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i nter i m  bas i s  unt i l  l on g- term or fi n a l  d i s po s a l  of the wastes can be 
ach i eved . The s cope  of t he Draft E I S  i nc l udes t he exami nat i on of des i gn 
a l ternat i ves  for the tan ks  now under construct i on .  The exami nat i on 
of t he a l ternat i ves addresss ed i n  t h i s  Draft E I S  i s  i n  comp l i ance w ith  t he 
September 29 , 1 97 9  d i recti ve of the U . S .  D i str i ct Court for the D i str i ct 
of Co l umb i a  [ N atural  Resources Defense Counc i l ,  I nc . , et a l . ,  v .  Secret ary, 
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acti v i ty waste tan ks an d the i r  au x i l i ar i es .  A l l t h i rteen tanks  are be i n g  
bu i l t  i n  t he 200 East Area o f  the H anford S i te .  I mpacts of the var ious  
des i gn a l tern at i ves co ns i dered i n  th i s  Draft E I S  are as sessed on  the bas i s  
o f  t he effects of t he var i ous des i gns on tank durab i l i ty,  o n  the ease  of 
waste retr i ev a l  from such tan k s ,  on the cho i ces ( and on the t i mi ng of such 
cho i ces ) for a techno l o gy for l ong- term rad i o acti ve waste storage and fi na l  
d i s pos a l , as  we l l  as  on  the  en v i ronment in  genera l . 

f )  The rev i ew per i od for t h i s  Draft E I S  ends 45 days after i ts avai l ab i l i ty 
i s  an nounced i n  the Federal  Regi ster week l y  report of the Env i ro nmental  
P rotec t i on Agency • 
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F OREWORD 

The Federal act i on under rev i ew is the co nt i nued co nstr uction  and pro posed 
o perat i on of new tanks for h i gh- level rad i o act i ve waste at t he H anford S i te 
ne ar R i chland , Wash i n gto n. The co nstructi on of the se tanks wh i ch has been sub­
st ant i ally compl eted was author i z ed i n  FY- 197 6 ,  1 977 , and 1 978 . As d i rected 
by the Feder a l  D i str i ct Co urt for the D i str i ct of Co l umb i a  [Natural Resources 
Defense Co unc i l  ( NRD C )  v. Admi n i strator , ERDA/D OE ] ,  t h i s  su pplemental envi ron­
mental impact st atement ( E IS ) has bee n pre pared to address the desi gn and 
safety a l ternati ves of t he waste storage tanks for h i gh- l eve l rad i o act i ve waste 
at the Han for d S i te . *  Spec if i ca l l y ,  the co urt ordered on September 29 , 197 9 ,  
t hat : 

" ORD ERED , the de fendents ( Secretary, De partment of Energy ,  et a l . )  
w i l l  prep are w ith  d i l i gence and w ith a l l  reasonab l e  speed and fi l e  
w ith  the Court by no l ater than Apr i l  15 , 1 980 , adequate f i na l  
su ppl eme ntal envi ronmental i mpact st atements to ERD A- 1537 , F i nal 
Env ironment a l  Impact Statement , Waste Management Operati ons,  Savan­
nah R i ver P l ant , Ai ken ,  South Caro l i n a ,  and ERDA- 1538 ,  F i nal Env i ­
ro nmenta l  Impact Statemen t ,  Waste Management Operat i ons,  Hanford 
Reser vat i o n ,  R i ch l and ,  Wash i n gto n ,  d i scu ssi ng the safety and desi gn 
a l ter nati ves for the F i scal Years 1976  and 1977 do ub l e- she ll  
r ad i o acti ve waste stor age tanks at H anford and Savannah R i ver . 

FURTH ER ORD ERED , that the en v i ronmental i mpact st atements sha l l 
d i scu ss i n  deta i l  at l east those desi gn and safety feature al ter­
nat i ves i dent i f i ed at no te 19 , page 13 of the Co urt of Appea l s  sl i p  
op i n i o n ,  i nc l ud i n g t he reasonably foreseeab l e  envi ronmental  effects 
of the se a l ter nat i ves, the ir  effect on the durab i l i ty of the tanks 
or t he ease of waste retr i e val from such tanks,  and t he effect , if 
any ,  of these de si gn an d safety feature a l ternati ves on the cho i ces 
of a technolo gy for l ong- term rad i o act i ve waste storage and  fi nal  
d i sposal, and on the t i mi ng of suc h  cho i ces . " 

Th i s  st ateme nt goes sl i ght ly  beyo nd that co urt requ i rement i n  t hat 
one add i t i on a l  tan k au thor i zed i n  a FY- 1 978 project i s  a l so i nc l uded 
i n  t he EIS . 

The base cbcument , ERDA- 15 38 , F i nal Env i ro nmental Statement , Waste Manage­
me nt Operat i o ns, H anford Reservat i on ,  December 1975 , g i ves i nformat i on on t he 
Hanford waste man agement operat i ons.  Th i s  supplemental  E IS summar i zes, but 
does not repeat ,  t he i nformat i on g i ven i n  ERDA- 1538 . The format of t h i s  
supp l emental EIS i s  changed somewhat from that of ERDA- 15 38 i n  accordance w ith  
the Counc il  on  Env i ronmental Qua l i ty ( CEQ ) Regu l at i o ns for i mp l ement i ng the 
procedural pro v i si ons of the Nat i onal Env i ronmental  P o l i cy Act 
(40 C FR 1500- 1508 ) .  

