dwat er  co ll e ct ed  f r om t h e
b ac kg ro u nd  s i te  wou l d be  re le as e d to  th e gr o un d.

As de sc r ib ed  in  Sec t io n 4 .1 .3 .1 , t he  in tr od u ct io n  o f no n to xi c  t ra ce r s, n u tr ie nt s , el e ct ro n d on or s  a nd 
a cc ep to r s, mi cr oo rg a ni sms  a nd  o t he r s ub st an c es  mi gh t ha v e a l oc al  e f fe ct  (s ev er a l me t er s)  o n 
g ro un dwa te r c ha ra ct e ri st i cs , bu t  t he  ov er al l  g ro u nd wa te r  q ua l it y an d  f lo w wit hi n  Bea r  Cre ek  Va ll e y
wou ld  n o t be  af fe ct e d.  Any  p ur g ed  g r ou nd wa t er  f r om d ri l li ng  op er at i on s o r we ll  cl ea n -o ut  wo ul d b e
c ol le ct e d an d  d is po s ed  o f  a s pr e vi ou s ly  d es c ri be d .

I nj ec ti o n of  smal l q ua nt i ti es  o f  t ra c er s, e l ec tr o n do no r s an d  a cc ep t or s a nd  n ut r ie nt s , mi cr o or ga n is ms 
a nd  o th e r su b st an ce s  i nt o  t he  g r ou nd wat er  i s  p ar t  o f th e  p ro p os ed  a c ti on .  Su ff i ci en t  i nf or mat io n 
a lr ea dy  ex is t s to  p e rmit  es ti ma t es  o f  t he  p o te nt i al  i mp a ct s o f th e i nj ec t io n of  th es e  mat er i al s i nt o th e 
g ro un dwa te r.

4.1.3.3.1 Tracers

As de sc r ib ed  in  Sec t io n 4 .1 .3 .1 .1, t o  b et te r  u nd e rs ta nd  gr ou n dwat er  fl ow pa th s a nd  s p ee d, n o nt ox i c
a nd  n on - pe rs i st en t t ra ce r s co ul d  b e i nj ec te d  i n c on ce nt r at io n s ra ng i ng  f r om 5 00  pa rt s  p er  mi ll io n 
( pp m)  t o  1 0,0 00  p pm at  b o th  t he  ba ck g ro un d a nd  c o nt amin a te d a re as  o f  t he  pr op os e d FRC. Wo rt h 
c on si de r in g wou ld  b e  p ot e nt ia l a lt er a ti on s i n th e  g ro un d wa te r  c he mi s tr y f ro m th e  i nj e ct io n o f tr a ce rs 
i n bo th  th e b ac kg ro u nd  a n d co nt a mi na t ed  a re a s.

For  mos t  s tu d ie s at  bo th  th e ba c kg ro u nd  a nd  co nt a mi na te d  a re a s, t he  tr ac e rs  t ha t  wou l d be  u s ed  wo ul d
b e no n- r ea ct i ve .  Th at  i s , th e c he mi c al  s tr u ct ur e  o f th e  t ra c er  t ha t  wou l d be  i n je ct e d wo ul d  b e t he  s ame 
s tr uc tu r e as  th e ch e mi ca l  t ha t wou ld  be  e xt r ac te d  i n do wns tr e am wel l s.  I t is  p o ss ib l e th at  re ac t iv e
t ra ce rs  su ch  as  b ac t er io p ha ge s o r mi c ro sp he r es  mi gh t be  in je c te d in t o bo t h th e b ac kg r ou nd  a n d
c on ta mi n at ed  ar ea s.  Whi l e th es e  r ea c ti ve  t r ac er s  wou ld  be  n o n- to xi c , th e y co ul d  s ti c k to  mi ne ra l 
p ar ti cl e s, c o ll oi ds  su sp e nd ed  i n  t he  gr ou nd wat er , b ac te r ia , a nd  p os s ib ly  ev en  c o nt ami na nt s i f in j ec te d
i nt o th e  c on t amin at e d ar e a.  Ho wev er , b ec au s e of  th e lo w c on c en tr at i on s a nd  l imi te d a mo un ts  th at 
wou ld  b e  i nj e ct ed , c ha ng e s to  t h e gr o un dwat e r ch e mi st ry  wo ul d  b e ex p ec te d  t o be  lo ca l iz ed  t o  3 0 o r
4 0 fe et  fr om th e in j ec ti o n po in t .  Du e to  t h e ap p ar en t d il ut i on  p ro c es se s  o pe ra t in g i n th e s ub su r fa ce  a t 
t he  b ac k gr ou n d an d c on ta min at ed  ar ea s , as  d e sc ri b ed  i n Sec ti o n 4.1.3 .1 .1 , g re at e r de g re es  o f  c ha n ge 
t o th e g ro un d wa te r c he mi s tr y wo u ld  b e  e xp ec t ed  c l os e to  th e i nj ec ti o n po i nt , bu t  t he s e ch an g es  wo ul d
d ro p of f  wit h  d is ta n ce  f r om t he  in je c ti on  p o in t.
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4.1.3.3.2 Electron Donors and Acceptors and Nutrients

As di sc u ss ed  in  Sec t io n 4 .1 .3 .1 .2, t o  s ti mu l at e t he  a ct i vi ty  an d gr o wt h o f mi cr o or ga n is ms , e le ct r on 
d on or s o r ac c ep to rs  or  o t he r nu t ri en t s mi gh t  b e i nj ec te d  i n c on ce nt r at io n s ra ng i ng  f r om 1 00  pp m t o
1 ,0 00  p p m (i .e., 10 0  mg/ L t o 1,0 00  mg /L) at  bo th  th e ba c kg ro u nd  a nd  co nt a mi na te d  a re a s.  Be c au se 
o f th e a dd it i on  o f e le ct r on  d on o rs  a n d ac ce p to rs  or  n ut r ie nt s , it  i s  p os s ib le  t h at  t h e gr ou n dwat e r
c he mi st r y mi g ht  b e d ir ec t ly  o r p er si s te nt ly  ch an g ed , or  th at  ce rt ai n  s pe c ie s of  mi cr o or ga ni s ms  mi gh t
b e st imu la te d  t o ca u se  c h an ge s t o th e  g ro un d wa te r  c he mi s tr y.

I t is  p o ss ib l e th at  th er e  may  b e  s ome  l oc al i ze d c ha ng es  in  t h e gr ou n dwat e r ch emi st ry  of  t he 
b ac kg ro u nd  a n d co nt a mi na t ed  a re a s du e  t o th e  a dd i ti on  o f  e le c tr on  d o no rs  or  a cc e pt or s  o r nu t ri en t s.
Howev er , i n l ig ht  o f  t he  smal l q ua nt i ti es  t h at  mi gh t be  ad de d , an d i n li g ht  o f t he  e x pe ct at i on  t h at 
n at iv e mic ro o rg an is ms wo u ld  u se  th es e  e le ct r on  d o no rs  o r  a cc e pt or s o r nu t ri en ts  fa ir l y qu ic k ly , t he re 
s ho ul d n ot  b e  a ny  s u st ai n ed  i mp a ct  t o  t he  g r ou nd wat er  c h emis t ry .  Wo rt h c on si de r in g wou ld  b e  t he 
i mp ac t f ro m t he  i nj e ct io n  o f el e ct ro n  d on or s  o r a cc ep to r s or  nu tr ie n ts  i n to  t he  co nt a mi na te d  a re a .  I n
t hi s ca s e, a  ch an ge  in  g r ou nd wa t er  c h emis tr y  c ou l d co nc e iv ab l y le ad  to  a  pe rman e nt  c h an ge  i n  t he 
mic ro bi a l co mmu ni ty , o r t o th e u nwan t ed  mob i li za t io n of  a co n ta mi na n t.

Aga in , t he re  ha ve  b e en  n o  d ir ec t  i nj e ct io ns  of  e l ec tr on  do no r s or  a c ce pt o rs , or  nu tr i en ts  a t  t he 
c on ta mi n at ed  ar ea .  Ho we v er , th e  a dd i ti on  o f  a n e le ct ro n  d on o r (g ua r  g um)  d ur in g  t he  co ns tr u ct io n  o f
t he  t wo  pe rme ab le  r e ac ti v e ba rr i er s s er ve s a s a g oo d ex a mp le  of  wha t  c on s eq ue nc e s mi g ht  b e
e xp ec te d  ( Wa t so n an d  Gu 1 99 9) .  As  d e sc ri be d  i n Sec ti on  4.1.3 .1 .2 , t he  d e gr ad at i on  o f  g ua r g um b y 
s ub su rf a ce  mi cr oo rg a ni sms  r es ul t ed  i n  a  s tr o ng  s u lf ur  s mel l a lo ng  Be ar  Cr ee k.  Bec au s e th e s ul fu r 
s me ll  l e ss en e d an d d is ap p ea re d wit hi n  a  f ew mo nt h s, i t i s mo s t li ke l y th a t th e mic ro b ia l po p ul at i on s
i nv ol ve d  i n d eg ra di n g th e  g ua r g um d i ed  o ut  be ca u se  t he y  n o l on ge r h ad  a  fo od  s o ur ce .  Th e r ed uc t io n
i n smel l  t he r eb y su g ge st s  t ha t t he  mi cr ob ia l  p op u la ti on s  r et u rn ed  t o  t he i r pr e- e xp os u re  c ommun it y 
s tr uc tu r e.  As fo r t he  p o ss ib le  mo bi l iz at io n  o f a  c on ta min an t  i n th a t ar e a, c on t amin a nt  c on c en tr a ti on s
wer e lo wer  i n  wel ls  do wn s tr ea m f ro m t he  g ua r  g um “p lu me ”  ( Wa t so n an d  Gu 1 99 9) .

4.1.3.3.3 Microorganisms

To de te r mi ne  wh et he r  a dd i ng  mic r oo rg a ni sms t o a c on ta mi n at ed  su bs ur f ac e e nv ir on men t wou ld 
i mp ac t c on ta min an t mob il i ty , a s ma ll  qu an ti t y (2  X 10 7  cf u/ ml )  o f n at iv e o r no n -n at iv e 
mic ro or g an is ms mi gh t  b e i nj ec te d  i nt o  t he  b a ck gr o un d an d  c on t amin at e d ar e as  o f t he  p r op os ed  FRC.
Nat iv e mic ro o rg an is ms wo u ld  mos t  l ik e ly  b e s tr ai n s th at  wo ul d  b e is o la te d  f ro m t he  c o nt amin a te d
a re a an d  r ei n je ct ed .  No n -n at iv e  ( bu t  n ot  g e ne ti c al ly  e n gi ne e re d)  mi cr oo r ga ni sms  mig h t be  o b ta in e d
f ro m so me ot h er  f ie l d si t e, b ut  th en  in je ct e d at  on e or  bo th  th e co n ta mi n at ed  a n d ba c kg ro un d  a re a s.
For  t he  no n- n at iv e mic ro o rg an is ms, a  po ss ib l e co n se qu en c e of  in je ct i ng  t h es e mi c ro or g an is ms  wo ul d 
b e a po s si bl e , ve ry  lo ca l iz ed  p e rman e nt  s hi f t in  th e mi c ro bi a l co mmu ni ty  to  o ne  do mi n at ed  b y  t he 
n on -n at i ve  mi cr oo rg a ni sm, o r a p os si b le  p er man en t  c ha ng e  i n t he  g ro u nd wa t er  c he mis tr y .  The s e
p os si bl e  c ha n ge s wo u ld  b e  l imit e d to  a fe w f ee t f ro m th e  i nj e ct io n p oi nt .

As di sc u ss ed  in  s ec t io n 4 .1 .3 .1 .3, a t  t he  l o w in j ec ti on  co nc e nt ra ti o ns  t h at  wou l d be  us ed , t he 
mic ro or g an is ms wo ul d  n ot  be  e xp e ct ed  to  b e p re se n t in  a  la rg e  a re a o f th e  g ro un d wa te r , an d t he re f or e
t he y wo u ld  b e  u nl ik e ly  t o  c ha ng e  t he  gr ou nd wat er  ch emis t ry  o f  l ar ge  ar ea s .

4.1.3.3.4 Other Substances

As di sc u ss ed  in  Sec t io n 4 .1 .3 .1 .3, t wo cl as s es  o f  o th er  su bs t an ce s t ha t mig ht  b e  i nj e ct ed  a t  t he 
b ac kg ro u nd  o r  c on ta min at e d ar ea s  a re  bi os ur f ac ta n ts  a nd  ch el a to rs .  Ag ai n , in je c ti on  co nc en t ra ti o ns 



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

4 11

wou ld  b e  e xp e ct ed  t o  r an g e fr om 10 0 p pm t o 1 ,0 00  pp m, a l th ou g h mo st  in je c ti on s wou ld  be  a t t he 
l ower  c o nc en t ra ti on s .

Bas ed  o n  t he  di sc us s io n o f th e r es ul t s fr om wo rk  at  a no t he r Oak  Rid g e Re s er va ti o n fi e ld  s it e , as 
p re se nt e d in  Se ct io n  4 .1 .3.1.3, it  d o es  n ot  ap pe a r th at  in je c ti on  o f  c he l at or s wou ld  si gn if i ca nt l y af fe c t
t he  g ro u nd wa t er  c ha r ac te r is ti cs  of  t h e co nt a mi na t ed  a re a  ( Ja r di ne  e t  a l. 19 99 ).  Che l at or s wou ld  no t be 
a dd ed  t o  t he  ba ck gr o un d a re a.

Als o, a s  d is c us se d i n Se c ti on  4 .1.3.1 .3 , th e  i nj e ct io n o f bi o su rf ac t an ts  in  t he  ba ck g ro un d a nd 
c on ta mi n at ed  ar ea s wou ld  no t be  ex pe c te d to  af fe c t a la r ge  a r ea  o f t he  s u bs ur fa c e or  be  p er s is te n t.  Fo r 
t he se  r e as on s , no  l a rg e e ff ec t o n gr o un dwat e r wo u ld  b e a nt ic i pa te d.

4.1.4 Ecological Resources

Eco lo gi c al  r e so ur ce s  e va l ua te d f or  i mpa ct s i nc lu d e se ns i ti ve  te rr es t ri al  an d aq u at ic  sp ec ie s , pr o te ct ed 
n at ur al  ar ea s , an d man ag e d wi ld l if e r es ou rc e s.  The se  r e so ur c es  a re  di sc u ss ed  i n  t he  fo ll owi ng 
p ar ag ra p hs .

4.1.4.1 Terrestrial Resources

As de sc r ib ed  in  Sec t io n 3 .0 , th e  p ro p os ed  c o nt ami na te d a re a a nd  b ac k gr ou n d ar ea  wo ul d  b e lo c at ed 
wit hi n 2 00  a c re s of  th e BCV.  Ho we ve r , be ca u se  o f  t he  t y pe  o f  r es ea r ch  p r ef er re d , on l y smal l  p or t io ns 
o f th e FRC wo ul d be  ut il i ze d.  I t is  es ti ma t ed  t h at  mos t  r es e ar ch  a c ti on s  wou ld  ha ve  a fo ot p ri nt  of  l es s 
t ha n on e  a cr e  a nd  l i ke ly  wo ul d b e si t ua te d i n ar e as  i n whi ch  si te  c l ea ri n g ha s o cc ur r ed  o r p as t
c on st ru c ti on  ac ti vi t ie s h av e al r ea dy  ch an ge d  t he  pr ed omi na nt  la nd sc a pe .  As  a  r e su lt , i t is  an ti c ip at ed 
t ha t fe w t er r es tr ia l  r es o ur ce s wou ld  be  i mp a ct ed  by  FRC- re la t ed  a ct i vi ti e s. I n t he  e v en t th a t pr e vi ou sl y 
u nk no wn  se ns i ti ve  r e so ur c es  wer e  d is c ov er ed  du ri n g FRC p la nn i ng  a ct i vi ti e s (e .g ., si t e pl an 
e va lu at i on s o r si te  de si g n co ns t ru ct i on ), e f fo rt s  t o av o id  i mpa ct s wou ld  be  c on d uc te d  a nd  s p ec if i c
r es ea rc h  s it e s wo ul d  b e mov ed  a way  f r om s en s it iv e  r es ou r ce s.

As de sc r ib ed  in  App e nd ix  E, t he  U.S. Fi sh  a n d Wi l dl if e Ser vi c e ha s i nd ic a te d two  f ed e ra ll y l is te d 
e nd an ge r ed  s p ec ie s, th e g ra y ba t  ( Myo ti s g ri se s ce ns )  a nd  t h e In d ia na  b a t (Myo ti s s od al i s) , ma y i nh ab i t
a n ar ea  ne ar  th e pr o po se d  FRC.  Mi st n et ti ng  ha s b ee n co n du ct e d sp ec i fi ca l ly  f or  ba ts  in  t he  Ea st  Fo rk 
Pop la r Cre ek  ba si n ( ORR p er so na l  c ommun ic at i on ).  Acc or d in g t o in fo r ma ti o n pr ov i de d b y ORNL
a nd  Dr. Mi ch a el  J . Har ve y  o f Te n ne ss e e Te ch n ol og i ca l Un i ve rs i ty  i n Coo ke v il le , Ten ne s se e,
s ig ni fi c an t mis tn et t in g e ff or ts  we re  co nd uc t ed  i n  t he  Ea st  Fo rk  Pop l ar  Cr ee k wa t er sh e d, i nc l ud in g 
Bea r Cr e ek , i n 19 92  an d 1 99 7.  The  1 9 97  e ff o rt s r es ul te d  i n t he  c ol l ec ti o n of  1 4  b at s  r ep re s en ti n g si x
s pe ci es .  No  In di an a  b at s  o r gr a y ba t s we re  ca pt u re d in  th e 1 99 7 ef f or ts .  Th e 1 99 2 e ff or ts  we re  no t as 
e xt en si v e as  th os e i n 19 9 7, a nd  fo ur  ba ts  r e pr es e nt in g t wo  s p ec ie s wer e c ol le ct e d.  I t wa s n ot ed  in 
b ot h su r ve ys  th at  s i gn if i ca nt  p o te nt i al  h ab i ta t f or  t he  In di a na  b at  ex is t ed  i n t he  Ea st  For k  Pop l ar  Cre e k
wat er sh e d.  An In di a na  b a t wa s c ol le c te d on  th e ORR i n t he  1 9 50 s, a n d su r ve y ef f or ts  on  t he  ORR
h av e no t  b ee n  e xt en s iv e e no ug h t o de f in it el y  e st a bl is h o r re f ut e cu r re nt  us e by  th is  sp ec ie s .

I n 19 94 , a  mo ri bu nd  gr ay  ba t wa s  f ou n d in  t h e Be t a- 3 bu i ld in g  o f th e  Y-1 2  c ompl e x, n e ar  a re a s
p ro po se d  f or  si ti ng  of  t h e FRC.  The  sp ec ime n wa s  i de nt i fi ed  by  r es e ar ch e rs  a t t he  Un iv er si t y of 
Ten ne ss e e an d  s ub mi t te d t o th e U.S. Fis h an d  Wil d li fe  Se rv ic e .  The  co nd i ti on  o f  t hi s  j uv en i le 
s pe ci me n  i nd i ca te d i t ma y  h av e u ti li z ed  t he  bu il d in g as  ro os t in g ha b it at .  Ot he r  s ui t ab le  b u il di n gs  o n
t he  ORR ma y a ls o se r ve  a s  r oo st i ng  h a bi ta t f or  a  va ri et y  o f b at  s pe c ie s.  Lit tl e  Tur t le  Cav e , lo c at ed  o n 
t he  ORR ne ar  th e Y- 1 2 pl a nt , wa s  s ur v ey ed  b y  t he  Te nn es s ee  De pa rt me n t of  En vi ro n me nt  an d
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Con se rv a ti on  in  1 99 6 .  Te n ma le  gr ay  ba ts  we re  f o un d in  th e c av e an d  i t was  d et e rmin e d th at  th e c av e
c ou ld  s e rv e a s a hi b er na c ul um f o r a b ac he lo r  c ol o ny .

I n Fe br u ar y 2 00 0, Oa k Ri d ge  Nat i on al  La bo ra t or y c ompl et e d an  As se ss men t a nd  Eva l ua ti o n of 
Pot en ti a l Ro o st in g a nd  Fo ra gi ng  Ha bi t at s fo r  t he  gr ay  a n d I nd ia na  ba ts  (App en di x  G.).  Th e
a ss es sme nt  wa s co nd u ct ed  in  t he  BCV wat er sh e d, t h e lo ca t io n o f th e p ro po s ed  FRC.  Th e  a ss es s me nt 
d id  n ot  in cl u de  t he  EFPC wa te rs h ed  b e ca us e t he  FRC wo ul d  n ot  be  l oc a te d o r ha ve  an  i mpa ct  o n  t he 
EFPC wa t er sh e d.  Th e  a ss e ss me nt  co nc l ud ed  t h at  t h e pr op o se d FRC wou l d no t  a dv er s el y a ff ec t e it he r 
b at  s pe c ie s.  Als o, si nc e  n o pr o po se d  o r de s ig na t ed  c ri t ic al  ha bi ta t s ar e  p re se n t on  th e si t e, n o ne  wou l d
b e af fe c te d.  The  Fi sh  a n d Wi ld l if e Ser vi ce  co nc u rr ed  wi th  t h is  c on c lu si o n in  a  le tt e r da te d  Feb r ua ry 
1 0, 2 00 0  ( Ap p en di x E).

Wit hi n t he  c o nt amin a te d a re a an d  b ac k gr ou nd  ar ea , n o ot h er  t h re at en e d or  en da ng e re d s pe ci es  or 
c ri ti ca l  h ab i ta t li s te d, or  p ro p os ed  to  b e l is te d , by  t h e Fi s h an d Wil dl i fe  Ser v ic e i s kn own  t o b e pr es e nt .
I n th e e ve nt  th at  a  ra re  or  s en s it iv e  s pe ci e s we r e id en t if ie d  d ur in g  FRC pl an ni n g ac t iv it ie s , ev e ry  e ff o rt 
t o ad ju s t sp e ci fi c r es ea r ch  s it e s ou t  o f an y  a re a  o f co n ce rn  wo ul d b e ma d e.  NABIR wo ul d ha v e th e 
f le xi bi l it y o f ad ju s ti ng  fi el d a ct iv i ti es  t o  n ew lo ca ti o ns  t o  a ll ow fo r t he  p ro t ec ti o n of  p o te nt i al ly 
s en si ti v e ha b it at s.

The  e nt i re  l e ng th  o f  Bea r  Cre ek , f ro m i ts  b e gi nn i ng  wit h in  t h e pr op o se d c on ta mi n at ed  ar ea  t h ro ug h 
t he  b ac k gr ou n d ar ea , i s d es ig na t ed  a n  Aqu at i c Na t ur al  Ar ea .  In  a dd i ti on , muc h o f th e  l an d a dj ac e nt  t o
t he  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a ha s b ee n d es ig na t ed  p a rt  o f t he  Oa k Ri dg e 
Nat io na l  Env i ro nmen t al  Re se ar ch  Pa rk  (NERP) .  A p or ti on  of  t h e pr op o se d c on ta mi n at ed  ar ea  ( t he  Y- 
1 2 ar ea )  a nd  th e en t ir e b ac kg ro u nd  a r ea  i s c on ta i ne d wi t hi n t he  NERP.  Ac ti vi ti e s ne e de d to  su pp o rt 
s it e ch a ra ct e ri za ti o ns , t o ob ta i n re s ea rc h- q ua li t y sa mp l es , a nd  i n si tu  re se ar c h wo u ld  n ot  impa c t or 
i nt er fe r e wi t h th es e  d es i gn at ed  ar ea s .  Any  on go i ng  r es e ar ch  pr oj ec t s in  ar ea s c on si d er ed  p a rt  o f  t he 
Nat io na l  Env i ro nmen t al  Re se ar ch  Ar ea  or  Ref e re nc e  Are a wou ld  be  a vo i de d.

ORNL ma n ag es  mu ch  o f  i ts  la nd  f o r ga me sp ec i es  i n cl ud in g  l an d  wit hi n  t he  pr op os e d co n ta mi na t ed 
a re a an d  b ac k gr ou nd  ar ea .  As  s u ch , p or ti on s  o f t he se  a r ea s a re  u ti l iz ed  du ri ng  hu nt i ng  s ea s on s.
Eff or ts  wo ul d  b e ma d e to  li mi t FRC a c ti vi ti e s du r in g se a so na l  h un ti n g pe r io ds .  In  a d di ti on , s pe c if ic 
FRC f ie l d re s ea rc h a re as  wo ul d n ot  b e  p la ce d  i n a re as  p o pu la r  wit h h un te r s.  As  a re s ul t, n o  i mp a ct s to 
man ag ed  wi ld l if e re s ou rc e s wo ul d  b e a nt ic ip a te d.

4.1.4.2 Aquatic Resources

Muc h of  th e p ro po se d  c on t amin at e d ar e a an d b ac kg r ou nd  a r ea  a r e si tu a te d e it he r wit hi n  t he  r i pa ri a n
z on e of  Be ar  Cr ee k o r ad j ac en t t o it .  Be ar  Cr ee k  h as  b e en  q u an ti ta t iv el y  mon it o re d a nd  h as  be en 
d es ig na t ed  a s  h av in g  a  d e gr ad ed  fi sh  co mmun i ty  e s pe ci al l y in  he ad wa t er  l o ca ti on s .  Mo st  o f t he 
p ro po se d  c on t amin at e d ar e a an d b ac kg r ou nd  a r ea  a r e lo ca t ed  a t  t he  h e ad wa t er s of  Be ar  Cr ee k.
Sev er al  mi nn o w sp ec i es  we re  d et e rmin e d to  b e  t he  pr ed omi na nt  fi sh  s p ec ie s  i n th e se  u p st re am
p or ti on s  o f Bea r Cr e ek  a n d ar e i nd ic a ti ve  o f  a  l o w sp ec i es  d i ve rs it y  ( So u th wo rt h  e t a l. 1 99 2 , Hi n zman 
e t al . 1 99 5) .  Be nt h ic  i n ve rt eb r at e f au na  c o ll ec t io ns  s h ow a  si mi la r  p at t er n wi t h a d iv er se  be nt h ic 
f au na  we ll  e s ta bl is h ed  a t  d owns t re am lo ca ti o ns  ( o ut si de  th e p ro po se d  FRC)  a nd  a  de pa u pe ra te  be nt h ic 
c ommu ni t y wi t hi n th e  p ro p os ed  c o nt ami na te d a re a a nd  b ac k gr ou n d ar ea  ad ja c en t to  Be ar  Cr ee k.

Rec en t r es ea r ch  h as  in di c at ed  a n  i mp r ov emen t  i n s pe ci es  di ve r si ty  wi th in  th e up p er  r e ac he s o f Be a r
Cre ek ; h owev e r, t he  fi sh  po pu la t io n i s st il l  c on s id er ed  impa i re d.  The  Te nn es se e  d ac e , a mi n no w, is 
l is te d b y th e  Ten ne s se e Wil dl if e  Res o ur ce  Ag en cy  as  a  s e ns it i ve  s pe c ie s i n ne ed  of  ma na ge me n t, a n d
i s th e o nl y s en si ti v e sp e ci es  l i ke ly  to  b e e nc ou n te re d i n th e  p ro po s ed  FRC st ud y  a re a .  The  da ce  wa s



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

4 13

f ou nd  a t  a ll  si te s i nc lu d in g th o se  a t  t he  h e ad wa t er s of  Be ar  Cr ee k.  As d es cr ib e d in  Se ct io n  4 .1 .3.1, t h e
s ma ll  s c al e o f di st u rb an c e re qu i re d t o co nd u ct  FRC re se a rc h wit hi n t he  c o nt amin a te d a re a an d 
b ac kg ro u nd  a r ea , an d  t he  li mi te d  q ua n ti ti es  of  ma te ri al s  t ha t  wou ld  be  i n je ct ed  sh ou l d pr ec l ud e a ny 
p ot en ti a l fo r  i mp ac t . In  ad di ti o n, p e rmea bl e  r ea c ti ve  b a rr ie r s ha ve  be en  co ns tr u ct ed  an d in s ta ll e d by 
DOE Env i ro nme nt al  Ma na ge men t pa r al le l  a nd  a d ja ce n t to  Be ar  Cr ee k in  th e p ro po se d  c on t amin at e d
a re a.  For  s o me  FRC st ud i es  i n t he  v i ci ni ty  of  t h es e ba r ri er s  i t mi g ht  b e  p os si b le  t o  u se  t h e ba r ri er s t o
c on ta in  FRC g ro un dwa te r a dd it iv e s.

Whi le  i t  i s n ot  a nt i ci pa t ed  t ha t  FRC- re la te d  a ct i vi ti es  wo ul d  h av e a ny  i mpa ct  o n  a qu a ti c re s ou rc e s, t he 
s en si ti v e st a tu s of  th e Ten ne ss e e da c e in  Be ar  Cr ee k ma k es  i t  l ik el y  t ha t  a dd it i on al  me as ur e s to 
p ro te ct  th e s pe ci es  mi gh t  b e re q ui re d  i f a s pe ci f ic  r es e ar ch  pl ot  i s  c ho s en  i n p ro xi mit y to  Be ar  Cr ee k.
Any  s uc h  a dd i ti on al  me as u re s wo u ld  b e  d et er min ed  an d do c umen t ed  d ur i ng  t h e pr oj e ct ’s 
e nv ir on men ta l  r ev ie w p ro c es s. Ot he r e va lu at i on  c o ul d in c lu de  co nd uc t in g mon it or i ng  a c ti vi ti e s to 
d et er mi n e th e  p re -e x is ti n g co nd i ti on  of  s pe c if ic  re ac he s  o f Bea r Cr e ek  i n  p ro xi mit y t o se le c te d
r es ea rc h  p lo t s.  Pe r io di c  mon it o ri ng  by  ORNL o f a qu at ic  an d b en th ic  re so u rc es  wi th in  ad ja ce n t
r ea ch es  mi gh t  b e co n du ct e d to  d e te rmi ne  i f FRC a c ti vi ti e s wo u ld  r es u lt  i n  i mp ac t  t o t he  Ten n es se e 
d ac e or  it s f or ag e b as e.

4.1.5 Archaeological, Cultural, and Historic Resources

Acc or di n g to  th e Te n ne ss e e St at e  His t or ic  Pr es er v at io n Off ic e r, n o c ul tu r al  r es o ur ce s  h av e b ee n
i de nt if i ed  wi th in  t h e pr o po se d c on ta min at ed  ar ea  an d ba c kg ro u nd  a re a  ( Ap p en di x E).  Sev er al  hi st o ri c
s it es  e x is t i n pr ox i mi ty  to  t he  pr op o se d FRC b ut  no ne  a r e lo c at ed  wi th in  it s bo u nd ar i es .  Be ca us e  t he 
s ca le  o f  p ot e nt ia l d is tu r ba nc e wou ld  be  s ma l l (l e ss  t ha n  o ne  ac re ) a nd  r e se ar ch  wo ul d  t ak e p la ce  in 
p re vi ou s ly  d i st ur be d  a re a s, i t i s un l ik el y t ha t p re vi ou s ly  u n kn own h is to r ic  r es o ur ce s  wou ld  be 
d is co ve r ed  d u ri ng  a c ti vi t ie s ne e de d t o su pp o rt  s i te  c ha r ac te r iz at io n s, t o  o bt ai n  r es e ar ch -q u al it y 
s ampl es , o r i n si tu  re se ar c h.  I f in  t h e co u rs e of  co nd u ct in g FRC a c ti vi ti e s, a r ch ae ol o gi ca l , cu lt u ra l, or 
p re hi st o ri c r es ou rc e s we r e di sc o ve re d , the state historic preservation office would be notified and
measures would be initiated to eliminate impact.

4.1.6 Land Use, Recreation, and Aesthetic Resources

The  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a li e e nt ir e ly  wit h in  t h e Be ar  Cr ee k  Val le y  a t
ORNL.  Lan d u se s wi t hi n t he  BCV in cl u de  d ev e lo pe d  a re as  su ch  as  t ho s e ne a r th e Y-1 2 p la nt , t he  S- 3
Pon ds  Si te , was te  c o nt ro l  a re as  th at  ar e op e n an d  h ig hl y  v is i bl e, a n d cl o se d fo r es te d  a re as  th at  ar e pa r t
o f th e Y-1 2 r es er va t io n.  Whi le  th er e  may  b e  h un t in g ac t iv it i es  i n t he se  ar ea s s ev er a l ti me s  d ur i ng  t he 
y ea r, a c ce ss  is  r es t ri ct e d.

New f ac i li ti e s th at  wo ul d  b e ne e de d i nc lu de  two f ie ld  o f fi ce / la bo ra t or y t ra il er s —o ne  to  b e l oc at e d at 
t he  c on t amin a te d ar e a an d  o ne  a t  t he  ba ck gr o un d a re a.  The  o n ly  i nt r us io n  e xp ec t ed  t o  i mp ac t  e xi s ti ng 
l an d us e s wo u ld  b e t he  p l ac emen t  o f t he  t ra i le rs  to  s up p or t a ct iv it i es  n e ar  t he  lo ca t io n of  di sc r et e
r es ea rc h  a re a s wi th i n th e  FRC.  In  a l l ca se s , th e  t ra il e r wo u ld  b e p ar t o f an  a l re ad y  d ev el o pe d a re a an d 
wou ld  b e  c omp at ib le  wi th  th e immed ia t e su rr o un di n gs .  I n  t he  ba ck gr o un d a re a, s o me  c l ea ri ng  wo ul d 
n ee d to  be  d o ne  t o p la ce  a tr ai l er  i n  p ro xi mit y t o th e r es ea r ch  a re a s.  Howev er , e ve r y ef fo r t wo u ld  b e
mad e to  lo ca t e th e t ra il e r in  a n  a re a  t ha t h as  b e en  p re v io us l y di st u rb ed  (e .g ., po we r li ne  r i gh t o f wa y o r
p as t ar e a of  re se ar c h) .  Ac ti vi t ie s u nd er ta k en  t o  s up po r t si t e ch ar a ct er i za ti on s , ob t ai n re s ea rc h -q ua li t y
s ampl es , a nd  co nd uc t  i n si tu  re se ar c h mi g ht  r es u lt  i n  s ho rt - te rm impa ct s  t o v is ua l a es th e ti c re s ou rc e s,
e sp ec ia l ly  d u ri ng  t h e si t e ch ar a ct er i za ti on  ph as e  o f re s ea rc h .  Dri l l ri g s, a n i nc re a se  i n s it e p er so nn e l,
a nd  s up p or t v eh ic le s  mig h t be  n e ed ed .
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Rec re at i on al  us es  i n  t he  ar ea  s u rr ou n di ng  t h e ORR i nc lu d e fi s hi ng , b oa ti n g, h un t in g, hi ki ng , a nd 
c ampi ng .  Ac c es s to  th e ORR i s c on tr o ll ed , a nd  r e cr ea ti o na l u se s wi t hi n ORR a re  li mi t ed  t o c on tr o ll ed 
h un ts  d u ri ng  ce rt ai n  s ea s on s.  Wit hi n  t he  p r op os e d co nt a mi na t ed  a re a  a nd  ba ck gr o un d a re a, d e er  a n d
t ur ke y h un ts  ar e he l d an n ua ll y e xc ep t  i n ar e as  i mme di at e ly  a d ja ce nt  to  t h e Y- 12  pl an t  a nd  i t s di s po sa l
a re as  i n  Bea r  Cre ek  Va ll e y.  Be c au se  th es e s ea so n al  a ct i vi ti e s ar e s ch ed u le d we l l in  ad va nc e , FRC
man ag eme nt  wo ul d pl a n to  mi ni mi z e ac t iv it ie s  d ur i ng  h un t in g s ea so ns  to  a v oi d th e  p ot e nt ia l f or 
i mp ac t.

Vis ua l/ a es th e ti c re s ou rc e s ra ng e  f ro m r el at i ve ly  cl os ed  fo re s ts   to  de ve l op ed  a r ea s t ha t in c lu de  wa st e
c on tr ol  ar ea s  a nd  s t or ag e  y ar ds  fo r s cr ap  me ta l a nd  o th e r ma t er ia ls .  Th e  o nl y v is ua l  i nt ru s io ns 
a nt ic ip a te d a s a re s ul t o f impl e me nt a ti on  o f  FRC re se ar c h wo u ld  b e t he  p l ac emen t  o f t wo  s up p or t
t ra il er s  a nd  th e te mpo ra r y pl ac e me nt  of  d ri l li ng  ri gs  a n d ot h er  e qu i pmen t  n ea r s pe ci f ic  r es e ar ch  si te s
i n th e p ro po s ed  c on t amin a te d ar e a an d  b ac kg r ou nd  ar ea .  Ef fo r ts  wou l d be  ma de  t o  l oc a te  t ra i le rs  an d
e qu ip me n t in  ar ea s p re vi o us ly  d i st ur b ed  t o l imit  th e po t en ti a l fo r v is ua l  i nt ru s io n.  No imp ac ts  ar e
e xp ec te d  f ro m FRC a c ti vi t ie s.

4.1.7 Socioeconomic Impacts

As st at e d in  Se ct io n  3 .1 .7, t he  la bo r  f or ce  in  t h e fo ur  co un t y ar ea  in  1 9 98  was  28 0,1 90 .  Th e wo r k
f or ce  f o r th e  p ro po s ed  FRC is  a n ti ci p at ed  t o  b e s ma ll : p os si b ly  a  s t af f o f up  t o  s ix  in di vi d ua ls , s ome o f
who m wo u ld  b e  p ar t- t ime e mp lo ye e s of  th e FRC.  Re se ar ch e rs  f r om ORNL, ot h er  n at i on al 
l ab or at o ri es , u ni ve r si ti e s, a nd  ot he r  r es ea r ch  i n st it ut i on s wou ld  v i si t t he  p ro p os ed  FRC to  co nd u ct 
e xp er ime nt s a nd  c ol l ec t s ampl es .  Th e  n umbe r s of  vi si to r s at  an y on e  t ime  wou ld  be  s mal l, b u t co u ld 
b e as  ma ny  a s  2 4 on  oc ca s io n.  Vis it in g  s ta f f an d s ci en t is ts  wo ul d c on tr ib u te  i n  a  b en e fi ci a l ma nn e r to 
t he  l oc a l ec o no my  b y  staying in local hotels and using local services.  There would be no negative
impact to the socioeconomics of the Oak Ridge area as a result of FRC activities.

4.1.8 Human Health

As de sc r ib ed  in  App e nd ix  C, ORNL wou l d de ve l op  a n  o ve ra l l Ma n ag emen t  Pla n  f or  t h e FRC t ha t
wou ld  e x pl ai n  t he  g o al s a nd  o bj e ct iv e s of  t h e FRC, ro le s  a nd  re sp on s ib il i ti es  o f   FRC s ta ff ,
p ro ce du r es  f o r in ve s ti ga t or s to  fo ll o w, a nd  pr oc e du re s f or  s t or ag e o f ma t er ia l a nd  wa st e di s po sa l .  To
a dd re ss  po te n ti al  ES&H i s su es  a s so ci a te d wi t h hu man  h ea l th  a n d en vi r on me n ta l pr o te ct i on , ORNL
wou ld  a l so  d e ve lo p t he  f o ll owin g  p la n s: 

•  an action-specific health and safety plan detailing potential pathways of exposure and best
management practices to reduce those hazards;

•  a characterization and waste control plan;

•  a contingency plan to address offsite migration of any nutrients or other chemicals used in
conjunction with NABIR research activities; and

•  a site closure plan.

Alt ho ug h  i mp o rt an t f or  o p er at in g  t he  pr op os e d FRC, th is  EA s e ek s to  ev al u at e po t en ti a l impa c ts  t o 
h uman  h e al th  an d th e  e nv i ro nmen t  p ri o r to  s e le ct i ng  t he  FRC.  For  p u rp os e s of  t h is  e v al ua ti o n, h e al th 
a nd  s af e ty  i s su es  t o  b e e va lu at e d in c lu de :
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•  exposure to contaminated soils and groundwater,

•  occupational hazards associated with a drilling/construction site, and

•  hazards associated with accidental releases of stored liquid chemicals or materials.

4.1.8.1 Exposure to Contaminated Soils and Groundwater

The re  a r e two  p ri ma r y hu man  h ea l th  i s su es  a s so ci a te d wi t h ex p os ur e t o co n ta mi na t ed  s o il s an d 
g ro un dwa te r f ro m th e  c on t amin at e d ar e a at  ORNL.  Th e fi r st  i s su e is  po te n ti al  r a di at i on  e xp o su re 
f ro m gr o un dwa te r an d  s oi l s/ se di men ts  wi th  r a di oa c ti ve  c o nt ami na nt s.  The  se co nd  is su e  i s po t en ti a l
c he mi ca l  t ox i ci ty  o f  t he  co nt ami na nt s  t ha t may  b e  i n gr o un dwa te r an d  s oi l s/ se di men ts  fr om t h e
c on ta mi n at ed  ar ea .

Bec au se  of  t h e pr op o se d n at ur e o f op e ra ti on , p ot e nt ia l e xp os u re s co u ld  o c cu r du r in g d ri ll in g  a nd 
s ampl in g  o pe r at io ns  in  t h e co nt a mi na t ed  a re a  a nd / or  i n t he  p r oc es si n g an d  a na ly s is  o f  s ampl e s
o bt ai ne d  f ro m t he  c o nt ami na te d a re a.  Suc h e xp os u re s co u ld  b e  t o FRC s ta f f or  t o  s ci e nt is ts . To
mit ig at e  t he s e po te n ti al  ex po su r es , a  c ombi n at io n  o f pe r so na l  p ro te c ti ve  eq ui pme nt , p er so nn e l
t ra in in g , ph y si ca l d es ig n  f ea tu r es , a nd  o th e r co n tr ol s ( e.g., l imit i ng  e x po su re  ti me s ) wo ul d  b e r eq ui re d 
t o en su r e th a t wo rk e r an d  v is it o r pr o te ct io n  wou l d be  ma in ta i ne d fo r  a ll  pr op os e d FRC-r el at e d
a ct iv it i es .  In  a dd i ti on , OSHA r eg ul a ti on s t ha t p er ta in  to  c o ns tr uc t io n a nd  wel l  i ns t al la ti o n wo u ld  b e
a dh er ed  to  i n  a ll  s i tu at i on s.

For  t he  ma jo r it y of  sc ie n ti st s, po te n ti al  e x po su r es  wou l d be  fr om s a mp le s  o bt ai n ed  f r om t he 
c on ta mi n at ed  ar ea  a n d wo u ld  o cc u r wh i le  t he y  p er f or me d s ampl e  p ro ce s si ng  or  a na l ys es .  Fo r
s ci en ti s ts  a n d FRC s ta ff , who  wo ul d b e in vo l ve d wit h dr i ll in g  a nd  s a mp li n g op er a ti on s , po te n ti al 
e xp os ur e s wo u ld  b e f ro m a cc id en t s as s oc ia te d  wit h  d ri ll i ng  a n d sa mp l in g o pe ra ti o ns  i n  t he 
c on ta mi n at ed  ar ea .

Tit le  1 0 , CFR, Par t 8 35 , “ Oc cu pa t io na l  Rad ia t io n Pro te ct i on ,”  es ta bl i sh es  ra di at i on  p r ot ec ti o n
s ta nd ar d s, l i mi ts , a nd  p r og ra m r eq ui r emen ts  fo r p ro te ct i ng  wo rk er s a nd  t h e ge ne r al  p u bl ic  f r om
i on iz in g  r ad i at io n r es ul t in g fr o m th e  c on du c t of  DOE ac t iv it i es .  Fo r wo r ke rs , 1 0 CFR 83 5 re q ui re s  a 
5 -r em p e r ye a r do se  li mi t .  For  th e g en er al  pu bl i c, 1 0 CFR 8 3 5 re qu i re s a  1 00  mi ll ir e m (mre m) pe r 
y ea r do s e li mit .  I n  a dd i ti on , i t re q ui re s t ha t mea su re s  b e t ak en  t o  mai n ta in  r a di at i on  e xp o su re  as  l ow
a s re as o na bl y  a ch ie v ab le .  Th e 5 -r em do se  l i mi t wou ld  b e  a pp l ic ab le  to  FRC st af f  a nd  th os e i nv ol v ed 
i n dr il l in g a nd  s amp li ng  op er at i on s i n th e c on ta min at ed  ar ea .  Th e 1 00  mr em d os e  l imi t wo ul d  b e
a pp li ca b le  t o  s ci en t is ts  wh o pr o ce ss  or  a na l yz e b ot h so i l/ se d imen t a nd  g r ou nd wa t er  s a mp le s f ro m t he 
c on ta mi n at ed  ar ea .

For  p ur p os es  of  t hi s  EA, th e ma x imum al lo wa b le  e x po su re  to  FRC st af f  was  as su me d  t o b e 10 0 mre m
p er  y ea r .  I n  a dd it i on , b ec au se  po te n ti al  e x po su r es  mos t  l ik e ly  wou l d be  du ri ng  dr il l in g an d  s amp li ng 
o pe ra ti o ns , t he  f ol l owin g  a na ly s is  o f  p ot en t ia l d os es  wa s as s umed  t o  b e f or  h yp o th et i ca l wo r ke rs 
i nv ol ve d  i n d ri ll in g  a nd  sa mp li n g op e ra ti on s .

Dos es  t o  wor k er s we r e bo u nd ed  b y  e va l ua ti ng  a “b o un di ng  an al y si s”  s c en ar i o, i n t he  a b se nc e o f an y 
e xi st in g  d at a  o n wo r ke r d os es  f o r th i s ki nd  of  wo rk  i n t he  f i el d.  Wor ke r s we re  as su med  t o s pi ll  smal l
a mo un ts  of  s o il /s ed i me nt  (1  g ra m o f c on ta mi n at ed  so il /s e di me n t fi ve  ti me s  p er  y e ar  f o r a to t al  o f  5 
g ra ms ) o r gr o un dwat e r (1  mi ll il i te r o f co nt a mi na t ed  g ro u nd wa t er  f iv e  t ime s pe r y ea r f or  a  t o ta l o f 5
mil li li t er s)  on  t he mse lv e s du ri n g th e  c ou rs e  o f s ampl e e xt ra c ti on  a n d pr o ce ss in g .  To  max imi ze  t h e
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p ot en ti a l do s e, i t was  f u rt he r a ss ume d th at  th e wor ke rs  di d n ot  was h  o ff  th e co n ta mi n at io n, bu t
a ct ua ll y  i ng e st ed  i t .

Rad io nu c li de  in ge st i on  wa s ca lc u la te d  f ro m t he  a v er ag e mea su r ed  a ct i vi ty  va lu es  fo r U-2 33 , U-2 35 ,
U-2 38 , Pu- 23 8  a nd  Pu -2 39  in  s oi l  a nd  gr ou nd wat er  (s ee  Ta bl e 4 -1 ).  The  me as ur ed  da ta  in  Tab l e 4.1 
wer e ob t ai ne d  f ro m t he  Re me di al  In ve s ti ga ti o n re p or t fo r  Bea r  Cre ek  Va ll e y (DOE 19 97 a ).  To t al s
wer e ba s ed  o n  a  y ea r ly  c o ns umpt i on  o f  5  g ra ms of  so il /s e di me n t an d 5  mil l il it er s  o f g ro un dwa te r.
Do se  f ac t or s f or  t he  Co mmi tt ed  Ef fe ct i ve  Dos e  Equ i va le nt  we re  ta ke n f ro m t he  EPA re po r t, "Li mit in g 
Val ue s o f Ra d io nu cl i de  I n ta ke  a n d Ai r  Con ce n tr at i on  a nd  Do se  Co nv er s io n Fac to rs  fo r I nh al at i on ,
Sub me rs i on  a n d In ge s ti on , Fed er a l Gu i da nc e Rep or t  No. 1 1 " (EPA- 52 01 / 1- 88 - 02 0) , p ub li s he d in 
Sep te mb e r 19 8 8.

For  t he  so il / se di me n t in g es ti on  pa th way , th e  t ot a l do se  (f or  al l ra d io nu c li de s)  ca me  to  l es s  t ha n  0 .0 1
mre m/ ye a r, wh ic h is  10 ,0 0 0 ti me s  l es s  t ha n t he  l i mi t of  10 0 mre m/ ye a r al l owed  f o r me mbe rs  o f  t he 
p ub li c u nd er  10  CFR 83 5, Se ct io n  2 08 .  Th e g ro un dwa te r i ng es ti o n pa t hway  i s  t hr e es  t ime s sma ll er ,
wit h a t ot al  do se  o f  a pp r ox imat e ly  0 .00 3 mr e m/ ye a r.

To es ti mat e t he  t ot a l po t en ti al  ri sk  to  wor k er s f ro m th i s “b o un di ng  an al y si s”  e x po su r e sc en a ri o, it  was 
f ur th er  as su med  t ha t  t he  wo rk er s  wer e  e xp os e d du r in g th e  e nt i re  l if e  o f t he  p ro j ec t, wh ic h i s te n  y ea rs .
The  c omb in ed  an nu al  do se  fr om b o th  t h e so il  an d g ro un dwa te r i ng es ti o n pa t hway s was  1.26 E- 0 2
mre m pe r  y ea r  ( 9 .4 7E-0 3  + 3 .09 E- 03 ) .  Ov er  t he  te n- y ea r li f et ime  o f th e  p ro j ec t, t h e to t al  d os e  was  te n
t imes  t h at  a mou nt , o r 1.2 6E-0 1 mre m.  The  l i fe ti me fa ta l  c an c er  r is k  i s c al cu la t ed  b y  mul ti p ly in g  t hi s
t en -y ea r  d os e  b y th e  d os e -t o- ri s k co n ve rs io n  f ac t or  o f 4 E- 04  de at hs  pe r p er so n- r em ( NRC 1 99 1 ).
Thi s ca l cu la t io n yi e ld s a  l if et i me  r i sk  o f 6 .2 8E- 08 , or  ro ug h ly  s ix  in  1 0 0 mi ll i on .

Table 4-1  Human Health Exposure Rates

Soil Ingestion
(5 g/y)

Groundwater Ingestion
(5 ml/y)

Radionuclide mrem/
pCi

pCi/g
(avg)

Total pCi mrem/y pCi/l
(avg)

Total
pCi

mrem/y

U-233 2.89E-04 2.1 10.5 3.03E-03 660 3.3 9.54E-04

U-235 2.66E-04 0.12 0.6 1.60E-04 68.8 0.344 9.15E-05

U-238 2.55E-04 4.6 23 5.87E-03 1601 8.005 2.04E-03

Pu-238 3.20E-03 0.02 0.1 3.20E-04 0 0 0.00E+00

Pu-239 3.54E-03 0.005 0.025 8.85E-05 0 0 0.00E+00

TOTAL: 9.47E-03 TOTAL: 3.09E-03
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Alt ho ug h  r ad i oa ct iv e  e xp o su re  wo ul d n ot  b e a  p ro b le m, t h e po t en ti al  ch emi ca l to x ic it y  o f th e 
c on ta mi n an ts  in  t he  so il s /s ed ime nt s a nd  g ro u nd wa t er  f ro m t he  pr op os e d co n ta mi na t ed  a r ea  a ls o  n ee d s
t o be  c o ns id e re d. Be ca us e  t he  p r op os e d co nt a mi na t ed  a re a  wou l d be  wi th in  a CERCLA si t e,
c on ta mi n an t c on ce nt r at io n s ar e e va lu a te d ac c or di n g to  CERCLA st an da r ds .  Ba se d o n th e  r ec en t 
Remed ia l  I nv e st ig at i on  ( RI)  o f Bea r Cre ek  Va ll ey , t he  c o nc en t ra ti on s  o f a  v ar ie t y of  ra di oa c ti ve  an d
o rg an ic  co nt a mi na nt s  a nd  ot he r g ro un d wa te r c on st i tu en ts  wi th i n th e c on ta min at ed  ar ea  ar e of 
r eg ul at o ry  c o nc er n ( DOE 1 99 7a ).  Exa mpl es  i n cl ud e  l ea d, st ro n ti um, u ra ni u m, n it r at e, ac et on e , an d 
t ri ch lo r oe th y le ne .

Not  a ll  of  t h es e co n ta mi n an ts  o f  c on c er n ar e  p re s en t in  al l e xi st in g  wel l s wi th i n th e  c on ta min at e d ar ea .
Howev er , t he y  a re  f o un d o ft en  e n ou gh  to  war r an t c au ti on  an d p ro te ct i on  f r om e xp o su re .  Fo r
e xa mp le , l ea d  h as  b e en  d e te ct ed  in  6 1  o ut  o f  8 2 wel ls  wi th in  th e Be a r Cr e ek  Val l ey , a nd 
t ri ch lo r oe th y le ne  ( TCE) h as  b ee n  d et e ct ed  i n  5 7 o ut  o f 8 3 we l ls  wit h in  t h e Be ar  Cr ee k  Val le y  ( DOE
1 99 7a ).  Als o , al th o ug h t he se  we ll s a re  i n Bea r Cre ek  Va ll ey , t he y a re  n o t ne ce s sa ri l y wi th i n th e 
p ro po se d  c on t amin at e d ar e a.  Fi n al ly , t he  c o nc en t ra ti on  of  t h es e co n ta mi n an ts  v a ri es  fr om o n e we l l to 
a no th er .  Fo r  l ea d, th e max imum co nc e nt ra ti o n de t ec te d was  0 .23  mg/ L, bu t  t he  me an  o f  t he  me di an s 
c on ce nt r at io n  was  0 .00 46  mg /L.  Fo r TCE, th e  max i mu m co n ce nt r at io n d et ec t ed  was  46 0 mg/ L, b u t
t he  mea n  o f t he  med i an s c on ce nt r at io n  was  2 1 .9  mg /L.  Th e sp e ci fi c c on ta min an ts  of  c o nc er n a re 
i de nt if i ed  i n  t he  RI  r ep o rt .

Mos t of  th e c on ta mi n an ts  of  c on c er n wou ld  h a ve  a n  i mp ac t  o n h uman  h e al th  on ly  i f  i ng e st ed  ( i .e ., by 
d ri nk in g  c on t amin at e d gr o un dwat e r or  by  s wa l lo wi n g co nt a mi na t ed  s oi l s/ se d imen ts ) .  A fe w
c on ta mi n an ts  co ul d h av e a n impa c t if  th ey  c o nt ac t  s ki n.  To g ua rd  a g ai ns t  s ki n c on ta c t, p er s on al 
p ro te ct i ve  e q ui pmen t  wou l d be  e mpl oy e d.  Be c au se  gr ou nd wat er  fr om t h e co n ta mi na t ed  a r ea  wou l d
n ot  b e u se d f or  d ri n ki ng  wa te r, an d b ec au se  sc ie n ti st s wou ld  no t co n si de r  d ri nk i ng  a n y gr ou n dwat e r
c ol le ct e d ei t he r fr o m th e  b ac kg r ou nd  or  c on t amin a te d ar e a, t h er e sh o ul d n ot  b e a ny  p o te nt ia l  f or 
h uman  e x po su r e.  In g es ti o n of  c o nt ami na te d s oi ls / se di me n ts  l i ke wi se  wo ul d  n ot  b e  c on s id er ed  by 
s ci en ti s ts  a n d th er e fo re  wo ul d n ot  r e su lt  i n  h uma n ex po s ur e.

Bas ed  o n  t he  in fo rma ti on  pu bl is h ed  i n  t he  RI , kn o wl ed ge  of  t h e co nt a mi na t ed  a re a  a nd  ex pe ri e nc ed 
d ri ll in g  a nd  fi el d o pe ra t io ns  s t af f wou ld  b e  e ss e nt ia l f or  g u id in g t he  d r il li ng  an d s ampl in g  a ct i vi ti es  in 
t he  c on t amin a te d ar e a.  I n ad di t io n, th e st a ff  o f  t he  p r op os e d FRC wou ld  ad vi se  sc ie n ti st s o n tr a in in g
a nd  p er s on al  pr ot ec t iv e e qu ip me n t an d  p ro vi d e ov e rs ig ht  of  o p er at io n s to  en su re  th at  wo rk er  an d
v is it or  pr ot e ct io n wou ld  be  mai n ta in e d.

4.1.8.2 Site Specific Hazards and Accidents

Reasonably foreseeable accidents associated with the proposed FRC could involve: construction
accidents associated with well-drilling and sampling; striking a subsurface structure during drilling;
spilling a tank of stored liquid chemical, such as glucose or acetate; and leaks of contaminated
purgewater from fittings and valves.

Very few accidents associated with well-drilling/sampling or striking a subsurface structure have
occurred on the ORR.  According to Oak Ridge National Laboratory
(http://www.tis/eh/doe_gov/web/oeaf/orps/orps.html) only two accidents have occurred during the
course of remedial investigations in the Bear Creek Valley.  Both accidents involved the use of a
drill rig and failure by the operators to follow operating procedures.

For accidents involving injuries to workers (e.g., during drilling operations at the background or
contaminated areas), emergency services at Y-12 would be contacted to provide treatment and
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transport to the plant medical facility or a hospital, as needed.  For accidents at ORNL facilities,
assistance from the ORNL Laboratory shift superintendent would be obtained.

Although spills of chemicals used at the background or contaminated area would be possible, the
quantities of materials stored or transported onsite would be small (i.e., a few gallons of
concentrated material or at most 55 to several hundred gallons of a one percent solution).  For
experiments where long-term injections of nutrients, tracers or other materials would take place, the
rate of injection is likely to be less than ten gallons per day.  Therefore, 200 to 300 gallons of
diluted material would last at least two weeks.

A direct spill to Bear Creek could cause a temporary localized decrease in oxygen due to increased
microbial activity; however, the spill would be rapidly diluted, even during low-flow periods.
Quantities that might be spilled would be small (less than 200 gallons) and dilute (equal to or less
than one percent).

As identified in Section 4.1.3, there would be no impacts to groundwater or surface water as a result
of injection of the materials.

In the event of a spill of a contaminated sample or chemical reagent at the contaminated area or
background area, the research team would immediately contact the Y-12 Plant shift superintendent
who would mobilize an emergency management team responsible for spill containment and
cleanup.  Accidents involving injuries to workers (e.g., during drilling operations) would involve
contacting emergency services at Y-12 to provide treatment and transport to the plant medical
facility or a hospital, as needed.  Similarly, any laboratory spills or accidents at ORNL facilities
would involve obtaining assistance from the ORNL Laboratory shift superintendent.  In addition, a
Health and Safety Plan would be developed for the FRC that would identify all appropriate
requirements, such as training, monitoring, spill prevention and control measures, and emergency
response procedures.

Overall, a spill directly into Bear Creek or to the ground would be expected to have little to no
impact on environmental quality or human health.

Noise

Bac kg ro u nd  d a ta  o n n oi se  le ve ls  at  t h e pr op o se d c on ta mi n at ed  ar ea  a n d ba c kg ro un d  a re a  a re  n o t
a va il ab l e.  Muc h of  th e p ro po se d  c on t amin at e d ar e a an d p ar ts  of  t he  ba ck g ro un d a re a a re  a dj a ce nt  to 
Bea r Cr e ek  Ro ad , wh i ch  h a s co ns i de ra b le  e mp l oy ee  tr af fi c  d ur i ng  s hi f t ch a ng es  a t  t he  pl an t a nd 
i nt er mi t te nt  tr af fi c  d ur i ng  mos t  o f t he  wor k da y.  The  we st er n  b ou nd a ry  o f  t he  b a ck gr o un d ar e a wo u ld 
b e ad ja c en t t o St at e  Rou t e 95 , whi ch  ha d ex i st in g  p ea k t ra ve l  v ol ume s of  97 0 ve h ic le s  p er  h o ur  i n 
1 99 7 (Ta bl e 3 .7 -2  i n  DOE 19 97 b) .  No i se  l ev e ls  2 0 0 fe et  (6 0 m) fr om ma in  th or ou g hf ar e s su ch  as 
Sta te  Ro ut e 9 5 ha ve  be en  es ti ma t ed  f r om t ra f fi c c ou nt s d ur in g  r us h h ou r t o be  b e twee n  5 5 an d  6 0
d B/ A.  Noi se  le ve ls  at  r e la ti ve l y is o la te d s it es  wi th in  th e p la nt  a r ea  ma y be  l o we r t ha n 55  dB/A (DOE
1 99 7b ).

Act iv it i es  t o  b e un d er ta k en  a t t he  p r op os ed  co nt a mi na te d  a re a  a nd  b a ck gr o un d ar e a ar e  l is te d  i n
Sec ti on  2.2.3 .  Noi s e as s oc ia te d  wit h  d ri ll i ng  wo ul d be  te mp o ra ry  a n d wo u ld  p ot e nt ia l ly  d is t ur b
wil dl if e  o r o th er  s e ns it i ve  r ec e pt or s  f or  o n ly  s h or t pe r io ds  du ri ng  da yl i gh t ho u rs .  Dr il li n g op e ra to rs 
wou ld  b e  r eq u ir ed  t o  mee t  a ll  OSHA r e qu ir eme nt s.

Rep re se n ta ti v e ac ti v it ie s  a nd  a v er ag e  n oi se  le ve l s ar e p re se n te d be l ow:
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•  The average noise level of a compressor at a point 1 foot (0.3 m) distant is 88-90 decibels
(dB/A).

•  The average noise level of well sampling is 75-78 dB/A for the sampler.

•  The average noise level of a generator at a point 1 foot (0.3 m) distant is 93-95 dB/A.

•  The average noise level of well drilling at a point 49 feet (15 m) distant is 89-111 dB/A.

Noi se  l e ve ls  wo ul d n ot  e x ce ed  n o is es  he ar d d ur in g  r ou ti n e da i ly  a ct i vi ti e s. Dec i be l l ev el s a re  b e lo w
t ha t co n si de r ed  t o b e ha r mf ul  ( s ee  Fi gu re  3 - 6) .  No is e f ro m FRC a ct i vi ti e s wo ul d  b e t empo ra r y an d 
l ik el y t o di s tu rb  wi ld li f e or  o t he r s en si ti v e re c ep to rs  fo r o nl y sh o rt  p e ri od s d ur in g  d ay li g ht  h o ur s.
Exp ec te d  h ou r s of  o p er at i on  wou l d be  fr om 8 : 00  a .m. t o 6 :0 0 p .m.

4.1.9 Waste Control

Was te s g en er a te d as  a re s ul t of  NABI R a ct iv i ti es  ar e es t imat e d to  b e  u p t o 12 ,0 0 0 ga l lo ns  ( a bo ut 
4 6,00 0 L) of  gr ou nd wat er  an d 20  cu bi c  f ee t ( 0.56  cu bi c met er s ) of  s o il  p e r ye ar .  Si mil ar  v o lu me s 
wou ld  b e  g en e ra te d a t th e  u nc on t amin a te d si t e bu t  wou ld  be  d i sc ha rg e d to  th e gr o un d. All  was t es 
wou ld  b e  e va l ua te d a nd  ma na ge d i n co mpl ia nc e  wit h  t he  a p pr op r ia te  r e qu ir e me nt s.  The  re gu la t or y
s ta nd ar d s wo u ld  b e met  t h ro ug h u se  o f  a pp ro p ri at e  was te  pa ck a gi ng  a n d la b el in g;  pl ac e me nt  i n 
d es ig na t ed  wa st e st o ra ge  ar ea s, an d r ou ti ne  in sp e ct io ns  an d mai nt en a nc e.  Bes t ma n ag eme nt  p ra c ti ce s 
wou ld  b e  i ns t it ut ed  wh er e ve r ap p li ca b le .  Th e ma j or it y o f no n -h az ar d ou s s ol id  wa st e mat er ia l 
g en er at e d du r in g dr i ll in g  wou ld  be  i n  t he  f o rm o f  s ub su r fa ce  dr il l c ut ti n gs  ( so i l ma t er ia ls ) .  Th is  s oi l 
mat er ia l  a nd  be nt on i te  c l ay  wou l d be  us ed  t o  b ac k fi ll  t h e te s t ho le s  a t t he  c omp le ti o n of  f i el d wor k.  I f
t he re  i s  a ny  so il  ma te ri a l re ma i ni ng  af te r b ac kf i ll in g, it  wo ul d be  di st r ib ut ed  ar ou n d ea ch  te st  pl ot .

Con ta mi n at ed  wa st es  (i .e ., ra di o ac ti v e, c he mic al , a nd  mi xe d was te s)  wo ul d  b e ha n dl ed  un de r e xi st i ng 
p ro ce du r es  f o r de al i ng  wi th  s uc h  was t es  a t Y-1 2 a nd  ORNL, as  ap pr op r ia te  (s ee  Se ct io n  9 .0 ,
App li ca b le  En vi ro nme nt al  Re gu la t io ns , Per mi t s an d  DOE Or de rs ) .  Pur g e wa t er  f ro m d ri l li ng 
o pe ra ti o ns  i n  t he  c o nt ami na te d a re a l ik el y wou ld  fi ll  s e ve ra l  5 5- ga l lo n d ru ms .  Ot he r  t ha n p umpi n g
t es ts , whi ch  co ul d g en er a te  u p t o 12 ,00 0 ga l lo ns  of  was t ewat e r th at  wo ul d  b e co l le ct e d in  2 0 ,0 00 - 
g al lo n t an ke r  t ru ck s , gr o un dwat e r ex t ra ct ed  du e t o re se a rc h a ct iv it i es  wo ul d be  co ll e ct ed  i n  5 5- g al lo n
d ru ms .  All  c on t amin a te d gr o un dwa te r wo u ld  b e  t ra ns p or te d  t o th e  Y-1 2  Wes t End  Tr ea tmen t 
Fac il it y .  Co nt amin a te d s ed imen t s an d  s oi ls  wo ul d  b e tr a ns fe r re d to  Be ch t el  J ac o bs  Co rp or at i on , t he 
ORR was t e co n tr ol  c o nt ra c to r, f o r di s po sa l.  All  wa st es  ge ne r at ed  f r om n o rmal  e v er yd a y ac ti v it ie s  b y
wor ke rs , i nc l ud in g b io lo g ic al  wa st es , g ar ba g e, a n d si mi l ar  ma te ri al s , wo u ld  b e k ep t i n co nt a in me n t
a nd  e xp o rt ed  fr om t h e wo r k si te s  t o p ro pe r d is po s al  f ac i li ti e s, t o p re cl u de  l ea v in g a ny  was t es  b e hi nd 
d ur in g a nd  a t  t he  t e rmin a ti on  o f  t hi s  a ct iv i ty .

Tra il er s  f or  th e FRC wou l d be  e q ui pp e d wi th  po rt a bl e ch e mi ca l  t oi le t s, wh ic h wo u ld  b e  s er vi c ed 
p er io di c al ly .  Th e Y-1 2 Env ir on men ta l  Man ag e me nt  Di vi si o n wo u ld  b e a sk ed  to  h el p  h an d le  f ie l d
i nv es ti g at io n -d er iv e d wa s te s ge n er at e d at  t h e co n ta mi na t ed  a n d ba ck g ro un d  a re as .  ORNL la bo r at or y 
was te s wou ld  be  h an d le d a s pa rt  of  t h e on go i ng  wa st e co n tr ol  pr og ra m a t ORNL.

4.1.10 Transportation

FRC s ta f f an d  r es ea r ch er s  wou ld  be  r e qu ir ed  to  t r av el  r o ad s b et we en  th e c on ta mi n at ed  ar ea ,
b ac kg ro u nd  a r ea  a nd  an ci l la ry  f a ci li t ie s lo c at ed  wi th in  ORNL.  Pu bl i c ro a ds  t ha t  wou l d be  t r av el e d
i nc lu de  Be ar  Cr ee k Roa d, St at e Hig hwa y 95 , a nd  Be th el  Va ll ey  Ro ad .  Th es e  r oa ds  ar e o pe n- ac c es s
p ub li c r oa ds .  So me  us e o f li mi t ed  a c ce ss  r o ad s o n th e ORR wo ul d oc c ur  t o  a cc es s  s to r ag e si t es  a n d
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o th er  f a ci li t ie s.  Due  t o  t he  s mal l n umbe r o f st a ff  a nd  re se a rc he rs  in vo l ve d, t h er e wou ld  b e  min i ma l
i nc re as e s in  tr af fi c  d ue  to  FRC ac ti v it ie s.  Some  i nt er r up ti o n of  n o rmal  tr af fi c  f lo w mig ht  oc cu r  a s a
r es ul t o f dr i ll in g r ig s a nd  o n- s it e f ie ld  t r ai le r  t ra ns p or t.  Thi s a ct iv i ty  wou l d be  of  s ho r t du r at io n a nd 
wou ld  n o t re s ul t in  lo ng  te rm i mpa ct s .

Mis ce ll a ne ou s  c he mi c al s, ac id s ( e.g., s ul fu r ic , n it ri c a nd  h y dr oc hl o ri c) , b as es  (s od i um h yd r ox id e ),
r ea ge nt s  ( e.g ., Hac h  Kit ) , fo rma ld eh y de , or  ot he r  c he mi c al s u se d on s it e f or  c on d uc ti n g ch emi ca l
a na ly se s  a nd  sa mp le  pr ep a ra ti on  mi gh t  b e in f re qu e nt ly  t r an sp o rt ed .  Ge ne r al ly , l es s t ha n 0.2 6 ga l lo ns 
( on e li t er ) o f th es e  c he mic al s wou ld  be  u se d  o n a  y ea rl y  b as i s.  U.S. De p ar tmen t  o f Tra ns po r ta ti o n
( DOT)  Ha za rd o us  Mat e ri al s  Reg ul a ti on s  ( Ti tl e  4 9, CFR, Par ts  17 1- 1 80 ) es t ab li s he s th e  r eq u ir emen t s
g ov er ni n g pa c ka gi ng  an d s hi pp in g  h az a rd ou s mat er i al s.  The se  st an da r ds  wo ul d be  ap pl i ca bl e t o an y 
n ec es sa r y sh i pmen ts  of  h a za rd ou s  mat e ri al s t o or  fr om a n  FRC an d wo u ld  b e  f ol lo wed , t hu s
min imiz i ng  r i sk s.

Col le ct i on  a n d tr an s po rt  of  s amp le s f ro m th e  c on t amin at e d ar e a an d b ac kg r ou nd  a r ea  wo ul d fo l lo w
e xi st in g  p ro c ed ur es  an d mee t al l  e nv i ro nmen t al , s af et y, an d h ea lt h ( ES&H)  r eq ui r emen t s as  s t ip ul a te d
b y ORNL.  FRC r es ea r ch  p r oj ec ts  wo ul d  b e re q ui re d  t o fi l l ou t  a n En v ir on men ta l, Sa fe t y, a nd  He al t h
Qua li ty  Ev al u at io n a nd  t r an sp or t at io n  c he ck l is t p ri or  t o  i ni t ia ti ng  an y t ra ns po r ta ti o n ac ti o n.
Compl et i on  o f  t hi s c he ck l is t wo u ld  p r ov id e g ui da n ce  t o FRC r e se ar ch e rs  a n d mi ni miz e t he  p ot e nt ia l 
f or  t ra n sp or t at io n i mp ac t s.  If  it  we re  d et e rmin e d th at  tr an s po rt  o f  s amp le s fr o m ORNL we re  re qu i re d,
a n ES&H tr an s po rt at i on  s p ec ia li s t wo u ld  b e c on ta c te d to  as si s t wi th  co mp l ia nc e wit h a pp ro pr i at e
DOT a nd  DOE s hi pp in g  r eq u ir emen t s.  Use  o f t he se  ri sk  ma na ge men t pr o ce du r es  wou l d re s ul t in 
min imal  impa c ts .

4.1.11 Utilities and Infrastructure

I mp ac ts  to  i n fr as tr u ct ur e  f ea tu r es  s u ch  a s h ou si n g, e du c at io n , he al t h ca r e, p ol i ce  a n d fi re  pr ot e ct io n,
a nd  wat e r an d  s ewag e  a re  no t an t ic ip a te d as  a re s ul t of  impl e me nt at i on  o f  p ro po s ed  FRC re se a rc h a t
ORNL.  The re  wo ul d b e no  li vi ng  fa ci l it ie s p ro vi d ed  f or  wo rk e rs  a t t he  wo rk  s it e .  I t  i s es t imat e d th at 
a  s ta ff  as  s mal l as  si x i nd iv id u al s wou ld  b e  n ee d ed  t o c on du c t FRC- r el at e d re se a rc h.  I ni ti a ti on  of 
FRC-r el a te d a ct iv it i es  s u pp or ti n g si t e ch ar a ct er i za ti on s , ob t ai ni ng  re se a rc h- qu a li ty  sa mp le s , an d  i n
s it u re se ar c h wo u ld  n ot  re qu i re  a n i nc re a se  i n s ta ff  as  t he  ma jo r it y of  th e a ct iv it i es  wo ul d be 
i mp le me n te d wit h ex i st in g  p er so n ne l.  Any  a d di ti o na l pe r so nn e l (e .g . v is i ti ng  r e se ar c he rs ) i nv ol v ed  i n
FRC a ct i vi ti e s wo ul d  b e s ma ll  i n  n umb er  ( po s si bl y  u p to  24  i n di vi du a ls ) a nd  wou l d no t  i mp ac t 
e xi st in g  i nf r as tr uc t ur e.

The  e xi s ti ng  fa ci li t ie s t o be  u s ed , a s me nt i on ed  in  Sec t io n 3 .0 , wo u ld  h a ve  a mp l e of f ic e/ la b or at o ry 
s pa ce  t o  a ll o w fo r t he  a d di ti on  of  t h e smal l  FRC st af f a nd  r e se ar ch e rs .

ORNL pr o po se s  t o lo c at e a  n ew o f fi ce / la bo ra t or y t ra il er  at  t h e co nt a mi na t ed  a re a , ad j ac en t t o th e   S- 3
Pon ds  Si te .  Ampl e s pa ce  is  a va i la bl e .  Ele c tr ic a l se rv i ce  t o  t he  o f fi ce / la bo ra t or y t ra il er  co ul d  b e
p ro vi de d  b y e xi st in g  p owe r li ne s .  Ot he r tr a il er s  h av e b ee n l oc at ed  in  t h is  a re a  i n t he  p as t  ( it  is 
p re vi ou s ly  d i st ur be d ) an d  e le ct r ic al  li ne s a re  p r es en t.  Tra i le rs  h a ve  n o t be en  lo ca t ed  i n t he  p r op os ed 
b ac kg ro u nd  a r ea  i n t he  p a st , bu t  n ea r by  p owe r li n es  s ho u ld  e n ab le  a  co nn e ct io n t o be  ma de  e a si ly .
Hoo ki ng  up  wa te r an d  s ewe r li ne s  t o t he  t ra i le rs  wo ul d b e av o id ed , b ut  p o rt ab le  to il e ts  a nd  co nt a in er s
o f dr in k in g a nd  d is t il le d  wat er  wo ul d  b e pr o vi de d .

A s ma ll  ar ea  (5 0 fe e t by  50  f ee t ) wo u ld  b e n ee de d  t o pa r k th e  d ri ll  ri g, su pp or t  t ru c k an d mob il e 
d ec on ta min at i on  t ra i le r.  Thi s e qu ip men t is  mo bi l e an d c ou ld  be  mov e d to  wh er e t he  wo rk  i s t o be 
c on du ct e d.



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

4 21

Sta gi ng  ar ea s  wou ld  be  u s ed  f or  ma te r ia l an d  e qu i pmen t l ay do wn an d a s te mpo ra ry  sa te l li te 
a cc umul a ti on  ar ea s f or  wa st es  ( i n dr u ms , ta n ks , o r ot he r  c on t ai ne rs )  g en e ra te d b y ch a ra ct er i za ti o n
a ct io ns  (e .g ., dr il l  c ut t in gs  a n d de c on ta mi n at io n  was te s ).  Sta gi ng  ar ea s  wou ld  be  o p er at ed  an d
mai nt ai n ed  i n  c ompl i an ce  wi th  s i te  wa st e co n tr ol  pr oc ed u re s f or  t he  du ra t io n of  th ei r  o pe ra t io n a nd 
d ur in g s et up  of  d ec o nt ami na ti on  tr ai l er s/ ch a ng e h ou se s.  Sta g in g ar e as  wo ul d be  es ta b li sh ed  in 
p re vi ou s ly  d i st ur be d  a re a s (o r i n ar e as  t ha t  wou l d re qu i re  mi ni ma l g ra di n g)  a nd  wo ul d  b e co v er ed 
wit h gr a ve l o r gr av e l an d  g eo te x ti le  ma te ri a l.  Tempo ra r y ac c es s ro a dway s  ( or  t e mp or a ry  e xt e ns io n s
o f ex is t in g r oa dway s ) mi g ht  a ls o  b e c on st ru c te d, as  n ec e ss ar y .  Cle a ri ng  of  l ow br us h  o r re mov al  of 
t re es  a n d sh r ub s wi t h th e  g oa l o f mi n imiz at i on  o f  c le ar i ng  mi gh t al s o oc c ur .

4.1.12 Environmental Justice

No po te n ti al  impa ct s  h av e  b ee n i de nt i fi ed  t h at  wo ul d af f ec t o th er  ORNL/Y- 12  e mp l oy ee s  o r th e 
o ff si te  pu bl i c, i nc l ud in g  l ow-i n co me  or  min o ri ty  po pu la t io ns .  So ci o ec on o mi c an a ly si s  r ec en t ly  h a s
b ee n co n du ct e d on  t h e po t en ti al  fo r i mp ac ts  to  l o w- in co me an d  min or i ty  p o pu la ti o ns  i n  a ss oc i at io n 
wit h th e  Spa l la ti on  Ne ut r on  Sou r ce  ( SNS) EI S ( DOE 1 99 9a ) .

Tha t an a ly si s  d et er min ed  th at  r a di ol o gi ca l d os es  an d no r ma l a ir  e mi s si on s  a re  n e gl ig i bl e an d  wou l d
n ot  r es u lt  i n  a dv er s e hu man  h ea l th  o r  e nv ir o nmen t al  e ff e ct s o n th e o ff si t e pu bl i c.  Fur th er mor e, it  was 
d et er mi n ed  t h at  p re v ai li n g wi nd s  f ol l ow t he  ge ne r al  t op o gr ap h y of  t h e ri d ge s;  u p -v al l ey  win d s co me
f ro m th e  s ou t hwes t d ur in g  t he  d a yt ime , an d d own- v al le y win ds  co me  f r om t h e no rt h ea st  du ri ng  th e
n ig ht ti me.  The  o nl y  c on c en tr at i on  o f  min or i ty  a n d lo w- i nc ome  p op ul a ti on  an d no n -min o ri ty  h i gh er 
i nc ome p op ul a ti on  i s  l oc a te d to  th e n or th ea s t—in  th e pa t h of  th e da y ti me  pr ev ai l in g win ds .  No 
p op ul at i on s a re  l oc a te d t o th e s ou th wes t—th e  n ig h tt ime p re va i li ng  wi nd  d i re ct io n .  Ho we ve r, be ca u se 
i t wa s d et er min ed  t h at  t h er e wo u ld  n o t be  h i gh  a n d/ or  a d ve rs e  i mp ac t s to  an y of  th e p op ul at i on , t he re 
wou ld  b e  n o d is pr op o rt io n at e ri s k of  si gn if i ca nt l y hi gh  an d a dv er se  impa c ts  t o min or i ty  a nd  lo w
i nc ome p op ul a ti on s.  The  sa me  a n al ys i s an d f in di n gs  wou l d al s o ho ld  tr ue  fo r FRC-r el a te d ac t iv it i es 
t ha t wo u ld  o c cu r wi t hi n BCV.

DOE i s u na wa r e of  a n y su b si st en c e po p ul at io n s re s id in g i n BCV n or  a r e th e re  a ny  re co g ni ze d Nat iv e 
Ame ri ca n  t ri b es  wit h in  5 0  mil es  of  t h e pr op o se d FRC ( DOE 1 99 9 a) .  No  d is c ha rg es  of  c o nt amin a te d
wat er  t o  s ur f ac e wa t er s wou ld  o c cu r b ec au se  an y c on ta mi n at ed  gr ou nd wat er  wo ul d b e tr u ck ed  t o 
e xi st in g  was t e pr oc e ss in g  f ac il i ti es  at  ORNL.  As  d is cu s se d i n Se ct i on  4 .1.3.1, th er e  a re  n o  a nt i ci pa te d 
i mp ac ts  to  t h e su rf a ce  wa te rs  ( Bea r Cre ek ).  All  ac ti vi t ie s a ss oc ia t ed  wi th  t hi s  a ct i on  t ha t  i nv o lv ed 
r el ea se s  wou l d be  r e gu la t ed  a nd  in  c o mp li an c e wi t h fe de r al  a n d st at e  r eg u la ti on s .  As  s uc h, th er e 
wou ld  b e  n o d is pr op o rt io n at e an d  a dv e rs e imp ac ts  to  l ow- in co me or  mi no ri t y po pu l at io n s.

4.2 Pacific Northwest National Laboratory/Hanford 100-H Area

4.2.1 Earth Resources

4.2.1.1 Topography

FRC r es e ar ch  ac ti vi t ie s wou ld  n o t ch a ng e th e  l an d sc ap e ( e.g., l ar ge - ar ea  bu ll do z in g, la rg e- s ca le 
c le ar in g , an d  e xc av a ti on .)  Act i vi ti e s to  s u pp or t  s it e c ha ra c te ri za t io n, to  o bt a in  r e se ar ch - qu al i ty 
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s ampl es , a nd  i n si tu  r es ea rc h  wou l d no t i mp ac t  t he  g e ne ra l  t op og r ap hy  of the proposed FRC because
of the small-scale nature(less than one acre) of the proposed activities.

4.2.1.2 Geology

The  1 00 - H ar e a in  wh ic h t he  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a ar e l oc at e d is 
d omin at e d by  th e Ha n fo rd  an d Ri n go ld  fo rmat i on s, wh ic h c on ta i n pr ima ri ly  sa nd  a n d gr a ve l
d omin at e d fa c ie s.  Bec au s e of  t h e sma ll -s ca l e na t ur e of  in ve s ti ga ti o ns  ( l es s th a n on e  a cr e a nd  t o  a 
d ep th  o f  u p t o 75  f e et ), mi ni ma l  i mp a ct s to  th es e  l ar ge  ge ol o gi c un i ts  a r e an ti c ip at e d as  a  re su l t of 
p ro po se d  FRC ac ti vi t ie s.

4.2.1.3 Soils

Wit hi n t he  1 0 0- H Ar e a, s o il s ar e  c la s si fi ed  as  e i th er  Bu rb an k  l oa my  sa nd  or  Riv e rwas h , wi th 
Riv er wa s h oc c ur ri ng  cl os e r to  t h e ri v er .  Pr op os e d FRC a ct iv i ti es  wo ul d d is tu rb  th es e  s oi l t yp es  on ly 
i n ar ea s  whe r e dr il l in g, bo ri ng , o r wel l in s ta ll a ti on  wo ul d o cc ur .  Un co n ta mi na t ed  s o il s wo u ld  b e 
r ed is tr i bu te d  a ro un d  t he  te st  p l ot .  Co nt ami na te d  s oi ls  wo ul d  b e di s po se d  o f in  ac co r da nc e wit h s it e- 
s pe ci fi c  man a ge me nt  pl an s .  Soi l s ob t ai ne d a s re s ea rc h- q ua li t y sa mp l es  wo ul d be  ch ar a ct er iz e d fo r 
p ot en ti a l ha z ar do us  co nt aminants prior to laboratory experimentation.  It is estimated that the
quantity of soil removed as a result of research activities at a test plot would be small (75 kilograms
of soil per well or 825 kilograms of soil from 11 wells in a test bed); therefore, impacts to soils
would be minimal.

4.2.2 Climate and Air Quality

The  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a li e e nt ir e ly  wit h in  Be nt on  Co un ty  of 
Was hi ng t on  St at e.  Ben to n  Cou nt y  i s i n “a tt a in me n t”  f or  al l NAAQS e x ce pt  pa rt ic u la te  ma tt er  (PM) .
For  PM, th e c ou nt y i s “u n cl as si f ie d.”  PM is  ma na g ed  u nd e r th e  EPA Na tu ra l  Eve nt s  Pol i cy  o f 1 99 6,
s in ce  h i gh  PM e ve nt s  a re  as so ci a te d wit h na t ur al  bl owin g  d us t .  I n t he  p a st , EPA h as  ex empt e d th e 
r ur al  f u gi ti v e du st  co mp o ne nt  o f  b ac k gr ou nd  co nc e nt ra ti o ns  wh en  c on s id er i ng  p er mit  a p pl ic at i on  a n d
t he  e nf o rc eme nt  o f a ir  q u al it y s ta nd a rd s.  EPA i s  wor ki n g wi t h th e s ta te  of  Was h in gt o n to  c h ar ac t er iz e
a nd  d oc u me nt  th e so u rc es  of  PM e mi ss i on s an d  d ev e lo p ap p ro pr i at e co n tr ol  te ch ni q ue s.  I t is 
a nt ic ip a te d t ha t ac t iv it i es  s up p or ti n g pr op o se d FRC r es e ar ch  wo ul d p ro du c e mi no r  a mo u nt s of  du st 
( pa rt ic u la te  ma tt er )  a s a  r es ul t  o f s it e cl e ar in g , co ns t ru ct i on  a ct i vi ti e s (e .g ., ac c es s imp ro ve men t, t r ai le r 
p la ce me n t) , a nd  a ss o ci at e d co ns t ru ct i on  t ra f fi c.  Emi ss i on s r es ul ti n g fr o m eq ui p me nt  ty pi ca l ly 
a ss oc ia t ed  wi th  wel l -d ri l li ng  o p er at i on s (e .g., g as  p owe re d g en er at o rs ) wou ld  b e  b el o w NAAQS.  An y
p ar ti cu l at e mat te r g en er a te d fr o m th e se  a ct i vi ti e s wo ul d  b e l imit ed  in  a mou nt  a n d wo u ld  o cc u r ov e r a
s ho rt  p e ri od  of  t ime .  Th e “c on f or mi t y ru le ”  ( 40  CFR 51  Sub p ar t T) ap pl i es  o n ly  t o a re as  cl as si f ie d a s
“ no na tt a in me n t”  o r “ ma in t en an ce ”  ( 40  CFR 5 1.39 4[ b ]) .  Th e co n fo rmi ty  r ul e  d oe s  n ot  a p pl y t o
“ un cl as s if ie d ” ar ea s .

Oth er  a i rb or n e po ll u ta nt s  r eg ul a te d b y NAAQS t ha t  mig ht  be  g e ne ra te d  a s a  r es ul t  o f p ro po se d  FRC
r es ea rc h  c ou l d in cl u de  v e hi cl e e xh au s t an d g en er a to rs , a nd  p o te nt ia l ly  p o in t so u rc e a ir  e mi s si on s  o f
r ad io nu c li de s  r es ul t in g f ro m dr i ll in g  a ct iv i ti es .  Un de r  Tit l e 40 , CFR, Par t 6 1, Su bp ar t H, an d 
Was hi ng t on  Ad mi ni st r at iv e  Cod e ( WAC)  24 6- 24 7 , ra d io nu cl i de  a i rb or ne  emis s io ns  f r om a l l
c ombi ne d  o pe r at io ns  at  t h e Ha nf o rd  Si te  may  no t e xc ee d 1 0 mr e m/ yr  e f fe ct i ve  d os e  e qu i va le nt  to  t h e
h yp ot he t ic al  of f- si t e ma x imal ly  ex po s ed  i nd i vi du a l.  WAC 2 46 - 24 7 re q ui re s  v er if i ca ti o n of 
c ompl ia n ce , t yp ic al l y th r ou gh  p e ri od i c co nf i rmat o ry  a ir  sa mp l in g.  The se  ra di on u cl id e  e mi ss i on s
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s ta nd ar d s wo u ld  a pp l y to  an y fu g it iv e , di ff u se , a nd  p oi n t so u rc e ai r  e mi s si on s o f ra d io nu cl i de s
g en er at e d du r in g re s ea rc h  o pe ra t io ns  at  t he  pr op o se d co n ta mi n at ed  a r ea . I t is  a n ti ci p at ed  t h at  a n y we ll 
i ns ta ll a ti on  ac ti vi t ie s t ha t mi g ht  o c cu r in  ar ea s  o f kn o wn  r a di on uc l id e c on ta mi n at io n  wou ld 
i nc or po r at e a pp ro pr i at e s af eg ua r ds  i n to  o pe r at io n s in  o r de r t o li mi t  t he  po te nt i al  f o r ai rb o rn e
c on ta mi n at io n .

I t is  a n ti ci p at ed  t h at  o p er at io n s at  th e pr o po se d  FRC wo ul d u se  s ta n da rd , c on st r uc ti o n be st 
man ag eme nt  p r ac ti ce s  t o c on tr ol  an y a ir bo rn e  r el e as es .  Co mmo n be st  ma na g emen t p ra ct i ce s in c lu de 
a pp li ca t io n o f wa te r  f or  du st  s u pp re s si on  a n d to  co nt ro l  f ug i ti ve  e mis si o ns  d ur i ng  d r il li ng  an d o th er 
a ct iv it i es .  It  i s a nt ic i pa te d t ha t t he se  a n d ot h er  c on s tr uc t io n/ dr i ll in g  BMPs s ho ul d  a de qu a te ly  co nt ro l 
f ug it iv e  e mi s si on s o f ra d io nu cl i de s a nd  a ny  ot he r  a ir  p o ll ut a nt s.  Fin al  pr oj ec t  p la n s wo ul d  b e
e va lu at e d fo r  a pp li c ab il i ty  o f t he se  be st  ma na ge men t pr a ct ic e s an d t he  s u bs ta nt i ve  r e qu ir eme nt s o f
p er mi ts  wo ul d  b e co mpl ie d  wit h i f re q ui re d.  Any  pr op os e d ac t iv it ie s  a t t he  FRC wo ul d  n ot  h a ve  a n y
a dv er se  impa c t on  t h e cu r re nt  CERCLA re me di a ti on  ac ti vi t ie s i n th e 1 00 -H Ar ea .

Oth er  s u bs ta n ce s, wh ic h mig ht  b e  u se d  a t th e  p ro p os ed  FRC, i n cl ud e o xy ge n , hy dr o ge n, ni tr og e n, a n d
met ha ne .  No n e of  t h es e i s re gu l at ed  un de r s ta te  or  f ed e ra l a ir  r eg u la ti o ns .  Gr ou nd wat er  c o ll ec t ed 
d ur in g t he  r e se ar ch  ac ti v it ie s wou ld  no t be  ex pe c te d to  co nt a in  p ol l ut an t s th at  wo ul d  v ol at i ze  i n to  t he 
a ir .

No impa c ts  t o  a ir  q u al it y  wou ld  be  e x pe ct ed  fr om pr op os e d FRC a ct iv i ti es .

4.2.3 Water Resources

4.2.3.1 Surface Water

Sur fa ce  wa te r s wi th i n th e  1 00 -H Ar ea  ar e do min at e d by  t h e Co l umbi a Riv er , whi ch  fl ows  a lo ng s id e
t he  c on t amin a te d ar e a of  th e pr o po se d  FRC ( s ee  Fi gu re  3 - 9) .  Th e two  b ac k gr ou nd  ar ea s  a re  l o ca te d 
a pp ro xi mat el y  o ne -h a lf  mi le  f ro m t he  Co lu mb i a Ri v er .  FRC ac t iv it ie s  t o s up po rt  si te 
c ha ra ct e ri za t io n, o b ta in  re se ar c h- qu a li ty  s a mp le s , an d p er fo r m i n si tu  re se ar c h wo u ld  n ot  oc cu r  a ny 
c lo se r t ha n 2 00  f ee t  ( 60  me te rs )  f ro m a ll  s u rf ac e  wat er s , in c lu di ng  th e Col umbi a  Riv e r.  An y  p ot e nt ia l
r un of f o cc ur r in g as  a re s ul t of  gr ou n d- di st u rb in g  a ct iv i ti es , c ou pl e d wi t h ra in  ev en t s, wou l d be 
r ed uc ed  by  i mpl emen t in g b es t ma n ag eme nt  p ra c ti ce s  ( e.g., s il t  f en ce s ).

The  c lo s es t p oi nt  wh er e i nj ec ti o n of  ma te ri a ls  mi gh t oc c ur  wo ul d be  in  t h e co nt a mi na t ed  a re a  2 00  fe et 
f ro m th e  Co lu mb ia  Ri ve r .  Whi l e it  is  c on c ei va b le  t ha t  i nj e ct ed  ma te ri a ls  c ou l d re a ch  t he  Co lu mbi a
Riv er  i f  a n i nj ec ti o n we l l we re  in st a ll ed  a t  t hi s  p oi nt , PNNL a nt ic i pa te d  t he  n e ed  t o  r ec ov e r in j ec te d
s ub st an c es .  PNNL p r op os e d th at  th ey  wo ul d i ns ta l l a se r ie s o f gr ou n dwat e r ex tr a ct io n  wel ls  wi th i n
e ac h te s t pl o t to  c a pt ur e  a ny  s u bs ta n ce s in j ec te d  i nt o u ps tr e am i nj e ct io n  wel ls .  Th e se  e xt r ac ti o n we ll s 
wou ld  b e  p os i ti on ed  to  i n te rc ep t  g ro u nd wa te r  f lo w mov in g  t owa rd  t he  Co lu mbi a Ri v er .  In  a dd i ti on ,
PNNL co u ld  ma ke  u se  of  a  se co nd a ry  c o nt ai nme nt  s y st em o f  f iv e  e xi st i ng  e x tr ac ti o n we l ls  l oc a te d
wit hi n 1 50  f e et  o f t he  Co lu mb ia  Ri ve r  t o en s ur e t ha t su b st an c es  i nj e ct ed  as  p ar t  o f i n si tu  re se ar c h by 
i nv es ti g at or s  d o no t  r ea c h th e Col umb ia  Riv e r.  The  e xi s ti ng  fi ve  e x tr ac t io n we l ls  a r e pa rt  of  a n  o n- 
g oi ng  CERCLA In te ri m Reme di al  Ac ti on  th at  i n vo lv e s pu mp i ng  a n d tr ea t in g f or  c hr o mi um- 
c on ta mi n at ed  gr ou nd wat er .  Fi lt e rs  t o  e xt ra c t tr a ce rs , e le ct r on  d on o rs  a n d ac ce p to rs , n ut ri e nt s,
mic ro or g an is ms an d o th er  su bs ta n ce s wou ld  b e  a dd e d to  t h e ex t ra ct io n  wel l  s ys te ms.  The  p ump  a nd 
t re at  e x tr ac t io n we l ls  h a ve  b ee n  o pe r at in g c on st a nt ly  a n d wi l l co nt i nu e t o do  s o  ( DOE/RL 19 9 9c ).
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All  c on t amin a te d wa t er  e x tr ac te d  f ro m t he  p r op os e d we ll s  a nd  ex is ti n g pu mp an d t re at  ex tr ac t io n
wel ls  wo ul d b e co ll e ct ed  in  l ar g e tr u ck -mou n te d t an ks  a n d tr a ns po rt e d to  th e Ef f lu en t  Tre at men t
Fac il it y  ( ETF).  Co n ta mi n at ed  wa te r e xt ra ct e d fr o m th e e xi st i ng  p ump  a nd  tr ea t e xt ra c ti on  we ll s g oe s
t hr ou gh  a fi l tr at io n  s ys t em a nd  is  r e in je ct e d in t o th e g ro un d  u ps tr e am f r om t he  pu mp  an d tr e at  a r ea .
( Se e Se c ti on  4.2.10  fo r was te  c o nt ro l  i nf or mat io n .)   In  th e u nl ik el y  e ve n t th at  al l o f th e e xi st i ng  a nd 
p ro po se d  e xt r ac ti on  we ll s  f ai le d , th e  p ot en t ia l e xi st s t ha t g ro un dwa te r a dd it iv e s in j ec te d a s pa r t of  i n
s it u re se ar c h at  ei th er  th e b ac kg ro u nd  o r  c on ta min at e d ar ea s  c ou l d pa ss  th ro u gh  g ro u nd wa t er  c ha n ne ls 
i n th e h ig hl y  p or ou s  l oa my sa nd  so il s  o f th e  1 00 - H Ar ea  to  t h e Co lu mbi a Riv er .

As de sc r ib ed  in  App e nd ix  A, s ma l l qu a nt it ie s  o f n on to xi c  t ra c er s, n u tr ie n ts , el e ct ro n  d on or s  o r
a cc ep to r s, mi cr oo rg a ni sms , or  o t he r s ub st an c es  mi gh t be  in je c te d as  pa rt  of  t he  i n si tu  re se ar c h
a ct iv it i es .  Th es e s ub st a nc es  mi gh t b e in je c te d e it he r i nt o t he  b ac k gr ou n d or  c o nt ami na te d a re as  of  t he 
p ro po se d  FRC in  a cc o rd an c e wi th  st at e  a nd  f e de ra l  r eg ul a ti on s , be st  ma na g emen t p ra ct i ce s an d  c lo s e
mon it or i ng  o f  e nv ir o nmen t al  c on d it io n s.  Wh i le  i n si tu  re se ar c h at  th e ba c kg ro u nd  a nd  co nt a mi na te d 
a re as  wo ul d p ro vi de  ad di t io na l i nf or mat io n o n gr o un dwat e r fl o w pa th s  a nd  th e mo v emen t  o f in j ec te d 
mat er ia l s, s u ff ic ie n t in f or ma ti o n cu r re nt ly  ex is t s to  p e rmit  es ti ma t es  o f  p ot en t ia l i mp ac ts  fr om th e
i nj ec ti o n of  th es e mat er i al s on  su rf a ce  wat e rs .

4.2.3.1.1 Tracers

To be tt e r un d er st an d  g ro u nd wa te r  f lo w p at hs  an d s pe ed , n on to x ic  a nd  no np e rs is te n t tr a ce rs  c o ul d b e
i nj ec te d  i n c on ce nt r at io n s ra ng i ng  f r om 5 00  pa rt s  p er  mi ll io n  ( pp m)  to  1 0 ,0 00  p p m at  bo th  t h e
b ac kg ro u nd  a n d co nt a mi na t ed  a re a s of  th e pr o po se d  FRC.  Ex amp le s of  tr ac e rs  t ha t  mig h t be  u s ed 
i nc lu de  br omi de , ch l or of l uo ro ca r bo ns , l at ex  mi cr o sp he re s , al c oh ol s, an d n on -r ad i oa ct i ve  s tr o nt iu m.
Tra ce r i nj ec t io ns  a t  t he  two pr o po se d  b ac kg r ou nd  ar ea s wou ld  be  mor e  t ha n  1 ,5 00  fe et  fr om t h e
Col umbi a  Riv e r an d c on ce n tr at io n s wo u ld  b e e xp ec t ed  t o b e un mea su ra b le  b y  t he  t i me  t h e tr ac e r ha d 
t ra ve le d  o nl y  h al f t ha t d is ta nc e .  I n  p ar t, th is  wo ul d b e du e  t o a s lo w g ro un dwa te r f lo w ra t e of  si x
i nc he s p er  d a y an d t o th e  d if fu s io n o f th e t ra ce r  i nt o t he  s u bs ur fa c e ma t ri x.  I n co n tr as t, tr ac e r
i nj ec ti o ns  i n to  t he  co nt a mi na te d  a re a , pa rt i cu la r ly  i nt o  t es t  p lo ts  C an d  D, wh i ch  a r e cl os e  t o t he 
Col umbi a  Riv e r, c ou l d co n ce iv ab l y re a ch  t he  su rf a ce  wat e rs  i f  t he y wer e n ot  c ap t ur ed  by  p ro p os ed 
NABIR e x tr ac t io n we l ls  o r  e xi st i ng  p u mp  a nd  tr ea t  e xt ra c ti on  we ll s.

As wi th  tr ac e rs  p ro p os ed  fo r us e  a t t he  ORNL FRC, t ra ce r s pr o po se d f or  u s e at  t h e ba c kg ro un d  a nd 
c on ta mi n at ed  ar ea s o f 10 0 -H wou l d al s o be  g r ea tl y  d il ut e d by  di ff us i on  i n to  t he  ma tr i x of  t h e 10 0 -H
Are a su b su rf a ce .  As su mi n g th at  no  NABI R ex t ra ct i on  wel l s we r e in st a ll ed , i nj ec t ed  t r ac er s wou ld  be 
r ec ov er e d in  th e co n ti nu o us ly  o p er at i ng  p ump  a nd  tr ea t e xt ra c ti on  we ll  s y st ems.

Dif fe re n t tr a ce rs  mo ve  a n d di ff u se  i n to  t he  gr ou n dwat er  at  d i ff er en t  r at e s. The r ef or e , th e u se  o f  mor e
t ha n on e  t ra c er  a t t he  s a me  t ime  p ro v id es  a d di ti o na l in f or ma t io n ab o ut  t h e su bs u rf ac e  t ha n wou ld  be 
p os si bl e  wit h  o nl y o ne  t r ac er .  In je c ti on  o f  mul t ip le  t r ac er s  a t on e  t ime  i n th e  c on t amin at e d ar e a in  a n 
i nj ec ti o n we l l 20 0 f ee t f ro m th e  Col u mb ia  Ri ve r wou ld  n o t be  ex pe ct e d to  re su lt  in  a n  i nc re a se d
p os si bi l it y t ha t an y  o f t he  t ra c er s wou ld  r e ac h t he  Col u mb ia  Ri ve r.  Aga i n, b ot h  t he  pr op os e d NABIR
e xt ra ct i on  we ll  s ys t em a n d th e e xi st i ng  p ump  a nd  tr ea t s ys te m wou ld  be  e mpl oy ed  to  e n su re  t h at  t h es e
t ra ce rs  wo ul d  n ot  r e ac h t he  Col u mb ia  Ri ve r.

Tra ce r c on ce n tr at io n s wo u ld  n ot  be  e x pe ct ed  to  e x ce ed  1 0 ,0 00  pp m.  The  u s e of  n o nt ox i c an d n on -
p er si st e nt  t r ac er s c ou pl e d wi th  th e p ro po se d  a nd  ex is ti n g ex t ra ct io n  wel l  s ys te ms wo u ld  e ns u re  t h at 
t ra ce rs  wo ul d  n ot  r e ac h t he  Col u mb ia  Ri ve r.  Fur t he r in f or ma t io n on  th e p ro po se d  u se  of  g ro u nd wa t er 
t ra ce rs  at  t h e FRC i s av a il ab le  in  Ap pe nd ix  A.
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4.2.3.1.2 Electron Donors and Acceptors and Other Nutrients

To st imu la te  th e ac t iv it y  a nd  g r owth  of  mic r oo rg a ni sms, el ec t ro n do n or s o r ac ce p to rs  or  o th e r
n ut ri en t s co u ld  b e i nj ec t ed  i n c on ce n tr at io n s ra n gi ng  f r om 1 0 0 pp m t o 30 0  p pm ( i .e ., 10 0 mg / L to  30 0
mg/ L)  a t  b ot h  t he  b a ck gr o un d an d  c on t amin at e d ar e as  o f t he  p r op os ed  FRC.  At ma x imum, t he se 
c on ce nt r at io n s wo ul d  b e l ower  t h an  t h os e th a t wo u ld  b e c on si d er ed  a t  t he  ORNL FRC.  Exa mp le s  o f
e le ct ro n  d on o rs  t ha t  mig h t be  u s ed  i n cl ud e a ce ta t e, g lu c os e, la ct at e , hy d ro ge n, or  mo la ss es .  Ex a mp le s
o f el ec t ro n a cc ep to r s th a t mi gh t  b e u se d in c lu de  ox yg en , n it r at e, me th an e  o r su l fa te .  Ot he r  n ut r ie nt s
mig ht  i n cl ud e  n it ro g en  a n d ph os p ho ru s .  I nj e ct io n s at  t h e ba c kg ro un d  a re a  wou ld  no t o cc ur  i n  c lo s e
p ro xi mi t y to  th e Co l umbi a  Riv er  (i .e ., th ey  wo ul d  b e mo r e th a n 1,50 0  f ee t  f ro m t he  Co lu mb ia  Ri ve r ).

Alt ho ug h  i nj e ct io ns  at  t h e co nt a mi na t ed  a re a  c ou l d be  a s  c lo s e as  2 0 0 fe e t to  t h e Co l umbi a Riv er , t he 
l ik el y a pp ro a ch  f or  su ch  in je ct i on s wou ld  b e  a  p u sh -p ul l  a pp r oa ch .  In  a  pu sh -p u ll  e x pe ri me n t,
e le ct ro n  d on o rs , ac c ep to r s or  n u tr ie n ts  wou l d be  “p us he d ” in t o a si n gl e i nj ec ti o n we l l, a nd  th en 
“ pu ll ed ”  o ut  of  t he  sa me  we ll  a f te r a  s ho rt  ti me  of  u p t o se v er al  h o ur s ( Sc hr ot h  e t a l. 1 99 8 ).  Usi ng  t h is 
t yp e of  in je c ti on /e x tr ac t io n pr o ce du r e in  a  si ng l e we ll , PNNL e st ima te s t ha t ap p ro xi mat el y 9 5 pe r ce nt 
o f th e i nj ec t ed  mat e ri al s  c ou ld  be  r e co ve re d  t hr o ug h th e  i nj e ct io n wel l ( Lo ng  1 9 99 a) .

I n so me  ca se s , el ec t ro n d on or s, el ec t ro n ac c ep to r s, o r n ut ri e nt s co u ld  b e  i nj ec t ed  i n to  o ne  we ll  an d
e xt ra ct e d fr o m an ot h er .  In  s uc h  a  s i tu at io n , th e  p ro po s ed  s e ri es  o f  NABI R ex tr a ct io n  wel ls  an d t he 
e xi st in g  p ump  a nd  t r ea t e xt ra ct i on  we ll s wo u ld  mi ti ga te  an y p ot en ti a l fo r  e le ct r on  d o no rs , e le ct r on 
a cc ep to r s, o r  n ut ri e nt s t o re ac h  t he  su rf ac e  wat e rs  o f t he  Co lu mb ia  Ri ve r .  I n a dd it i on , th e  p ro p os ed 
NABIR e x tr ac t io n we l ls  a n d th e e xi st i ng  p ump  a nd  tr ea t s ys te m wou ld  ca pt u re  a ny  co nt a mi na nt s  t ha t 
mig ht  b e  mob i li ze d a s a r es ul t o f th e  a dd it i on  o f  e le ct r on  d o no rs , e le ct r on  a cc e pt or s , or  n u tr ie n ts  i n t he 
c on ta mi n at ed  ar ea .

Ano th er  po in t  t o co n si de r  wou ld  be  a  sh if t i n th e  e xi st i ng  mi cr ob ia l  p op u la ti on  du e t o th e a dd it i on  o f
e le ct ro n  d on o rs , el e ct ro n  a cc ep t or s, or  n ut r ie nt s .  Bas e d on  two ot h er  r e ce nt  s t ud ie s , ev en  th ou g h th e
s pe ci es  th at  co ns ti t ut e t he  e xi s ti ng  mi cr ob i al  p o pu la ti o ns  mi gh t sh i ft , t he  s hi f t wo u ld  o nl y  b e
d et ec ta b le  a s  l on g a s th e  e le ct r on  d o no r, e l ec tr o n ac ce p to r o r nu tr i en t was  p re s en t i n th e g ro un d wa te r
( Ko no pk a  e t a l. 1 99 9 , Ro o ne y- Va r ga  e t  a l. 1 9 99 ).  Onc e t he  e l ec tr on  do no r , ac ce p to r o r nu tr i en t was 
r emov ed  fr om th e gr o un dwa te r th r ou gh  th e ex t ra ct i on  wel l  s ys t ems, t h e mi c ro bi al  po pu l at io ns  wo ul d 
r et ur n t o th e ir  p re v io us  st at e, an d t he re  wo ul d b e no  c h an ge  to  i np u ts  t o  t he  Co lu mb i a Ri ve r .

Fur th er  in fo r ma ti on  on  t h e pr op o se d u se  o f e le ct r on  d on o rs  a n d ac ce p to rs  an d nu t ri en t s at  t h e FRC i s
a va il ab l e in  Ap pe nd i x A.

4.2.3.1.3 Microorganisms

To de te r mi ne  wh et he r  i t mig ht  b e  f ea s ib le  t o  a dd  mi cr oo r ga ni s ms  t o a  c on t amin at e d su b su rf ac e 
e nv ir on men t, a smal l  q ua n ti ty  ( 2  X 1 0 7  co lo ny  fo rmi ng  u ni t s pe r  ml [c f u/ ml ] ) of  n a ti ve 
mic ro or g an is ms co ul d  b e i nj ec te d  i nt o  t he  b a ck gr o un d an d  c on t amin at e d ar e as  o f t he  p r op os ed  FRC.
Nat iv e mic ro o rg an is ms wo u ld  mos t  l ik e ly  b e s tr ai n s th at  wo ul d  b e is o la te d  f ro m t he  c o nt amin a te d
a re a an d  r ei n je ct ed .  Re i nj ec ti o n of  na ti ve  mi cr o or ga ni s ms  wo ul d no t  b e e xp ec te d  t o b e of  c o nc er n 
e it he r a t th e  b ac kg r ou nd  or  c on t amin a te d ar e a.  Alt ho ug h  t he y  wou ld  no t b e ex pe c te d t o mo ve  th ro u gh 
t he  g ro u nd wa t er  ( Dy b as  e t  a l. 1 9 97 ), it  i s c on ce i va bl e t ha t t he y co u ld  p r ol if er a te .  In  s ome  c as e s, t he 
p us h- pu l l te c hn iq ue  mi gh t  b e us e d;  i n  o th er  ca se s , on e i nj ec t io n an d  o ne  or  mor e  d if f er en t e xt ra c ti on 
wel ls  mi gh t b e us ed .  In  ei th er  si tu a ti on , t he  mi cr oo rg a ni sms  wou ld  be  c a pt ur ed  in  t h e pr op o se d
NABIR e x tr ac t io n we l ls  o r  i n th e  e xi s ti ng  p u mp  a n d tr ea t  e xt r ac ti on  we ll s .
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PNNL ha s  s ta t ed  t ha t  n on - na ti ve  mi cr o or ga ni s ms  wo ul d be  th os e  f ro m a  n on - Ha nf or d  f ie l d si te  (Lon g 
1 99 9b ).  Non - na ti ve  mi cr o or ga ni s ms  wo ul d no t  b e i nj ec te d  e it h er  a t t he  b a ck gr ou n d or  co nt ami na te d 
a re as .  Si mi l ar ly , g en et i ca ll y e ng in e er ed  mi cr oo r ga ni sms  wou l d no t b e us e d ei th e r at  th e ba c kg ro u nd 
o r co nt a mi na t ed  a re a s.  Fur th er  in fo r ma ti on  on  t h e pr op o se d u se  o f mic ro o rg an is ms at  th e FRC i s
a va il ab l e in  Ap pe nd i x A.

4.2.3.1.4 Other Substances

As di sc u ss ed  in  s ec t io n 4 .1 .3 .1 .4, t h e two p ri ma r y cl as s es  o f  o th er  su bs t an ce s t ha t mig ht  b e  i nj e ct ed 
wou ld  b e  b io s ur fa ct a nt s a nd  c he l at or s .  Howe ve r, un li ke  th e p ro po se d  ORNL FRC, PNNL wou ld  n o t
c on si de r  u si n g th es e  t wo  cl as se s  o f s ub st an c es  e i th er  a t  t he  ba ck gr o un d o r th e c on ta min at ed  ar ea s .
Bec au se  th ey  wo ul d n ot  b e  u se d, th er e  wou ld  be  n o  i mp ac t s to  th e su r fa ce  wa te rs  of  t h e Co lu mbi a
Riv er .

4.2.3.2 Floodplain and Wetlands

The  o nl y  p ro p os ed  FRC ac t iv it ie s  e xp e ct ed  t o  o cc u r wi th i n fl o od pl ai n  a re a s wo ul d  b e wel l dr i ll in g 
a nd  mon i to ri n g (e .g ., in s ta ll at i on  o f  p ie zo met er s ).  Ty p ic al  in st al l at io n s of  we ll s o r pi ez o me te r s, u si n g
f or  e xa mpl e, 2 fo ot  by  6  in ch  ( 0 .4 1 met er  b y  1 5.2 4 ce nt i me te r ) di ame te r p ro te ct i ve  c a si ng  a n d 4 f oo t
b y 3 in c h (0 .82  met e r by  7.62  c e nt ime te r)  d i amet e r bo ll a rd s wit h a c on cr e te  p ad  3 in c he s hi g h an d  2 
f ee t lo n g (7 .62  c en t imet e rs  b y .41  me te rs ) may  r e du ce  t h e cr o ss -s ec t io na l  a re a o f th e  f lo od p la in  by 
1 .6 4 sq u ar e f ee t (.5  s qu a re  met e rs ).  Thi s r ed uc t io n in  vo lu me of  e v en  s e ve ra l wel ls  wo ul d b e
n eg li gi b le  wi th in  t h e to t al  c ro s s- se c ti on al  ar ea  of  t he  fl oo d pl ai n.  Wel l  a nd  p i ez ome te r co n st ru c ti on 
t he re fo r e, wo ul d ha v e ne g li gi bl e  i mp a ct  o n t he  f l oo dp la i n.  The  wel l  p ad s  wou ld  mi ni miz e th e  e ro s io n
p ot en ti a l of  th e we l ls  a n d bo ll a rd s.

At th e a pp ro p ri at e t ime, we ll s wou ld  be  p lu g ge d ( ba ck fi l le d wit h cl e an  s o il s)  a n d ab a nd on ed .  We l l
p lu gg in g  a nd  ab an do n me nt  wo ul d r es ul t  i n th e  r emo va l of  su rf a ce  s tr u ct ur e s (e .g . wel l he ad s)  an d
r es to ra t io n o f th e f or me r  g ra de .  Th i s ac ti v it y wou ld  h a ve  l i tt le  i mpa ct  on  f lo o ds ta g e or  f l oo dp l ai n
c ro ss -s e ct io n al  a re a , no r  wou ld  th er e  b e an  in cr e as e in  er os i on al  p o te nt i al  s in c e th e  wel lh e ad  a n d ot he r 
s ur fa ce  eq ui p me nt  wo ul d b e re mo v ed  a n d th e s it e r es to re d  t o t he  o ri g in al  gr ad e.

No st ru c tu re s  o r fa c il it i es  wou l d be  co ns tr u ct ed  in  t he  fl oo d pl ai n.  Mov e me nt  o f  h ea v y eq ui p me nt 
t hr ou gh  th e f lo od pl a in  wo ul d be  a te mpo ra ry  oc cu r re nc e a nd  wo ul d no t  i mp a ct  t he  ca pa c it y of  th e
f lo od pl a in  t o  s to re  or  c a rr y wa t er .  Th e imp ac ts  fr om t h e mo v emen t o f he a vy  e qu i pmen t  a lo ne  is 
e xp ec te d  t o b e ne gl i gi bl e .  To t he  e x te nt  p r ac ti c ab le , s ta gi n g ar ea s  a nd  ac ce ss  ro ad s  wou ld  be 
t empo ra r y, c o ns tr uc t io n wou ld  b e  l imi te d to  pe ri o ds  o f l ow p r ec ip it a ti on , a nd  s t ab il i za ti on  an d
r es to ra t io n o f th e a ff ec t ed  a re a s wo u ld  b e i ni ti a te d pr o mp tl y .

Wet la nd s  i n a ss oc ia t io n wit h th e  Col u mb ia  Ri ve r o cc ur  o n  t he  ba nk s o f th e  Col umb ia  i n  p ro xi mit y t o
t he  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a.  Th e se  we tl an ds  ar e s ma ll  i n  s ca l e an d a re 
g en er al l y as s oc ia te d  wit h  t he  i mme di a te  b an k  o f t he  Col u mb ia  Ri ve r.  Pro p os ed  FRC re s ea rc h wou ld 
n ot  o cc u r in  pr ox imi ty  t o  t he  we tl an d s an d wou ld  no t imp ac t t he m.

4.2.3.3 Groundwater

The  Rin g ol d a nd  Han f or d For ma ti o ns  a r e co nt i nu ou s  a cr os s  t he  10 0- H Are a.  App ro x imat e ly  3 00  fe et 
o f su pr a ba sa l t se di men t o ve rl ie  th e p ro po se d  FRC.  Th e wat er  ta bl e r an ge s  f ro m 0  f ee t  a t th e 
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Col umbi a  Riv e r to  1 0 7 fe e t in  d e pt h.  The  d i re ct i on  o f t he  g r ou nd wa t er  f l ow i s t owar d  t he  r i ve r.
Und er  h i gh  r i ve r fl o ws , t he  d ir e ct io n  o f gr o un dwa te r fl o w ma y  b e re v er se d  f or  s e ve ra l  h un dr e d fe e t
i nl an d.

The  c on t amin a te d gr o un dwa te r un d er ly i ng  t he  10 0- H Are a i s co n ta in ed  wi th i n a CERCLA o pe ra bl e 
u ni t (1 0 0- HR- 3) .  Co nt ami na nt s o f co n ce rn  wi th in  10 0- HR- 3 in c lu de  c h ro mi u m, n it r at e, te ch ne t iu m- 
9 9, a nd  ur an i um.  Th is  o p er ab le  un it  is  c ur r en tl y  u nd er g oi ng  in te ri m r eme di at io n  b y a  p ump a nd  t r ea t
s ys te m.  The r e ar e e xt ra c ti on  we ll s l oc at ed  al on g  t he  r i ve r t o in te r ce pt  an d re mov e c on ta mi n at ed 
g ro un dwa te r, th er eb y  p ro t ec ti ng  th e q ua li ty  of  s u rf ac e wat er  (i .e ., th e Col umbi a  Riv e r) .  Bo th  t h e
b ac kg ro u nd  a n d th e c on ta min at ed  ar ea  wo ul d b e lo c at ed  h y dr au l ic al ly  up gr a di en t o f th e  p ump a nd 
t re at  s y st em.

Bec au se  of  t h e so me wha t l imit ed  fi el d  s it e i nf or mat io n a va il a bl e fo r  b ot h  t he  b a ck gr o un d an d 
c on ta mi n at ed  ar ea s, on e o f th e f ir st  fi el d a ct iv i ti es  t h at  c o ul d be  ex pe c te d at  bo th  th e ba c kg ro u nd  a nd 
c on ta mi n at ed  ar ea s wou ld  be  a  g r ou nd wat er  g r ad ie n t te st .  As  wi th  mo st  g r ou nd wa t er  g r ad ie nt  te st s ,
mod if ic a ti on  of  t he  gr ou n dwat er  gr ad i en t du e  t o p ump/ sl u g te s ts  wou l d be  ex pe ct e d to  al te r t he 
g ro un dwa te r g ra di en t  o ve r  a n ar e a of  se ve ra l  h un d re d fe e t an d  o ve r a  t ime  f ra me  of  we ek s.  Howev e r,
g ro un dwa te r p umpi ng  an d mon it or i ng  a c ti vi ti e s wo u ld  n ot  ge ne r at e mo r e th a n 14 ,0 0 0 ga l lo ns  p e r ye a r
o f pu rg e  wat e r.2  The se  te st s  wou ld  no t a ff ec t t he  e x is ti ng  di re c ti on  o f  o ve r al l gr o un dwa te r fl o w.  The 
g ro un dwa te r g ra di en t  wou l d be  e x pe ct e d to  r e tu rn  to  i ts  pr e- t es t le v el  a n d th e o ve ra l l gr ou n dwat e r
g ra di en t  wou l d no t b e si g ni fi ca n tl y a lt er ed .

As de sc r ib ed  in  App e nd ix  A, s ma l l qu a nt it ie s  o f n on to xi c  t ra c er s, e l ec tr o n do no r s an d  a cc ep t or s,
n ut ri en t s, mi cr oo rg a ni sms , or  o t he r s ub st an c es  mi gh t be  in je c te d as  pa rt  of  t he  i n si tu  re se ar c h
a ct iv it i es .  Th es e s ub st a nc es  mi gh t b e in je c te d e it he r i nt o t he  b ac k gr ou n d or  c o nt ami na te d a re as  of  t he 
p ro po se d  FRC in  a cc o rd an c e wi th  be st  ma na ge men t p ra ct ic e s an d  c lo se  mo ni t or in g o f en v ir on me n ta l
c on di ti o ns .  Be ca us e  t he  pr op os e d co n ta mi na t ed  a r ea  wou l d be  lo ca te d  i n a  CERCLA o pe r ab le  u n it ,
p er mi tt i ng  o f  d is ch a rg es  re su lt i ng  f r om FRC ac ti v it ie s wou ld  no t be  re qu i re d.  PNNL h as  o bt a in ed 
a nd  c ur r en tl y  h ol ds  se ve r al  Cat e go ri c al  Sta t e Wa s te  Dis c ha rg e  Per mi t s th a t co ve r  v ar i ou s ca t eg or i es 
o f di sc h ar ge s , in cl u di ng  ex pe ri men ta l  d is ch a rg es  fr om r e se ar c h ac ti v it ie s .  FRC wo rk  wo ul d b e do n e
wit hi n t he  b o un ds  o f  t he s e pe rmi ts .

4.2.3.3.1 Tracers

As de sc r ib ed  in  Sec t io n 4 .2 .3 .1 .1, t o  b et te r  u nd e rs ta nd  gr ou n dwat er  fl ow pa th s a nd  s p ee d, n o nt ox i c
a nd  n on - pe rs i st en t t ra ce r s in  c o nc en t ra ti on s  r an g in g fr o m 50 0  p pm t o  1 0,0 00  p pm mi gh t  b e in j ec te d  a t
b ot h th e  b ac k gr ou nd  an d c on ta mi n at ed  ar ea s o f th e  p ro po s ed  FRC.  As  wi th  th e tr a ce rs  pr op os e d fo r 
u se  a t t he  ORNL FRC, t he  tr ac er s  p ro p os ed  f o r us e  a t th e  b ac k gr ou nd  an d c on ta mi n at ed  ar ea s o f 10 0 -
H wou ld  al so  be  g re a tl y d il ut ed  by  d i ff us io n  i nt o  t he  ma tr ix  of  t he  10 0- H Are a s ub su r fa ce .

Non re ac t iv e t ra ce rs  pr op o se d fo r  u se  at  t he  ba ck g ro un d a nd  c o nt amin a te d a re as  wo ul d n ot  b e
e xp ec te d  t o a lt er  t h e gr o un dwat e r ch e mi st ry  if  u s ed .  Re ac ti v e tr ac e rs  c o ul d co n ce iv a bl y al t er  t h e
g ro un dwa te r c he mi st r y, b u t th ei r  u se  wo ul d b e te s te d in  th e l ab or at o ry  p r io r to  us e i n th e f ie ld .  Ba se d 
                                                       

2 In accordance with the Hanford purge water strategy, if groundwater were uncontaminated, it could be
released onsite but not discharged directly to the Columbia River.  If it were contaminated, it would be
collected in tanker trucks until it could be transported to the ETF.
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o n th e l ab or a to ry  s t ud ie s , re ac t iv e t ra ce rs  th at  wo ul d a lt er  th e gr o un dwa te r ch e mi st r y wo ul d  n ot  be 
u se d at  th e b ac kg ro u nd  o r  c on ta min at e d ar ea s .

4.2.3.3.2 Electron Donors and Acceptors and Nutrients

To st imu la te  th e ac t iv it y  a nd  g r owth  of  mic r oo rg a ni sms, el ec t ro n do n or s o r ac ce p to rs  or  o th e r
n ut ri en t s mi g ht  b e i nj ec t ed  i n c on ce n tr at io n s ra n gi ng  f r om 1 0 0 pp m t o 30 0  p pm ( i .e ., 10 0 mg / L to  30 0
mg/ L)  a t  b ot h  t he  b a ck gr o un d an d  c on t amin at e d ar e as  o f t he  p r op os ed  FRC.  At ma x imum, t he se 
c on ce nt r at io n s wo ul d  b e l ower  t h an  t h os e th a t wo u ld  b e c on si d er ed  a t  t he  ORNL FRC. I n je ct io n s at 
t he  b ac k gr ou n d ar ea  wo ul d  n ot  o c cu r i n cl os e  p ro x imit y t o th e  Col umb ia  Ri ve r (i .e., t he y wo u ld  b e 
mor e th a n 1,5 00  f ee t  f ro m t he  Co lu mb i a Ri ve r ).

As de sc r ib ed  in  Sec t io n 4 .2 .3 .1 .2, i n je ct io n s at  th e co n ta mi n at ed  a r ea  c o ul d be  as  c l os e as  20 0 f ee t to 
t he  Col u mb ia  Ri ve r a nd  t h e mo st  li ke l y ap pr o ac h wou ld  b e  t o u se  a  p u sh -p u ll  a pp r oa ch .  Ag ai n ,
a pp ro xi mat el y  9 5% o f  t he  in je ct e d ma t er ia ls  co ul d  b e re c ov er e d us in g  t he  pu sh -p u ll  a p pr oa ch .  Wi t h
i nj ec ti o n co n ce nt ra t io ns  of  u p t o 30 0  p pm, i t is  no t li k el y t ha t gr o un dwa te r ch e mi st r y wo ul d  b e
c ha ng ed  in  a  la rg e a re a o f th e s ub su r fa ce .

I n so me  ca se s , el ec t ro n d on or s, el ec t ro n ac c ep to r s, o r n ut ri e nt s mi g ht  b e  i nj ec t ed  i n to  o ne  we ll  an d
e xt ra ct e d fr o m an ot h er .  In  s uc h  a  s i tu at io n , th e  p ro po s ed  s e ri es  o f  NABI R ex tr a ct io n  wel ls  an d t he 
e xi st in g  p ump  a nd  t r ea t e xt ra ct i on  we ll s wo u ld  mi ti ga te  an y p ot en ti a l fo r  e le ct r on  d o no rs , e le ct r on 
a cc ep to r s, o r  n ut ri e nt s t o ch an g e th e  g ro un d wa te r  c he mi s tr y o f la rg e  a re a s.  Fo r  a re a s th at  wo ul d  b e
c ha ng ed  su ch  th at  a  co nt a mi na nt  wo ul d  b ec ome  mor e  mob il e , th e  p ro po s ed  NABI R ex t ra ct i on  wel l s
a nd  e xi s ti ng  pu mp  a n d tr e at  s ys t em wo ul d ca p tu re  mo bi li z ed  c o nt amin a nt s.

Pos si bl e  s hi f ts  c ou l d oc c ur  i n t he  e x is ti ng  mi cr o bi al  p o pu la t io n du e  t o t he  a dd i ti on  of  e le c tr on  do no rs ,
e le ct ro n  a cc e pt or s, or  n u tr ie nt s .  Ho we ve r, at  t h e lo w c on ce n tr at io n s th a t wo ul d  b e u se d, c h an ge s  i n
t he  mic r ob ia l  p op ul a ti on  wo ul d b e li mit ed  i n  t he  ar ea  o f  t he  su bs ur f ac e a ff ec te d  a nd  wo ul d o nl y
p er si st  if  t h e el ec t ro n d on or s, ac ce p to rs  o r  n ut r ie nt s wer e t o co nt i nu e t o be  a d de d.  Fur th e r in f or ma ti o n
o n th e p ro po s ed  u se  of  e l ec tr on  do no r s an d a cc ep t or s an d  n ut r ie nt s a t th e  FRC i s  a va i la bl e i n
App en di x  A.

4.2.3.3.3 Microorganisms

To de te r mi ne  wh et he r  i t mig ht  b e  f ea s ib le  t o  a dd  mi cr oo r ga ni s ms  t o a  c on t amin at e d su b su rf ac e 
e nv ir on men t, a smal l  q ua n ti ty  ( 2  X 1 0 7  co lo ny  fo rmi ng  u ni t s pe r  ml [c f u/ ml ] ) of  n a ti ve 
mic ro or g an is ms mi gh t  b e i nj ec te d  i nt o  t he  b a ck gr o un d an d  c on t amin at e d ar e as  o f t he  p r op os ed  FRC.
As de sc r ib ed  in  Sec t io n 4 .2 .3 .1 .3, n a ti ve  mi cr oo r ga ni sms  wou l d mo st  li ke l y be  s t ra in s  t ha t wou ld  be 
i so la te d  f ro m t he  c o nt ami na te d a re a a nd  r ei n je ct e d.  Re i nj ec t io n of  na ti v e mi cr o or ga n is ms  wo ul d n ot 
b e ex pe c te d t o be  o f  c on c er n ei t he r a t th e b ac kg r ou nd  o r  c on t amin at e d ar e a.  Al t ho ug h  t he y wou ld  no t
b e ex pe c te d t o mo ve  th ro u gh  t he  gr ou n dwat er  (Dyb a s et  a l . 19 9 7) , it  is  c o nc ei va b le  t h at  t he y  c ou l d
s ur vi ve .  In  so me  c a se s, th e pu s h- pu l l te ch n iq ue  mi gh t b e us e d to  i n je ct  na ti ve  mi cr o or ga ni s ms .  In 
o th er  c a se s, on e in j ec ti o n an d o ne  o r  mor e d if fe r en t ex t ra ct i on  wel l s mi g ht  b e u se d.  I n ei t he r
s it ua ti o n, t h e mi cr o or ga n is ms  wo ul d b e ca pt u re d i n th e p ro po s ed  NABI R ex t ra ct io n  wel l s or  i n  t he 
e xi st in g  p ump  a nd  t r ea t e xt ra ct i on  we ll s.

I f nu tr i en ts  we re  t o  b e a dd ed  a l on g wit h mi c ro or g an is ms , t he  ad de d mic ro o rg an is ms co u ld  p ro l if er a te .
Whi le  a  pr ol i fe ra ti o n of  ad de d mic ro o rg an is ms co u ld  e ff e ct  a  ch an ge  in  t h e gr ou n dwat e r ch emi st ry 
s uc h th a t a c on ta mi n an t wou ld  b e  mob i li ze d, an y c on ta mi n an ts  th at  mi gh t b e mo bi l iz ed  wo ul d b e
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c ap tu re d  e it h er  i n t he  p r op os ed  NABI R e xt ra c ti on  we ll s o r in  th e ex i st in g  p ump a nd  t r ea t ex t ra ct i on 
wel ls .

PNNL ha s  s ta t ed  t ha t  n on - na ti ve  mi cr o or ga ni s ms  wo ul d be  th os e  f ro m a  n on - Ha nf or d  f ie l d si te  (Lon g 
1 99 9b ).  Non - na ti ve  mi cr o or ga ni s ms  wo ul d no t  b e i nj ec te d  e it h er  a t t he  b a ck gr ou n d or  co nt ami na te d 
a re as .  Si mi l ar ly , g en et i ca ll y e ng in e er ed  mi cr oo r ga ni sms  wou l d no t b e us e d ei th e r at  th e ba c kg ro u nd 
o r co nt a mi na t ed  a re a s.  Fur th er  in fo r ma ti on  on  t h e pr op o se d u se  o f mic ro o rg an is ms at  th e FRC i s
a va il ab l e in  Ap pe nd i x A.

4.2.3.3.4 Other Substances

As di sc u ss ed  in  s ec t io n 4 .2 .3 .1 .4, t h e two p ri ma r y cl as s es  o f  o th er  su bs t an ce s t ha t c ou ld  b e  i nj e ct ed 
wou ld  b e  b io s ur fa ct a nt s a nd  c he l at or s .  Howe ve r, un li ke  th e p ro po se d  ORNL FRC, PNNL wou ld  n o t
c on si de r  u si n g th es e  t wo  cl as se s  o f s ub st an c es  e i th er  a t  t he  ba ck gr o un d o r th e c on ta min at ed  ar ea s .
Bec au se  th ey  wo ul d n ot  b e  u se d, th er e  wou ld  be  n o  i mp ac t s to  th e gr o un dwa te r.

I n su mma ry , i t is  a n ti ci p at ed  t h at  NABI R ba s ic  r e se ar ch  at  t h e pr op o se d c on ta mi n at ed  ar ea  wo ul d
s er ve  t o  b et t er  d ef i ne  t h e na tu r e of  ex is ti n g co n ta mi na t io n a nd  a id  in  t h e de ve l op me n t of 
b io re me d ia ti o n te ch n ol og i es  t o a ss is t  i n cl e an -u p  o f bo t h gr o un dwat e r an d  s ed ime nt s i n th e 1 00 -H
Are a.  Ove ra l l, t he  hy dr o ge ol og y  a nd  ge oc he mis tr y  o f th e  1 00 - H Ar ea  wo ul d  n ot  b e  a lt e re d by  th e
s ma ll -s c al e r es ea rc h  a ct i vi ti es .  Gr o un dwat e r gr a di en t mod if i ca ti on s , in c lu di ng  pu mp / sl ug  t e st s,
wou ld  o n ly  t e mp or ar i ly  a l te r gr o un dwa te r ch a ra ct e ri st ic s  a nd  wo ul d n ot  a f fe ct  t h e ex i st in g d ir ec t io n
o f ov er a ll  g r ou nd wa t er  f l ow.  I n je ct i on  o f t ra ce r s, e le c tr on  do no rs  an d a cc ep to r s, n u tr ie nt s , an d 
mic ro or g an is ms in  t h e sma ll  a mo u nt s p ro po se d  wou l d no t b e ex p ec te d t o al t er  t he  gr ou n dwat er 
c he mi st r y of  th e ba c kg ro u nd  o r c on ta min at ed  ar ea s .  I n c as es  wh er e a  p us h -p ul l s ys te m wer e t o be 
u se d, a p pr ox i ma te ly  95 % o f th e i nj ec t ed  mat e ri al  wo ul d b e re c ov er ed .  In  ca se s whe re  se pa ra t e
i nj ec ti o n an d  e xt ra c ti on  we ll s wer e t o be  u s ed , t he  p ro p os ed  NABI R e xt ra c ti on  we ll s wou ld  b e  u se d  t o
r ec ov er  in je c te d ma t er ia l s.  Se c on da r y co nt a in me n t wo ul d  b e p ro vi de d  b y t he  e xi s ti ng  pu mp  a n d tr e at 
s ys te m ( EPA 1 99 6) .  Th ro u gh  t he  us e o f th e e xt ra c ti on  we ll  s y st ems, impa c ts  b ey o nd  t h e ba ck g ro un d 
o r co nt a mi na t ed  a re a s wo u ld  n ot  be  e x pe ct ed .

4.2.4 Ecological Resources

The  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a wo ul d  b e s it ua te d  i n wha t ha s  b ee n  b ot an i ca ll y 
c ha ra ct e ri ze d  a s a s hr ub - st ep pe  ec os y st em c o mmon l y re fe r re d t o as  h i gh  d e se rt .  Th e r eg io n c on ta i ns 
p la nt  a n d an i ma l sp e ci es  ad ap te d  t o a  s emi- a ri d e nv ir on men t.  The  a r ea s i de nt if i ed  a r e pr ev i ou sl y 
d is tu rb e d ar e as  o f s hr ub - st ep pe  ha bi t at ; th e re fo r e, t he  pr op o se d ac t io n wou ld  n o t ad v er se ly  af fe c t
n at iv e p la nt  an d an i ma l s pe ci es .

4.2.4.1 Terrestrial Resources

Bio lo gi c al  r e so ur ce s  wit h in  t he  pr op o se d co n ta mi n at ed  a r ea  a n d ba ck g ro un d  a re a a re  t y pi ca l o f a h ig h
d es er t, sh ru b -s te pp e , ar i d en vi r on me n t.  Mo s t of  th e si t e ha s  n ot  e x pe ri e nc ed  t i ll ag e  o r li v es to c k
g ra zi ng  si nc e  t he  e a rl y 1 94 0s .  Ex te n si ve  r e me di a l ac ti v it y i s oc cu r ri ng  in  p ro x imit y  t o th e  p ro p os ed 
c on ta mi n at ed  ar ea  a n d ba c kg ro un d  a re a .  As a  c on s eq ue nc e , it  is  u nl i ke ly  th at  s i gn if i ca nt  wi ld li f e
r es ou rc e s ar e  i n th e  a re a .  Mor e ov er , b ec au s e re s ea rc h a ct iv i ti es  wo ul d e nc ompa s s a v er y sma ll 
p or ti on  of  t h e pr op o se d c on ta mi n at ed  ar ea  a n d ba c kg ro un d  a re a , it  i s  n ot  an ti ci p at ed  th at  wi ld li f e or 
t er re st r ia l r es ou rc e s wo u ld  b e i mp ac t ed .



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

4 30

The  U.S. Dep a rt me nt  of  I n te ri or , Fis h  a nd  Wi ld li f e Se rv i ce  p r ov id ed  a li s t of  t h re at e ne d an d 
e nd an ge r ed  s p ec ie s, ca nd i da te  s p ec ie s  a nd  s p ec ie s  o f co n ce rn , whi ch  ma y b e pr es e nt  i n  t he  Be nt on 
Cou nt y p or ti o n of  t h e Ha n fo rd  Si te .  In  a dd i ti on , PNNL c on du c te d a b io lo g ic al  r e vi ew of  t he 
p ro po se d  FRC (s ee  Ap pe nd i x E) .  Th e U.S. Fi s h an d  Wil dl i fe  Se rv ic e a nd  PNNL’s  b i ol og i ca l re v ie w
c on cl ud e d th a t th er e  a re  no  p la n t or  an imal  sp ec i es  p ro t ec te d  u nd er  th e End an ge r ed  Sp ec ie s Act ,
c an di da t es  f o r su ch  pr ot e ct io n, or  s p ec ie s l is te d  b y th e  Was h in gt on  St at e  g ov er n me nt  as  s ta t e
t hr ea te n ed  o r  e nd an g er ed  wi th in  th e p ro po se d  c on t amin at e d ar e a or  b a ck gr o un d ar e a.

Bal d ea g le  r o os t tr e es  a r e lo ca t ed  t o  t he  n o rt h a nd  t he  so ut h  o f 10 0 -H Ar ea .  Th e Ha n fo rd  Si te  Ba ld 
Eag le  Si te  Ma na ge me n t Pl a n (DOE 19 94 b ) re st r ic ts  ro ut in e  wor k  wit hi n  2 ,6 3 0 fe et  (8 00  m)  o f t he 
r oo st  s i te s b et we en  th e h ou rs  o f  1 0 a .m. an d  2  p .m.  No n -r ou t in e ac t iv it i es , su c h as  ex ca va t io ns  an d
wel l dr i ll in g , re qu i re  c a se -b y- c as e e va lu at i on s.  Howev e r, t h e pr op o se d c on ta mi n at ed  ar ea  a n d
b ac kg ro u nd  a r ea  wou l d be  lo ca te d  b ey o nd  t he  2,63 0 -f oo t r ad iu s  f ro m t he  n i gh t ro o st  l o ca ti on s  a nd 
wou ld  h a ve  n o  r eq ui r ed  r e st ri ct i on s.

4.2.4.2 Aquatic Resources

Muc h of  th e l an d ar e a en c ompa ss i ng  t h e pr op o se d FRC i s l oc at e d imme d ia te l y ad ja c en t t o th e
Col umbi a  Riv e r.  Th e  Han f or d Re a ch  o f  t he  Co lu mb i a Ri ve r  i s a n impo r ta nt  sp awni n g gr o un d fo r  t he 
Upp er  Co lu mb i a Ri ve r  s te e lh ea d, th e Upp er  Co lu mb i a Ri ve r  s pr i ng -r un  ch in o ok  s al mon , a nd  t he  bu ll 
t ro ut .  Al l t hr ee  s p ec ie s  a re  f e de ra l ly  l is t ed  a s  e nd an g er ed .  Th es e  i mp o rt an t f is h s pe ci es  wo ul d  n ot  b e 
e xp ec te d  t o b e impa c te d a s a re s ul t o f pr op o se d FRC r es e ar ch .  Ho we v er , b ec au se  of  t h ei r imp or ta n ce 
a nd  s ta t us   a s fe de r al  e n da ng er e d sp e ci es , t he  Na ti on al  Ma ri n e Fi sh e ri es  Se rv ic e  wou l d be  n o ti fi e d
u nd er  Se ct io n  7  o f t he  En da ng er e d Sp e ci es  Ac t pr i or  t o i mp le men ta ti o n of  an y fi e ld  r e se ar ch .  No 
o th er  s e ns it i ve  p la n t or  an imal  sp ec i es  a re  kn own  t o oc c ur  e i th er  wi th in  th e pr o po se d  FRC o r  a dj a ce nt 
a re as.

4.2.5 Archaeological, Cultural, and Historic Resources

Acc or di n g to  PNNL, a pp ro x imat el y  h al f  o f th e  p ro p os ed  c o nt ami na te d a re a h as  b ee n  i nt e ns iv el y 
s ur ve ye d  f or  cu lt ur a l re s ou rc es  (App e nd ix  E) .  No  a rc ha e ol og i ca l or  is ol a te d ar t if ac t s we re  id en t if ie d
i n th e s ur ve y  a re a.  The r e ar e n o kn o wn  h is t or ic  pr op er t ie s wit hi n t he  p r op os ed  co nt a mi na te d  a re a .
The  b ac k gr ou n d ar ea  ha s a ls o be e n su r ve ye d f or  c u lt ur al  re so u rc es .  No  c u lt ur al  re so u rc es  we re 
l oc at ed  wi th i n th e b ac kg r ou nd  a r ea .

A p or ti o n of  th e pr o po se d  c on ta min at e d ar ea  is  wi th in  a b ou t 4 40  y ar d s (4 0 0 m)  o f  t he  Co lu mb i a
Riv er .  Th e Col umbi a  Riv e r an d i ts  s h or el in e s ar e  c on si d er ed  cu lt ur a ll y s en si ti v e.  Any  i nt r us iv e 
r es ea rc h  a ct i on  c on d uc te d  i n th i s ar e a wo ul d  r eq u ir e a c ul tu r al  r es o ur ce  ex pe rt  to  b e  p re se n t.
Man ag eme nt  o f  Han fo r d Si t e cu lt u ra l r es ou rc e s fo l lo ws  t h e Ha n fo rd  Cu lt ur a l Re so u rc es  Ma na ge men t
Pla n (PNL 19 8 9) .  As  s uc h , an y s it e i n wh ic h  d ev e lo pmen t  a ct i vi ti es  wo ul d  b e pr o po se d  wou ld  be 
e va lu at e d pr i or  t o i mp le men ta ti o n of  de ve lo p me nt  pl an s.

4.2.6 Land Use, Recreation, and Aesthetic Resources

The  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a wo ul d  n ot  co nf li c t wi t h an y e xi st i ng  l an d  u se  at 
t he  1 00 - H Ar e a.  Th e  s iz e  a nd  s h ap e o f th e p ro po s ed  c on t amin a te d ar e a an d  b ac kg r ou nd  ar ea  we re 
d et er mi n ed  i n  p ar t t hr ou g h di sc u ss io n s wi th  th e Han fo rd  En vi r on me nt a l Re s to ra ti o n Co n tr ac to r .  Th e
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p ro po se d  f ie l d si te s  wer e  p os it i on ed  to  a vo i d an y  i nt er f er en c e wi th  ex is t in g ha u l ro u te s, p o te nt i al 
r emed ia t io n s it es , o r ot h er  o ng o in g o r an ti c ip at e d ac ti v it ie s .

The  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a wo ul d  n ot  ad ve rs e ly  a f fe ct  r e cr ea t io n ac t iv it i es 
o r re cr e at io n al  e xp e ri en c es  o n t he  Co lu mb ia  Ri ve r .  Rec r ea ti o na l us e rs  o n  t he  r i ve r wou ld  mo st  l i ke ly 
n ot  b e a wa re  of  FRC ac ti v it ie s i n th e  r eg io n .  Th e lo ca t io ns  in  whi c h th e  p ro po s ed  c o nt amin a te d a re a
a nd  b ac k gr ou n d ar ea  wo ul d  b e si t ua te d  a re  n o t cu r re nt ly  us ed  fo r an y  o th e r re cr e at io n al  p ur p os e.

Tra il er s  s up p or ti ng  pr op o se d FRC r es e ar ch  wo ul d b e ne ed e d on l y in  t h e vi c in it y o f th e  p ro po s ed 
c on ta mi n at ed  ar ea  a n d ba c kg ro un d  a re a .  The y  wou l d be  r e mo ve d  u po n c ompl e ti on  o f  r es e ar ch 
a ct iv it i es .

The  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a lo ca t io ns  in  t he  10 0- H Are a wou ld  no t
a dv er se l y imp ac t an y  c omp on en t o f vi s ua l or  ae st h et ic  r e so ur c es .

4.2.7 Socioeconomic Impacts

Soc io ec o no mi c  i mp ac t s wo u ld  b e min ima l.  Th e  wor k  f or ce  re qu i re d fo r  i ns t al la ti o n an d  o pe ra t io n o f
t he  p ro p os ed  FRC wo u ld  b e  s ma ll  an d d ra wn  f r om t h e ex is t in g wor k fo r ce .  Vi si ti n g st a ff  a nd 
s ci en ti s ts  wo ul d co n tr ib u te  i n a  b en e fi ci al  ma nn e r to  t h e lo c al  e co n omy b y st ay i ng  i n  l oc al  ho te l s an d
u si ng  l o ca l s er vi ce s .  Th er e wo u ld  b e  n o ne g at iv e  i mp ac t  t o t he  s oc i oe co n omic s o f th e  Han fo r d ar e a
a s a re s ul t o f FRC a ct iv i ti es .

4.2.8 Human Health

As de sc r ib ed  in  App e nd ix  C, PNNL wou l d de ve l op  a n  o ve ra l l Ma n ag emen t  Pla n  f or  t h e FRC t ha t
wou ld  e x pl ai n  t he  g o al s a nd  o bj e ct iv e s of  t h e FRC, ro le s  a nd  re sp on s ib il i ti es  o f  FRC st af f, pr oc e du re s
f or  i nv e st ig a to rs  t o  f ol l ow, an d  p ro c ed ur es  fo r s to ra ge  of  ma te ri al  an d was te  d i sp os a l.  To  ad dr e ss 
p ot en ti a l ES&H is su e s as s oc ia te d  wit h  h uman  he al t h an d e nv ir o nmen ta l  p ro t ec ti on , PNNL wou ld  al so 
d ev el op  th e f ol lo wi n g pl a ns :

•  an action-specific health and safety plan detailing potential pathways of exposure and best
management practices to reduce those hazards;

•  a characterization and waste control plan;

•  a contingency plan to address offsite migration of any nutrients or other chemicals used in
conjunction with NABIR research activities; and

•  a site closure plan.

Alt ho ug h  i mp o rt an t f or  o p er at in g  t he  pr op os e d FRC, th is  EA s e ek s to  ev al u at e po t en ti a l impa c ts  t o 
h uman  h e al th  an d th e  e nv i ro nmen t  p ri o r to  s e le ct i ng  t he  FRC.  For  p u rp os e s of  t h is  e v al ua ti o n, h e al th 
a nd  s af e ty  i s su es  t o  b e e va lu at e d in c lu de :

•  exposure to contaminated soils and groundwater,

•  occupational hazards associated with a drilling/construction site, and
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•  hazards associated with accidental releases of stored liquid chemicals or materials.

4.2.8.1 Exposure to Contaminated Soils and Groundwater

The re  a r e two  p ri ma r y hu man  h ea l th  i s su es  a s so ci a te d wi t h ex p os ur e t o co n ta mi na t ed  s o il s an d 
g ro un dwa te r f ro m th e  c on t amin at e d ar e a at  PNNL.  Th e fi r st  i s su e is  po te n ti al  r a di at i on  e xp o su re 
f ro m gr o un dwa te r an d  s oi l s/ se di men ts  wi th  r a di oa c ti ve  c o nt ami na nt s.  The  se co nd  is su e  i s po t en ti a l
c he mi ca l  t ox i ci ty  o f  t he  co nt ami na nt s  t ha t may  b e  i n gr o un dwa te r an d  s oi l s/ se di men ts  fr om t h e
c on ta mi n at ed  ar ea .

Bec au se  of  t h e pr op o se d n at ur e o f op e ra ti on , p ot e nt ia l e xp os u re s co u ld  o c cu r du r in g d ri ll in g  a nd 
s ampl in g  o pe r at io ns  in  t h e co nt a mi na t ed  a re a  a nd / or  i n t he  p r oc es si n g an d  a na ly s is  o f  s ampl e s
o bt ai ne d  f ro m t he  c o nt ami na te d a re a.  Suc h e xp os u re s co u ld  b e  t o FRC s ta f f or  t o  s ci e nt is ts . To
mit ig at e  t he s e po te n ti al  ex po su r es , a  c ombi n at io n  o f pe r so na l  p ro te c ti ve  eq ui pme nt , p er so nn e l
t ra in in g , ph y si ca l d es ig n  f ea tu r es , a nd  o th e r co n tr ol s ( e.g., l imit i ng  e x po su re  ti me s ) wo ul d  b e r eq ui re d 
t o en su r e th a t wo rk e r an d  v is it o r pr o te ct io n  wou l d be  ma in ta i ne d fo r  a ll  pr op os e d FRC-r el at e d
a ct iv it i es .  In  a dd i ti on , OSHA r eg ul a ti on s t ha t p er ta in  to  c o ns tr uc t io n a nd  wel l -i ns t al la ti o n wo u ld  b e
a dh er ed  to  i n  a ll  s i tu at i on s.

For  t he  ma jo r it y of  in ve s ti ga to r s, p o te nt ia l  e xp o su re s wou ld  be  f ro m s amp le s ob t ai ne d  f ro m t he 
c on ta mi n at ed  ar ea  a n d wo u ld  o cc u r wh i le  t he y  p er f or me d s ampl e  p ro ce s si ng  or  a na l ys es .  Fo r
s ci en ti s ts  a n d FRC s ta ff , who  wo ul d b e in vo l ve d wit h dr i ll in g  a nd  s a mp li n g op er a ti on s , po te n ti al 
e xp os ur e s wo u ld  b e f ro m a cc id en t s as s oc ia te d  wit h  d ri ll i ng  a n d sa mp l in g o pe ra ti o ns  i n  t he 
c on ta mi n at ed  ar ea .

Tit le  1 0 , CFR, Par t 8 35 , “ Oc cu pa t io na l  Rad ia t io n Pro te ct i on ,”  es ta bl i sh es  ra di at i on  p r ot ec ti o n
s ta nd ar d s, l i mi ts , a nd  p r og ra m r eq ui r emen ts  fo r p ro te ct i ng  wo rk er s a nd  t h e ge ne r al  p u bl ic  f r om
i on iz in g  r ad i at io n r es ul t in g fr o m th e  c on du c t of  DOE ac t iv it i es .  Fo r wo r ke rs , 1 0 CFR 83 5 re q ui re s  a 
5 -r em p e r ye a r do se  li mi t .  For  th e g en er al  pu bl i c, 1 0 CFR 8 3 5 re qu i re s a  1 00  mi ll ir e m (mre m) pe r 
y ea r do s e li mit .  I n  a dd i ti on , i t re q ui re s t ha t mea su re s  b e t ak en  t o  mai n ta in  r a di at i on  e xp o su re  as  l ow
a s re as o na bl y  a ch ie v ab le .  Th e 5 -r em do se  l i mi t wou ld  b e  a pp l ic ab le  to  FRC st af f  a nd  th os e s ci en t is ts 
i nv ol ve d  i n d ri ll in g  a nd  sa mp li n g op e ra ti on s  i n t he  c on t amin a te d ar e a.  The  1 00  mr em do se  l i mi t
wou ld  b e  a pp l ic ab le  to  s c ie nt is t s wh o  p ro ce s s or  an al yz e  b ot h  s oi l/ s ed ime nt  a nd  gr ou n dwat er  sa mp l es 
f ro m th e  c on t amin at e d ar e a.

For  p ur p os es  of  t hi s  EA, th e ma x imum al lo wa b le  e x po su re  to  FRC st af f  o r t o sc ie n ti st s  was  a s su me d 
t o be  1 0 0 mr e m pe r y ea r.  I n ad d it io n , be ca u se  p o te nt ia l  e xp o su re s mos t l ik el y wou ld  be  d ur i ng 
d ri ll in g  a nd  sa mp li n g op e ra ti on s , th e  f ol lo win g a na ly si s  o f p ot en ti a l do s es  was  as su med  t o b e fo r 
h yp ot he t ic al  wo rk er s  i nv o lv ed  i n  d ri l li ng  a n d sa mpl in g o pe ra t io ns .

Dos es  t o  wor k er s we r e bo u nd ed  b y  e va l ua ti ng  a “b o un di ng  an al y si s”  s c en ar i o, i n t he  a b se nc e o f an y 
e xi st in g  d at a  o n wo r ke r d os es  f o r th i s ki nd  of  wo rk  i n t he  f i el d.  Wor ke r s we re  as su med  t o s pi ll  smal l
a mo un ts  of  s o il /s ed i me nt  (1  g ra m o f c on ta mi n at ed  so il /s e di me n t fi ve  ti me s  p er  y e ar  f o r a to t al  o f  5 
g ra ms ) o r gr o un dwat e r (1  mi ll il i te r o f co nt a mi na t ed  g ro u nd wa t er  f iv e  t ime s pe r y ea r f or  a  t o ta l o f 5
mil li li t er s)  on  t he mse lv e s du ri n g th e  c ou rs e  o f h an dl in g  t he  co re  s a mp le s .  To max imi ze  t he  po te n ti al 
d os e, i t  was  fu rt he r  a ss u me d th a t th e  wor ke r s di d  n ot  wa sh  o f f th e c on ta min at io n , bu t  a ct ua l ly 
i ng es te d  i t.

Rad io nu c li de  in ge st i on  wa s ca lc u la te d  f ro m t he  a v er ag e mea su r ed  a ct i vi ty  va lu es  fo r H3 , C1 4, Sr9 0,
Tc9 9, U2 33 , U2 38  an d Am2 41  in  s oi l  a nd  gr ou nd wat er  (s ee  Ta bl e 4 -2 ).  Whe re  av er ag e  v al u es  wer e  n ot 
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a va il ab l e, ma xi mu m mea su r ed  v al u es  we re  s ub s ti tu t ed . The  mea s ur ed  da ta  p r ov id e d in  Ta bl e 4 -2 
wer e ob t ai ne d  f ro m s ev er a l so ur c es  i n cl ud in g  Lii k al a et  al . 1 98 8, DOE 19 9 3, a nd  Pe te r so n et  al .
1 99 6) .  Tot al s wer e b as ed  o n  a  y e ar ly  c o ns ump ti on  o f  5  g r ams of  so il  an d 5 mil li l it er s o f gr o un dwat e r.
Do se  f ac t or s f or  t he  Co mmi tt ed  Ef fe ct i ve  Dos e  Equ i va le nt  we re  ta ke n f ro m t he  EPA re po r t, "Li mit in g 
Val ue s o f Ra d io nu cl i de  I n ta ke  a n d Ai r  Con ce n tr at i on  a nd  Do se  Co nv er s io n Fac to rs  fo r I nh al at i on ,
Sub me rs i on  a n d In ge s ti on , Fed er a l Gu i da nc e Rep or t  No. 1 1 " (EPA- 52 01 / 1- 88 - 02 0) , p ub li s he d in 
Sep te mb e r 19 8 8.  Th e  d os e  f ac to r  f or  C- 14  wa s ta k en  f ro m t he  va lu e f or  l a be le d o rg an i c co mp o un ds .

For  t he  so il  in ge st i on  p a th wa y, th e t ot al  d o se  ( f or  a ll  ra di o nu cl id e s)  c a me  t o l es s t ha n 0.0 04 
mre m/ ye a r, wh ic h is  25 ,0 0 0 ti me s  l es s  t ha n t he  l i mi t of  10 0 mre m/ ye a r al l owed  f o r me mbe rs  o f  t he 
p ub li c u nd er  10  CFR 8 35 , Se c ti on  20 8.  The  g r ou nd wa t er  i n ge st io n  p at h wa y is  sl ig h tl y sma ll er , wit h a 
t ot al  d o se  o f  a pp ro x imat e ly  0 .0 0 2 mr e m/ ye ar .

To estimate the total potential risk to workers from this “bounding analysis” exposure scenario, it
was further assumed that the workers were exposed during the entire life of the project, which is ten
years.  The combined annual dose from both the soil and groundwater ingestion pathways was
6.16E-03 mrem per year (3.85E-03 + 2.32E-03).  Over the ten-year lifetime of the project, the total
dose was ten times that amount, or 6.16E-02 mrem.  The lifetime fatal cancer risk is calculated by
multiplying this ten-year dose by the dose-to-risk conversion factor of 4E-04 deaths per person-rem
(NRC 1991).  This calculation yields a lifetime risk of 3.08E-08, or roughly three in 100 million.

Table 4-2: Human Health Exposure Rates

Soil Ingestion
(5 g/y)

Groundwater Ingestion
(5 ml/y)

Radionuclide mrem/
pCi

pCi/g
(max)

Total
pCi

mrem/y pCi/l (avg) Total pCi mrem/y

H-3 6.40E-08 0 0 0.00E+00 3455 17.275 1.11E-06

C-14 2.09E-06 13.2 66 1.38E-04 72 0.36 7.52E-07

Sr-90 1.42E-04 1.4 7 9.94E-04 9.9 0.0495 7.03E-06

Tc-99 1.46E-06 6.2 31 4.53E-05 303 1.515 2.21E-06

U-233 2.89E-04 0.46 2.3 6.65E-04 18.6 0.093 2.69E-05

U-238 2.55E-04 1.4 7 1.79E-03 2.38 0.0119 3.03E-06

Am-241 3.64E-03 0.012 0.06 2.18E-04 125 0.625 2.28E-03

TOTAL: 3.85E-03 TOTAL: 2.32E-03
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Although radioactive exposure would not be a problem, the potential chemical toxicity of the
contaminants in the soils/sediments and groundwater from the proposed contaminated area also
needs to be considered.  Because the proposed contaminated area would be within the 100-HR-3
CERCLA operable unit, contaminant concentrations are evaluated according to CERCLA
standards.  Several recent studies of the 100-H Area indicate that only chromium and nitrate are of
regulatory concern (Liikala 1998, DOE 1993, and Peterson 1996).  Chromium concentrations are
not at a level that would be of concern to human health, but they are high enough to be of concern
to Columbia River salmon that spawn nearby.  The CERCLA pump and treat system in the 100-H
Area was put into place to extract the chromium so that it would not enter the Columbia River.
Nitrate concentrations are also of regulatory concern, but unlike many organic contaminants, nitrate
does not pose a cancer risk.  Because groundwater from the contaminated area would not be used
for drinking water, and because scientists would not consider drinking any groundwater collected
either from the background or contaminated area, there would not be any potential for human
exposure.

4.2.8.2 Site Specific Hazards and Accidents

Reasonably foreseeable accidents associated with the proposed FRC could involve: construction
accidents associated with well-drilling and sampling; striking a subsurface structure during drilling;
spilling a tank of stored liquid chemical, such as glucose or acetate; and leaks of contaminated
purgewater from fittings and valves.

Very few accidents associated with well-drilling/sampling or striking a subsurface structure have
occurred recently at the Hanford Site (Dunigan 1999).  For example, many years ago there was a
fatality during a drilling operation.  A drill operator became trapped in a well while trying to
retrieve a drill component and suffocated.  Over the past 20 years, there have also been a few
instances where drill rigs were not properly stabilized and tipped over.  In these cases the operators
did not follow appropriate operating procedures.

Although spills of chemicals used at the background or contaminated area would be possible, the
quantities of materials stored or transported onsite would be small (i.e., a few gallons of
concentrated material or at most 55 to several hundred gallons of a one percent solution).  For
experiments where long-term injections of nutrients, tracers or other materials would take place, the
rate of injection is likely to be less than ten gallons per day.  Therefore, 200 to 300 gallons of
diluted material would last at least two weeks.

A direct spill to the Columbia River would not be possible since the route from PNNL laboratories
(where chemicals might be prepared) to the background and contaminated areas does not cross the
Columbia River or any tributaries.  In addition, FRC activities would not occur any closer than 150
feet to the Columbia River.

As discussed in Section 4.2.3, there would be no impacts to groundwater or surface water as a result
of injection of the materials.

Noise

Act iv it i es  t o  b e un d er ta k en  a t t he  p r op os ed  co nt a mi na te d  a re a  a nd  b a ck gr o un d ar e a ar e  l is te d  i n
Sec ti on  2.2.3 .  Noi s e as s oc ia te d  wit h  d ri ll i ng  wo ul d be  te mp o ra ry  a n d wo u ld  p ot e nt ia l ly  d is t ur b
wil dl if e  o r o th er  s e ns it i ve  r ec e pt or s  f or  o n ly  s h or t pe r io ds  du ri ng  da yl i gh t ho u rs .  Dr il li n g op e ra to rs 
wou ld  b e  r eq u ir ed  t o  mee t  a ll  OSHA r e qu ir eme nt s.
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Rep re se n ta ti v e ac ti v it ie s  a nd  a v er ag e  n oi se  le ve l s ar e p re se n te d be l ow:

•  The average noise level of a compressor at a point 1 foot (0.3 m) distant is 88-90 decibels
(dB/A).

•  The average noise level of well sampling is 75-78 dB/A for the sampler.

•  The average noise level of a generator at a point 1 foot (0.3 m) distant is 93-95 dB/A.

•  The average noise level of well drilling at a point 49 feet (15 m) distant is 89-111 dB/A.

Noi se  l e ve ls  wo ul d n ot  e x ce ed  n o is es  he ar d d ur in g  r ou ti n e da i ly  a ct i vi ti e s.  De c ib el  le ve ls  ar e b el ow
t ha t co n si de r ed  t o b e ha r mf ul  ( s ee  Fi gu re  3 - 6) .  No is e f ro m FRC a ct i vi ti e s wo ul d  b e t empo ra r y an d 
l ik el y t o di s tu rb  wi ld li f e or  o t he r s en si ti v e re c ep to rs  fo r o nl y sh o rt  p e ri od s d ur in g  d ay li g ht  h o ur s.

Bec au se  of  ES&H p la n ni ng  an d co n tr ol s , an d t he  s mal l- sc a le  r e se ar ch  ex pe c te d at  an  FRC, t he r e
wou ld  b e  n o a dv er se  impa c ts  t o h uman  he al th .

4.2.9 Waste Control

Was hi ng t on  Ad mi ni st r at iv e  Cod e ( WAC)  17 3- 30 3  r eq u ir es  t h e id e nt if ic a ti on  an d ap p ro pr i at e
man ag eme nt  o f  d an ge r ou s was te s a nd  t h e da ng e ro us  co mp on e nt  o f  mix ed  wa st e s, a nd  id en t if ie s
s ta nd ar d s fo r  t he  t r ea tme nt  a nd  la nd  di sp os a l of  th es e was te s .  The  co de  wo ul d b e ap p li ca bl e  t o was te s
t ha t ar e  a nt i ci pa te d  t o b e de si g na te d  a s mi x ed  wa st e.  DOE Or de r 43 5 .1  p r ov id es  re qu i re me nt s  f or 
r ad io ac t iv e was te  c o nt ro l .  WAC 17 3- 3 04  r eq u ir es  th e id e nt if i ca ti on  an d a pp ro pr i at e man ag eme nt  o f 
s ol id  wa st es .  It  wo ul d b e ap pl i ca bl e  t o an y  s ol i d wa st e  g en e ra te d a t th e  p ro po s ed  FRC.

I n ac co r da nc e  wit h t he  Ha nf or d Pur ge wat er  St ra te g y (J ul y  1 99 0 ), s ho u ld  p u rg ewat e r co n ta in  l e ve ls  of 
h az ar do u s an d  r ad io a ct iv e  c on st i tu en t s ab ov e  a gr e ed -t o h ea lt h  a nd  e n vi ro n me nt al - ba se d  c ri te r ia , t he 
p ur ge wa t er  i s  s en t t o a c en tr al  Ha nf o rd  f ac i li ty  fo r fu t ur e t re at me n t an d  d is po s al .  Th e “St ra te g y fo r
Han dl in g  a nd  Di sp os i ng  o f  Pur ge wat er  at  t he  Ha nf o rd  Sit e , Wa s hi ng to n ” (WHC- MR-0 0 39 ) was 
a pp ro ve d  b y DOE, EPA a nd  Wa sh in g to n Dep ar tme nt  o f  Eco lo g y on  Au gu st  21 , 1 99 0.  The  s t ra te gy  is 
i nc or po r at ed  by  r ef e re nc e  i n Ap p en di x  F o f t he  Ha nf or d Fed er a l Fa ci l it y Agr ee me n t an d  Con se n t
Ord er  ( Tri -Pa rt y Ag r ee me n t.)

All  was t es  wo ul d be  ev al u at ed  a n d ma n ag ed  i n  c omp li an ce  wi th  th e ap p ro pr i at e re q ui re men ts .  Th e
r eg ul at o ry  s t an da rd s  wou l d be  me t th r ou gh  t h e us e  o f ap p ro pr i at e wa s te  p a ck ag in g  a nd  la be li n g; 
p la ce me n t in  de si gn a te d was te  s t or ag e  a re as , a nd  ro ut in e  i ns p ec ti on s  a nd  ma in te n an ce .  It  i s  e xp e ct ed 
t ha t so l id  wa st es  mi gh t b e di sp o se d o f in  t h e En v ir on me n ta l Res to ra t io n Dis po sa l  Fac i li ty  ( ERDF) ,
t he  Low- Le ve l  Bur ia l  Gro u nd s (LLBG), ot he r Han fo r d Si te  wa st e  c on tr o l un i ts , or  at  o f fs it e p er mi t te d
f ac il it i es .  Li qu id  wa st e s wo ul d  b e d is po se d  o f i n th e ETF.  Lo w- le v el  r a di oa ct i ve  c o nt amin a te d
mat er ia l s mi g ht  b e d is po s ed  o f i n th e  LLBG.

The  ERDF i s d es ig ne d  t o mee t RCRA mi n imum t e ch no l og ic al  re qu i re me nt s  f or  la nd fi l ls  i n cl ud in g 
s ta nd ar d s fo r  a  d ou b le  l i ne r, a  le ac h at e co l le ct i on  s ys t em, l ea k de t ec ti o n, a nd  fi na l  c ov er .  It  al so  me et s
p er fo rma nc e s ta nd ar d s un d er  Tit l e 10 , CFR, Par t 6 1 fo r  d is po s al  o f  l ow l e ve l was te .  Th e LLBG me e t
t he  p er f or ma n ce  s ta n da rd s  u nd er  10  CFR 61 .  An y of f si te  f a ci li t y to  wh ic h d an ge ro u s wa s te  wou l d be 
s en t wo u ld  me et  t he  re qu i re me nt s  o f RCRA.

App ro xi mat el y  3 ,5 00  ga ll o ns  o f p ur ge wat er  wo ul d b e ge ne r at ed  an d co n si de r ed  was t e fo r  e ac h
r es ea rc h  e ve n t.  Fo u r su c h ev en t s co u ld  b e e xp ec t ed  t o o cc ur  ea ch  y e ar .  Pu rg ewa te r wou ld  b e 
c ol le ct e d in  ta nk er  tr uc k s an d d is po s ed  a t t he  ETF.  So i ls  wa st e is  es ti mat ed  t o  b e a pp ro xi mat el y  o ne -



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

4 36

t hi rd  o f  t he  to ta l mat er i al  r emo ve d d ur in g d ri ll i ng .  Th is  wo ul d to t al  a p pr ox ima te ly  27 5 ki l og ra ms pe r
t es t be d .  All  was t es  wo ul d be  ev al u at ed  a n d ma n ag ed  i n  c omp li an ce  wi th  th e ap p ro pr i at e
r eq ui re men ts .  Th e r eg ul a to ry  s t an da r ds  wou l d be  me t th r ou gh  us e of  ap pr o pr ia te  wa st e  p ac ka g in g
a nd  l ab e li ng ;  p la ce men t i n de si g na te d  was te  st or a ge  a re a s, a n d ro ut i ne  i n sp ec ti o ns  a n d ma in t en an c e.
Bes t ma n ag eme nt  p ra c ti ce s  wou ld  be  i n st it ut e d wh e re ve r a pp li c ab le .  Th e maj or it y  o f n on -h az a rd ou s 
s ol id  wa st e mat er ia l  g en e ra te d d ur in g  d ri ll i ng  wo ul d be  in  t h e fo rm of  s u bs ur fa c e dr i ll  c ut t in gs  (s oi l
mat er ia l s) .  Th is  s o il  ma te ri al  an d b en to ni t e cl a y wo ul d  b e u se d to  ba ck f il l th e  t es t  h ol es  at  t h e
c ompl et i on  o f  f ie ld  wo rk . I f th e re  we re  a ny  so il  ma te ri a l re mai ni ng  af te r  b ac kf i ll in g , it  wo ul d b e
d is tr ib u te d a ro un d e ac h d ri ll  s i te .

Con ta mi n at ed  wa st es  (i .e ., ra di o ac ti v e, c he mic al , a nd  mi xe d was te s)  wo ul d  b e ha n dl ed  un de r e xi st i ng 
p ro ce du r es  f o r de al i ng  wi th  s uc h  was t es .  Al l wa s te s ge n er at e d fr om no rma l ev er y da y a ct iv it i es  b y 
h uman  wo rk er s , in cl u di ng  bi ol og i ca l was te s, ga rb a ge , an d  s imi la r ma t er ia l s, wou l d be  ke pt  i n 
c on ta in men t a nd  e xp o rt ed  fr om t h e wo r k si te s  t o p ro pe r d is po s al  f ac i li ti e s, t o p re cl u de  l ea v in g a ny 
was te s b eh in d  d ur in g  a nd  at  t he  te rmi na ti on  of  t h is  a ct i vi ty .  Tr ai l er s f or  t he  FRC wou ld  b e  e qu i pp ed 
wit h po r ta bl e  c he mi c al  t o il et s, wh ic h  wou ld  be  s e rv ic ed  pe ri o di ca ll y .

4.2.10 Transportation

Mis ce ll a ne ou s  c he mi c al s, ac id s ( e.g., s ul fu r ic , n it ri c a nd  h y dr oc hl o ri c) , b as es  (s od i um h yd r ox id e ),
r ea ge nt s  ( e.g ., Hac h  Kit ) , fo rma ld eh y de , or  ot he r  c he mi c al s u se d on s it e f or  c on d uc ti n g ch emi ca l
a na ly se s  a nd  sa mp le  pr ep a ra ti on  mi gh t  b e in f re qu e nt ly  t r an sp o rt ed .  Ge ne r al ly , l es s t ha n 2.2  g al l on s
( on e li t er ) o f th es e  c he mic al s wou ld  be  u se d  o n a  y ea rl y  b as i s.  U.S. De p ar tmen t  o f Tra ns po r ta ti o n
( DOT)  Ha za rd o us  Mat e ri al s  Reg ul a ti on s  ( Ti tl e  4 9, CFR, Par ts  17 1- 1 80 ) es t ab li s h th e r eq ui r emen ts 
g ov er ni n g pa c ka gi ng  an d s hi pp in g  o f h az ar do u s ma t er ia ls .  Th e se  s ta n da rd s  wou ld  be  a p pl ic ab l e to 
a ny  n ec e ss ar y  s hi pme nt s o f ha za r do us  ma te ri a ls  t o  o r fr o m an  FRC.

The  PNNL Shi p pi ng  a n d Tr a ns po rt a ti on  Pr og ra m e ns u re s co mpl ia n ce  wit h  t he  DOT Ha z ar do u s
Mat er ia l s Re g ul at io n s an d  DOE r e qu ir e me nt s s pe ci f ic  t o p ac ka g in g an d  t ra n sp or ta t io n s af et y.  The 
PNNL Ha z ar do u s Ma te r ia ls  Tr an sp o rt at i on  Off i ce r wou ld  b e  c on s ul te d t o as s ur e th e  s af e  p ac ka g in g
a nd  t ra n sp or t  o f an y  r eg u la te d s ampl e s, h az a rd ou s  mat er i al s, or  was t es .

4.2.11 Utilities and Infrastructure

The  e xi s ti ng  fa ci li t ie s p ro po se d  t o b e us ed , a s men ti on e d in  Se ct io n  3 .0 , h av e a mp le  of fi ce / la bo r at or y
s pa ce  t o  a ll o w fo r t he  a d di ti on  of  t h e smal l  n umb er  o f FRC s t af f an d  r es e ar ch er s .  Be ca us e o f th e 
s ma ll  n u mb er  of  p eo p le  e x pe ct ed  to  wo rk  a t t he  FRC, i mp a ct s t o in fr a st ru c tu re  f e at ur e s su ch  as 
h ou si ng , e du c at io n, he al t h ca re , p ol i ce  a nd  fi re  pr ot ec t io n, an d wa t er  a n d se wa g e wo u ld  n ot  be 
a nt ic ip a te d a s a re s ul t o f impl e me nt a ti on  o f  FRC re se ar c h.  I ni ti at i on  o f  FRC-r e la te d  a ct iv i ti es  li ke ly 
wou ld  n o t re q ui re  a n  i nc r ea se  i n  s ta f f, a s t he  ma jo ri ty  of  t h e ac ti v it ie s  c ou ld  be  i mpl emen t ed  wi th 
e xi st in g  p er s on ne l.  Any  ad di ti o na l p er so nn e l in v ol ve d i n FRC a ct iv i ti es , s uc h a s vi s it in g r es ea r ch er s,
wou ld  n o t imp ac t ex i st in g  i nf ra s tr uc t ur e.

Sta gi ng  ar ea s  ( ap pr o xi ma t el y 10 0  x  1 0 0 fe et )  wou l d be  u s ed  f o r ma te r ia l a nd  e qu i pmen t  l ay do wn an d 
a s te mp o ra ry  sa te ll i te  a c cu mu la t io n a re as  f o r wa s te s (i n  d ru ms, t an k s, o r  o th er  co nt a in er s)  ge ne r at ed 
b y ch ar a ct er i za ti on  ac ti o ns  ( e.g ., d r il l cu t ti ng s  a nd  d e co nt a mi na ti o n wa s te s) .  St ag i ng  a re a s wo u ld  b e
o pe ra te d  a nd  ma in ta i ne d i n co mp l ia nc e  wit h s it e was te  c o nt ro l  p ro ce d ur es  fo r th e  d ur a ti on  o f  t he i r
o pe ra ti o n an d  d ur in g  s et u p of  d e co nt a mi na ti o n tr a il er s/ c ha ng e  h ou se s .  St ag in g a re as  wo ul d b e
e st ab li s he d i n pr ev i ou sl y  d is tu r be d a re as  ( o r in  ar ea s t ha t wou ld  r e qu ir e  min ima l gr a di ng ) a nd  wo ul d
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b e co ve r ed  wi th  g ra v el  o r  g ra ve l  a nd  ge ot ex t il e mat er ia l .  Te mp or ar y  a cc e ss  r oa d wa ys  (o r te mpo ra r y
e xt en si o ns  o f  e xi st i ng  r o ad wa ys )  mig h t al so  be  c o ns tr uc t ed , a s ne ce s sa ry .  Cl ea r in g o f lo w b ru sh  or 
r emov al  of  t r ee s an d  s hr u bs  wit h  t he  go al  o f  min i mi za ti o n of  cl ea ri n g mi g ht  a ls o  o cc u r.

4.2.12 Environmental Justice

No po te n ti al  impa ct s  h av e  b ee n i de nt i fi ed  t h at  wo ul d af f ec t o th er  1 0 0- H e mp lo ye e s or  of fs it e  p ub l ic .
The  v ic i ni ty  su rr ou n di ng  th e 10 0 -H Ar ea  i s l ar ge  an d th e  p ro p os ed  a c ti on  wo ul d n ot  r e su lt  i n  a dv e rs e
h uman  h e al th  or  e nv i ro nme nt al  e f fe ct s  o n th e  p ub l ic , in c lu di n g lo w- i nc ome  o r mi n or it y  p op ul a ti on s .

The  Han f or d Sit e NEPA Ch a ra ct er i za ti o n Re po r t (Ne it ze l e t al . 1 99 9)  de te r mi ne d t ha t t he  1 00 - H Ar e a
i s lo ca t ed  wi th in  a  ce ns u s bl oc k  t ha t  c on ta i ns  n o  r es id e nt s.  Sec ti o ns  4 .2.3.1 a nd  4 .2.3.3 s ta te  th at  t h er e
wou ld  b e  n o i mp ac ts  to  s u rf ac e wat er s  ( i.e., t he  Co lu mb i a Ri v er ) or  th e g ro un dwa te r.  The re f or e, th er e
wou ld  b e  n o i mp ac ts  to  i n di vi du a ls  u s in g th e  Col u mb ia  Ri ve r f or  s ub s is te n ce  f is h in g o r ot he r 
s ub si st e nc e p ur po se s .  Th er e wo u ld  b e  n o di s pr op o rt io na t e an d  a dv er s e imp ac ts  t o  l ow- in co me  an d
min or it y  p op u la ti on s .

4.3 No Action

Und er  t h e No  Ac ti on  al te r na ti ve , t he r e wo ul d  b e n o FRCs  at  t h e Oa k Rid ge  an d Ha n fo rd  si te s. As  a 
r es ul t, DOE wou ld  n o t be  ab le  t o  c on d uc t in t eg ra t ed  f ie l d- ba s ed  r es e ar ch  an d no  in tr u si ve  a c ti on s 
wou ld  b e  t ak e n by  t h e NABIR Pro g ra m, re su lt i ng  i n  n o imp ac ts  to  t he  af fe c te d en v ir on men t at  Oa k
Rid ge  a n d Ha n fo rd  ( a s de s cr ib ed  in  Se ct io n 3 .0 ).  Fut ur e  r es e ar ch  c o ul d t ak e pl a ce  a t  o th er  fi el d  s it es 
( e.g., STEFS) ; ho we v er , t he  s it e  c on d it io ns  wo ul d  n ot  me et  t h e ne ed e d cr i te ri a o r th e  p re fe r re d
c ha ra ct e ri st i cs  ( se e  Sec t io n 2.2 .1 .2 )  t ha t wou ld  en ab le  th e NABIR Pr og ra m t o as s is t DOE wit h 
i de nt if y in g n ew b io r emed i at io n t ec hn o lo gi es .



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

5-1

5.0 CUMULATIVE EFFECTS OF THE ALTERNATIVES

Cumul at i ve  e f fe ct s a re  t h os e th a t re s ul t fr o m th e  i nc re men ta l  i mp ac t  o f a n ac ti o n co n si de re d  i n
a dd it io n  t o i mp ac ts  of  p a st , pr e se nt , a nd  r e as on a bl y fo r es ee a bl e fu t ur e a ct io ns , r eg a rd le ss  of  wh at 
a ge nc y o r pe r so n un d er ta k es  s uc h  o th e r ac ti o ns  ( Tit le  4 0  CFR, Par t 1 50 8.7 ).  Cu mul at i ve  e ff e ct s c an 
r es ul t f ro m i nd iv id u al ly  mi no r b ut  c o ll ec ti v el y s ig ni fi c an t a ct io ns  ta ke n  o ve r a  p er i od  o f t ime.

5.1 Cumulative Effects of Siting and Operating an FRC on the ORNL/Y-12
Site

The  a ct i on s t ha t DOE c on s id er s r ea so n ab ly  f o re se e ab le  a n d pe r ti ne nt  to  t h e an al y si s o f cu mu l at iv e 
e ff ec ts  fo r t he  ORNL/Y-1 2  Sit e a re  d e sc ri be d  i n t he  s ec t io n b el ow.

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
Activities in the Bear Creek Valley Watershed.  The RI/FS for the Bear Creek Watershed has
been completed to address contamination associated with former waste disposal activities in Bear
Creek Valley.  The Record of Decision is scheduled to be signed in calendar year 2000.  Several
CERCLA remedial actions have been identified for implementation in the Bear Creek Valley
Watershed.  Proposed CERCLA actions that could impact levels of groundwater and soil
contamination within the proposed FRC boundaries include but are not limited to the following:

1. Hot spot removal and capping of the BY/BY.  The purpose of this action is to reduce the flux of
uranium discharging into Bear Creek and the Maynardville Limestone through North Tributary 3
(NT-3).  It is anticipated that this action would eventually decrease the concentration of uranium
in Bear Creek and the Maynardville Limestone downstream from NT-3.

2. S-3 Ponds plume tributary interception.  The purpose of this action is to reduce the flux of
contaminants from the S-3 groundwater plume into the surface stream NT-1 and the main-stem
of Bear Creek.

3. Removal of soil and sediment hot spots of contamination within the Bear Creek floodplain.

Pro ce du r es  a n d pr ot o co l e ns ur in g  FRC ac ti vi t ie s d o no t i nt er f er e wi t h CERCLA re med ia t io n ac t iv it i es 
wou ld  b e  d es c ri be d i n th e  FRC Ma na ge men t Pl a n.  I n ad di t io n, "Ope ra t in g I ns tr uc t io ns " d es cr i bi ng 
t he se  p r oc ed u re s an d  p ro t oc ol  wo ul d b e ad de d  t o t he  CERCLA Fe de ra l Fac il i ti es  Ag re eme nt  ( FFA).

CERCLA Was te  Di spos a l Fa c il it y.  DOE h as  p u bl is he d  a  RI /FS fo r  t he  di sp os a l of  ORR CERCLA
was te s ( DOE J an ua ry  19 98 ) .  Alt e rn at i ve s in  th e RI/ FS s t ud y i nc lu de  di sp o sa l of  CERCLA wa st e s
o ff si te  an d i n a ne w d is p os al  f a ci li t y, t he  En vi r on me nt a l Ma n ag emen t  Was t e Ma na g emen t  Fac il i ty 
( EMWMR)  to  b e  c on st r uc te d  o n th e  ORR.  Th re e  a lt e rn at iv e  s it e s on  t h e ORR h av e b ee n c on si de r ed :
t wo  j us t  n or t h of  Be ar  Cr ee k Ro a d an d  t he  t h ir d a lo ng  St at e Hig hway  95  a t  t he  i n te rc h an ge  wi th  St at e
Hig hway  58 .  Th e Pr o po se d  Pla n a nd  Re co rd  o f  Dec i si on  f o r th e  CERCLA Was t e Di sp o sa l Fac il it y 
h av e no t  b ee n  p ub li s he d, so  n o d ec is i on s co n ce rn i ng  t he  co ns t ru ct io n  o f t hi s fa c il it y  o n th e  ORR ha ve 
b ee n ma d e.  I t is  n o t an t ic ip at e d th a t th e d is po s al  c el l  wou l d be  c o ns tr u ct ed  wi th in  th e bo u nd ar y  o f th e 
p ro po se d  FRC.  Du e t o co n tr ol s u se d a t th e EMWMF th er e a re  n o  a nt ic i pa te d  r el ea s es  ( DOE J an u ar y
1 99 8) .



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

5 2

Const ruc ti on and Ope ra ti o n of  t he Spa ll at io n Neut ro n So urc e.  DOE i ss u ed  a  NEPA Re co rd  of 
Dec is io n  o n J un e 30 , 1 99 9  ( 64  FR 1 25 )  t o pr o ce ed  wi th  t h e co n st ru ct i on  a n d op er a ti on  of  a  Sp al la t io n
Neu tr on  So ur c e (SNS)  f ac i li ty  a t  ORNL.  The  SNS i s an  a c ce le r at or -b a se d r es ea rc h  f ac i li ty  t h at  wi ll 
p ro vi de  U.S. sc ie nt i fi c a nd  i nd u st ri a l re se a rc h c ommu ni t ie s a  s ou rc e  o f p ul se d n eu tr o ns .  Th e fa c il it y
wil l be  us ed  to  c on d uc t r es ea rc h  i n s uc h ar e as  a s  mat er i al s s ci en ce , c on d en se d mat te r  p hy si c s, t h e
mol ec ul a r st r uc tu re  of  b i ol og ic a l ma t er ia ls , p ro p er ti es  of  p o ly me rs  an d c ompl ex  fl ui d s, a nd 
mag ne ti s m.  The  SNS is  b e in g bu i lt  n e ar  t he  to p o f Ch es t nu t Rid ge  a p pr ox i ma te ly  fo ur  mi le s ( 6 km) 
s ou th we s t of  th e pr o po se d  FRC c o nt ami na te d a re a.  Acc or d in g t o th e EIS f o r th e SNS ( DOE 1 99 9 a) ,
r ad io ac t iv e c on ta mi n at io n  o f th e  e ar t he n be r ms  s u rr ou nd i ng  t h e SNS i s ex p ec te d.  Howe ve r, SNS is 
l oc at ed  on  a  ri dg e ( away  fr om t h e pr o po se d FRC) a nd  t he r e is  no  e xp e ct ed  co nt ami na ti o n of 
g ro un dwa te r.  Emi ss i on s f ro m th e  SNS wi ll  d r ai n i nt o Wh i te  Oa k Cr ee k  i n t he  Bet h el  Va ll ey , whe re a s
t he  p ro p os ed  FRC, l o ca te d  i n th e  Bea r  Cre ek  Va ll e y, wou l d dr a in  i nt o  Bea r  Cre ek .  As  de sc ri b ed  i n 
Sec ti on  4.0, vi rt ua l ly  n o  i mp ac t  wou l d be  e x pe ct e d in  d e ve lo p in g an d  o pe r at in g t he  FRC.  In c re me n ta l
i mp ac ts  wo ul d  b e mi n imal  an d wo u ld  n o t be  c u mu la t iv e wi t h th o se  a ss o ci at e d wi th  co ns t ru ct io n  a nd 
o pe ra ti o n of  th e SNS.  SNS an d t he  p r op os ed  FRC a re  i n d if fe r en t dr a in ag e  b as in s  o f t he  ORR.  As 
n ei th er  ac ti v it y is  ex pe c te d to  pr od u ce  a dv e rs e i mp ac ts  fr om it s li q ui d e mi ss io n s, i t  i s ex p ec te d  t ha t
t he re  wo ul d b e no  c u mu la t iv e imp ac ts  fr om t h es e g eo gr ap h ic al l y se pa r at e f ac il it i es .

Tra ns po r ta ti o n of  Lo w- Le v el  ( Ra dio ac t iv e)  Wa st e  and Mi x ed Lo w- Le ve l  ( Ra dio ac ti v e)  Wa st e
f ro m the  ORR to  Off s it e Tre at me nt or  Di spos a l Fa c il it ie s .  DOE p ro po s es  t o p ac ka g e an d
t ra ns po r t lo w l ev el  wa st e  ( LLW)  an d mix ed  LLW of f si te  f o r tr e at me nt  an d d is po sa l .  On si te  d i sp os a l
i s no t a va il a bl e fo r  t he  ex pe ct e d li f ec yc le  vo lu mes  n or  th e t ec hn ic a l co n st it ue n ts  o f  man y Oak  Ri dg e
LLW s tr e ams.  Bec au s e wa s te  d is p os al  is  c ri t ic al  to  o ng o in g e nv ir on men ta l  c le an u p an d 
r ei nd us t ri al i za ti on  of  t h e Re se r va ti o n as  we ll  a s  t o on g oi ng  re se ar c h an d  d ef en s e mi s si on s, th e DOE
p ro po se s  t o p ac ka ge  an d t ra ns po r t si g ni fi ca n t qu a nt it ie s  o f e xi st in g  a nd  fo re ca s te d ORR LLW to  o t he r
DOE s it e s or  to  l ic e ns ed  co mmer c ia l f ac il it i es  f o r tr ea t me nt  or  d is p os al .  Th er e  a re  cu rr en t ly  t wo dr af t 
EAs  b ei n g pr e pa re d f or  t h es e pr o je ct s .  Bas e d on  av ai la b le  i n fo rmat i on , s ome of  th e c on ta mi n at ed 
was te s f ro m r es ea rc h  c on d uc te d a t th e  p ro po s ed  FRC wo ul d  b e c on si de r ed  b o th  LLW an d mix ed 
LLW a nd  co ul d  b e tr a ns po r te d to  an  o f fs it e f ac il i ty  f or  tr ea t me nt  o r  d is p os al .  Ho we v er , wa s te 
q ua nt it i es  h a ve  b ee n  e st i ma te d t o be  ve ry  s mal l ( 12 ,0 00  ga ll o ns  [ ab o ut  4 6 ,0 00  L]  o f g ro un dwa te r a nd 
2 0 cu bi c  f ee t  [ 0.56  cu bi c  met er s ] of  so il  p e r ye a r) .  Th es e v ol umes  ar e l es s th a n on e  p er ce n t of  th e
t ot al  ORR wa s te s co n si de r ed  i n t he  EAs (DOE 19 99 a ).  It  is  e x pe ct ed  th at  wa st es  fr om th e pr o po se d 
FRC wou l d no t  c on tr i bu te  to  c umu la ti v e ef fe c ts  o f  t ra ns p or ti n g LLW f or  t h e ORR.

5.1.1 Earth Resources

Ope ra ti o n of  th e pr o po se d  FRC wo ul d n ot  c on t ri bu t e to  t h e cu mul at iv e  i mp a ct  o n g eo lo g y or  s o il s o f
t he  ORR or  s u rr ou nd i ng  c o mmun it i es .  As  d es c ri be d  i n Se c ti on  4.1.1, no  s i gn if ic a nt  p r ob le ms  ha ve 
b ee n id e nt if i ed  wit h  r eg a rd  t o s it e s ta bi li t y or  th e so i l me d iu m th a t wo u ld  c on s ti tu t e impa c ts  b y 
t he ms el v es  o r  c ombi n ed  wi th  e xi s ti ng  or  f ut u re  c o nd it io n s to  cr ea te  cu mu l at iv e i mp ac t s.  No n e of  th e
p ro je ct s  o r r ea so na b ly  f o re se ea b le  a c ti vi ti e s de s cr ib ed  ab ov e  a re  e x pe ct e d to  a f fe ct  th e ea r th  r e so ur ce s 
o f th e BCV, t hu s th e  min i ma l ef f ec ts  fr om p r op os e d FRC a ct iv i ti es  wo ul d n ot  c on t ri bu t e to 
c umul at i ve  i mpa ct s.

5.1.2 Climate and Air Quality

Ope ra ti o n of  th e pr o po se d  FRC wo ul d n ot  c on t ri bu t e to  t h e cu mul at iv e  i mp a ct  o n t he  c l imat e o r ai r 
q ua li ty  of  t h e ORR.  The  ORR is  in  a n  a tt ai n me nt  ar ea  f o r NAAQS a nd  no  a c ti vi ti e s (e .g., dr i ll in g  o r
s ma ll -a r ea  l a nd  c le a ri ng )  p la nn e d fo r  t he  FRC wo u ld  c on s ti tu t e an  i mpa ct  by  t he mse lv e s (s ee  Se ct i on 
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4 .1 .2 ) o r, c o mb in ed  wi th  ex is ti n g or  fu tu re  co nd i ti on s, cr ea t e cu mu l at iv e  i mp ac t s.  Non e of  th e
p ro je ct s  o r r ea so na b ly  f o re se ea b le  a c ti vi ti e s de s cr ib ed  ab ov e  a re  e x pe ct e d to  a f fe ct  th e cl i ma te  or  a ir 
q ua li ty  of  t h e BCV, th us  th e mi n imal  ef fe ct s  f ro m p ro po s ed  FRC ac ti v it ie s  wou ld  no t c on tr ib u te  t o 
c umul at i ve  i mpa ct s.

5.1.3 Water Resources

Ope ra ti o n of  th e pr o po se d  FRC wo ul d n ot  c on t ri bu t e to  t h e cu mul at iv e  i mp a ct  o n t he  s u rf ac e wat er 
a nd  g ro u nd wa t er  o f t he  ORR or  s u rr ou n di ng  c o mmun i ti es .  Th e p os si bl e  a dd i ti on  o f  t ra c er s, e l ec tr o n
d on or s a nd  a c ce pt or s , nu t ri en ts  an d mic ro or g an is ms, a nd  ot he r  s ub st a nc es  (s ee  Se ct io n  4 .1 .3 )  h av e 
b ee n sh o wn  t o  h av e l it tl e  c on se q ue nc e  o n th e  q ua l it y of  th e s ur fa ce  wa te r  ( Be ar  Cr ee k ) or  t h e
s ur ro un d in g g ro un dwa te r.  The se  ac ti v it ie s wou ld  no t co n st it u te  a n i mp ac t  b y th e ms el v es  o r,
c ombi ne d  wit h  e xi st i ng  o r  f ut ur e  c on d it io ns , c re a te  c umu la ti v e impa c ts . Non e of  th e p ro je ct s  o r
r ea so na b ly  f o re se ea b le  a c ti vi ti e s de s cr ib ed  ab ov e  a re  e x pe ct e d to  a f fe ct  th e wa t er  r e so ur ce s  o f t he 
BCV, th u s th e  min ima l ef f ec ts  f r om p r op os ed  FRC a ct iv it i es  wo ul d no t  c on t ri bu te  to  c u mu la ti v e
i mp ac ts .

As st at e d in  th e Fl o od pl a in  Ass e ss me n t fo r Sit e I nv es ti g at io n  Act iv i ti es  at  t he  Oa k Rid ge  Y- 12  Ar ea 
o f Re sp o ns ib i li ty  ( DOE 1 9 96 ), “ The  a c ti vi ti e s ad d re ss ed  by  t h e fl oo d pl ai n  a ss es s me nt  wi ll  r e su lt  in  n o
mea su ra b le  i mpa ct  o f  f lo o dp la in  cr os s -s ec ti o ns  o r  f lo od  st ag e , an d t hu s d o no t i nc re a se  t he  ri sk  of 
f lo od in g .”   The  p ro p os ed  FRC ac t iv it i es  p la n ne d wit hi n t he  f l oo dp la i n wo u ld  b e s ma ll  in  n at u re  ( s ee 
Sec ti on  4.1.3 .2 ) an d  wou l d no t c on st i tu te  a n  i mp a ct  b y t he ms e lv es  o r , co mbi ne d wit h t he  e xi s ti ng  or 
r ea so na b ly  f o re se ea b le  f u tu re  c o nd it i on s, c r ea te  cu mu la t iv e i mp ac ts .

5.1.4 Ecological Resources

Ter re st r ia l a nd  a qu a ti c s pe ci es  wi th i n th e a re a o f th e p ro po s ed  FRC wo ul d  n ot  b e  i mp a ct ed  ( s ee 
Sec ti on  4.1.4 ) be ca u se  o f  mea su r es  t h at  wou l d be  ta ke n t o av o id  a re a s of  se ns it i vi ty  (e .g ., th e
Env ir on men ta l  Res ea r ch  Pa rk  a nd  ar ea s  u se d f or  s e as on al  hu nt i ng ).  Sec ti o n 4.1.3  d is c us se s t he 
p ot en ti a l imp ac ts  t o  Bea r  Cre ek  an d d emon st r at es  th at  n o  i mp a ct s wo u ld  b e  e xp ec t ed .  Th e ad d it io n  o f
t he  p ro p os ed  FRC ac t iv it i es  wou l d no t  c on st i tu te  an  i mp a ct  b y  t he ms e lv es  or , co mbi ne d  wit h t he 
e xi st in g  o r f ut ur e c on di t io ns , c re at e  c umul a ti ve  impa ct s .  No ne  o f t he  p r oj ec ts  or  r e as on ab l y
f or es ee a bl e a ct iv it i es  d e sc ri be d  a bo v e ar e e xp ec t ed  t o a ff ec t  t he  e c ol og i ca l re s ou rc e s of  t h e BCV, th us 
t he  min i ma l e ff ec ts  fr om pr op os e d FRC a ct iv i ti es  wo ul d n ot  c o nt ri bu t e to  cu mu la t iv e i mp ac ts .

5.1.5 Archaeological, Cultural, and Historic Resources

Acc or di n g to  th e Te n ne ss e e St at e  His t or ic  Pr es er v at io n Off ic e r, n o c ul tu r al  r es o ur ce s  h av e b ee n
i de nt if i ed  wi th in  t h e pr o po se d c on ta min at ed  ar ea  an d ba c kg ro u nd  a re a  ( Ap p en di x E).  I n ad di t io n, no 
h is to ri c  s it e s ar e l oc at e d wi th i n th e  p ro po s ed  b o un da ri e s of  th e FRC.  Th e ad di t io n o f th e p ro po s ed 
FRC a ct i vi ti e s wo ul d  n ot  co ns ti t ut e a n impa c t by  th emse l ve s o r, c omb in ed  wi th  t h e ex i st in g o r fu t ur e
c on di ti o ns , c re at e c umul a ti ve  i mpa ct s .

5.1.6 Land Use, Recreation, and Aesthetic Resources

The  l an d  u se s  o f th e  Bea r  Cre ek  Va ll e y in cl u de  d e ve lo pe d  a re a s su ch  as  t h os e ne a r th e  Y-1 2 Pla nt , t he 
S-3  Pon d s Si t e, a nd  wa st e  c on tr o l ar e as  t ha t  a re  op en  a n d hi g hl y vi s ib le .  In  a d di ti o n, t he r e ar e  s ome
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f or es te d  a re a s.  As  di sc u ss ed  i n  Sec t io n 4.1 .3 , r es ea rc h  s imi la r in  na tu r e to  t h at  p r op os ed  fo r t he  FRC
h as  b ee n  t ak i ng  p la c e.  The re  wo ul d b e no  ma jo r c ha ng es  in  t h e ex is t in g u se  o f t he  a r ea s pr o po se d  f or 
t he  FRC an d n o ma jo r  c on s tr uc ti o n ne c es sa ry  fo r t he  o pe r at io n  o f th e  p ro p os ed  FRC.  Tra il er s , dr i ll 
r ig s an d  o th e r eq ui p me nt  wo ul d b e pl a ce d in  pr ev i ou sl y d is tu r be d ar e as .  Ar ea s u se d f or  s ea s on al 
h un ti ng  wo ul d  b e av o id ed  du ri ng  hu nt i ng  s ea s on . The  a dd i ti on  of  t he  pr op o se d FRC a ct i vi ti es  wo ul d 
n ot  c on s ti tu t e an  i mpa ct  by  t he mse lv e s or , c ombi n ed  wit h  t he  ex is ti n g or  fu tu re  co nd i ti on s, cr ea t e
c umul at i ve  i mpa ct s.

5.1.7 Socioeconomic Conditions

Emp lo ye e s of  th e pr o po se d  FRC wo ul d b e ex is t in g e mp lo ye e s fr o m ORNL an d r es ea rc h er s wou ld  b e 
s ma ll  i n  n umb er  ( se e  Sec t io n 4.1 .7 ). Th e ad d it io n  o f th e  p ro p os ed  FRC ac t iv it ie s  wou l d no t c on st i tu te 
a n impa c t by  th emse l ve s o r, c omb in ed  wi th  t h e ex i st in g o r fu t ur e co n di ti o ns , cr e at e c umul at i ve 
i mp ac ts .  Wh e n co mb i ne d wit h th e  n umb er  o f wor ke r s an d r es ea r ch er s e xp ec t ed  t o b e pr e se nt  a t  t he 
SNS whe n  i t b ec omes  op er a ti on al , wor k er s on  th e FRC c ou l d co n tr ib ut e  t o min or  p o si ti v e ec on o mi c
i mp ac ts , a nd  on ly  mi no r e ff ec ts  on  h o us in g a va il a bi li ty  an d r eg io na l  c ommun it y s er vi c es .

5.1.8 Human Health

The  p ro p os ed  ac ti vi t ie s c on du ct e d at  th e FRC wou l d no t p os e a ny  p ot e nt ia l  f or  a d ve rs e  i mp ac t s to 
wor ke rs  or  t h e of fs i te  p u bl ic  ( s ee  Se ct io n 4 .1 .8 ) .  The s e ac t iv it ie s  wou l d no t a dd  a n y si gn i fi ca n t
q ua nt it i es  o f  r ad io a ct iv e  e mi ss i on s t o th e a ir , wou ld  n o t imp ac t gr o un dwa te r to  le ve l s ab ov e  d ri n ki ng 
wat er  s t an da r ds , an d  wor k er s wo u ld  n o t be  e x po se d  t o an y  d os e s of  r a di at i on  o r c he mi c al s th a t wo u ld 
b e of  c o nc er n .  The s e ac t iv it ie s  wou l d no t c on st i tu te  a n  i mp a ct  b y t he ms e lv es  o r , co mbi ne d wit h t he 
e xi st in g  o r f ut ur e c on di t io ns , c re at e  c umul a ti ve  impa ct s .

5.1.9 Waste Control

The  a pp r ox ima te  v ol u me  o f  was te  ge ne r at ed  a n d re q ui ri ng  st or a ge  f or  th e p ro po se d  FRC wo ul d b e
min imal  (s ee  Se ct io n  4 .1 .9)  i n c ompa r is on  wi th  q u an ti ti e s ge n er at ed  th ro u gh  e nv i ro nme nt al 
r emed ia t io n a ct iv it i es  o n  t he  ORR (DOE 19 98 ) . Th e se  a ct i vi ti e s wo ul d  n ot  co ns ti t ut e a n impa c t by 
t he ms el v es , o r co mb i ne d wit h th e  e xi s ti ng  o r  f ut u re  c on d it io n s, c re a te  c u mu la ti v e imp ac ts .

5.1.10 Transportation

The  e mp l oy ee s  o f th e  p ro p os ed  FRC ar e  c ur re n tl y e mp lo ye d  b y ORNL so  th er e  wou ld  be  n o  i mp ac t 
t o tr af f ic  wi th in  t h e ORR.  I n a dd it i on  t he  nu mb e r of  e x pe ct e d vi si t or s t o th e FRC i s  e xp ec t ed  t o  b e
min imal  (s ee  Se ct io n  4 .1 .7) .  Th e ma i n tr af f ic  r o ut e ex p ec te d  f or  t h e wo r ke rs  a t  t he  SNS fa c il it y  wil l
b e vi a Bet he l  Val le y  Roa d  a nd  Be ar  Cr ee k Ro a d as  FRC wo r ke rs  an d re s ea rc h er s dr i ve  b e twee n
ORNL an d  t he  FRC.  I t is  ex pe ct e d th a t th e FRC-r e la te d t ra ff i c wi ll  be  v e ry  l ig h t an d  wou ld  no t c re at e
a ny  i nc r emen t al  o r c umul a ti ve  i mpa ct s .  The  ma jo r it y of  SNS- r el at ed  tr af f ic  wou l d oc c ur  d ur i ng  t h e
c on st ru c ti on  pe ri od  of  t h e fa ci l it y a nd  t he n  wou l d de cr e as e;  th is  wo ul d o cc ur  a p pr ox i ma te ly  ha lf - wa y
t hr ou gh  th e e xp ec te d  t en - ye ar  l i fe  o f  t he  FRC.

Tra ns po r ta ti o n of  mi ni ma l  q ua nt i ti es  of  h az a rd ou s  mat er i al s i s ex pe c te d t hr ou gh o ut  t h e co ur s e of  FRC
o pe ra ti o ns  ( s ee  Sec t io n 4 .1 .1 0) .  Tr a ns po rt a ti on  of fs it e  o f LLW a nd  mi xe d  LLW i s  c ur r en tl y b ei ng 
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e va lu at e d;  h o we ve r, th e a mo un ts  ge ne r at ed  f r om FRC op er a ti on s  wou ld  be  i n si gn if i ca nt  in 
c ompa ri s on  t o  q ua nt i ti es  ge ne ra t ed  b y  t he  ORR re q ui ri ng  tr an s po rt at i on  ( DOE 1 99 9 e, DOE 19 99 f ).

The se  a c ti vi t ie s wo u ld  n o t co ns t it ut e  a n imp ac t b y th ems el ve s  o r, c o mb in e d wi th  th e e xi st in g  o r f ut ur e
c on di ti o ns , c re at e c umul a ti ve  i mpa ct s .

5.1.11 Utilities and Infrastructure

I mp ac ts  to  u t il it ie s  a nd  in fr as t ru ct u re  s uc h  a s h ou si ng , e du c at io n, he al t h ca re , p ol i ce  a nd  fi re 
p ro te ct i on , a nd  wat e r an d  s ewag e  a re  no t an t ic ip a te d as  a re s ul t of  th e s ma ll  n u mb er  of  i nd i vi du a ls 
i nv ol ve d  i n t he  o pe r at io n  o r re s ea rc h  a ct iv i ti es  of  t he  pr op o se d FRC.  No  n ew c o ns tr u ct io n wou ld  be 
r eq ui re d  f or  op er at i on  o f  t he  FRC.  The  s it i ng  o f  t ra il e rs  a n d smal l  s ta g in g ar e as  f o r su pp o rt 
e qu ip me n t wo u ld  b e i n pr e vi ou sl y  d is t ur be d a re as  an d th e re fo r e wo ul d  h av e  i mp ac t  o n e xi st in g 
i nf ra st r uc tu r e. The s e ac t iv it ie s  wou l d no t c on st i tu te  a n  i mp a ct  b y t he ms e lv es  o r  c omb in ed  wi th  t h e
e xi st in g  o r f ut ur e c on di t io ns  c r ea te  cu mu la t iv e i mp ac ts .

5.1.12 Environmental Justice

Bas ed  o n  t he  an al ys i s in  th is  d o cu me n t as  we ll  a s  i nf or mat io n  d er iv e d fr o m th e SNS EI S (DOE
1 99 9a ), th er e  wou ld  be  n o  d is pr o po rt i on at e r is k o f si gn i fi ca n tl y hi g h an d  a dv er s e po t en ti al  impa c ts  t o
l ow-i nc o me  a n d mi no r it y p op ul at i on s ( se e Se c ti on  4.1.12 ) .  Th er e ar e  n o k no wn  s u bs is t en ce 
p op ul at i on s r es id in g  i n o r ne ar  th e BCV.  Th er ef o re , th e  a dd i ti on  o f  t he  pr op os e d FRC a ct iv i ti es 
wou ld  n o t co n st it ut e  a n i mp ac t b y th e ms el ve s  o r, co mb in e d wi t h th e e xi st i ng  o r f ut ur e  c on di t io ns ,
c re at e c umul a ti ve  i mpa ct s .

5.2 Cumulative Effects of Siting and Operating an FRC on the PNNL/100-H
Area

The  a ct i on s t ha t DOE c on s id er s r ea so n ab ly  f o re se e ab le  a n d pe r ti ne nt  to  t h e an al y si s o f cu mu l at iv e 
e ff ec ts  fo r t he  PNNL/1 00 - H Ar ea  ar e d es cr ib e d in  th e se c ti on  be lo w.

I nt er im Re me dia l Ac t io n a t the 1 00 -HR-3  Ope r able  Unit .  Th e p ro po s ed  FRC li es  wi th in  th e 1 00 -
HR- 3 CERCLA Ope ra bl e  Uni t  t ha t f al ls  un de r t he  Tr i- Pa rt y  Agr e emen t.  Thi s  o pe ra b le  u n it  i s
c ur re nt l y un d er go in g  a n i nt er im re me d ia l ac t io n ( pu mp -a n d- tr e at  s ys t em) f or  c hr o mi um
c on ta mi n at io n  i n ac c or da n ce  wit h  a  CERCLA I n te ri m Rec or d  o f Dec is io n .  Th e pr op o se d FRC wou l d
b e lo ca t ed  h y dr au li c al ly  up gr ad i en t o f th e p ump- a nd -t re a t sy s te m.  The  s y st em i s  c ur r en tl y p umpi n g
c on ta mi n at ed  gr ou nd wat er  fr om t wo we l ls  i mme di at e ly  a dj a ce nt  to  t he  Co lu mbi a Ri v er , p as si ng  th e
wat er  t h ro ug h  a n io n -e xc h an ge  f i lt er , a nd  i n je ct i ng  t he  tr ea t ed  wat e r in t o se ve r al  we ll s lo c at ed  60 0 to 
7 00  y ar d s up g ra di en t  o f t he  r iv e r.  Thr ou gh  th e CERCLA I nt er i m Re co r d of  De ci si o n, t h e EPA a nd 
DOE a re  sc he d ul ed  t o  r ev i ew t he  st at u s an d s uc ce s s of  t h is  p u mp -a nd - tr ea t  e ff or t  i n 2 00 2.

Exc av at i on o f  t he  1 0 7- H Ret enti o n Ba s in.  The  1 0 7- H Ret en ti o n Ba s in  i s c ur re n tl y un d er go i ng 
e xc av at i on , whi ch  wi ll  c o nt in ue  in to  FY 2 00 0 .  Th e ex ca v at io n  r eq ui r es  t h e re mo v al  o f  l ar ge 
q ua nt it i es  o f  c on ta min at e d so il s  b y t ru ck  a c ro ss  th e 10 0 -H Ar ea .  Th e 10 7 -H Ret e nt io n  Bas in  is 
l oc at ed  so ut h ea st  o f  t he  pr op os e d co n ta mi na t ed  a r ea  a nd  ea st  of  t he  pr op o se d ba c kg ro u nd  a re a s.  The 
p ro po se d  FRC wa s lo c at ed  in  c on j un ct i on  wit h  t he  si te  e n vi ro n me nt al  co nt r ac to r t o av o id  t he  pl an n ed 
r emed ia t io n a ct iv it i es .  Du e to  th e s ma ll  n u mb er  of  i nv e st ig a to rs  t h at  wo ul d be  in vo l ve d at  an  FRC,
t he re  wo ul d b e no  i n cr ea s e in  t h e ov e ra ll  t r af fi c  t ho ug h  t he  10 0- H a re a.   
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H Rea ct o r Bui lding Coc oo ning.  Wit hi n  t he  ne xt  f i ve  y e ar s (1 9 99  t o  2 00 4)  th e H Rea ct o r Bu i ld in g i s
s ch ed ul e d fo r  “ co co o ni ng .”  Coc o on in g  i nv ol v es  t h e di sma nt le men t of  an ci l la ry  r e ac to r  f ac il i ti es  an d
p la ce me n t of  th e re a ct or  co re  i n to  s a fe , in t er im st or ag e .  Th e co re  wi ll  be  k ep t  wit h in  a  s t or ag e 
e nc lo su r e de s ig ne d t o pr o vi de  s a fe  s t or ag e f or  u p  t o 75  ye ar s  wit h min ima l ma in t en an c e re qu i re d.
The  H Re ac to r  i s lo c at ed  ou ts id e  t he  pr op os e d FRC c on ta min at e d ar ea .  Th e  c oc oo n in g p ro ce ss  wi ll 
r eq ui re  a sh o rt -t er m i nc r ea se  i n  t he  tr af fi c  a nd  nu mb er  of  wo rk er s t ra ve l in g ac r os s t he  1 00 - H ar e a.

Compr ehe ns iv e  Land Use  Pl an-Col umbia  Ri ve r Cor ri dor .  Th e 1 00 -H Ar ea  l i es  wi th in  a n  a re a 
d ef in ed  in  t h e Re co r d of  De ci si o n fo r  t he  Ha nf or d  Compr e he ns i ve  Lan d -Use  Pl an  EI S as  th e
Col umbi a  Riv e r Co rr i do r ( DOE/ RL No ve mbe r 19 9 9b ).  The  Co lu mb i a Ri ve r  i s u se d by  th e p ub li c
a nd  t ri b es  f o r bo at i ng , wat er  s k ii ng , f is hi n g an d  h un ti n g of  up la nd  ga me  bi rd s a nd  mi gr at or y 
wat er fo wl. Al on g th e  s ou t he rn  s h or el i ne  ( ac c es s r es tr ic t ed ) o f th e Col umb ia  Riv e r Co r ri do r, th e 1 00 
Are as  o c cu py  ap pr ox i ma te l y 26  mi le s ( 68  k m) .  RCRA cl os u re  p e rmit  r e st ri c ti on s h av e b ee n pl a ce d i n
t he  v ic i ni ty  of  t he  10 0- H Are a, wh ic h  i s as s oc ia t ed  wit h  t he  18 3- H Sol ar  Ev ap or a ti on  Ba si ns .
Add it io n al  d e ed  r es t ri ct i on s or  co ve n an ts  f o r ac t iv it ie s  t ha t  p ot en t ia ll y  e xt en d  mor e  t ha n 1 5 fe e t (4 .6 
m) be lo w g ro u nd  s ur f ac e a re  e xp e ct ed  fo r th e  CERCLA r eme di at i on  a re a s.

5.2.1 Earth Resources

Ope ra ti o n of  th e pr o po se d  FRC wo ul d n ot  c on t ri bu t e to  t h e cu mul at iv e  i mp a ct  o n g eo lo g y or  s o il s o f
t he  1 00 - H Ar e a or  s u rr ou n di ng  a r ea s.  As de s cr ib e d in  Se ct io n  4 .2 .1 , n o s ig ni fi c an t p ro bl ems  h av e 
b ee n id e nt if i ed  wit h  r eg a rd  t o s it e s ta bi li t y or  th e so i l me d iu m th a t wo u ld  c on s ti tu t e impa c ts  b y 
t he ms el v es  o r , co mb i ne d wit h ex i st in g  o r fu t ur e c on di ti o ns , c re at e c umul a ti ve  i mpa ct s .  Non e  o f t he 
p ro je ct s  o r r ea so na b ly  f o re se ea b le  a c ti vi ti e s de s cr ib ed  ab ov e  wou ld  be  e x pe ct ed  to  a f fe ct  t h e ea r th 
r es ou rc e s of  th e 10 0 -H Ar ea , th u s th e  min ima l ef f ec ts  f r om p r op os ed  FRC a ct iv it i es  wo ul d no t 
c on tr ib u te  t o  c umul a ti ve  impa ct s .

5.2.2 Climate and Air Quality

Ope ra ti o n of  th e pr o po se d  FRC wo ul d n ot  c on t ri bu t e to  t h e cu mul at iv e  i mp a ct  o n c li ma t e or  a i r
q ua li ty  of  t h e Ha nf o rd  Si te .  Th e Ha n fo rd  Si te  ( i n Be nt o n Co u nt y)  i s  i n a tt ai nme nt  f o r NAAQS e xc e pt 
f or  p ar t ic ul a te  mat t er  ( PM) .  Be nt on  Co un ty  is  “ u nc la ss i fi ed ”  f or  PM.  No  a ct iv i ti es  (e .g ., dr il l in g or 
s ma ll -a r ea  l a nd  c le a ri ng )  p la nn e d fo r  t he  FRC wo u ld  c on s ti tu t e an  i mpa ct  by  t he mse lv e s (s ee  Se ct i on 
4 .2 .2 ) o r, c o mb in ed  wi th  ex is ti n g or  fu tu re  co nd i ti on s, cr ea t e cu mu l at iv e  i mp ac t s.  Non e of  th e
p ro je ct s  o r r ea so na b ly  f o re se ea b le  a c ti vi ti e s de s cr ib ed  ab ov e  wou ld  be  e x pe ct ed  to  a f fe ct  t h e cl i ma te 
o r ai r q ua li t y of  t h e 10 0 -H Are a , th u s th e min ima l ef fe c ts  f r om p ro p os ed  FRC ac t iv it i es  wou l d no t 
c on tr ib u te  t o  c umul a ti ve  impa ct s .

5.2.3 Water Resources

Ope ra ti o n of  th e pr o po se d  FRC wo ul d n ot  c on t ri bu t e to  t h e cu mul at iv e  i mp a ct  o n t he  s u rf ac e wat er 
a nd  g ro u nd wa t er  o f t he  1 0 0- H Ar e a or  su rr ou n di ng  ar ea s.  The  po ss ib l e ad d it io n o f tr a ce rs , e le ct r on 
d on or s a nd  a c ce pt or s , nu t ri en ts  an d mic ro or g an is ms, a nd  ot he r  s ub st a nc es  (s ee  Se ct io n  4 .2 .3 )  wou l d
h av e li t tl e c on se qu e nc e o n th e q ua li t y of  t h e su r fa ce  wa te r ( th e Co l umbi a  Riv er )  o r t he  s ur r ou nd i ng 
g ro un dwa te r.  The se  ac ti v it ie s wou ld  no t co n st it u te  a n i mp ac t  b y th e ms el v es  o r, co mb i ne d wi t h
e xi st in g  o r f ut ur e c on di t io ns , c re at e  c umul a ti ve  impa ct s . No n e of  t h e pr o je ct s o r re a so na bl y 
f or es ee a bl e a ct iv it i es  d e sc ri be d  a bo v e wo ul d  b e e xp ec te d  t o a ff ec t t he  wa te r re s ou rc e s of  t h e 10 0 -H
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Are a, t h us  t h e mi ni mal  e f fe ct s f ro m p ro po se d  FRC ac ti vi t ie s wou ld  n o t co n tr ib ut e  t o c umul at i ve 
i mp ac ts .

5.2.4 Ecological Resources

Ter re st r ia l a nd  a qu a ti c s pe ci es  wi th i n th e a re a o f th e p ro po s ed  FRC wo ul d  n ot  b e  i mp a ct ed  ( s ee 
Sec ti on  4.2.4 ).  Se c ti on  4.2.3 d is cu s se s th e  p ot e nt ia l i mp ac t s to  t h e Co l umbi a Riv er  an d de mon st r at es 
t ha t no  impa c ts  wou l d be  ex pe ct e d.  The  a dd i ti on  of  t he  pr op o se d FRC a ct i vi ti es  wo ul d  n ot  c o ns ti t ut e
a n impa c t by  th emse l ve s o r, c omb in ed  wi th  t h e ex i st in g o r fu t ur e co n di ti o ns , cr e at e c umul at i ve 
i mp ac ts . Non e  o f th e  p ro j ec ts  o r  r ea s on ab ly  fo re s ee ab le  ac ti v it ie s d es cr i be d ab o ve  wo ul d be  ex pe c te d
t o af fe c t th e  e co lo g ic al  re so ur c es  o f  t he  1 0 0- H Are a, t h us  t h e mi ni mal  e f fe ct s f ro m p ro po se d  FRC
a ct iv it i es  wo ul d no t  c on t ri bu te  to  c u mu la ti v e imp ac ts .

5.2.5 Archaeological, Cultural, and Historic Resources

Acc or di n g to  PNNL, n o cu l tu ra l r es ou r ce s ha v e be e n id en t if ie d  wit hi n  t he  pr op os e d co n ta mi na t ed 
a re a an d  b ac k gr ou nd  ar ea  (App en d ix  E) .  A p o rt io n  o f th e  c on t amin at e d ar e a is  l o ca te d  wit hi n  4 40 
y ar ds  ( 4 00  m)  o f th e  Col u mb ia  Ri ve r.  The  Co lu mb i a Ri ve r  a nd  it s sh o re li n es  a re  co ns i de re d
c ul tu ra l ly  s e ns it iv e ; ho wev er , c on su l ta ti on  wi th  PNNL’s  cu lt u ra l re s ou rc e  e xp er t s wo u ld  b e r eq ui r ed 
b ef or e a ny  a c ti vi ti e s co u ld  t ak e  p la c e in  t h at  a r ea .  Th e ad d it io n o f th e  p ro po s ed  FRC ac ti v it ie s  wou ld 
n ot  c on s ti tu t e an  i mpa ct  by  t he mse lv e s or , c ombi n ed  wit h  t he  ex is ti n g or  fu tu re  co nd i ti on s, cr ea t e
c umul at i ve  i mpa ct s.

5.2.6 Land Use, Recreation, and Aesthetic Resources

The  p ro p os ed  co nt ami na te d  a re a a nd  b a ck gr ou n d ar e a wo ul d  n ot  co nf li c t wi t h or  h a ve  a n y ad ve r se 
i mp ac ts  to  a n y ex is t in g l an d us e s in  th e 10 0 -H Ar ea , in c lu di n g on go i ng  r e me di at i on  a c ti vi ti e s.  The 
d es ig na t io n i n th e Compr e he ns iv e  Lan d  Use  Pl an  EI S as  t h e Co l umbi a Riv er  Co rr id o r do e s no t
p re cl ud e  t he  ty pe s o f ac t iv it ie s  t ha t  h av e b ee n d is cu ss e d.  Sec ti on  4.2.3  c on cl u de d t ha t th e re  we re  n o
i mp ac ts  to  t h e Co lu mbi a Riv er  b y  t he  in je ct i on  o f  t ra ce r s, e l ec tr on  do no r s an d a cc ep t or s an d  n ut r ie nt s,
mic ro or g an is ms, a nd  ot he r  s ub st a nc es .  Th er e fo re , u se  o f  t he  Co lu mb i a Ri v er  f or  bo at i ng , fi s hi ng  an d
wat er  s k ii ng  wo ul d n ot  b e  e ff ec t ed . The  a dd i ti on  of  t he  pr op o se d FRC a ct i vi ti es  wo ul d  n ot  c o ns ti t ut e
a n impa c t by  th emse l ve s o r, c omb in ed  wi th  t h e ex i st in g o r fu t ur e co n di ti o ns , cr e at e c umul at i ve 
i mp ac ts .

5.2.7 Socioeconomic Conditions

Emp lo ye e s of  th e pr o po se d  FRC wo ul d b e ex is t in g e mp lo ye e s fr o m PNNL an d r es ea rc h er s wou ld  b e 
s ma ll  i n  n umb er  ( se e  Sec t io n 4.2 .7 ). Th e ad d it io n  o f th e  p ro p os ed  FRC ac t iv it ie s  wou l d no t c on st i tu te 
a n impa c t by  th emse l ve s o r, c omb in ed  wi th  t h e ex i st in g o r fu t ur e co n di ti o ns , cr e at e c umul at i ve 
i mp ac ts .  Wh e n co mb i ne d wit h th e  n umb er  o f wor ke r s an d r es ea r ch er s e xp ec t ed  t o b e pr e se nt  a t  t he 
c oc oo ni n g op e ra ti on s  a t t he  H-Re ac to r  a nd  t h e cl e an up  wo rk  a t  t he  1 0 7- H Eva po ra t iv e Bas in , wor ke r s
o n th e FRC c o ul d co n tr ib u te  t o min or  po si ti v e ec o no mi c i mp ac t s, a nd  on ly  mi no r e ff ec t s on  h o us in g 
a va il ab i li ty  an d re g io na l  c ommu n it y s er vi ce s .
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5.2.8 Human Health

The  p ro p os ed  ac ti vi t ie s c on du ct e d at  th e FRC wou l d no t p os e a ny  p ot e nt ia l  f or  a d ve rs e  i mp ac t s to 
wor ke rs  or  t h e of fs i te  p u bl ic  ( s ee  Se ct io n 4 .2 .8 ) .  The s e ac t iv it ie s  wou l d no t a dd  a n y si gn i fi ca n t
q ua nt it i es  o f  r ad io a ct iv e  e mi ss i on s t o th e a ir , wou ld  n o t imp ac t gr o un dwa te r to  le ve l s ab ov e  d ri n ki ng 
wat er  s t an da r ds , an d  wor k er s wo u ld  n o t be  e x po se d  t o an y  d os e s of  r a di at i on  o r c he mi c al s th a t wo u ld 
b e of  c o nc er n .  The s e ac t iv it ie s  wou l d no t c on st i tu te  a n  i mp a ct  b y t he ms e lv es  o r , co mbi ne d wit h t he 
e xi st in g  o r f ut ur e c on di t io ns , c re at e  c umul a ti ve  impa ct s .

5.2.9 Waste Control

The  a pp r ox ima te  v ol u me  o f  was te  ge ne r at ed  a n d re q ui ri ng  st or a ge  f or  th e p ro po se d  FRC wo ul d b e
min imal  (s ee  Se ct io n  4 .2 .9)  i n c ompa r is on  wi th  t h e qu an t it ie s  g en er a te d t hr ou gh  th e e nv ir on men ta l 
r emed ia t io n a ct iv it i es  o n  t he  Ha nf or d  Sit e ( DOE 1 99 8) . The  v o lu me s o f wa s te  p ro d uc ed  by  t he  FRC
wou ld  b e  l es s  t ha n o ne  p e rc en t o f th e  t ot al  wa st e  p ro du c ed  o n  t he  Ha nf or d  Sit e.  The s e ac ti v it ie s 
wou ld  n o t co n st it ut e  a n i mp ac t b y th e ms el ve s  o r, co mb in e d wi t h th e e xi st i ng  o r f ut ur e  c on di t io ns ,
c re at e c umul a ti ve  i mpa ct s .

5.2.10 Transportation

The  e mp l oy ee s  o f th e  p ro p os ed  FRC ar e  c ur re n tl y e mp lo ye d  b y PNNL so  th er e  wou ld  be  n o  i mp ac t  t o
t ra ff ic  wi th i n th e 1 00 -H ar ea .  In  a d di ti on  th e n umbe r o f ex p ec te d v is it o rs  t o t he  FRC wo ul d  b e
e xp ec te d  t o b e mi ni mal  ( s ee  Sec t io n 4 .2 .7 ). It  i s  e xp ec t ed  t h at  t he  FRC- r el at ed  tr af f ic  wou l d be  ve ry 
l ig ht  a n d wo u ld  n ot  cr ea t e an y i nc re men ta l o r cu mul at iv e  i mp a ct s.  The  ma jo ri ty  of  FRC- re la t ed 
t ra ff ic  in  t h e 10 0- H Are a  wou ld  oc cu r  d ur in g  t he  st ar t- u p pe r io d of  th e FRC a nd  th en  wo ul d d ec re a se ;
t hi s wo u ld  o c cu r ap p ro xi mat el y h al f- way  t hr o ug h t he  e xp e ct ed  te n- ye a r li f e of  t h e FRC.

Tra ns po r ta ti o n of  mi ni ma l  q ua nt i ti es  of  h az a rd ou s  mat er i al s wou ld  b e  e xp e ct ed  t h ro ug h ou t th e  c ou r se 
o f FRC o pe ra t io ns  ( s ee  Se ct io n 4 .2 .1 0 ). The s e ac t iv it ie s  wou l d no t c on st i tu te  a n  i mp a ct  b y t he ms e lv es 
o r, c omb in ed  wi th  t h e ex i st in g o r fu t ur e co n di ti o ns , cr e at e c umul at i ve  i mpa ct s.

5.2.11 Utilities and Services

I mp ac ts  to  u t il it ie s  a nd  in fr as t ru ct u re  s uc h  a s h ou si ng , e du c at io n, he al t h ca re , p ol i ce  a nd  fi re 
p ro te ct i on , a nd  wat e r an d  s ewag e  wou l d no t b e an t ic ip at e d as  a re su l t of  th e sma ll  n u mb er  o f 
i nd iv id u al s i nv ol ve d  i n t he  o pe r at io n  o r re s ea rc h  a ct iv i ti es  of  t he  pr op o se d FRC.  No  n ew c o ns tr u ct io n
wou ld  b e  r eq u ir ed  f o r op e ra ti on  of  t h e FRC.  The  si ti ng  of  t r ai le rs  an d s ma ll  s t ag in g  a re as  fo r s up po rt 
e qu ip me n t wo u ld  b e i n pr e vi ou sl y  d is t ur be d a re as  an d th e re fo r e wo ul d  h av e  i mp ac t  o n e xi st in g 
i nf ra st r uc tu r e. The s e ac t iv it ie s  wou l d no t c on st i tu te  a n  i mp a ct  b y t he ms e lv es  o r , co mbi ne d wit h t he 
e xi st in g  o r f ut ur e c on di t io ns , c re at e  c umul a ti ve  impa ct s .

5.2.12 Environmental Justice

No po te n ti al  impa ct s  h av e  b ee n i de nt i fi ed  t h at  wo ul d af f ec t 1 00 -H e mpl oy e es  o r o ff si t e pu bl i c.  The 
Col umbi a  Riv e r is  t h e on l y re so u rc e t ha t co u ld  p o ss ib ly  ca us e  d is pr o po rt i on at e r is k o r si gn i fi ca n tl y
h ig h an d  a dv e rs e imp ac ts  to  l ow- in co me an d min or i ty  p op u la ti o ns , as  it  i s  p ot en t ia ll y  u se d f or 



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

5 9

s ub si st e nc e f is hi ng  (Nei t ze l et  al . 1 99 9) .  Ho we v er , Se c ti on  4.2.3 c on cl u de d th a t th e re  wou l d be  no 
i mp ac ts  to  t h e Co lu mbi a Riv er  a s  a  r e su lt  o f  FRC re se ar c h. Th er ef or e , th e  a dd it i on  o f  t he  p r op os e d
FRC a ct i vi ti e s wo ul d  n ot  co ns ti t ut e a n impa c t by  th emse l ve s o r, c omb in ed  wi th  t h e ex i st in g o r fu t ur e
c on di ti o ns , c re at e c umul a ti ve  i mpa ct s .
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6.0 RELATED NEPA AND OTHER DOCUMENTS

Dra ft  DOE/ EA 13 15 , Dep ar t me nt  o f  Ene r gy .  Dra ft  En vi ro n me nt al  As se s smen t f or  Tr an sp or t at io n  o f
Low-Lev e l Ra d io ac ti v e Wa s te  f ro m t he  Oa k Ri d ge  Re se rv at i on  t o  Off si t e Tr e at me nt  or  Di sp os al 
Fac il it i es , Oak  Rid g e, Te nn es se e , 1 99 9e .

Dra ft  DOE/ EA 13 17 , Dep ar t me nt  o f  Ene r gy .  Dra ft  En vi ro n me nt al  As se s smen t f or  t h e Tr an s po rt a ti on 
o f Lo w- Lev el  Ra di oa c ti ve  Mi xe d Was te  fr om t h e Oa k  Rid ge  Re se r va ti on  to  Of fs it e Tre at men t or 
Dis po sa l  Fac i li ti es , 19 99 f .

U.S. De p ar tme nt  o f Ene rg y .  Fin al  En vi ro n me nt al  Impa c t St at e me nt , Con st r uc ti o n an d Ope ra t io n of 
t he  S pa l la ti o n Ne ut r on  S o ur ce , DOE/EI S- 02 4 7, Vol s . 1 a nd  2 , Off ic e  o f Sc i en ce , Was hi n gt on , D.C.,
Apr il  1 9 99 .

U.S. De p ar tme nt  o f Ene rg y .  Not ic e o f In t en t fo r  Pre p ar at io n  o f a  S it e- Wid e Env ir on men ta l  I mp ac t 
S ta te me n t fo r  t he  Y- 12  Pl an t (6 4 FR 13 17 9 ), Oak  Ri dg e , Te nn e ss ee , Mar ch  17 , 1 99 9.

U.S. De p ar tme nt  o f Ene rg y .  Rec or d o f De c is io n:  Ha nf o rd  Comp re he n si ve  La nd  Us e Pl an 
Env ir on men ta l  I mp ac t  S ta t emen t, Was hi n gt on , D.C., No ve mbe r 12 , 1 99 9 .

U.S. De p ar tme nt  o f Ene rg y , Ri ch l an d Fie ld  Of fi ce  (DOE/RL).  Rec or d o f De c is io n:  Ha nf o rd 
Compr eh e ns iv e  Lan d Use  En vi ro nme nt al  Impa ct  St at e me nt , ( 64  FR 2 18 ) , Ri ch l an d, Wa sh in g to n,
Nov embe r  1 99 9 b.

U.S. De p ar tme nt  o f Ene rg y .  Rep or t o f th e  Remed i al  I n ve st ig a ti on  of  Bea r  Cre e k Va ll e y at  th e Oa k 
Rid ge  Y- 12  Pl an t, Oak  Ri dg e, Te nn es s ee  ( DOE/OR/ 0 1- 14 5 5 & D2 ) , Ma r ch  1 99 7 .

U.S. De p ar tme nt  o f Ene rg y .  Rep or t o n th e  Fea si b il it y  S tu dy  of  t h e Be ar  Cr ee k  Val le y  a t t he  Oak 
Rid ge  Y- 12  Pl an t, Oak  Ri dg e, Te nn es s ee  ( DOE/OR/ 0 2- 15 2 5 & D2 ) , No v embe r 1 99 7.

U.S. De p ar tme nt  o f Ene rg y .  Rev is ed  Dr af t  Han fo r d Re med ia l Act io n  Env ir o nmen t al  I mp a ct 
S ta te me n t an d  Compr e he ns i ve  Lan d -Use  Pl an , DOE/EI S- 02 2 2D, Wa s hi ng t on , D.C., 1 9 99 .

U.S. De p ar tme nt  o f Ene rg y , Of fi c e of  En vi ro n me nt a l Ma na g emen t .  Remed ia l 
I nv es ti g at io n /Fea si b il it y  S tu dy  fo r t he  Dis p os al  of  Oak  Ri dg e  Res er v at io n  Compr e he ns i ve 
Env ir on men ta l  Res po n se , Compe ns a ti on , a nd  Li ab il i ty  Act  of  1 9 80  Was t e, ( DOE/ OR/ 02 - 16 37 &D2 ),
J an ua ry  19 98 . ( NEPA va lu e s we re  co ns i de re d i n th e  RI/ FS.)

U.S. De p ar tme nt  o f I nt er i or  ( DOI ).  Uni te d S ta te s  Dep ar t me nt  of  I nt e ri or  Re co rd  of  De ci si on  –
Han fo rd  Re ac h  o f th e  Col u mb ia  Ri ve r:  Fi na l Env ir o nmen ta l  I mp a ct  S ta t emen t  f or  Co mp re h en si ve 
Riv er  Co ns er v at io n S tu di e s, Was hi n gt on , D.C., Ju ly  16 , 19 9 6.

U.S. EPA.  Re co rd  o f  Dec i si on , 1 00 -HR-3 , 10 0 -KR- 4  Ope ra b le  Un it s, Ha nf or d  Sit e, Be nt o n Co un t y,
Was hi ng t on , EPA/ROD/ RI O- 9 6/ 13 4, Wa sh i ng to n, D.C., Apr il  1, 1 9 96 .
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7.0 UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS

Bas ed  o n  t he  an al ys i s in  th is  EA, an d  b as ed  up on  pr ev io u sl y c on du ct e d re s ea rc h s imil a r in  n a tu re  to 
t ha t wh i ch  i s  p re fe r re d, no  u na v oi da b le  a dv e rs e i mp ac ts  ar e e xp ec te d .  ( See  App e nd ix  F.)
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8.0 SHORT-TERM USE AND LONG-TERM PRODUCTIVITY

The  FRC wo ul d  b e us e d fo r  a pp ro x imat e ly  t en  ye ar s  t o su p po rt  bi or eme di at i on  r es e ar ch .  Th e v ar io u s
t yp es  o f  b io r emed ia t io n r es ea rc h  a ct i vi ti es  th at  wo ul d t ak e p la ce  d u ri ng  th e li f ec yc l e of  t h e FRC
wou ld  r e su lt  in  a  g r ea te r  u nd er s ta nd i ng  o f f un da men ta l b io ge o ch emic a l pr o ce ss es  in  a  co nt ami na te d 
s ub su rf a ce  e n vi ro nme nt .

Res ou rc e s (s t af f, l a nd  a r ea , et c .)  e x pe ct ed  to  b e  u se d d ur in g  t he  l i fe cy c le  o f t he  FRC, wou l d be 
min imal .  Th e  p ro po s ed  r e se ar ch  at  t h e FRC wou ld  no t pr e cl ud e  a ny  o t he r a ct iv it i es  t h at  mig h t ta k e
p la ce  a t  t he  fi el d l oc at i on s.  Howev e r, a ll  fu tu r e re se a rc h p ro po sa l s wo u ld  b e a na ly z ed  f or  th ei r 
p ot en ti a l to  impa ct  lo ng - te rm p r od uc t iv it y.  Thi s  wou ld  be  d o ne  u nd e r th e  NABIR Pr og r am’s  Ti er  I I 
NEPA pr o ce ss  (a s de s cr ib e d in  Ap pe nd i x A.)
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9.0 APPLICABLE ENVIRONMENTAL REGULATIONS, EXECUTIVE
ORDERS, PERMITS AND DOE ORDERS

All  o pe r at io n s co nd u ct ed  at  t he  FRC wou ld  b e  c on d uc te d i n co n fo rman c e wi t h ap pl i ca bl e  e nv ir o nmen t al 
s ta nd ar d s es t ab li sh e d by  fe de ra l  a nd  st at e s ta tu t es  a nd  re gu l at io ns , e xe c ut iv e o rd er s , DOE o rd er s , wo rk 
s ma rt  s t an da r ds , an d  c omp li an ce  an d s et tl eme nt  a g re emen t s.

The  p ri n ci pa l  r eg ul a to ry  ag en ci e s wo u ld  b e t he  U.S. EPA an d s ta te  r e gu la t or s.  The se  ag en ci e s is s ue 
p er mi ts , p ar t ic ip at e  i n j oi nt  mo ni to r in g pr o gr ams , in sp e ct  f a ci li ti e s an d  o pe ra t io ns , a nd  o v er se e  c ompl i an ce 
wit h ap p li ca b le  r eg u la ti o ns .

The  t hr e e DOE p ro gr a m of f ic es  wi th  p o te nt ia l  i nt e re st  i n  t he  pr op os e d FRC a ct iv i ti es  ar e th e  Off i ce  o f
Sci en ce , t he  Of fi ce  of  En vi ro nme nt al  Ma na ge men t ( EM), a n d th e  Off ic e  o f Def en se  Pr og r ams.  The se 
p ro gr am of fi c es  wou l d be  re sp on s ib le  fo r co mpl ia n ce  wit h  t he  en vi ro n me nt a l re qu i re me n ts  a pp l ic ab l e to 
a ct iv it i es  a s so ci at e d wi t h th ei r  i nd i vi du al  mi ss i on s.  Dep en d in g on  th e n at ur e o f th e  a ct iv i ty  t o  b e co n du ct e d
a t th e FRC, r eg ul at o ry  o v er si gh t  a nd  re qu ir e me nt s  o f an y  o f t he  t hr e e pr o gr am o f fi ce s  mig ht  be  a p pl ic ab l e.
Maj or  f e de ra l  e nv ir o nmen t al  s ta t ut es  th at  wo ul d a pp ly  t o  t he  va ri ou s  a ct i vi ti es  co nd u ct ed  b y  t he s e pr og r ams
i nc lu de : 

•  Act to Authorize a Study of the Hanford Reach

•  Anadromous Fish Conservation Act

•  Atomic Energy Act of 1954

•  Bald and Golden Eagle Protection Act

•  Clean Air Act

•  Clean Water Act, including 404 concerning wetlands requirements

•  Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

•  Endangered Species Act (ESA)

•  Federal Land Policy and Management Act (FLPMA)

•  Federal Wildlife Restoration Act

•  Fish and Wildlife Coordination Act

•  Hazardous Materials Transportation Act (HMTA)

•  Migratory Bird Treaty Act (MBTA)

•  Mineral Leasing Act

•  National Environmental Policy Act (NEPA)

•  National Historic Preservation Act (NHPA)

•  Occupational Safety and Health Act (OSHA)

•  Occupational Radiation Protection

•  Oil Pollution Act

•  Resource Conservation and Recovery Act (RCRA)
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•  Safe Drinking Water Act (SDWA)

•  Sikes Act

•  Surface Mining Control and Reclamation Act

•  Toxic Substances Control Act (TSCA)

•  Wild and Scenic Rivers Act

Executive orders would include:

•  Executive Orders 11644 and 11989: Off-Road Vehicles on Public Lands

•  Executive Order 11987: Exotic Organisms

•  Executive Order 11988: Floodplain Management

•  Executive Order 11990: Protection of Wetlands

The primary state statutes and resource management initiatives would be:

Tennessee

•  Tennessee Air Quality Act

•  Tennessee Hazardous Waste Management Act

•  Tennessee Petroleum Underground Storage Tank Act

•  Tennessee Solid Waste Disposal Act

•  Tennessee Water Quality Control Act of 1977

Washington

•  Draft Hanford Site Biological Resource Management Plan

•  Draft Hanford Site Biological Resources Mitigation Strategy Plan

•  Washington Administrative Code (WAC) 173-470 through 173-481, radionuclides and fluorides

•  WAC 246-247, “Radiation Protection—Air Emissions”

•  WAC 173-218, “Underground Injection Control Program”

•  WAC 173-160, water well drilling on the Hanford site

•  WAC 173-216, state permit program for the discharge of waste materials from industrial, commercial,
and municipal operations into ground and surface waters of the state

•  WAC 173-303, “Dangerous Waste Regulations”

•  Washington State Hunting and Fishing Regulations

•  Washington State Hydraulic Code

•  Washington State Natural Heritage Program
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•  Washington State Priority Habitats and Species Program

•  Washington State Shoreline Management Act

•  Definitions of Public Land and their Applicability to Hanford

Relevant DOE policies and orders include:

•  DOE P 142.1 and N 142.1, Unclassified Foreign Visits and Assignments

•  DOE P 441.1, Radiological Health and Safety Policy

•  DOE P 450.4, Safety Management System Policy

•  DOE P 450.5, Line Environmental, Safety and Health Oversight

•  DOE O 151.1, Chg. 2, Emergency Preparedness

•  DOE O 232.1A, Occurrence Reporting

•  DOE O 241.1, Scientific and Technical Information Management

•  DOE O 430.1A, Life Cycle Asset Management

•  DOE O 435.1, Radiological Waste Management

•  DOE O 440.1A, Worker Protection

•  DOE O 451.1A, National Environmental Policy Act Compliance Program

•  DOE O 460.1A, Packaging and Transportation Safety

•  DOE O 470.1, Chg. 1, Safeguards and Security Program

•  DOE O 474.1, Control and Accountability of Nuclear Materials

•  DOE O 1230.2, American Indian Tribal Government Policy

•  DOE O 4300.1C, Chg. 1, Real Property Management

•  DOE O 5400.5, Chg. 2, Radiological Protection of the Public and the Environment

Other regulations include:

•  49 CFR 397, Department of Transportation, “Transportation of Hazardous Materials: Driving and
Parking Rules”

•  10 CFR 20.1002, Nuclear Regulatory Commission, “Possession License”

•  U.S. Fish and Wildlife Service Mitigation Policy

•  Public Trust Doctrine
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10.0 LIST OF AGENCIES AND PERSONS CONTACTED

National Park Service
Recreation Programs Division
Pacific Northwest Region
Mr. Dan Haas
909 First Ave.
Seattle, WA 98104-1060

Tennessee Department of Environment and Conservation
DOE Oversight Division
Mr. Bill Childers
Waste Management Director
761 Emory Valley Road
Oak Ridge, Tennessee 37830-7072

Tennessee Department of Environment and Conservation
DOE Oversight Division
Mr. Don Gilmore
DOE Monitoring Program Oversight
761 Emory Valley Road
Oak Ridge, Tennessee 37830-7072

Tennessee Department of Environment and Conservation
DOE Oversight Division
Mr. Doug McCoy
FFA Project Manager
761 Emory Valley Road
Oak Ridge, Tennessee 37830-7072

Tennessee Department of Environment and Conservation
DOE Oversight Division
Ms. Renee Parker
CERCLA DOE Oversight
761 Emory Valley Road
Oak Ridge, Tennessee 37830-7072

Tennessee Department of Environment and Conservation
Division of Natural Heritage
Mr. Reginald G. Reeves, Director
401 Church Street
Nashville, Tennessee 37243-0443

Tennessee Department of Environment and Conservation
Division of Solid Waste Management
Ms. Jacqueline Okoreeh-Baah
401 Church Street, L & C Tower
Nashville, Tennessee
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Tennessee Department of Environment and Conservation
Division of Water Supply
Mr. Tom Moss
Groundwater Management Section
Nashville, Tennessee 37243

Tennessee Department of Environment and Conservation
Tennessee Historical Commission
Mr. Herbert L. Harper
Executive Director and Deputy State Historic Preservation Officer
2941 Lebanon Road
Nashville, Tennessee 37243-0442

Tennessee Wildlife Resources Agency
Mr. Jim Evans
Oak Ridge Wildlife Management Area Manager
Oak Ridge, Tennessee

U.S. Department of Commerce
National Marine Fisheries Service
Mr. Dennis Carlson
510 Desmond Drive, S.E., Suite 103
Lacey, WA 98837

U.S. Department of Commerce
National Marine Fisheries Service
Mr. William Stelle, Regional Director
7600 Sand Point Way, N.E. (Bin C-1570)
Seattle, WA 98115-0070

U.S. Department of Energy
Richland Operations Office
Ms. Arlene Tortoso
Restoration Projects Division, H0-12

U.S. Environmental Protection Agency, Region 10
Hanford Office
Mr. Doug Sherwood, Manager
712 Swift Blvd., Suite 5
Richland, WA 99352

U.S. Environmental Protection Agency
Region IV
345 Courtland Street, N.E.
Mr. John Blevins
CERCLA Oversight
Federal Facilities Branch
Atlanta, Georgia 30365
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U.S. Environmental Protection Agency
Region IV
345 Courtland Street, N.E.
Mr. Edward Carreras
FFA Project Manager
Federal Facilities Branch
Atlanta, Georgia 30365

U.S. Fish and Wildlife Service
Columbia National Wildlife Refuge Complex
Mr. Dave Goecke, Manager
3250 Port of Benton Blvd.
Richland, WA 99352

U.S. Fish and Wildlife Service
Superior Moses Lake Field Office
Mr. Kurt R. Campbell
517 S. Buchanan
Moses Lake, WA 98837

U.S. Fish and Wildlife Service
Moses Lake Field Office
Richard Smith, Bald Eagle Analyst
517 S. Buchanan
Moses Lake, WA 98837

U.S. Fish and Wildlife Service
U.S. Department of Interior
Mr. Lee Barclay
Field Supervisor
446 Neal Street
Cookville, Tennessee 38501

Washington State Department of Community, Trade, and Economic Development
Office of Archaeology and Historic Preservation
Dr. Allyson Brooks, State Historic Preservation Officer
420 Golf Club Road, SE, Suite 201
P.O. Box 48343
Olympia, WA 98504-8383

Washington State Department of Ecology
Mr. Wayne Soper, Project Manager
1315 W. 4th Ave.
Kennewick, WA 99336-6018

Washington State Department of Fish and Wildlife
Mr. F. Dale Bambrick, Regional Director
1701 South 24th Ave.
Yakima, WA 98902-5720
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Washington State Department of Fish and Wildlife
Mr. Ted Clausing, Manager
Regional Habitat Program
1701 South 24th Ave.
Yakima, WA 98902-5720

Washington State Department of Health
Division of Radiation Protection
Air Emissions and Defense Waste Section
Mr. Al Conklin, Head
Industrial Center, Building 5
P.O. Box 47827
Olympia, WA 98504-7827

Washington State Department of Health
Division of Radiation Protection
Environmental Radiation Section
Ms. Debra McBaugh, Head
Industrial Center, Building 5
P.O. Box 47827
Olympia, WA 98504-7827
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12.0 GLOSSARY

Abiotic:  Not caused or produced by living beings.

Accelerated Bioremediation:  Bioremediation accelerated beyond the normal actions of the naturally
occurring microbial community and chemical and geological conditions, usually by the addition of
nutrients or specialized microbes.

Aerobic: Living, active, or occurring only in the presence of oxygen.

Alluvium:  Any stream-laid sediment deposit.

Anaerobic:  Living, active, or occurring in the absence of free oxygen.

Anisotropy:  The condition of exhibiting properties with different values when measured in different
directions.

Anoxic:  An environment without oxygen.

Aquifer:  Stratum of permeable rock, sand, or gravel that can store and supply groundwater to wells and
springs.

Archaea:  A group of prokaryotic single-celled microorganisms that constitute the recently recognized
Archaea phylogenetic domain.  Archaea can be distinguished from bacteria in that their cell walls do not
have murein, a peptidoglycan-containing muramic acid.  Another unique feature of archaea is the
presence of isopranyl ether lipids in their cell membranes.  The Archaea domain includes the
methanogens, most extreme halophiles (needing salt for growth), certain sulfate reducers,
hyperthermophiles (optimum growth temperature of 80C or higher), and the genus Thermoplasma.

Areal:  The measure of a planar region or the surface of a solid.

Bacteria:  A group of prokaryotic single-celled microorganisms that constitute the Bacteria phylogenetic
domain.  Unlike archaea, their cell walls have murein, a peptidoglycan-containing muramic acid.
Bacteria may have spherical (coccus), rod-like (bacillus), or curved (vibrio, spirillum, or spirochete)
bodies.  They inhabit virtually all environments, including soil, water, organic matter, and the bodies of
eukaryotes.

Bacteriophage:  A virus that attacks bacteria.

Basalt:  A fine-grained igneous rock dominated by dark-colored minerals.

Bioaccumulation:  Intracellular accumulation of environmental pollutants, such as heavy metals, by
living organisms.

Bioaugmentation:  The addition of microorganisms to the environment.

Biodegradation:  The breakdown of organic materials into simpler components by microorganisms.
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Bioremediation:  The use of living organisms to reduce or eliminate environmental hazards resulting
from accumulations of toxic chemicals and other hazardous wastes.

Biosequestration:  The conversion of a compound through biological processes to a form that is
chemically or physically isolated or inert.

Biostimulation:  Addition of nutrients, oxygen, or other electron donors and acceptors to increase
microbial activity and biodegradation.

Biotic:  Caused or produced by living beings.

Biotransformation:  Alteration of the structure of a compound by a living organism or enzyme.

Catalyst:  A substance that activates a chemical reaction and is not itself changed in the process.

Chelator:  Any of a class of relatively stable coordination compounds consisting of a central metal atom
attached to a large molecule, called a ligand, in a cyclic or ring structure.

Clastic:  A texture shown by sedimentary rocks from deposits of mineral and rock fragments.

Complexing Agent:  A dissolved ligand that binds with a simple charged or uncharged molecular species
in a liquid solution to form a complex, or coordination compound.

Contaminant:  Harmful or hazardous matter introduced into the environment.

Denitrification:  The formation of gaseous nitrogen (N2) or nitrogen oxide (NO) from nitrate (NO3-) or
nitrite (NO2-) by microorganisms.

Diagenesis:  All of the changes that occur to a fossil (or more generally any sediment) after initial burial;
includes changes that result from chemical, physical as well as biological processes.

Electromagnetics :  Electromagnetic instruments work by emitting a current into the ground from a
transmitting coil at one end of the instrument.  A secondary magnetic field, which is proportional to the
subsurface conductivity is received at the other end of the instrument and recorded.  Later the operator,
using a graphical computer program converts the readings (expressed in millmho per meter) into a two
dimensional map.

Electron:  A stable atomic particle that has a negative charge.

Electron Acceptor:  Small inorganic or organic compound that is reduced in a metabolic redox reaction.

Electron Donor:  Small inorganic or organic compound that is oxidized in a metabolic redox reaction.

Enzyme:  A complex protein that acts as a catalyst in living organisms, regulating the rate at which
chemical reactions proceed without itself being altered in the process.

Eukarya:  The phylogenic domain consisting of one-celled and multicelled organisms called eukaryotes
that maintain their genome within a defined nucleus.

Evapotranspiration:  The loss of water from the soil, both by evaporation and by transpiration from the
plants growing there.



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

12 3

Flow Cells:  Containers that are a few meters in size and serve as tools for examining blocks of soils and
subsurface cores that are larger than the laboratory-scale core samples.  They provide “controlled
environments” that simulate the natural subsurface environment in a laboratory setting without field
releases.

Fungi:  Spore-producing eukaryotic organisms that lack chlorophyll; examples of fungi include molds,
rusts, mildews, smuts, mushrooms, and yeasts.

Ground Penetrating Radar (GPR): Emit short pulses of radio-frequency electromagnetic energy into
the subsurface from a transmitting antenna.  The energy passes through the ground and some is reflected
back to the receiving antenna.  A computer processes the reflected signal, measures the strength and time
between emission and reception and produces a visual representation of the subsurface.

Groundwater:  Water found beneath the earth’s surface that fills pores between materials, such as sand,
soil, or gravel; supplies wells and springs.

Heavy Metals:  Metallic elements with high molecular weights.  Such metals are often residual in the
environment, exhibit biological accumulation, and are generally toxic in low concentrations.  Examples
include chromium, mercury, and lead.

Heterogeneity:  Consisting of dissimilar constituents.

Hydraulic Conductivity:  The rate at which water will move through soil in response to a given potential
gradient.

Hydrology:  The study of the occurrence, distribution, and circulation of natural waters of the earth.

Infrastructure:  Utilities and other physical support systems needed to operate a laboratory or test
facility.  Included are electric distribution systems, water supply systems, sewage disposal systems, and
roads.

Inorganic Compounds:  Chemicals that do not contain carbon, which is usually associated with life
processes; for example, metals are inorganic.

In situ: In the original position or place.

Intrinsic Bioremediation:  Bioremediation at a given site as a function of the naturally occurring
microbial population and naturally occurring chemical, biological, and geological conditions.  Also
known as natural attenuation when dominated by biological processes, or natural bioremediation.

Isotope:  Any of two or more species of atoms of a chemical element with the same atomic number
(number of protons) and nearly identical chemical behavior but with a different number of neutrons,
hence a different atomic weight.

Karst:  A barren limestone region characterized by fissures, caves, and underground channels.

Lysimeters/Caissons:  Large (holding tons of soil) open-ended canisters that can be closed with a lid,
creating a closed system.  Soil and sediment can be placed in the lysimeter to simulate the natural
environment.
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Magnetometer:  Uses a sealed vessel containing a coiled copper wire surrounded by oil.  The instrument
generates a small current that causes the protons within the oil to spin in the direction of magnetic north.
The protons then generate a small signal, which is sent to the collection part of the device via the coiled
wire.  By measuring the signal intensity and comparing it to a known atomic constant—the gyromagnetic
ration of the proton—the magnetic field intensity at a discrete location can be obtained.

Methanogen:  Microorganism that produces methane.

Microbe (microorganism):  any living organism invisible or barely visible to the naked eye and generally
observable only through a microscope.

Multi-level Well Sampler:  A device, up to six feet long with separators every five centimeters, that can
be lowered into a well.  The separators form vertical barriers to prevent water from flowing between
sampling intervals.  Researchers can collect samples from any depth within the well to study the water
constituents, homogeneity or heterogeneity.  The sampler can be left in the well for an extended period or
removed after samples are collected daily.

Natural Attenuation:  Degradation or transformation of contaminants in an environment via naturally
occurring physical, chemical, and biological processes.  May include intrinsic bioremediation.

Non-reactive Tracer:  An inert substance, such as helium gas, perfluorocarbons, or bromide, that can be
used to obtain a greater understanding of groundwater flow paths and movement.  When extracted from a
downgradient well, an inert tracer is the same chemical or compound as that injected.  See “Reactive
Tracer.”

Operable Unit:  A regulatory term meaning the division of cleanup of a release site into discrete action
units that eliminate or mitigate a release, a threat of a release, or an exposure pathway.

Organic Compounds:  Chemical compounds that contain carbon and hydrogen, elements usually
associated with life processes.

Oxidation-Reduction Reaction:  Coupled reactions in which one compound becomes oxidized,
releasing electrons, while another becomes reduced, gaining the electrons released.

Pathogen:  A specific causative agent (such as a bacterium or virus) of disease.

pH:  A measure of acidity and alkalinity of a solution that is a number on a scale from 0 to 14.  A value of
7 represents neutrality, lower numbers indicate increasing acidity, and higher numbers increasing
alkalinity.  Each unit of change represents a tenfold change in acidity or alkalinity.  This change in acidity
or alkalinity is the negative logarithm of the effective hydrogen-ion concentration or hydrogen-ion
activity in gram equivalents per liter of the solution.

Phytoremediation:  Remediation using plants to remove contaminants from soils.

Piezometers:  Used to measure fluctuating groundwater levels.  Piezometers are installed in monitoring
wells and operate by converting pressure exerted on a submersed diaphragm into a frequency signal that
is transmitted up the well to a data recorded via a wire.  For each pressure, there is a corresponding
frequency signal.  The signal generated by each piezometer is collected in a central data recorder.  The
depth of groundwater is calculated factoring varying weather conditions, such as temperature and
barometric pressure.  Measurements of the water table can be collected at any specified time interval,
depending on the researchers’ needs.
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Plume:  An elongated body of fluid, usually mobile and varying in shape.  Used to define the
contaminated areas of an environment.

Precipitate:  The process whereby a solid settles out of a solution.

Prokaryote:  One-celled microorganism whose genome is not contained within a nucleus.  Comprising
the two domains Bacteria and Archaea.

Protozoan:  Any of a phylum or subkingdom (Protozoa) of chiefly motile and heterotrophic unicellular
protists (as amoebas, trypanosomes, sporozoans, and paramecia) that are represented in almost every kind
of habitat.

Radioactivity:  Spontaneous emission by radionuclides of energetic particles through the disintegration
of their atomic nuclei; the rays emitted.

Radionuclide:  A radioactive species of an atom.  Tritium, strontium-90, and uranium –235 are
radionuclides.

Reactive Tracer: A substance, such as sulfate or ammonium that may interact with groundwater,
minerals in sediments, or microorganisms.  When extracted from a downgradient well, a reactive tracer is
not the same chemical or compound as that injected.  See “Non-reactive Tracer.”

Receptors:  Plants, animals, and people that may be exposed to contamination.  A receptor can be
exposed via the air and soil pathways (e.g., inhalation, ingestion, and contact), and the surface and
groundwater pathways (e.g., contact and ingestion).

Redox Reaction:  Oxidation-reduction reaction, involving transfer of electrons.

Resistivity:   A technique using electrodes in contact with the ground to measure electrical resistivity.
The depth of investigation is a function of the electrode spacing and geometry.

Saturated Zone:  An underground geologic layer in which all pores and fractures are filled with water.

Sediment:  Material in suspension in water or deposited from suspension or precipitation.

Seismic Refraction:  Works by inducing a sound wave into the ground by means of a percussive device
and measuring the return signal at predetermined distances from the source.  By measuring the time it
takes for the sound wave to arrive at the receivers, the researcher is able to infer the nature of the
subsurface material.

Siliceous: Of, relating to, or containing silica or a silicate.

Stratified Sedimentary Rock:  Formed, deposited, or arranged sedimentary rock in a sheetlike mass of
one kind lying between beds of other kinds.

Stratigraphy:  A branch of geology that deals with the origin, composition, distribution, and succession
of strata.

Substrate:  The substance acted upon by an enzyme.
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Subsurface:  The geologic zone below the surface of the earth; includes rock and sediment materials
lying near but not exposed to the earth’s surface.

Subsurface Geophysical Tomography:  Subsurface geophysical (cross hole) tomography allows the
researcher to create a horizontal profile of the subsurface using a method similar to that used from the
surface to generate a vertical profile.  This method first requires that bore holes be installed.  The depth
and diameter of the bore holes used are limited only by the size of the instruments to be lowered into them
and the depth to which researchers are concerned.  Instruments are lowered into at least two bore holes
and a current is induced on one end.  On the other end, a receiver measures the current.  That reading is
sent to a computer where the researchers can map the subsurface profile in the horizontal plane.  By
repeating this process at varying depths throughout the bore holes, they are able to generate a three
dimensional profile of the subsurface.  The bore holes can be backfilled when researchers have collected
the data desired.

Surfactant:  A natural or synthetic chemical that promotes the wetting, solubilization, and emulsification
of various types of organic chemicals.

Tracer Elements:  See reactive and nonreactive tracers.

Transmissivity:  The rate at which water is passed through a unit width of rock under a unit hydraulic
gradient.

Unsaturated Zone: An underground geologic layer in which pores and fractures are filled with a
combination of air and water.

Vadose Zone: The unsaturated zone above the water table.  Also known as the zone of aeration.

Volatile Organic Compounds (VOCs):  Organic compounds that evaporate at room temperature.

Water Table:  The upper limit of a geologic layer wholly saturated with water.

Zone of Root Influence:  Soils or sediments in which roots from surface plants may be found or that may
have an altered geochemistry due to nearby root/fungal associations.



Environmental Assessment
for the Selection and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

13-1

13.0 LIST OF PREPARERS

Name Affiliation EA Contribution

Mr. Paul Bayer U.S. DOE, Office of Science,
Office of Biological and
Environmental Research

NEPA Document Manager

Mr. Clarence Hickey U.S. DOE, Office of Science,
Office of Laboratory Operations
and Environmental Science and
Health

NEPA Compliance Officer

Mr. Barry Parks U.S. DOE, Office of Science,
Office of Laboratory Operations
and Environmental Science and
Health

Human Health Impacts

Emily Dyson Roy F. Weston, Inc. Project Manager

John Gurley Horne Engineering Services, Inc. Environmental Impacts

Donald MacGregor Horne Engineering Services, Inc. Graphics

Adriane Miller Horne Engineering Services, Inc. Technical Editor



APPENDIX A

DETAILED DESCRIPTION OF THE PROPOSED ACTION



APPENDIX A:  Environmental Assessment
for Selection  and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

A-i

LIST OF FIGURES

Title Page

Figure A-1 Standard drill rig used for characterization activities A1-3

Figure A-2 Equipment used in field push-pull tests A1-4

Figure A-3 Typical approach for processing of subsurface samples for
microbiological and geochemical analysis A1-6

Figure A-4 In situ stabilization of metals through biostimulation A1-7



APPENDIX A:  Environmental Assessment
for Selection  and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

A-ii

TABLE OF CONTENTS

Section Page

LIST OF FIGURES...............................................................................................................................i

1.0 Detailed description of the proposed action .................................................................... 1-1
1.1 General Description of an FRC ............................................................................................ 1-1

1.1.1 Potential FRC Research Activities ......................................................................... 1-2
1.1.1.1 Site Development and Characterization Activities at the FRC ............................. 1-2
1.1.1.2 Research-Quality Samples to be Collected at the FRC ......................................... 1-4
1.1.1.3 Small-Scale In Situ Research Activities at the FRC.............................................. 1-6

1.1.2 Assessing and Managing Environmental, Health and Safety Risks
at the FRC.............................................................................................................. 1-10

1.1.2.1 NABIR NEPA Strategy ........................................................................................ 1-10
1.1.2.2 Site Management and Peer Review ...................................................................... 1-11
1.1.2.3 Training ............ .................................................................................................... 1-11
1.1.2.4 Review Process for Chemical Toxicity ................................................................ 1-12



APPENDIX A:  Environmental Assessment
for Selection  and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

A1-1

1.0 DETAILED DESCRIPTION OF THE PROPOSED ACTION

1.1 General Description of an FRC

As designed, an acceptable Field Research Center (FRC) would consist of a contaminated area
and a background area, laboratory/analytical facilities, and office space/trailers.  The FRC would
be of sufficient size to accommodate multi-
investigator studies over the ten-year lifespan of the
Natural and Accelerated Bioremediation Research
(NABIR) Program.  To the maximum extent
possible, the program would use existing office,
laboratory, and field facilities, including access and
infrastructure support, to reduce costs and
environmental impacts, to make efficient use of
existing Department of Energy (DOE) facilities and
infrastructure, and to reduce the need for new
construction.

The Office of Environment and Biological Research (OBER) proposes to establish one FRC for a
long-term (ten-year) field research program.  The FRC would be used for much of the field
research sponsored by the NABIR Program, and would thereby provide a focus for integrating the
field-based program within NABIR.  The FRC and supporting infrastructure would be used to
facilitate long-term, interdisciplinary research.  It would be available as a user site for
investigator-initiated research by scientists funded through this and other programs (e.g., the
Environmental Management Science Program.)

The FRC would provide NABIR investigators with field research sites containing a spectrum of
waste types and subsurface environmental media (vadose zone and zone of saturation) that are
representative of both background and contaminated conditions within the DOE complex.  The
FRC would offer a source for standardized subsurface samples for NABIR researchers, and
locations for in situ research.  Field scale research at the FRC would offer the researcher the
opportunity to move laboratory-based research to the field, and observe and manipulate
bioremediation processes involving heavy metals and radionuclides in a small-scale field setting.

The FRC would be staffed by a full-time FRC manager and several full and part-time technical
and administrative staff.  FRC staff would help facilitate the researchers' access to field locations
at the DOE site, and ensure coordination of research activities and compliance with applicable
DOE environmental, safety and health (ES&H) requirements.  OBER would provide funding for
infrastructure, staff, and additional characterization and field campaigns.  It also would anticipate
“in-kind” support from the host DOE site.  In-kind support could include matching funding,
staffing or facilities from the host DOE site.

During the first year of FRC operation, work done at the site would primarily focus on planning
and field site development and characterization.  By the second year, some in situ research might
also be conducted.  Because intrinsic bioremediation of radionuclides and heavy metals is a slow
process, any activities focused on intrinsic bioremediation would be expected to be performed
throughout the life of the FRC.

The Field Research Center would
consist of a contaminated area
and a background area. Within
these areas would be test plots.
The development and operation
of an FRC is the focus of this
Environmental Assessment.
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1.1.1 Potential FRC Research Activities

The expected workforce for the proposed FRC is anticipated to be small: possibly a staff of up to
six individuals, some of whom would be part-time employees of the FRC.  Interns and/or
postgraduate students might be employed.  The number of visiting scientists at any one time
would be small, but could be as many as 24 on occasion.

The FRC would be a primary source for groundwater and sediment samples for NABIR
investigators.  Obtaining research-quality samples would be critical to the research conducted
under the NABIR program at the FRC.  Groundwater would be sampled by pumping water from
existing wells or by installing new wells.  Approximately 200 groundwater samples per year
would be expected.  These would be small quantity samples, approximately one liter each and
totaling less than 20,000 gallons (76,000 L) per year, and would not change the groundwater flow
rates or availability of groundwater.  Approximately 600 core samples of sediments would be
taken over the ten-year life of the proposed FRC through the use of a drill rig or split-spoon
sampler.  Again, the sediment samples would be small in volume (approximately less than one
cubic meter) and the drilling holes would be backfilled when no longer needed.

Other DOE program offices and programs that have conducted such research activities include
the DOE Office of Environmental Management, which conducts remediation investigations of
subsurface contamination; the former Subsurface Science Program (SSP), which conducted
small-scale field research studies to obtain basic information on the subsurface; and the current
small-scale investigations at Oyster, Virginia, which focused on understanding bacterial transport
in a sandy environment.  Work also has been conducted through DOE’s Office of Environmental
Management in collaboration with the Department of Defense, U.S. Environmental Protection
Agency (EPA), and  Dover Air Force Base, Dover, Delaware, to establish a groundwater
remediation field laboratory to demonstrate and compare in situ detection, monitoring, and
remediation technologies (Dover EA 1995).  An environmental assessment prepared for the
Dover project concluded that insignificant impacts to the environment and human health would
be anticipated even if the proposed containment devices failed.  Other examples of NEPA
reviews that were conducted for those activities and Categorical Exclusions that were prepared
are included in Appendix E.  A description of how specific research activities would be
incorporated into field studies at the proposed FRC contaminated and background areas is
presented below in the general order in which field operations would be conducted.

1.1.1.1 Site Development and Characterization Activities at the FRC

Before any research activities would be undertaken, some “passive” surface and subsurface site
characterization activities at both the background and contaminated areas would be initiated.
Non-intrusive characterization of the subsurface might include the use of:  a) ground penetrating
radar (GPR) to determine moisture distribution and buried materials, b) electromagnetics to
identify shallow contaminant plumes, and c) resistivity to determine lithology and geologic
structure.  Subsurface (intrusive) characterization might include:  a) seismic tomography to
determine geologic structure, fractures and moisture distribution; b) radar to determine clay and
water content; c) direct-push (cone) penetrometer tests to determine mechanical properties of
soils; d) creation of injection/extraction wells (Figure A-1); e) well logging to determine clay
types, porosity, and aquifer characteristics; f) use of multi-level well samplers to collect
groundwater samples and microorganisms; and g) installation of piezometers to measure
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fluctuating groundwater levels.  (Examples of these characterization activities and their associated
NEPA actions are presented in Appendix F and in the Dover EA 1995.)  Uncontaminated
sediment and core removed from the well/bore holes would be distributed in accordance with
site-specific DOE requirements.  Contaminated
sediment and core would be handled and disposed of in
accordance with applicable regulations (see Section 9.0,
Applicable Environmental Regulations, Permits and
DOE Orders).

In addition to specific characterization evaluations,
“active” characterizations might occur at the
contaminated and background areas.  An “active”
characterization can be defined as the addition of some
substance to the subsurface under controlled conditions.
Three kinds of “active” characterization tests would be
proposed at the FRC.  Most of these are standard types
of subsurface characterization techniques.

Pump/slug tests.  Once a specific series of wells is
installed in a specified area, the hydraulic properties of
the subsurface must be determined.  To do this, a pump
test would be performed.  Water level indicators would
be installed in wells along the perimeter of the test area.
A pump would be placed into the central well and water
would be pumped out of the central well.  The water
level indicators in the perimeter wells would measure
the drawdown, or the drop in the water level.  The flow
rate of the pump would be monitored and a plot of the
drawdown over time would be created.  Simple
groundwater equations for flow properties through the
subsurface could then be solved.  In a slug test, a water level indicator would be lowered into a
well after noting the initial water level.  A slug of known volume, made of plastic or metal, would
be dropped into the well.  The water level indicator would record the displacement.  Once a new
equilibrium is reached the slug would be removed and the displacement would be measured
again.  This information could also be used to solve simple equations to determine hydraulic
properties.

Tracer Experiments.  These types of characterization experiments are often used to obtain a
detailed understanding of groundwater flow paths and the speed at which groundwater and other
substances might move through an aquifer.  In general, a small quantity of a tracer in the form of
a solid (e.g., 1 gram of bromide) would be dissolved into water to achieve a concentration that
might range from 500 to 10,000 parts per million.  The tracer solution would then be injected into
a well.  In the case of a gas tracer such as helium or neon, a cylinder of the gas (ranging in size
from 20 to 30 liters, depending on the research to be conducted) would be injected into a well.
Groundwater samples would then be collected from downgradient wells at discrete time intervals.
These samples would be analyzed for the tracer. Based on the time it takes the tracer to reach the
downgradient wells and in which wells the tracer is detected, physical and chemical properties of
the aquifer could be determined.

Figure A-1  Standard drill rig used
for characterization activities
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Groundwater tracers used at the FRC
would be nontoxic and are generally
subdivided into two types:  non-
reactive and reactive.  Non-reactive
tracers are tracers that are inert and
when extracted from a downgradient
well are the same chemical or
compound as that injected.  A reactive
tracer is a tracer that may interact
with the groundwater, minerals in the
subsurface sediments, or with
microorganisms. When a reactive
tracer is used, what is extracted from
a downgradient well would not be the
same chemical or compound as that
injected.  In general, NABIR
investigators would use non-reactive
tracers at the proposed FRC.  The
non-reactive tracer method would
provide investigators with the
information they would need
regarding groundwater flow paths and
other physical and chemical
properties of the aquifer.

Push-pull experiments.  A push-pull
test is a relatively new technique that
could be used to determine some
additional chemical and physical
properties of an aquifer.  In a push-
pull experiment, a few liters of water
with a water-soluble tracer or some
other type of solution (e.g., containing

an electron acceptor) is injected (“pushed”) into a single well and left for up to a couple of hours.
The test solution and groundwater are then extracted (“pulled”) from the same well until
background concentrations are reached.  Often up to 90 percent of the injected water is extracted.
Groundwater samples collected during the extraction phase are then analyzed to obtain
information concerning the transport of the tracer and/or rate of transformation of the injected
solutes  (Figure A-2).

1.1.1.2 Research-Quality Samples to be Collected at the FRC

Obtaining research-quality samples would be critical to the research conducted under the NABIR
Program. Samples obtained from the FRC could be used by researchers in laboratories at the host
DOE site or could be sent to researchers at universities or DOE labs.  The samples would be used
in the laboratory as “starting points” to gain the knowledge needed prior to taking research to the
test plots at the FRC.

Figure A-2  Equipment used in field push-pull tests
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In January 1999, OBER issued a “Letter Request for Field Research Center Proposals.” (See
Section 2.2.5 of this EA.)  Both ORNL and PNNL prepared responses to scenarios/questions
concerning sampling that were posed in the OBER Letter Request.  The responses provide details
concerning the approaches to be used to obtain research-quality samples.  A general summary of
the responses to these scenarios/questions follows.  (In addition, the Dover EA 1995 and
Appendix E provide NEPA documentation applicable to other sites where activities similar to
those at the proposed FRC have previously occurred.)

Collection of groundwater samples containing radionuclides to be used for research on
natural communities of microorganisms.

The purpose of the collection method would be to ensure that samples would be representative of
the target environment, that entrained microorganisms and geochemical constituents would be
stable, and that any dangerous constituents would be safely handled.  Although an existing well
could be used, a new well might need to be drilled.  In that case, a well would be drilled to the
desired depth and a mechanical pump would be used to extract the groundwater.  Investigators
might use peristaltic pumps, argon-bladder pumps, or submersible pumps as applicable to the
needs of the researchers and the environment from which groundwater would be collected.  Water
and entrained constituents extracted from the well would be considered representative of the in
situ formation water.

All equipment that would come in contact with the sample water, such as hoses, pumps, and
fittings, would be cleaned and subjected to antiseptic treatment (e.g., autoclaving, bleach and
rinse, as practical) before sampling.  Sample bottles and associated supplies would be prepared
and sterilized in the laboratory before transport to the FRC.  Prior to sampling for
microorganisms, some groundwater might have to be purged to ensure a quality sample.

Collection of core samples from saturated zones containing a heavy metal constituent to be
used for research on natural communities of microorganisms.

One of the most effective means for obtaining samples from the subsurface for microbiological
analysis would be to drill and recover intact core samples.  The drilling methods employed might
be air-rotary, cable tool, or sonic.  One way to obtain a minimally disturbed sample would be to
push a split-spoon sampler out ahead of the drilling bit.  Sterile lexan liners would be used in the
split-spoon sampler to maintain the physical, chemical, and microbiological integrity of the
samples and to permit examination of the sedimentary features of the core.  All drilling tools
would be cleaned before sampling.  Immediately on retrieval of the drill string from the borehole,
the core would be removed from the split spoon and airtight caps would be placed on the ends of
the liner.  Once sealed, the exterior of the lexan liner would be washed free of mud and debris,
disinfected, and the core sample would be immediately transferred to the field laboratory.

While still at the field site, the core would be opened, logged, pared to remove the outer,
potentially contaminated surfaces, subdivided, and packaged for archiving or shipment to
investigators (Figure A-3).  For analysis of strictly anaerobic microorganisms and for oxygen-
sensitive solutes, core samples would have to be protected from atmospheric oxygen.  A core-
processing chamber filled with an anoxic atmosphere would be used to store, process, dissect and
pack core samples.  Some additional analyses might need to be initiated on-site in the field.
Storage and shipping of samples would be handled in a manner similar to that described for the
groundwater samples and would follow all applicable regulations.  For core samples from
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radioactively contaminated zones, special handling and training would be required (see Section
9.0, Applicable Environmental Regulations, Permits and DOE Orders).

1.1.1.3 Small-Scale In Situ Research Activities at the FRC

Because most of the activities at the proposed FRC would be undertaken in an area limited to less
than an acre and a depth of 75 feet, the scale of in situ research activities is considered small.

Figure A-3 Typical approach for processing of subsurface samples for microbiological
and geochemical analysis
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(Examples of other studies in which similar activities have occurred, as well as their attending
documentation, is presented in Appendix F and the Dover EA 1995.)

There are three standard ways to implement bioremediation as a remediation technology:  a)
intrinsic bioremediation, b) biostimulation, and c) bioaugmentation.  In situ research at the
proposed FRC would be oriented toward understanding the subsurface biogeochemical processes
that control the success of any of these three technological approaches for remediating a site.
Intrinsic bioremediation is an accepted remedial approach that relies upon the natural (intrinsic)
activities of microorganisms to clean up a contaminated site.  In contrast, biostimulation relies
upon the addition of other substances (e.g., nutrients) to the subsurface to accomplish
remediation.  Bioaugmentation relies upon the addition of microorganisms to enhance any
existing intrinsic processes in the subsurface to accomplish remediation.  The primary focus of in
situ research activities would be to understand subsurface biogeochemical processes associated
with biostimulation and bioaugmentation.

Biostimulation

For a biostimulation experiment, a specific substance or set of substances would be introduced
into the subsurface environment to stimulate existing microorganisms to bioaccumulate or
transform a heavy metal or radionuclide (Figure A-4).  Biostimulation activities might include:
1) the injection of electron donors (e.g., organic compounds such as acetate, lactate, glucose or
molasses) or electron acceptors (e.g., oxygen, nitrate, methane or sulfate) to change a part of the
chemical environment of the subsurface so that it is more favorable for microbial activity or
growth; 2) the injection of nutrients (e.g., nitrogen, phosphorus) to stimulate the growth of

Figure A-4  In situ stabilization of metals through biostimulation
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selected microorganisms; or 3) the injection of surfactants (e.g., rhamnolipids or other
biopolymers) or chelators (e.g., nitrilotriacetic acid, ethylenediaminetetracetic acid,
hydroxyapatite) to better mobilize or immobilize contaminants for removal.

Prior to a biostimulation experiment, NABIR investigators would obtain information concerning
groundwater flow rates and patterns, microbial populations, contaminant distributions, and
geochemical and mineral content of the field site.  In addition, they would have conducted
laboratory-based biostimulation experiments with cores from the field site.  Using these data, the
investigators would also have created computer models to simulate what they would expect to
occur in a real field site experiment.

An example of a typical biostimulation experiment is shown in Figure A-4.  Nutrients such as low
levels of nitrogen or phosphorus, or electron donors such as sugars or hydrogen gas, are injected
into the subsurface in an area contaminated with radionuclides or metals, such as Cr(VI).  Cr(VI)
is a soluble form of chromium that is toxic and carcinogenic.  The reduced form of chromium
(Cr[III]), however,  is relatively non-toxic and can be immobilized in place through precipitation
with iron minerals.  Addition of nutrients and electron donors enhances the growth of metal-
reducing bacteria and leads to immobilization of chromium, reducing risk to humans and the
environment.

Another type of biostimulation experiment that might be conducted would involve the injection
of electron acceptors.  This type of experiment could be conducted in an anaerobic subsurface
environment.  By adding an electron acceptor such as nitrate, sulfate or carbon dioxide to the
subsurface, a specific microorganism might be able to remove electrons from a heavy metal or
radionuclide (i.e., oxidize the heavy metal or radionuclide) through a series of chemical reactions.
Depending on the subsurface geochemistry, the transformed heavy metal or radionuclide might
then be less mobile in groundwater.

A standard method to deliver nutrients and other substances into the subsurface could include
using a pump to inject substances (e.g., carbon sources, electron donors or acceptors, and
nontoxic tracers).

Bioaugmentation

Bioaugmentation-type activities would involve the injection of a small quantity (1.5 x 106

bacteria/gram of soil) microbial strain or mixed culture of microorganisms into the subsurface at
the FRC (Saylor 1999).  Bioaugmentation-type activities might include the injection of: 1) a
specific strain or strains previously isolated from the site (native), 2) a specific strain or strains
isolated from some other field site (non-native), or 3) a combination of the first and second
approaches.  However, while non-native microorganisms might be considered, no GEMs would
be injected at the FRC.

Because the strains or mixed cultures that would be injected would have been previously shown
(in laboratory experiments) to be able to bioaccumulate or transform a heavy metal or
radionuclide, experiments at the FRC would be oriented toward determining whether the
microbial strain(s) could be appropriately distributed in the subsurface, whether they could
survive under field conditions, and/or whether they would bioaccumulate or transform heavy
metals or radionuclides under field conditions.  To date, most attempts to distribute a strain or
mixed culture within the subsurface environment have not been highly successful.  Both in the
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unsaturated and the saturated zones, microorganisms often do not move very far (a few meters)
from the point of injection (Piotrowski and Cunningham 1996, Mosteller et al. 1997).  The result
is that the microorganisms often do not reach much of the contaminated area.

Perhaps of more importance, non-native microorganisms that are introduced into the subsurface
often have difficulty surviving (ITRC 1998), and their population levels have been shown to
decrease rapidly both in laboratory studies (Ramos et al. 1994) and in actual field studies
(Krumme et al. 1994).  In some cases, non-native microorganisms have been found to be
undetectable in the subsurface after more than two years (Drahos 1991, Kluepfel et al. 1991), but
in other cases, they have been shown to still be detectable at very low levels after two (Sayler
1999), four (Hirsch and Spokes 1994), and even six years (Ryder 1994).  Among the reasons for
the apparent rapid die off are factors such as predation by protozoans (Kuske 1995, Kinner 1998)
and the poor ability of non-native microorganisms to compete with native microorganisms (ITRC
1998).

In spite of these difficulties, there are a number of commercial firms that "sell" bioagumentation
approaches to organizations that are required to clean up sites that have organic contaminants in
the subsurface (Boyd 1996, Fustos and Lieberman 1996).  These commercial firms attempt to
overcome some of the bioaugmentation limitations by performing multiple injections, by
injecting microorganisms every few meters in a contaminated area, or by injecting large volumes
of nutrients and microorganisms.  In some cases, bioaugmentation for the remediation of organic
contaminants has been shown to be successful (Duba et al. 1996, Stefan et al. 1997).  In contrast,
there is only limited understanding of bioaugmentation for heavy metals and radionuclides.

Prior to undertaking a bioaugmentation experiment at the FRC, NABIR investigators would
require some understanding of the natural transport of microorganisms through the subsurface
environment.  For example, some NABIR investigators are planning studies of bacterial transport
in the subsurface at a fairly simple environment (deposited sands) at an uncontaminated, non-
DOE field site in Oyster, Virginia.  At the Oyster site, NABIR investigators will be undertaking a
series of tracer and bacterial transport experiments.  For the bacterial transport experiments,
bacteria to be injected are native.  Knowledge gained in an uncontaminated environment with a
simple geologic structure is expected to help NABIR investigators when it comes to the more
complex geologic environment at either ORNL or PNNL.  In addition to the field experiments,
computerized models of the subsurface at Oyster and the expected patterns and rates of transport
of the microorganisms will be created.  The actual field experiments will be correlated with the
models.

In the case of a bioaugmentation experiment at an FRC, a similar process would be employed.
NABIR investigators would first seek to understand the natural transport properties of the
groundwater by injecting nontoxic tracers.  NABIR investigators would use core extracted from
the field site to conduct laboratory-based experiments to examine the transport of microorganisms
through the cores.  Once sufficient preliminary understanding is obtained, a team of NABIR
investigators would conduct a field experiment that would involve the injection of multiple
nontoxic and non-reactive tracers and microorganisms.  Monitoring and sampling for the tracers
and microorganisms would be conducted at multiple levels in downstream wells.  Investigators
would also seek to determine how well or whether the injected microorganisms survive (i.e.,
whether they  survive predation by protozoans or whether they are “stuck” in the interstitial or
pore spaces in the sediments and are unable to move).
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More complex bioaugmentation field experiments might follow and might include combining a
bioaugmentation experiment with a biostimulation experiment (i.e., injecting microorganisms and
nutrients).  The concept behind such an experiment would be to retain microorganisms at a
desired location in a contaminated area and to have them actively transform heavy metals or
radionuclides such that they become less toxic or less mobile in the subsurface.  The standard
method to deliver nontoxic tracers and microorganisms to the subsurface is to use a pump to
inject water or a nutrient solution that contains the tracers and/or microorganisms.  Specific field
experiments at the proposed FRC, such as those described above, could be undertaken only when
appropriate permitting and NEPA reviews were completed.

1.1.2 Assessing and Managing Environmental, Health and Safety Risks at the
FRC

A critical aspect of the current NABIR Program and its proposed field-based component on the
preferred FRC site, is compliance with applicable ES&H regulations.  The NABIR Program
conducts research activities in a way that poses the least impact to the human environment.
Following current DOE practice, the appropriate DOE Operations Office ensures compliance
with all regulatory and permitting requirements before research funding is released and/or
laboratory/field activities commence for all research activities conducted under the NABIR
Program.  This also would apply for all work that would be conducted at the proposed FRC.  In
addition to satisfying DOE's ES&H requirements, the appropriate Operations Office would
comply with the requirements of other applicable federal, state, and local laws for each research
project.  For activities at the proposed FRC, the FRC Manager would provide the coordination
necessary to ensure DOE ES&H requirements were met, all site policies and procedures were
followed, and site training and security requirements were met.

1.1.2.1 NABIR NEPA Strategy

One tool that can be used to evaluate the potential impacts posed by research activities is the
NEPA process.  A NEPA document examines proposed activities and evaluates their potential
impact on the human environment.  The following paragraphs highlight how the use of the NEPA
process within the NABIR Program would be used to assess risk, as well as what some of the
potential areas of impact would be for conducting research under the NABIR Program.  Although
the NEPA process addresses, in detail, how risks to the human environment would be dealt with,
there are management practices that NABIR Program management would implement to reduce
the risks to acceptable levels.  These also are discussed below.

The strategy for NEPA compliance associated with selection and operation of the proposed FRC
is two-tiered.  The first tier includes the preparation of this EA to evaluate the potential
environmental impacts of selection and operation of the proposed FRC.  This EA attempts to
bound the type of work expected to occur at the FRC based on work that has occurred in other
similar programs.  This EA also bounds the potential environmental consequences expected from
the proposed activities.

The second tier of the NABIR NEPA compliance process would be evaluation of the appropriate
level of NEPA documentation that would be prepared for proposed specific field research.
Resources that might require further NEPA evaluation might include groundwater, sensitive
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species, and archaeologic and historic resources.  The Tier II evaluation would consider whether
the proposed field research is bound by this EA.  If, during the course of the Tier II evaluation, it
was decided that the actions were not bound by this EA and could potentially significantly affect
the human environment, appropriate NEPA review would be initiated.

1.1.2.2 Site Management and Peer Review

To ensure compliance with all applicable environmental rules and regulations, NABIR would, at
a minimum: 1) implement all pertinent Tier II NEPA review requirements for specific FRC
activities; 2) manage activities via field sampling plans, health and safety plans and any other
pertinent operation plans as has been done at DOD field research sites (University of Michigan
1995 a,b,c); 3) evaluate FRC activities via a Field Research Advisory Panel (FRAP); and 4)
implement a DOE Operations Office review process.  The following paragraph describes review
process activities for typical NABIR field activities.

For research that would involve intrusion into the soils and/or groundwater at the preferred DOE
FRC site, there could be potential risks to the safety of the public and workers as well as potential
risks to the surrounding natural environment.  However, risks would be managed and reduced
through the use of best management practices (BMPs) and by following applicable federal, state
and local regulations as well as internal DOE requirements.  The NABIR Program is committed
to ensuring that BMPs and regulations are implemented in the course of FRC-funded research.  A
FRAP would be developed to review research work plans (see more on FRAP and work plans in
Appendix C) for all FRC- related research activities.  The FRAP would be coordinated through
the NABIR Program Office. It would primarily consist of the FRC Managers, host site regulatory
experts, appropriate DOE Operations Office staff, and at least three non-conflicted peer reviewers
external to the NABIR Program Office staff and experts from the Lawrence Berkeley National
Laboratory.  Any activity that would have even a small potential risk to ongoing studies,
regulatory limitations, and FRC resources would be evaluated by the FRAP.

1.1.2.3 Training

In addition to the development of an overall FRC Management Plan, an FRC Health and Safety
Plan, and Field Sampling Plans, the NABIR Program would require the development an ES&H
training program specific to the FRC activities prior to the initiation of any activities at the
proposed FRC.  Both the plans and the training programs would be reviewed for overall adequacy
in addressing environmental and health and safety concerns and would be approved by the OBER
Field Activities Manager, the FRAP, and the management at the appropriate DOE Operations
Office.  Further details on FRC health and safety planning, documentation, and training are
contained in Appendix C.

Sampling activities at the FRC would require training at a level appropriate to the potential
hazards.  All groundwater samples would be handled according to regulatory requirements; the
primary driver would likely be the potential for exposure to radioactivity.  Sample collection in
areas designated as having radioactive soil and sediments would be collected by personnel with
Radiation Worker I or II training (Title 10, Code of Federal Regulations Part 835.)  The outside
of sample containers would be surveyed by a Radiological Control Technician for alpha, beta,
and gamma radiation using field detection instruments.  Appropriate shipping category,
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packaging, and preparation of appropriate documents to allow shipment of samples to other
locations on the host DOE site would be prepared by qualified personnel (e.g., the Hazardous
Material Transportation Officer).  For off-site shipment, glass sample containers would be
wrapped in bubble pack and inserted into a protective cardboard tube.  The completed chain-of-
custody and field record paperwork would be placed in the insulated containers holding the
samples for overnight shipment to the appropriate researchers.  Chain-of-custody documentation
would be used to ensure samples do not get lost.  Before shipment, qualified personnel (e.g.,
Hazardous Material Transportation Officer) would verify that the receiving organization
possesses the appropriate authorizations (e.g., a current state radioactive material license) to
receive the material.

1.1.2.4 Review Process for Chemical Toxicity

Research with chemicals toxic to humans would not be used.  Information concerning the toxicity
to humans of a specific chemical is available in the peer-reviewed toxicology literature.  Material
Safety Data Sheets would need to be examined.  In cases where this type of information is
available, this level of review would be the immediate responsibility of the FRC Manager with
concurrence from the appropriate DOE Operations Office, and possibly the state regulatory
agency and the appropriate regional office of the U.S. Environmental Protection Agency.  For
chemicals with limited safety data available, several types of review processes would be required
for their use.  The first level of review would be the FRC Manager.  The second level would
involve a scientific review by the FRAP.  Because host site regulatory experts would be on the
FRAP, the regulatory process would have early notification of this proposed activity.  There
would also be a NEPA review, and if applicable, a permit application process to the appropriate
regulatory agencies.
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Comment and Response Document
for the

Environmental Assessment for Selection and Operation of the
 Proposed Field Research Centers for the NABIR Program

Comment Location of Response
 (if applicable)

Commentor

DOE assured the State that the NABIR Program would not interfere with
CERCLA remedial actions.  At least two of the nine proposed test plots
depicted in Figure 3-2 appear to lie in close proximity to the S-3 Ponds
Reactive Barriers….CERCLA integration issues should be fully
addressed in the final EA.

Section 3.1 and
Section 5.1 Cumulative
Impacts

Some mention is needed concerning contamination from the S-3 Ponds
into the Upper East Fork Poplar Creek Hydrogeologic Regime as well.

Section 3.1.3.3 -
Groundwater

This section does not mention precautions taken to prevent downhole
contamination from contaminated soils into deeper fracture zones in the
bedrock that might take place during advancement of soil borings or
drilling into bedrock.

Section 4.1.1.2 - Geology

The EA should address the fact that the USACOE and TDEC have
responsibility for Wetland (sic) management and for proposed mitigation
for impacted resources areas.  The backfilling of soil borings and
abandonment of wells should mention the use of bentonite or make
reference to a procedure utilizing such material during backfilling and
abandonment.  Bentonite should be used to prevent downhole migration
of groundwater and associated contaminants into fracture zones
connected to well or boring annular space.

Section 4.1.3.2 Floodplains
and Wetlands

There is no discussion of drilling operations possibly impacted
contaminated groundwater and creating additional paths for migration of
contaminants to other aquifers, etc.

Section 4.1.3.3
Groundwater

State of Tennessee
Department of
Environment and
Conservation - DOE
Oversight Division
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Comment Location of Response
 (if applicable)

Commentor

The Endangered Species Act should be referenced on the pertinent
regulation listings

Section 9.0

Section 4.1.4.1 should be modified to more accurately define the presence
of various bat species and the extent of bat surveys and research in the
East Fork Poplar Creek and Bear Creek watersheds

Section 4.1.4.1 and
Appendix G

Section 9.0 of the draft EA should also be modified to include the
Endangered Species Act as a applicable environmental regulation
pertaining to proposed DOE activities on the ORR

Section 9.0

As part of this DOE assessment we recommend that all potential summer
roosting habitat for the Indiana bat in the East Fork Poplar Creek and
Bear Creek watersheds be identified.

Appendix G

United States
Department of
Interior - Fish and
Wildlife Service,
Cookeville TN.

A third listed species is the bull trout (Savelinus confluentus) which can
be found in the Hanford Reach and should be included in the text where
appropriate.

Section 3.2.4.2 and Section
4.2.4.2

We have noted 2 federal environmental statues missing under Applicable
Environmental Regulations….For the Hanford Site the Migratory Bird
Treaty Act and Endangered Species Act would be applicable.  Please add.

Section 9.0

If a FRC is located at the Hanford Site, we ask that the USDOE follow
guidance established in the draft Hanford Site Biological Resource
Management Plan and draft Hanford Site Biological Resources
Mitigation Strategy Plan.

Section 9.0

State of Washington
Department of Fish
and Wildlife

ERDF cannot accept liquids so I am assuming ERDF should be replaced
with ETF.

Section 4.2.3.1 and Section
4.2.9

Need to add a statement that any work will not have any adverse impact
on current remediation.

Section 4.2.2 and Section
5.2.6

EPA is not opposed to including waste generated under science work into
the IDW strategy if it appears to support overall remediation.  This would
mean waste control plans would need to describe the work/waste.

Section 4.2.8 and
Appendix A - Section 2.2.1

State of Washington
Environmental
Protection Agency
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1.0 INTRODUCTION

The Natural and Accelerated Bioremediation Research (NABIR) Program Management Plan
describes the Office of Environmental and Biological Research's (OBER) methods for managing
the overall research funding under the NABIR Program, the management of a proposed Field
Research Center (FRC), and the management of potential risks to the human environment.

The NABIR Program is a ten-year fundamental research program designed to better understand
the biotic and abiotic processes in the subsurface, to control and accelerate the biotic processes,
and to provide dedicated field sites for field-based research. The program is directed at the
specific goal of supporting fundamental research to understand bioremediation processes on
complex mixtures of heavy metals and radionuclides in the subsurface. The NABIR Program
supports the funding of laboratory-based research as well as computer modeling and other types
of research. Field research would focus on the subsurface environment below the zone of root
influence, and would be expected to include investigations of both the saturated (e.g.,
groundwater) and unsaturated (e.g., vadose) zones.

The NABIR Program will only be funding basic fundamental research on promising new methods
and technologies that might have the potential to be used by another part of DOE or some other
agency for a full cleanup at a future time.  The NABIR Program will not fund a DOE
Environmental Management cleanup project involving the use of bioremediation.  Research
involving organic contaminants is only considered to the extent that it influences the primary goal
of understanding the fundamental biogeochemical factors that affect bioremediation of heavy
metals and radionuclides.  Research to evaluate the risk to humans or to the environment, and
research on phytoremediation are outside the scope of the NABIR Program. Finally, the NABIR
Program will not fund any research that would involve the use of microbes that are human
pathogens and field releases of any GEMS.

1.1 Management Structure

1.1.1 Facilitating Coordination/Communication of Research Opportunities and
Results

The NABIR Program is managed by a team of Program Managers from OBER.  The management
team’s areas of responsibility include:  overall management of research funded under the NABIR
Program, the management of a proposed FRC, and the management of potential risks to the
human environment.  Specifically, two OBER Program Managers coordinate the NABIR
Program (Co-coordinators); several OBER Program Managers provide leadership for a number of
technical areas of focus (elements) within the NABIR Program (Program Element Managers);
and one OBER Program Manager would oversee the NABIR FRC (Field Activities Manager).
The NABIR Program Co-coordinators and the Program Element Managers are responsible for
developing and soliciting new research for the NABIR Program through the publication of
research announcements in the Federal Register.

A critical role for the management of the NABIR Program is to facilitate the coordination and
communication of research opportunities and results of NABIR-funded research.  This
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coordination and communication is fostered through an annual meeting at which NABIR
investigators are encouraged to present the results of their research.  In addition, the NABIR
Program periodically sponsors small workshops on specific topics of interest to NABIR
investigators. Publication of peer-reviewed research in open scientific literature is strongly
encouraged, as is participation in open scientific meetings.

In addition to OBER Program Managers, OBER uses national experts in bioremediation from
several DOE National Laboratories.  Their efforts are consolidated under the NABIR Program
Office.  The role of the NABIR Program Office is to assist OBER Program Managers with the
development of technical documents and communication tools to facilitate communication among
NABIR researchers and other interested parties.  For example, in addition to providing assistance
with the annual meeting, the NABIR Program Office currently provides information concerning
ongoing bioremediation research on the World Wide Web, (http://www.lbl.gov/NABIR), and
distributes a quarterly NABIR Program newsletter.  Recently the NABIR Program Office
developed a primer on bioremediation for use by NABIR researchers and other interested parties.

Individuals external to DOE are also asked to provide advice to OBER concerning the NABIR
Program and to assist with communication and coordination of NABIR Program research.  A
NABIR subcommittee of the Biological and Environmental Research Advisory Committee
(established by the Federal Advisory Committee Act) has been established to:  a) advise OBER
Program Managers on future research directions in bioremediation, b) ensure coordination with
other, complementary Federal programs, and c) identify opportunities for leveraging scientific
and infrastructure investments.

The management structure developed for the NABIR Program facilitates the coordinated,
interdisciplinary research approach, first in the laboratory and then in the field.  Table 1 contains
a description of the roles and responsibilities of the team members associated with the NABIR
Program.
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TABLE 1. NABIR Program Management - Roles and Responsibilities

NABIR MANAGEMENT TEAM ROLE AND RESPONSIBILITY

DOE OBER

OBER Program Coordinators Manage and coordinate activities among the seven program elements
and all of the field activities.

OBER Program Element Managers Responsible for general management and oversight (including
Environment, Safety and Health issues) of at least one program
element.

OBER Field Activities Manager Works with the OBER Program Element Managers to coordinate field
activities associated with the research conducted under each of the
NABIR program elements.

Oversees activities at the proposed FRCs and at other small-scale
research sites.

Non-OBER

NABIR Program Office Staff
(Lawrence Berkeley National
Laboratory)

Supports the OBER Program Coordinators by providing
communication services and other management and technical
assistance.

FRC On-site Manager Manages the proposed contaminated and background field areas,
including obtaining applicable permits from the host state, preparing
and implementing site safety plans, scheduling FRC field activities and
operations, supervising FRC staff and support personnel, and
interacting with NABIR investigators and local stakeholders.

Field Research Advisory Panel
(FRAP)

Evaluates and recommends work plans for field research activities at
the proposed FRC. Consists of the NABIR Field Activities Manager,
FRC Manager(s), host site regulatory experts, appropriate DOE
Operations Office staff, at least 3 non-conflicted peer reviewers
external to the NABIR Program Office staff and to the Lawrence
Berkeley National Laboratory.

NABIR Subcommittee of the
Biological and Environmental
Research Advisory Committee

Provides management advice to the Program Coordinators.

Ensures coordination with other, complementary federal programs and
identifies opportunities for leveraging scientific and infrastructure
investments.

The NABIR Program is committed to ensuring that best management practices (BMPs) and
regulations are implemented in the course of FRC funded research. A Field Research Advisory
Panel (FRAP) would be developed to review research work plans (more on work plans in Section
2.2.) for all FRC- related research activities. The FRAP would be established by the NABIR
Program Office and would primarily consist of the FRC Managers, host site regulatory experts,
appropriate DOE Operations Office staff, and at least three non-conflicted peer reviewers external
to the NABIR Program Office staff and the Lawrence Berkeley National Laboratory. Any activity
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that would have even a small potential risk on on-going studies, regulatory limitations, and FRC
resources would have to be evaluated by the FRAP.

1.1.2 Existing Science-Based Program Elements

The NABIR Program is an integrated effort containing seven interrelated science-based technical
program elements. A societal/legal/educational program element also investigates the societal
issues and concerns associated with bioremediation. These program elements, described below,
would be conducted in the lab and at the proposed FRC.

Biotransformation and Biodegradation—Research focused on understanding the mechanisms of
how microorganisms actually transform, degrade, and immobilize complex contaminant mixtures
into detoxified materials.

Community Dynamics and Microbial Ecology—Research focused on the natural ecological
processes and interactions of biotic and abiotic components of microbial subsurface ecosystems
in order to understand their natural influence on the degradation, persistence, and toxicity of
mixed contaminants.

Biomolecular Science and Engineering—Research in molecular and structural biology focused on
improving the efficiency of bioremediation activities by genetically modifying molecules and
organisms to detoxify contaminants of concern to DOE. This research would be conducted
strictly in a controlled laboratory setting. There would be no field-based research with genetically
modified molecules or organisms at FRCs.1

Biogeochemical Dynamics—Research focused on understanding the relationships among several
environmental factors that interact or interfere with the survival, growth, and activity of microbial
communities and their ability to bioremediate contaminants. The environmental factors are
related to the dynamic relationships among geochemical, geological, hydrological, and microbial
processes.

Bacterial Transport—Research focused on bioaugmentation of bioremediation by the addition of
microorganisms.  Microbial degradation activity might be enhanced by altering the flow and
transport of microorganisms.  This element would develop effective methods for accelerating and
optimizing bioremediation rates.
                                                       

1 Scientists have been investigating the use of genetically engineered microorganisms (GEMs) for
bioremediation. Genetic engineering is the manipulation of genes to enhance the metabolic capabilities of
an organism (LBNL NABIR Primer, January 1999). While the NABIR Program is funding laboratory-
based genetic engineering research, at this time, the release of a GEM, according to the EPA definition
(TSCA Final Rule, 1997), in the field is not considered to be a part of the NABIR Program. NABIR
Program management has determined that the fundamental laboratory research that is prerequisite to the
introduction of GEMs for radionuclides and heavy metals in the field has not progressed scientifically to
the point where the NABIR Program use of such GEMs in the field within the immediate future can be
reasonably assumed, planned or approved. NABIR Program management will re-evaluate at a later time
the status of GEMS research to determine whether the program will ever support GEMs research in the
field. The final decision on whether to include GEMs field research as part of the future NABIR Program
would be evaluated in a separate NEPA process, when appropriate.
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Assessment—Research focused on developing methods to measure, monitor, and characterize the
success of bioremediation processes and the rates at which they work.

System Engineering, Integration, Prediction, and Optimization—Research focused on integrating
the results of all of the program elements and on synthesizing the information so that the
effectiveness of bioremediation can be predicted and optimized.

The first five of the science elements study the biology of microorganisms, their ecology and
physical environment, their effects on various contaminants, and various mechanisms to enhance
or accelerate their bioremediative processes. The sixth science element provides the means to
assess and quantify these processes. The last scientific element is designed to integrate the
research results so that predictive models can be developed.

The NABIR program is based on an interdisciplinary research approach to the study of
bioremediation. Each science program element supports researchers from a broad spectrum of
disciplines besides microbiology: such as biology, ecology, hydrology, geology, chemistry,
statistics, etc. Some of these researchers conduct independent research studying individual
problems within a science element.  Other projects involve collaborative efforts on specific
problems and would involve researchers from various science program elements to draw on a
variety of different perspectives, disciplines, and experiences.

Research involving organic contaminants would only be considered to the extent that it influences
the primary goal of understanding the fundamental biogeochemical factors that influence
bioremediation of heavy metals and radionuclides. Research to evaluate the risk to humans or to
the environment, and research on phytoremediation are outside the scope of the NABIR Program.
The NABIR Program will not fund a full cleanup project involving the use of bioremediation.
The NABIR Program will not fund any research that would involve the use of microbes that are
human pathogens, and it will not conduct any field releases of opportunistic human pathogens.

1.2 Coordinating the Direction, Review and Funding of Research

Historically, OBER has funded a variety of bioremediation-related research through a series of
separate programs and projects, including the former Subsurface Science Program.  Since late
1996, this funding process has been directed through the NABIR Program.  For example, nearly
$10 million was made available in the FY 1997 solicitation and awarded.  An additional $3
million was awarded in FY 1998 for laboratory-scale research.  This funding provides support for
research under the NABIR program's seven scientific research elements, and the social-legal
Bioremediation and its Societal Implications and Concerns (BASIC) initiative.  Depending on the
funding available, these awards support research programs of multiple-year duration (typically up
to three years).

OBER will continue to periodically solicit applications for funding to conduct coordinated
bioremediation research under the NABIR Program.  New research activities under the NABIR
Program would be conducted at laboratories in universities, industrial facilities, and DOE national
laboratories, and in the field.  Research project funding awarded to universities, private industry,
and individuals is in the form of grants; funding awarded to DOE's national laboratories is
provided through the DOE laboratory financial plan process.
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As with previous subsurface and bioremediation research funded by OBER, the NABIR Program
uses both programmatic peer reviews and proposal peer reviews to aid in the selection and
direction of research.  Programmatic peer reviews are used to evaluate the overall effectiveness of
the program and how well it is achieving its goals. Proposal peer reviews consist of annual
scientific peer reviews used to evaluate and select proposed research projects.

Following current DOE practice, each individual research project undertaken as a result of the
NABIR Program funding awards undergoes an ES&H review by the appropriate DOE Operations
Office.  These reviews also ensure full compliance with the requirements of NEPA, and are
completed prior to the release of the funding and initiation of the research.

1.2.1 Integrating Laboratory and Field Research Approaches

Much of the bioremediation research funded under the NABIR Program would likely proceed
from the laboratory to the field.  For example, a researcher might obtain sediment or groundwater
samples from a field site.  Sediment samples could be in the form of a core sample (a column of
sediments taken out of the ground) or in the form of sediments cut out of an exposed outcrop.
NABIR-funded researchers could then begin conducting laboratory-scale research on the
samples.  The results of this research might then be applied to an intermediate-scale of research or
pilot field studies.

Intermediate-scale research might include the use of  intermediate-scale flow cells or even
lysimeters.  While intermediate-scale flow cells are large containers for holding subsurface
sediments, they are confined to a laboratory.  In contrast, lysimeters are structures that resemble
large canisters that are embedded in the ground and are closed at the bottom.  Lysimeters can be
filled with bulk sediments from field sites to study physical-chemical heterogeneities of the
sediments, movement of contaminates, and growth of microbial populations.  While these two
approaches are cheaper than actual field experiments and they can be more easily controlled,
intermediate-scale research does not replace research in an open, natural field environment.

The next step in research might be to move to field-scale studies in the open, natural environment.
Research at FRC field sites would involve conducting activities in the subsurface within marked
plots of land. These types of studies could include well-to-well flow and bacterial and/or
contaminant transport studies.

1.3 Providing Field-based Research Activities

Field-based research allows NABIR to apply a coordinated approach to its overall goal of
understanding the fundamental biogeochemical processes that determine the success of any
bioremediation technology.  Two types of field-related research approaches and activities are
being undertaken by the NABIR Program, and one is proposed. The two activities that are
currently being undertaken are:  1) laboratory/field transition resources, and 2) research on Short-
Term Experimental Field Sites (STEFS).  The one activity that is proposed and evaluated in this
EA is to establish and conduct field research at the FRCs on DOE lands.
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1.3.1 Laboratory/Field Transition Resources

Laboratory/field transition resources are tools that are available to NABIR researchers to promote
a smooth transition from laboratory research to field research. Laboratory/field transition
resources should be considered as intermediate resources that could be used by NABIR
researchers to address two major impediments to conducting scientific research in the field:  the
issue of natural heterogeneity, and the problem of "scaling" research results from the laboratories'
micro-scale level to the field-scale.  Laboratory/field transition resources currently available to
NABIR researchers include facilities such as intermediate-scale instrumented flow cells and
lysimeters, and subsurface collections such as:

•  the Pacific Northwest National Laboratory (PNNL) Sediment Collection Repository;

•  the NABIR "Reference" sample (standardized set of reference sediments including natural
and amended sediments and a standard set of humic materials); and

•  the Subsurface Microbiology Culture Collection (a reference collection of aerobic and
anaerobic bacterial cultures).

Located at laboratories DOE's Pacific Northwest National Laboratory in Richland, Washington,
the intermediate-scale flow cells are existing structures that were used during the former
Subsurface Science Program (SSP).  These resources have been incorporated into the NABIR
Program.  The intermediate-scale flow cells are containers that are a few meters long and serve as
tools for examining blocks of sediments and subsurface materials that are larger than laboratory-
scale core samples. Flow cells can be used for investigating subsurface features such as natural
physical heterogeneity under controlled conditions, and they provide "controlled environments"
that simulate the natural subsurface environment in a laboratory setting without field releases.
Flow cells are likely to be used before or during field-based research.

Approximately 20 lysimeters are available through DOE's Oak Ridge National Laboratory in Oak
Ridge, Tennessee. They range in size from 8 feet by 10 feet deep to 3 feet by 6 feet deep. The
lysimeters are 1/8 inch galvanized steel and have a solid bottom and a cover to form a closed
system. They are buried in the ground and filled with soil.

NABIR also has repository responsibility for the microbial culture collection and for several
subsurface sample collections, all from the former SSP.  This culture collection and the sediment
materials form the nucleus of a reference collection of materials and microbial cultures available
for use by NABIR researchers.  Additional reference materials and microbial cultures would be
collected from the proposed FRC and incorporated into the existing repositories.

1.3.2 Short Term Experimental Field Sites (STEFS)

Short term Experimental Field Sites (STEFS) are field sites for special studies that may be on or
off DOE lands. These field sites have characteristics that are analogous to the range of
hydrogeologic conditions (e.g., rainfall, groundwater, soil types) on DOE sites that are potential
FRCs; however, there is only limited manipulation of the subsurface environment. Scientific
insights that are gained at these sites would be transferred to the proposed FRC. STEFS are



APPENDIX C:  Environmental Assessment
for Selection  and Operation of the Proposed Field Research Centers for the NABIR Program

06/30/00

C1-8

currently located on non-DOE sites and they have no onsite staff, permanent trailers or
laboratories.

An example of a STEFS is in Oyster, Virginia. For several years, NABIR investigators have been
conducting fundamental research into the mechanisms by which microorganisms are transported
in the subsurface environment of unconsolidated sediments (sand) on non-DOE land. Scientific
knowledge gained from this research in a simple system of unconsolidated sediments is useful to
the broad community of NABIR researchers. Appendix F contains NEPA documentation for the
Oyster Site.

While any one STEFS may not be available for the duration of the NABIR Program, the use of
STEFS provides the NABIR Program with:

•  a low-cost (relative to an FRC) diversity of field sites and source of samples;

•  sources of subsurface samples for NABIR researchers;

•  sites to meet the specific, short-term needs of a small team of researchers;

•  sites for conducting mechanistic research experiments that support any or all NABIR
elements;

•  opportunities for in situ field research that is expected to transition into research at an FRC;
and

•  an opportunity for conducting additional or parallel research to test the applicability and
transferability of research results from the hydrogeologic regime represented at an FRC, to
other analog sites that could represent conditions at other DOE sites.

Similar to the activities that might be conducted at an FRC, activities proposed for a STEFS
include: drilling of sampling wells, collection of cores and groundwater samples, geophysical
analyses, monitoring of subsurface conditions, and conducting tracer and bacterial transport
studies. Because STEFS are selected and used to meet the short-term needs of a small group of
NABIR researchers, the environmental impacts of their selection and use are analyzed as Tier II
NEPA actions (see Section 2.0 for additional information on Tier II NEPA actions).

1.3.3 Proposed FRCs

Proposed FRCs would be field sites on DOE lands. These sites would serve as the primary
"outdoor laboratory" for small-scale in situ bioremediation research activities.  They would be a
primary source for groundwater and sediment samples for NABIR investigators and would also
be test sites for manipulation of the subsurface environment.  The FRC would consist of one
background area and one contaminated area.  The environmental analysis portion of this EA
focuses on the siting of the FRC, the potential research activities proposed at an FRC, and the
selection of up to three sites for the location of the proposed FRC.  Detailed information
concerning FRCs is provided in Section 3.0 of this EA.

As designed, an acceptable FRC would include a contaminated area and a background area,
laboratory/analytical facilities, and office space/trailers. The areas would be of sufficient size to
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accommodate multi-investigator studies over the 10-year lifespan of the NABIR Program. To the
maximum extent possible, the program would use existing office, laboratory, and field facilities,
including access and infrastructure support to reduce costs and environmental impacts, to make
efficient use of existing DOE facilities and infrastructure, and to reduce the need for new
construction.

OBER proposes to establish one FRC at a DOE site for a long-term (10-year) field research
program. The FRC would be the preferred location on DOE lands for much of the field research
sponsored by the NABIR Program, and would thereby provide a focus for integrating the field-
based program into NABIR. The FRC and supporting infrastructure would be used to facilitate
long-term, interdisciplinary research, and would be available as a user site for investigator-
initiated research by scientists funded through this and other programs.

The FRC would provide NABIR researchers with areas containing a spectrum of waste types and
subsurface environmental media (vadose zone and zone of saturation) that are representative of
both background and contaminated conditions across the DOE complex. The FRC would offer
both a source for standardized subsurface samples for NABIR researchers, and locations for in
situ research. Field scale research at the FRC would offer the researcher the opportunity to:

•  move laboratory-based research to the field, and

•  observe and manipulate bioremediation processes involving heavy metals and radionuclides
in a field setting.

The FRC would be staffed by a full-time FRC manager and several full and part-time technical
and administrative staff. FRC staff would help facilitate the researchers' access to field locations
at the DOE site, and ensure coordination of research activities and compliance with applicable
DOE ES&H requirements. OBER would provide funding for infrastructure, staff, additional
characterization and field campaigns, but also would anticipate “in-kind” support from the host
DOE site. In kind support could include matching funding, staffing or facilities from the host
DOE site.

During the first year of FRC operation, work done at the proposed sites would primarily focus on
planning and field site development and characterization. By the second year, some in situ
research might also be conducted. Because intrinsic bioremediation of radionuclides and heavy
metals is a slow process, any activities focused on intrinsic bioremediation would be expected to
be performed throughout the life of each FRC.  In situ research on microbial transport, microbial
heterogeneity, complexation of contaminants and microorganisms, transformation of
contaminants by microorganisms, oxidation/reduction processes, contaminant availability,
microbial survival, and nutrient manipulation are some examples of the type of more complex
research that would be expected.
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2.0 ASSESSING AND MANAGING ENVIRONMENTAL, SAFETY
AND HEALTH RISKS

A critical aspect of the current and future implementation of the NABIR Program is compliance
with applicable ES&H regulations, particularly for research to be conducted in the field.
Following current DOE practice, the appropriate DOE Operations Office ensures compliance
with all regulatory and permitting requirements before research funding is released and/or field
activities commence for all research activities conducted under the NABIR Program. In addition
to satisfying DOE's ES&H requirements, the Operation Office would comply with the
requirements of other applicable federal, state, and local laws for each research project. For
activities at the proposed FRC, the FRC Manager would provide the coordination necessary to
ensure DOE ES&H requirements were met, all site policies and procedures were followed, and
site training and security requirements were met. For field projects at other research sites (e.g.,
STEFS), staff at the appropriate DOE Operations/Site Office coordinate ES&H compliance prior
to the distribution of funding.

For research that would involve intrusion into the soils and/or groundwater at DOE FRC sites,
there could be potential risks to the safety of the public and workers as well as potential risks to
the surrounding natural environment. However, risks can be managed and reduced through the
use of BMPs and by following applicable federal, state and local regulations as well as internal
DOE requirements.

2.1 NEPA Compliance

One tool that can be used to evaluate the potential impacts posed by field research activities is the
NEPA process. A NEPA document examines proposed activities and evaluates their potential
impact on the human environment. The following paragraphs highlight how the use of the NEPA
process within the NABIR Program would be used to assess risk, as well as what some of the
potential areas of impact would be for conducting research under the NABIR Program. Although
the NEPA process addresses, in detail, how risks to the human environment would be dealt with,
there are management practices that NABIR Program management would implement to reduce
the risks to acceptable levels. These also are discussed below.

The strategy for NEPA compliance associated with selection and operation of the proposed FRCs
is two-tiered.  The first tier includes the preparation of this EA to evaluate the potential
environmental impacts of siting and operating the proposed FRC.  The second tier of the NABIR
NEPA compliance process would be the evaluation of the appropriate level of NEPA
documentation that would be prepared for the proposed specific field research. The Tier II NEPA
evaluation would consider whether the proposed field research at an FRC is bound by the EA for
Selection and Operation of the Proposed Field Research Centers for the NABIR Program.  If it
were determined that the proposed activities were a major federal action that could significantly
impact the environment, an EIS would be prepared.  For the FRC, the DOE Operations Office for
the proposed FRC would have responsibility for NEPA compliance for that FRC.
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2.2 FRC Planning, Documentation and Training

Another set of tools to manage ES&H risks is the documentation and review of all NABIR-
funded research projects prior to the initiation of activities. Upon selection of an FRC, and prior
to the initiation of any field site characterization or field site research activities, the NABIR
Program would expect the FRC manager to develop a set of high-level planning documents to
govern the operation of the FRC. These plans would provide the "road map" for the conduct of
operations at the FRCs, both in terms of the scientific research to be conducted and the
commitments to ES&H. The plans to be developed would include:

•  an overall Management Plan for the FRC,

•  a Characterization Plan for characterizing both the background and contaminated areas, and

•  a Site Closure Outline.

Each of these three plans would have a separate Health and Safety Plan that not only addresses
ES&H risks, but includes measures for mitigating those risks.

The NABIR Program is committed to ensuring ES&H specific to the research campaign at the
STEFS and at the proposed FRC. The next level of documentation that would be required would
be for research campaign-specific  documentation that would include a Research Campaign
Plan/Approach for any in situ research to be conducted at either the background area and/or
contaminated areas. Details on the Research Campaign Plans are in Section 3.3 of this Appendix.

In addition to these plans, the NABIR Program would require the development an ES&H training
program specific to the STEFS activities and to the FRC activities and field sites.  Both the plans
and the training programs would be reviewed for overall adequacy in addressing environmental
and health and safety concerns and would be approved by the OBER Field Activities Manager,
the FRAP and the management at the appropriate DOE Operations/Site Office.  The scope of
these plans and training programs is described below.

2.2.1 FRC Management Plan

The overall FRC Management Plan would be developed to govern the scientific approach to
research at the proposed FRC, as well as to provide the planned approach to ensuring ES&H
compliance. The FRC Management Plan would provide a list of the roles and responsibilities of
all individuals and organizations involved with research activities at the proposed FRC. The
overall FRC Management Plan would contain several ES&H sub-plans, as appendixes, including:

•  a Health and Safety Plan (HASP) tiered from the DOE host site HASP,

•  a Waste Control Plan for FRC operations,

•  an Environmental Compliance Plan,

•  a Contingency Plan for potential offsite migration of contaminants, and
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•  a Site Closure Outline.

The sub-plans would require a review by the OBER Field Activities Manager and approval by the
DOE Operations/Site Office where the FRC would be located.

The FRC HASP would provide:

•  detailed information as to the types of activities that would take place,

•  a listing of FRC staff names along with other named individuals allowed to undertake field
activities,

•  a description of the location of the proposed activities, and

•  information concerning various areas of health and safety. For areas of concern (i.e., confined
space; chemical hazards; heat stress; trips, slips and falls; radiological and hazardous
materials handling and exposure), the researchers would identify the specific hazards and
what mitigating actions or responses would be taken in the event of an accident.

Similar to the Tier II NEPA Process, HASPs would be developed for each individual research
project prior to initiation of the work.  These HASPs would be developed by a Site Safety Officer
and would be approved by the Operations/Site Office at the FRC location.

The Waste Control Plan would identify:

•  types and amounts of waste that might be generated as a result of the research conducted, and

•  disposal methods and locations that would be used.

An Environmental Compliance Plan would include:

•  detailed information concerning the applicable rules, regulations and environmental permits
required to conduct the proposed research;

•  the approach the proposed FRC and appropriate DOE Operation/Site Office would take to
conduct NEPA reviews (e.g., Tier II NEPA); and

•  a statement of issues important to federal, state and local regulators and how the FRC
manager would address the issues.

The Site Closure Plan would describe:

•  the proposed method of closing the proposed research site after the research has been
completed. At the start-up of the proposed FRC, many of the details concerning site closure
would be unknown. The Site Closure Outline would assist the FRC Manager, appropriate
DOE Operations/Site Office, and the NABIR Program management in planning for future site
closure needs.
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2.2.2 Characterization Activities Plan

Characterization activities are designed to obtain a baseline set of field site conditions. For
example, parameters such as ground water and sediment geochemistry, depth to groundwater, and
sedimentology would be determined for both the background area and contaminated area.

The Characterization Activities Plan would be developed by the research scientist for each
characterization activity that takes place at an FRC. This plan would include:

•  a HASP for the specific characterization activity and

•  a Waste Control plan.

2.2.3 Research Campaign Plan/Approach

A research campaign would be any in situ research at an FRC or a STEFS that would be
conducted by one or more investigators. Research campaigns are designed to obtain a greater
understanding of the abiotic and biotic interactions in the subsurface (in situ). For example, in situ
research activities might include the injection of tracer elements and nutrient solutions into the
groundwater to track groundwater movement.

Each research campaign would have a plan/approach outlining the steps to comply with
environmental requirements. The Research Campaign Plan/Approach would include:

•  a HASP specific to the research campaign activities (tiered from the FRC HASP, but of
sufficient detail to be useful in a field operation),

•  a Waste Control Plan for research campaign activities.

2.2.4 ES&H Training

All individuals working full-time as FRC employees or staff would be trained in the required
ES&H areas pertinent to their responsibilities. Similarly, all NABIR investigators who would use
the proposed FRC for field research would be required to receive ES&H training appropriate to
their research activities.

The FRC Manager would be required to have 40-hour Occupational Safety and Health (OSHA)
hazardous substance training (Title 29, Code of Federal Regulations, Part 1910.120e), and field
site-specific radiation safety training (10 CFR 835). In addition, the FRC Manager would be
required to have hazardous substance supervisor training and field certification (29 CFR
1910.120e[4]). Technical staff, who are not working at the contaminated area full-time, would
need 24-hour hazardous substance training; however, any staff or NABIR investigator who would
be on the contaminated area full-time would be required to have the 40-hour OSHA Hazardous
Waste Operations and Emergency Response (HAZWOPER) training. In addition to the 24-hour
training, technical staff doing field work would be required to have training specific to field
operations at the proposed field sites. All individuals funded through the NABIR Program,
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conducting research activities at DOE sites, would be required to have the General Employee
Radiation Training and the general host DOE site training.

In addition to overall ES&H training, OBER might provide FRC staff with technical training in
the areas of sample collection, processing and shipping. The training team would consist of a
group of NABIR investigators experienced with obtaining, processing, and shipping research-
quality samples. The need for FRC staff to be extremely knowledgeable in this area would be
critical to the operation of the proposed FRC.

2.3 Operations/Site Office Management

The third way to manage ES&H risks is for the appropriate DOE Operations/Site Office to
maintain a constant awareness and oversight of the FRC operations. The proposed FRC would
operate within the ES&H requirements for the host DOE site, and the appropriate DOE
Operations/Site Office would be responsible for ensuring that the proposed FRC operates within
those boundaries. The appropriate DOE Operations/Site Office would exercise an awareness and
oversight of the proposed FRC activities and operations. The appropriate DOE Operations/Site
Office would therefore review and approve all ES&H-related documents including, but not
limited to, all of the FRC Health and Safety Plans, all FRC Waste Control Plans, and all FRC
Contingency Plans associated with mitigating the potential for offsite migration of contaminants.
In addition, the appropriate DOE Operations/Site Office would also review the overall FRC
Management Plan, the Characterization Plan, the Research Campaign Plan/Approach, and the
Site Closure Plan prior to approval by the NABIR Field Activities Manager.
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APPENDIX F

EXISTING NEPA AND RELATED DOCUMENTATION

I. Representative NEPA Documentation for the Activities Similar to NABIR
Proposed Research

1. NEPA Determination for Proposed Flow-Cell Installations and Tracer
Experiments, South Oyster Field Site, Northampton County, Virginia
a. Environmental Evaluation Notification Form for Flow-Cell Installations and

Tracer Experiments, South Oyster Field Site, Northampton County, VA
2. Environmental Assessment Executive Summary for Dover Air Base, Dover

Delaware

II. Representative NEPA Documentation for Oak Ridge National Laboratory
1. Categorical Exclusion for Small-Scale Research and Development Projects

and Pilot Studies conducted by ORNL Environmental Sciences Division
2. a.   NEPA Review Report for In Situ Permeable Reactive Barriers for Metals

and Radioactivity: Sampling and Dye Tracer Study
b. Categorical Exclusion for In Situ Permeable Reactive Barriers for Metals

and Radioactivity: Sampling and Dye Tracer Study
c. Tracer Test Workplan for In Situ Permeable Reactive Barriers for Metals

and Radioactivity: Sampling and Dye Tracer Study
3. a.    NEPA Review for Y-12 Plant Multiple Tracer Injection Test

b. Work Plan for Y-12 Plant Multiple Tracer Injection Test
c. Voluntary Tennessee Department of Environment and Conservation Dye

Tracer Registration Form for Y-12 Plant Multiple Tracer Injection Test

III. Representative NEPA Documentation for the Hanford Site, Richland, Washington
1. Categorical Exclusion for Determination for Site Characterization and

Environmental Monitoring, Hanford Site, Richland, Washington
2. Categorical Exclusion Determination for Microbiological and Biomedical

Research Projects, and Diagnostic and Treatment Activities, Hanford Site,
Richland, Washington

3. Categorical Exclusion Determination for Palouse Drilling Project Located
Near Winona and Washtucna, Washington.
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II. Representative NEPA Documentation for Oak Ridge National Laboratory
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III. Representative NEPA Documentation for the Hanford Site, Richland, Washington
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1.0 SUMMARY

This assessment examines potential impacts on federally listed plant and animal species
that could result from the construction and operation of the proposed Field Research
Center (FRC) by the Department of Energy (DOE) on the preferred site on the Oak Ridge
Reservation (ORR). The species considered in this assessment are those listed in the letter
from the U.S. Fish and Wildlife Service to the U.S. Department of Energy, dated
September 14, 1999 (FWS 1999a) and included in Appendix D of the Draft
Environmental Assessment for the proposed project (DOE 1999). These listed species are
the endangered gray and Indiana bats.

DOE staff concludes, for the reasons described in the main text of this assessment, that
the proposed project is not likely to adversely affect either species. Also, since no
proposed or designated critical habitats are present on the site, none would be affected.
The FWS expressed concurrence with this conclusion in a letter dated February 10, 2000
(FWS 2000). This assessment is intended to finalize concurrence.

2.0  INTRODUCTION AND PROJECT DESCRIPTION

The proposed FRC would include a 243-acre (98-ha) previously disturbed contaminated
area and a 404- acre (163-ha) background area on and adjacent to the Y-12 Site. The
proposed contaminated area would be used for conducting experiments on contaminated
groundwater and subsurface sediments. The proposed background area would provide for
comparison studies in an uncontaminated area. The proposed contaminated area and
background areas would be located in Bear Creek Valley (BCV). The BCV is
approximately ten miles (16 kilometers [km]) long and extends from the eastern end of
the Oak Ridge Y-12 Site to the Clinch River on the west. Bear Creek is a tributary to East
Fork Poplar Creek, which drains into the Clinch River at the East Tennessee Technology
Park. Except for the extreme eastern end of the contaminated area of the proposed FRC,
the area is outside of any security fences, adjacent to public use roads, but protected from
unwarranted passersby. There would be no new building construction needed for
operation of the FRC; only minor land disturbance would be involved, for the installation
of wells.

3.0 ECOLOGICAL DESCRIPTION OF THE SITES

The following brief description is taken from DOE (1999) unless otherwise noted. This
description has been verified with field reconnaissance by the author (J.W. Webb, ORNL,
personal observations, February, 2000).



Before 1940, most of BCV was cleared and used for agriculture. Currently, about 65
percent of the BCV watershed is wooded, with common vegetation being predominantly
oak and oak-hickory associations on the upper slopes and ridgetops and planted pine
along the creek and floodplain area. Old field and grassland habitats are also present.
Thus, elements of the majority of wildlife habitat types and the expected terrestrial fauna
found on the ORR occur in BCV. Hardwood and mixed hardwood/conifer habitats are the
most abundant of the habitat types in the Bear Creek watershed, followed by pine
plantation and grassland habitats, with considerable riparian habitat along the length of
Bear Creek.

Figure G-1 Existing bat caves in the proposed FRC

The proposed contaminated area is primarily characterized by dense stands of planted
pines and smaller areas of densely spaced mixed hardwoods. The creek and riparian zone
are narrow and located near the paved Bear Creek Road. Trees in the proposed
contaminated area are generally less than 20 cm diameter at breast height (dbh) and do
not exhibit exfoliating bark; Indiana bats require larger trees with loose bark as maternity
roost sites. Some snags are present, primarily a result of wind activity in these exposed
stands.

In contrast, the proposed background area is primarily mixed hardwoods and has larger
trees (>70 cm dbh) of a variety of species. Spot checks in the proposed background area
(Webb, personal observations) showed the presence of both snags and trees with



exfoliating bark, particularly in the riparian zone of Bear Creek; these are potential roost
sites for Indiana bats.

Bear Creek completely traverses the length of both the proposed contaminated area and
the background area, and thus includes the associated section of 100-year floodplain and
associated riparian habitat. The creek is narrow (i.e., < 1 m) and channelized in its upper
reaches, including much of the proposed contaminated area. In the proposed background
area, the creek is frequently several meters wide and meandering. Bear Creek has been
quantitatively monitored and has been designated as having a degraded fish community
especially in headwater locations, where most of the proposed contaminated  and
background areas are located. Benthic invertebrate fauna collections show a similar
pattern with a diverse benthic fauna well established at downstream locations (outside the
proposed FRC areas) and a depauperate benthic community within the proposed
contaminated and background areas adjacent to Bear Creek. Recent research has
indicated an improvement in species diversity within the upper reaches of Bear Creek;
however, the fish population is still considered impaired. Neither the FRC field office nor
laboratory structures would be located in the BCV floodplain.

3.1 Listed Species and Potential Impacts of the Project

The general ecology of federally listed species that may occur on the site (FWS 1999a)
and the expected impacts from the project on them are summarized below. Unless
otherwise noted or referenced, general biological information on the species is derived
from Harvey (1992).

3.1.1 Gray Bat (Myotis grisescens)

The endangered gray bat is concentrated in cave regions of Arkansas, Missouri,
Kentucky, Tennessee, and Alabama. Although the population is over 1.5 million and
improving, about 95 percent hibernate in only eight known caves, two of which are
located in Tennessee. During the summer gray bats are usually found in caves, though
frequent different caves than those used for hibernation. Females form maternity colonies
of at least several hundred individuals, while males and non-reproductive females form
smaller summer bachelor colonies. Summer caves, especially for maternity colonies, are
rarely more than three km (two miles) and usually less than 1.6 km (one mile) from the
rivers and lakes used as foraging areas. During the spring and autumn transient periods
the bats occupy a wider variety of caves. During all seasons males and yearling females
seem less restricted to specific caves and roost types. In general, bats enter hibernation in
September through October and emerge in late March and April; timing depends on age
and gender. Young are born in late May or early June. Bats forage over water, mostly
along rivers, large creeks, and lakes, primarily within about five m (15 feet) above the
surface. Gray bat populations are on the upswing as a result of improved breeding
success due to better protection measures, such as cave gates, fences and informational
signs near caves.



The nearest caves to either of the proposed FRC areas are about one, two, and five km
from the proposed contaminated area , slightly further from the proposed background
area . The latter two of these, Walker Branch cave and Big and Little Turtle caves, were
surveyed by Mitchell et al. (1996) and no gray bats were found. There is an unverified
report of ten gray bats roosting in Little Turtle cave (located about 5 km from the sites) in
September, 1996, as referenced in FWS (2000). These bats were observed roosting and
were not further disturbed; thus, a definite, in-the-hand identification was not made (J.W.
Webb, ORNL, personal communication with Deborah Awl, JAYCOR, September 18,
1996). If indeed gray bats, they quite likely were bachelor males en route to a hibernation
site, although they could also have been entering hibernation in that cave.

In November 1994, a single dead gray bat was found in a display case in a building at the
Y-12 plant northeast of the proposed contamination site. This individual was probably an
isolated individual juvenile which became lost, disoriented, and trapped. In August 1995
a live bat was found in a building at Y-12, but it was released before a positive
identification was made. Based on the attachment of the wing membrane to the ankle as
shown in photographs of this specimen, I do not think it was a gray bat (Webb, personal
observations.)

Mist netting, in which I assisted, was conducted by Harvey on the lower portion of East
Fork Poplar Creek and its tributaries in May 1992 and again in May - June, 1997 (Harvey
1997). The 1997 survey included portions of lower Bear Creek near its confluence with
lower East Fork Poplar Creek; this location is about 4 km from the proposed FRC areas .
The creeks in this area provided good gray bat foraging habitat and excellent Indiana bat
summer roosting and foraging habitat at the time of the surveys. No gray or Indiana bats
were recorded among six species captured.

Although caves less than 5 km from the sites are not known to harbor gray bats, it is still
possible that bats could forage on the sites, primarily along the stream corridor of Bear
Creek.   Within the contaminated area, the creek is narrow and suboptimal for frequent
foraging by gray bats.  Within the background area, the stream corridor is suitable,
although there is better habitat along the Clinch River and the lower reaches of Poplar
Creek and East Fork Poplar Creek; these latter three areas are probably also nearer to
likely roost caves. As reported above, the aquatic insect fauna of Bear Creek is
suboptimal, again suggesting that the creek and its riparian zone may not provide an ideal
foraging area. In any case, the only creek-related activities associated with proposed FRC
research would involve sampling within the creek and possible well installation within
the riparian zone.  These activities would involve minimal clearing at most, and would be
conducted during the day, so that any foraging by gray bats would therefore not be
disrupted. Thus, I conclude that the project is unlikely to adversely affect the gray bat or
its habitat.

3.1.2 Indiana bat ( Myotis sodalis)

The range of the endangered Indiana bat is in the eastern U.S. from Oklahoma, Iowa, and
Wisconsin east to Vermont and south to northwestern Florida. Distribution is associated



with major cave regions and areas north of cave regions. The present total population is
estimated at ca. 352,000, with more than 85 percent hibernating at only nine locations —
two caves and a mine in Missouri, three caves in Indiana, and three caves in Kentucky.

Indiana bats usually hibernate in large dense clusters of up to several thousand
individuals, in sections of the hibernation cave where temperatures average 38 - 43 F and
with relative humidities of 66 to 95 percent. They hibernate from October to April,
depending on climatic conditions. Density in tightly packed clusters is usually estimated
at 300 - 484 bats per square foot.

Female Indiana bats depart hibernation caves before males and arrive at summer
maternity roosts in mid May. A single offspring, born during June, is raised under loose
tree bark, primarily in wooded streamside habitat. Maternity colonies use multiple
primary roost trees that are used by a majority of the bats most of the summer and a
number of secondary roosts that are used intermittently and by fewer bats, especially
during periods of precipitation or extreme temperatures. Thus, there may be more than a
dozen roosts used by some Indiana bat maternity colonies (FWS 1999b). Kurta et al.
(1996) found that female Indiana bats may change roosts about every three days, and a
group of these bats may use more than 17 different trees in a single maternity season.
During September, they depart for hibernation caves. The summer roost of adult males is
often near maternity roosts, but where most males spend the day is unknown. Other males
remain near the hibernaculum. A few males can be found in caves during summer.

Until relatively recently, little was known about the summer habitat and ecology of the
Indiana bat. The first maternity colony was discovered in 1974, under the loose bark on a
dead butternut hickory tree in east central Indiana. The colony, numbering about 50
individuals, also used an alternate roost under the bark of a living shagbark hickory tree.
The total foraging range of the colony consisted of a linear strip along approximately 0.5-
mile of creek.  Foraging habitat was confined to airspace from 6 feet to ca. 95 feet high
near the foliage of streamside and floodplain trees.

Two additional colonies were discovered during subsequent summers, also in east central
Indiana. These had estimated populations of 100 and 91 respectively, including females
and pups. Habitat and foraging area were similar to the first colony discovered.
Additional evidence gathered during recent years indicates that, during summer, Indiana
bats are widely dispersed in suitable habitat throughout a large portion of their range.

Using radio telemetry techniques, several additional maternity colonies have recently
been discovered and studied at several locations. These studies reinforced the belief that
floodplain forest is important habitat for Indiana bat summer populations. However,
maternity colonies were also located in more upland habitats. It was also discovered that
Indiana bats exhibited fidelity to specific roosting and foraging areas to which they
returned annually.

Between early August and mid September, Indiana bats arrive near their hibernation
caves and engage in swarming and mating activity. Swarming at cave entrances continues



into mid or late October. During this time, fat reserves are built for hibernation. It is
thought that Indiana bats feed primarily on moths. A longevity record of 13 years 10
months has been recorded for this species. Hibernating bats leave little evidence of their
past numbers; thus, it is difficult to calculate a realistic estimate of the overall population
decline for this species. However, population estimates at major hibernacula indicated a
34 percent decline in the total Indiana bat population from 1983 to 1989.

The only record of Indiana bats on the ORR is from a single specimen in the 1950s (FWS
2000). No maternity roosts have been located on the ORR, or indeed yet in Tennessee
(FWS 1999b). In general, limited information suggests that the bats roost primarily north
of their hibernacula and more often in the northerly parts of their range. During mist
netting on lower East Fork Poplar Creek and its tributaries, described above for gray bats
and in Harvey (1997), no Indiana bats were captured out of six species recorded. Habitat
on the proposed contaminated area of the FRC does not appear to provide suitable
roosting habitat, and foraging habitat there is suboptimal as described above for gray
bats. The proposed background area, however, does provide apparently suitable roosting
and foraging habitat, although the site has not been completely characterized in this
regard (Webb, personal observations, February 2000). Because only minor land-
disturbance would occur within 100 feet of the stream, roosts, if present in the riparian
zone, would not likely be disturbed. Though less likely, a roost also might be present in
an upland area. Were a roost to occur near drilling, then noise and other activities might
disturb Indiana bats. The severity of any such adverse effects would depend on specific
circumstances. Effects on foraging would be unlikely because activities would occur
during the day. Thus, current knowledge, including recent surveys on the ORR in optimal
habitat, suggests that it is unlikely that Indiana bats would be present on either site; if
present, it is unlikely that project activities would adversely affect them.
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DOE/EA 1196

U.S. Department of Energy

Finding of No Significant Impact

Selection and Operation of the Proposed Field Research Centers

for the

Natural and Accelerated Bioremediation Research (NABIR) Program

AGENCY:  U.S. Department of Energy

ACTION:  Finding of No Significant Impact

SUMMARY:  The U.S. Department of Energy (DOE) Office of Biological and Environmental

Research (OBER), within the Office of Science (SC), has prepared an Environmental Assessment

(EA), DOE/EA-1196, proposing to add a Field Research Center (FRC) component to the existing

Natural and Accelerated Bioremediation Research (NABIR) Program.  The NABIR Program is a

ten-year fundamental research program designed to increase the understanding of fundamental

biogeochemical processes that would allow the use of bioremediation approaches for cleaning up

DOE’s contaminated legacy waste sites.  An FRC would be integrated with the existing and

future laboratory and field research and would provide a means of examining the fundamental

biogeochemical processes that influence bioremediation under controlled small-scale field

conditions.  The NABIR Program would continue to perform fundamental research that might

lead to promising bioremediation technologies that could be demonstrated by other means in the

future.

The EA was provided to Federal, State, local government agencies, Tribes and local community

members for a 30-day review and comment period.  There were no comments from the Tribes or

community, and there were no major comments from the Federal, State, and local government
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agencies.  All of the minor comments were addressed in the EA.  A comment and response

document was prepared and is included in an appendix to the EA.

Based on the analyses in the EA, the DOE has determined that the proposed action does not

constitute a major federal action significantly affecting the quality of the human environment

within the meaning of the National Environmental Policy Act of 1969 (NEPA).  Therefore, the

preparation of an Environmental Impact Statement is not required.

PURPOSE AND NEED:

The Department of Energy faces a unique set of challenges associated with cleaning up waste at

its former weapons production and research sites.  These sites contain complex mixtures of

contaminants in the subsurface, including radioactive compounds.  In many cases, the

fundamental field-based scientific information needed to develop safe and effective remediation

and cleanup technologies is lacking.  DOE needs fundamental research on the use of

microorganisms and their products to assist DOE in the decontamination and clean up of its

legacy waste sites.

The existing NABIR program to-date has focused on fundamental scientific research in the

laboratory.  Because subsurface hydrologic and geologic conditions at contaminated DOE sites

cannot easily be duplicated in a laboratory, however, the DOE needs a field component to permit

existing and future laboratory research results to be field-tested on a small scale in a controlled

outdoor setting.  Such field-testing needs to be conducted under actual legacy waste field

conditions representative of those that DOE is most in need of remediating.  Ideally, these field

conditions should be as representative as practicable of the types of subsurface contamination
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conditions that resulted from legacy wastes from the nuclear weapons program activities.  They

should also be representative of the types of hydrologic and geologic conditions that exist across

the DOE complex.

DESCRIPTION OF THE PROPOSED ACTION:

The proposed action is to select and operate a field research component of the NABIR Program

through the use of an FRC.  The proposed FRC would consist of contaminated and

uncontaminated (i.e., background) areas on DOE lands.  Within these areas would be small test

plots (less than one acre), along with supporting field site trailers and existing laboratory

facilities.  The areas would serve as the primary field sites for small-scale basic bioremediation

research activities.  The types of activities that could occur at the proposed FRC can be

categorized into passive and active site characterization, obtaining research-quality samples, and

in situ research.  Because the activities at the proposed FRC would be undertaken in an area

limited to less than an acre and a depth of 75 feet, the scale of research activities would be

considered small.

Passive subsurface characterization activities could be non-intrusive (e.g., ground penetrating

radar, electromagnetics, and resistivity) or intrusive (e.g., seismic tomography, radar, direct push

penetrometer, creation and use of injection/extraction wells).  Active characterization could

include the addition of some substance (e.g., air, non-toxic chemical tracers such as bromide, or a

gas tracer such as helium or neon) to the subsurface under controlled conditions.  The FRC would

be a primary source for groundwater and sediment samples for NABIR investigators.  Obtaining

research-quality samples would be critical to the research conducted under the NABIR program

at the FRC.  Groundwater would be sampled by pumping water from existing wells or by

installing new wells.
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In situ research (i.e., research occurring in soils and groundwater at the FRC) would include

biostimulation and bioaugmentation studies within the test plots.  Biostimulation would involve

introducing substances (e.g., electron donors and acceptors) into the subsurface to stimulate

naturally occurring microorganisms to bioaccumulate or transform a heavy metal or radionuclide.

Bioaugmentation would involve the injection of additional microorganisms into the subsurface to

either bioaccumulate heavy metals or radionuclides, or transform them such that they become less

toxic or less mobile in the subsurface.  In situ research would only use non-toxic chemicals.

There would be no use of genetically engineered microorganisms, no injections of radioactive

materials, and no use of human pathogens.  With the exception of the proposed placement of

temporary work/sample preparation trailers at the test plots, there would be no new construction

involved with the operation of the proposed FRC.  Existing utilities would be used, and there

would be no impacts to these utilities because of the small-scale research being proposed.  Heavy

equipment (e.g., drill rigs, brush hogs, augers) would be used when necessary for site clearing

prior to conducting research at the background or contaminated sites.  The equipment would be

used for short periods of time.  Best management practices and all applicable rules and

regulations would be followed during the use of equipment.

ALTERNATIVES:

The EA analyzes two alternative sites: Oak Ridge National Laboratory (ORNL)/Y-12 Site, Oak

Ridge, Tennessee; and Pacific Northwest National Laboratory (PNNL)/DOE Hanford 100-H

Area, Richland, Washington; and No Action.  OBER used a systematic three-phased process to

identify suitable alternative sites for the location of a proposed FRC.  In Phase I, the requirements

for an FRC were developed (e.g., the FRC must be located at a DOE site and must have legacy

waste produced during research, design and production of nuclear weapons).  DOE sites that met
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the requirements were identified.  Eight sites expressed an interest in competing for FRC status:

1) PNNL/Hanford Site, WA; 2) Idaho National Engineering and Environmental Laboratory, ID;

3) Lawrence Livermore National Laboratory, CA; 4) Los Alamos National Laboratory, NM; 5)

Nevada Test Site, NV; 6) ORNL, TN; 7) Sandia National Laboratory, NM; and 8) Savannah

River Site, SC.  In Phase II, preferred characteristics for the FRC were identified and provided to

the DOE sites along with a request for formal proposals.  Of the eight candidate sites, only two

indicated that they had field locations that met the preferred characteristics.  Those two sites

submitted proposals that contained scientific/technical, management and cost information.  The

two FRC candidate sites that met the criteria and had the preferred characteristics for an FRC, and

therefore represent the array of reasonable alternative sites for the proposed FRC are:

•  Oak Ridge National Laboratory/Y-12 Site, Oak Ridge, Tennessee

•  Pacific Northwest National Laboratory/DOE Hanford Site, Richland, Washington.

Phase III of the alternative site identification process involved a peer review of the two DOE sites

that submitted scientific/technical proposals to be considered for the first FRC.  Based on results

of peer review of the scientific/technical proposals, on-site visits, and on the assessment of

environmental impacts provided in this EA, DOE’s preferred alternative is the ORNL/Y-12 Site.

Pending additional funding for the NABIR Program, the PNNL/Hanford Site might be funded as

an FRC at some point in the future.

The ORNL/Y-12 Site FRC would include a previously disturbed 243-acre (98-hectares)

contaminated area and a 404-acre (163-hectares) uncontaminated background area on the Y-12

Site.  Within these areas would be small (less than one acre) test plots where field research would

take place.  The contaminated area at the PNNL/Hanford 100-H Area would be approximately

2,950 feet long (900 meters) by 2,300 feet wide (700 meters) and consist of about 160 acres of
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land.  There are two proposed uncontaminated background areas at the PNNL/Hanford Site that

are smaller in size than the contaminated area.  Test plots of approximately one acre would be

located within the contaminated area.

The No Action Alternative consists of not implementing a field-based component to NABIR by

not selecting or operating an FRC.  This would result in continuing the NABIR Program’s

laboratory-based fundamental research approach as it is currently conducted by OBER, but

without the benefit of focused and integrated field testing under actual legacy waste cleanup

situations.  Specifically, fundamental bioremediation research supported by OBER would not

integrate laboratory-based research with field-based research from the FRC site.  Laboratory

findings would not be field-tested.  The No Action Alternative would not satisfy the purpose and

need.

ENVIRONMENTAL CONSEQUENCES:

General Considerations:   

The EA analyzes the potential impacts to the environment at the proposed FRC at Oak Ridge, the

alternative site at Hanford, and the No Action alternative.  The EA bounds the type of work

expected to occur at the FRC based on similar work that has occurred in other research programs

on DOE and non-DOE sites.  Resource areas analyzed include: earth resources; climate and air

quality; water resources; ecological resources; archaeological, cultural and historical resources;

land use, recreation and visual/aesthetic resources; socioeconomic conditions; human health;

transportation; waste management; and environmental justice.  Overall, because of the small-

scale nature of the proposed field research; the limited potential for impacts to the environment;

the OBER environment, safety and health and scientific review processes; and the regulatory and

permitting compliance that would be required, no unavoidable environmental impacts would be

anticipated.
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With the exception of the proposed placement of temporary work/sample preparation trailers at

the test plots, there would be no new construction involved with the operation of the proposed

FRC.  FRC research activities would not include actions that would change the landscape (e.g.,

large-area bulldozing, large-scale clearing, or excavation).  Activities to support site

characterization, to obtain research-quality samples, and to conduct in situ research would not

impact the environment of the proposed FRC because of the small-scale nature (less than one acre

and to a depth of less than 75 feet) of the proposed activities.  Drilling to obtain groundwater and

other sampling actions would not produce significant amounts of fugitive dust.  It is expected that

these activities would generate much less dust than normal farming practices in the surrounding

areas.  Operation of the FRC would use standard, construction best management practices to

control erosion, (e.g., silt fences, berms) and water for dust suppression and to control fugitive

emissions during drilling and other activities.  It is anticipated that these and other

construction/drilling management practices would adequately control fugitive emissions of

radionuclides and any other air pollutants.  Heavy equipment (e.g., drill rigs, brush hogs, and

augers) would be used for supporting research at the FRC through maintenance and by preparing

the test plots for well and core samples.  The equipment would be used for short periods of time

and would not adversely impact the surrounding environments (e.g., habitats and sensitive

receptors).  Any shipment of hazardous materials to or from an FRC would follow U.S.

Department of Transportation Hazardous Materials Regulations.  Collection and transportation of

samples within the FRC would follow existing DOE procedures and meet all environmental,

safety, and health requirements.  Existing utilities would be used, and there would be no impacts

to the environment or to the availability of these utilities because of the small-scale of research

activities proposed.
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ORNL/Y-12 Site:

Potential impacts of concern from siting and operating the proposed FRC at the ORNL/Y-12 Site

include contamination of groundwater and surface water (Bear Creek), impacts to sensitive

species and habitats, and exposure of FRC workers from radiological sources at the contaminated

FRC areas.

FRC activities to support site characterizations, obtain research-quality samples, and perform in

situ research would occur away from all surface waters including Bear Creek.  Research would

take place approximately 100 feet (30 meters) from Bear Creek.  Research activities would be

temporary and small in scale.  Any potential runoff occurring as a result of ground-disturbing

activities, coupled with rain events, would be controlled by implementing best management

practices such as silt fencing at site-specific research areas within the FRC.

The potential exists that groundwater additives injected as part of in situ research at either the

background or contaminated areas might pass through groundwater channels to the surface waters

of Bear Creek.  Small quantities of nontoxic tracers, nutrients, electron donors or acceptors,

microorganisms, or other substances might be injected either in the background or contaminated

areas of the FRC in accordance with best management practices and close monitoring of

environmental conditions.  Procedures for minimizing migration of contaminants during drilling

and abandonment of boreholes and wells would be developed and described in the FRC

management documents.  These procedures may include sealing the upper few feet of shallow

boreholes with low permeability bentonite or grout and installing conductor casing across the

unconsolidated zone and sealing with grout or bentonite prior to drilling to deeper  bedrock zones.
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Previous studies in the Bear Creek Valley have used dye tracers to study groundwater flow.  At

downstream points in Bear Creek where the dye emerged, no adverse effects on aquatic life were

detected.  Bromide tracers injected less than 100 feet from the creek were not detected above

background levels in seeps or in Bear Creek.  Based on these studies, tracers injected in the

contaminated area appear to be greatly diluted, and in at least one case were not detectable in

Bear Creek.  This dilution, plus the fact that tracers used by the NABIR Program would be

nontoxic, would result in no impact to either groundwater or to the surface waters of Bear Creek.

Previous studies also suggest that when nutrients were “added” to the subsurface, the native

microbial community structure was changed in the immediate vicinity of the addition, but the

changes lasted only as long as the additional nutrients were present.  Native microorganisms that

would be used most likely would be strains that would be isolated from the contaminated area and

then reinjected.  Reinjection of native microorganisms would not be expected to be of concern

either at the background or contaminated area. Non-native microorganisms might be obtained

from some other field site and then injected at both the contaminated and background areas.

Previous studies suggest that non-native microorganisms that would be used at the contaminated

area would not move any great distance from the point of injection.  The concentrations of

microorganisms that would be used and the amounts potentially injected would be very small and

would not be expected to create impacts to the environment.  Non-native microorganisms on a

test plot would not be expected to persist in the environment and would not be expected to reach

Bear Creek.  Genetically engineered microorganisms would not be injected either into the

background or contaminated areas.

The only FRC activities expected to occur within floodplain areas would be well-drilling and

monitoring (e.g., installation of piezometers).  Procedures for preventing migration of

contaminants down well the boreholes would be developed and described in the FRC management
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documents.  These procedures may include sealing the upper few feet of shallow boreholes with

low permeability bentonite or grout and installing conductor casing across the unconsolidated zone

and sealing with grout or bentonite prior to drilling to deeper bedrock zones.  No structures or

facilities would be situated in the floodplain.  Movement of heavy equipment through the

floodplain would be a temporary occurrence and would not impact the capacity of the floodplain to

store or carry water.  The negative effects to floodplains from the movement of heavy equipment

alone would be negligible.  Because FRC research would take place on small test plots (less than

one acre), it is anticipated that any wetlands found in potential research areas would be avoided.

In addition, the limited ground-disturbing activities associated with FRC research would preclude

damage to adjacent wetlands that might be in proximity to selected research areas.  A Floodplain

Assessment and Statement of Findings for the Y-12 Site Area of Responsibility has been

completed, and actions undertaken by investigators would follow its suggested measures to avoid

potential impacts.

Human health effects could potentially result from FRC worker exposure to contaminated soil

and groundwater, from occupational hazards associated with site work such as well-drilling and

core-sampling, and from hazards associated with accidental releases of liquid chemicals.

Radiological doses to workers were bounded by evaluating a “bounding analysis” scenario, in the

absence of any existing data on worker doses for this kind of work in the field.  Workers were

assumed to spill small amounts of soil (5 grams per year) and groundwater (5 milliliters per year)

on themselves during the course of retrieving and processing the core samples.  To maximize the

potential dose, it was further assumed that the workers did not wash off the contamination, but

actually ingested it.  For the soil ingestion pathway, the total dose (for all radionuclides) is

estimated to be less than 0.01 mrem/year, which is ten thousand times less than the limit of 100

mrem/year allowed for members of the public under Title 10, Code of Federal Regulations, Part

835, Section 208.  The groundwater ingestion pathway is three times smaller, with a total dose of
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approximately 0.003 mrem/year.  To estimate the total potential risk to workers from this

“bounding analysis” exposure scenario, it is further assumed that the workers were exposed

during the entire life of the project, which is ten years.  The combined annual dose from both the

soil and groundwater ingestion pathways is 1.26E-02 mrem per year (9.47E-03 + 3.09E-03).

Over the ten-year lifetime of the project, the total dose is ten times that amount, or 1.26E-01

mrem, which yields a lifetime risk of 6.28E-08, or roughly six in one hundred million.  There are

no expected radiological health risks to workers expected from work on the FRC.

Occupational hazards and industrial accidents, such as those associated with well-

drilling/sampling and striking a subsurface structure during drilling, have been very few during

previous and similar work in the Bear Creek Valley.  Existing wells would be used to the

maximum extent possible during NABIR field work on the FRC, thus the amount of new well-

drilling work would be minimal.  The potential for health effects from accidents on the FRC is

expected to be minimal.  The expected low radiological doses and the absence of serious

accidents during previous field work in the Bear Creek Valley provides a reasonable yardstick for

the expectation of minimal impacts to people and the environment during future NABIR studies.

The U.S. Fish and Wildlife Service has indicated two federally listed endangered species, the

gray bat (Myotis grisescens) and the Indiana bat (Myotis sodalis), may inhabit an area near the

proposed FRC.  In February 2000, Oak Ridge National Laboratory completed an Assessment and

Evaluation of Potential Roosting and Foraging Habitats for the gray and Indiana bats (located in

Appendix G of the EA.).  The assessment concluded that the proposed FRC would not adversely

affect the roosting areas and foraging habitats for either bat species.  Also, since no proposed or

designated critical habitats are present on the site, none would be affected.  The Fish and Wildlife

Service concurred with this conclusion in a letter dated February 10, 2000 (located in Appendix E

of the EA).
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The small scale of the action and its expected minimal level of environmental consequences for

the proposed FRC should not result in any socioeconomic or environmental justice impacts.

PNNL/Hanford 100-H Site:

Potential impacts of concern from siting and operating the proposed FRC at the PNNL/Hanford

100-H Site include contamination of groundwater and surface water (Columbia River) and

exposure of FRC workers from radiological sources at the contaminated FRC areas.

FRC activities to support site characterizations, obtain research-quality samples, and perform in

situ research would occur away from all surface waters including the Columbia River.  Research

would not occur closer than 200 feet (60 meters) from all surface waters, including the Columbia

River.  The closest point where injection of materials might occur would be in the contaminated

area 200 feet from the Columbia River.  Tracer injections at the two proposed background areas

would be more than 1,500 feet from the Columbia River and concentrations would be expected to

be unmeasurable by the time the tracer had traveled only half that distance.  PNNL has proposed

to install a series of groundwater extraction wells within each test plot to capture any substances

injected into upstream injection wells.  These extraction wells would be positioned to intercept

groundwater flow moving toward the Columbia River.  In addition, PNNL could make use of a

secondary containment system of existing extraction wells located within 150 feet of the

Columbia River to ensure that substances injected as part of in situ research by NABIR

investigators do not reach the Columbia River.  The existing extraction wells are part of an on-

going Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

Interim Remedial Action that involves pumping and treating for chromium-contaminated

groundwater.  Filters to extract tracers, electron donors and acceptors, nutrients, microorganisms

and other substances would be added to the existing well filtration system, as needed.  The pump

and treat extraction wells have been operating constantly and will continue to do so.  The use of
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nontoxic and non-persistent tracers coupled with the proposed and existing extraction well

systems would ensure that tracers would not reach the Columbia River.  Any proposed activities

at the FRC would not have any adverse impact on the current CERCLA remediation activities in

the 100-H Area.

Research activities on the FRC that might disturb the land would be temporary and small in scale;

e.g., injecting a small quantity of native microorganisms into the background and contaminated

areas of the proposed FRC.  Native microorganisms would most likely be strains that would be

isolated from the contaminated area and reinjected.  Reinjection of native microorganisms would

not be expected to be of concern either at the background or contaminated area.  Non-native

microorganisms would not be injected either at the background or contaminated areas.  Similarly,

genetically engineered microorganisms would not be used either at the background or

contaminated areas.  Any potential runoff occurring as a result of ground-disturbing activities,

coupled with rain events, would be reduced by implementing best management practices such as

silt fencing at site-specific research areas within the FRC.

No structures or facilities would be constructed in the floodplain.  Movement of heavy equipment

through the floodplain would be a temporary occurrence and would not impact the capacity of the

floodplain to store or carry water.  The negative effects to floodplain from the movement of

heavy equipment alone is expected to be negligible.  To the extent practicable, staging areas and

access roads would be temporary, construction would be limited to periods of low precipitation,

and stabilization and restoration of the affected areas would be initiated promptly.  Wetlands in

association with the Columbia River occur on the banks of the Columbia in proximity to the

proposed contaminated area and background area.  These wetlands are small in scale and are

generally associated with the immediate bank of the Columbia River.  Proposed FRC research

would not occur in proximity to the wetlands and would not impact them.
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Human health effects could potentially result from FRC worker exposure to contaminated soil

and groundwater, from occupational hazards associated with site work such as well-drilling and

core-sampling, and from hazards associated with accidental releases of liquid chemicals.

Radiological doses to workers were bounded by evaluating a “bounding analysis” scenario, in the

absence of any existing data on worker doses for this kind of work in the field.  Workers were

assumed to spill small amounts of soil (5 grams per year) and groundwater (5 milliliters per year)

on themselves during the course of retrieving and processing the core samples.  To maximize the

potential dose, it was further assumed that the workers did not wash off the contamination, but

actually ingested it.  For the soil ingestion pathway, the total dose (for all radionuclides) is

estimated to be less than 0.01 mrem/year, which is ten thousand times less than the limit of 100

mrem/year allowed for members of the public under Title 10, Code of Federal Regulations, Part

835, Section 208.  The groundwater ingestion pathway is three times smaller, with a total dose of

approximately 0.003 mrem/year.  To estimate the total potential risk to workers from this

“bounding analysis” exposure scenario, it is further assumed that the workers were exposed

during the entire life of the project, which is ten years.  The combined annual dose from both the

soil and groundwater ingestion pathways is 1.26E-02 mrem per year (9.47E-03 + 3.09E-03).

Over the ten-year lifetime of the project, the total dose is ten times that amount, or 1.26E-01

mrem, which yields a lifetime risk of 6.28E-08, or roughly six in one hundred million.  There are

no expected radiological health risks to workers expected from work on the FRC.

Occupational hazards and industrial accidents, such as those associated with well-

drilling/sampling and striking a subsurface structure during drilling, have been very few during

previous and similar work at the Hanford Site.  Existing wells would be used to the maximum

extent possible during NABIR field work on the FRC, thus the amount of new well-drilling

work would be minimal.  The potential for health effects from accidents on the FRC would be
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minimal.  The expected low radiological doses and the limited number of accidents during

previous field work at the Hanford Site provide a reasonable yardstick for the expectation of

minimal impacts to people and the environment during future NABIR studies.

No Action:

Under the No Action alternative, there would be no FRC at the Oak Ridge or Hanford sites.  As a

result, DOE would not be able to conduct integrated field-based research and no intrusive actions

would be taken by the NABIR Program, resulting in no impacts to the affected environment at

Oak Ridge and Hanford.

DETERMINATION:

Based on the analysis in the EA, the DOE has determined that the proposed selection and

operation of an FRC  for the NABIR Program does not constitute a major Federal action

significantly affecting the quality of the human environment within the meaning of NEPA.

Therefore, an Environmental Impact Statement on the proposed action is not required.

PUBLIC AVAILABILITY:  Copies of this EA (DOE/EA 1196) are available from:

Mr. Paul Bayer
NEPA Document Manager
Office of Science
U.S. Department of Energy
19901 Germantown Road
Germantown, MD 20874
(301)903-5324

For further information regarding the NEPA process, contact:

Mr. Clarence Hickey
NEPA Compliance Officer
Office of Science
U.S. Department of Energy
19901 Germantown Road
Germantown, MD 20874
(301)903-2314
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Issued in Washington, D.C. this____ day of March, 2000.

________________________________
Dr. James F. Decker
Acting Director
Office of Science
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