* A  si mi l ar EIS has been prepared for the S avannah R i ver P l ant . 
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1 . 0  S UMMARY 

The import ant d i s cu s s i ons and conc l u s i ons from e ach chapter of the 
env ironment a l  impact st atement are summar i z ed be l ow .  

1 . 1  PURPOSE AND NEED 

The scope of th is  env ironment al  impact st atement ( E I S) ( � i nc l udes  the 
e x am i nat i on of t he ex i st i ng t ank des ig n  and add i t i onal spec if i c  des ig n  and 
s afety feat ure al ternat ives  for the th i rteen tank s be i ng constructed for stor­
age of def ense h i gh- l eve l  rad i oact ive  l iq u i d  waste at Hanford S ite ,  R i ch l and , 
Was h i ng ton.  The exami nat i on of the add it i ona l al ternat ives  i s  i n  comp l i ance 
w i th t he d i rect ive  of Federal D i str i ct Court for the D i str i ct of Col umb i a  ( NRDC 
v s .  Adm i nistrator , ERDA/DO E) . Further descr i pt i on of the purpose and need for 
th i s  E I S  are p resented i n  Chapter 2 . 0 .  

Construc t i on of the se  th i rteen tank s except for p i p i ng and support equ i p ­
ment ( author iz ed dur i ng F i s cal Years 1 976 , 1 977 , and 1 978) w i l l  be essent i a l ly 
comp l ete as of January 31 , 1980 and ut i l i z at i on of the f i rst of these tanks  i s  
s chedu l ed to beg i n  i n  March 1980 .  

1 . 2  PROPOSED ACT ION  AND ALTERNATI V ES 

1 . 2 . 1 .  Proposed Action 

The ac t i on pro posed i n  th i s  E I S  i s  the comp l et i on of construct i on and 
u t i l iz at i on of t he th i rteen t ank system , w ithout further mod i f i cat i on, for 
defense h ig h - l ev e l  rad ioact ive  l i qu i d  waste storag e at R i ch l and , Wash i ngton, 
on an i nter im b a s i s  u nt i l  l ong - term or f i na l  d i sposa l . 

The Department of Energy i s  re spons i b l e  for manag ement and storag e  of 
waste accumu l ated from t he rep rocess i ng of defense re actor spent fue l s  for 
p l uto n i um recovery. Unt i l  recent ly the se waste s  have  been stored as l i qu i d s  
and so l i ds  i n  149 s i ng l e- s he l l  tank s a s  des cr ibed i n  deta i l  i n  ERDA- 1 538 . A 
prog ram is  underway to re str i ct the use of s i ng l e- she l l  tanks  for storag e  of 
so l i ds  only.  By 1985 , it  i s  ant i c i pated that near ly a l l  dra i nab l e  l i qu i ds 
w i l l be  removed from a l l s i ng l e- she l l  tanks and processed for storage  i n  
doub l e- s he l l  t ank s .  Th i s  p rog ram to e l im i nate the use  of s i ng l e - s he l l  tank s 
for l i qu i d  waste storag e i s  de s i g ned to reduce further the concern about 
pub l i c hea l th and safety by av o i d i ng rad i o act ive  l iq u i d  waste l eak age from the 
o l der s i ng l e- she l l  tanks . The doub l e- she l l  tank system is de s ig ned to cont a i n  
t he l iqu i d  wastes for an i nter im per i od w ith adeq u ate safety. The improved 

( � Th i s  E I S  is a s upp l ement to ERDA- 1538 . " F i na l  Env ironment a l  Statement on 
Waste Management Operat i on : " H anford Reserv at i on, R i ch l and , Wash i ng ton 
( December 197 5 )  Un ited State s Energy Research and Dev e l opment Adm i ni stra­
t i on, Wash i ng ton, DC . 
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des ign  and safety featu res  of t he doub l e- s he l l  tank s over the 149 s i ng l e- sh e l l 
and the seven  doub l e- she l l  tanks bu i l t  before 1976 are summar ized be l ow .  
F u rther deta i l s  are presented i n  Chapter 3 . 0 .  

( 1 )  The doub l e- she l l  tank s are constructed as a primary tank w ith i n  a secon­
d ary tank . Th i s  concept prov i des  a secondary b arr i er to waste contact 
w ith  the so i l . Any l eak ag e  from the primary tank can be qu i ck ly detected 
and l eak i ng l iq u i ds pumped out and i nto a s p are tank . 

( 2 )  The pr imary tank emp l oys post - f ab r i cat i on stress  re l i ef t o  reduce stress  
corros i on cr ack i ng of  the tank wal l dur i ng i ts de s ig n  l ife . Stress­
re l i ev i ng reduces  or  e l im i nates l oc a l i zed h ig h - stre ss po i nts  at we l ded 
jo i nts , wh i ch if u nre l i ev ed ,  can contr i bute to stress corros i on crack i ng ,  
be l i ev ed to hav e been  the cau se of some ear l i er l eak s i n  s i ng l e- she l l 
t ank s .  

( 3 ) A standard waste tank bottom to l erance was dev e l oped to m i nim i z e  l oca l ­
i z ed h i gh stre sses i n  t he tank b ottom cau s ed by f l atness  anoma l ies . 

( 4) A h igher streng th stee l was used for both  the pr imary tank and the 
s econd ary stee l l i ner . 

( 5) Tank bottom p l ate patterns and fab r i cat i on sequences  u sed were l ess  
su s cep t i b l e  to  fab r i cat i on deformat i ons and l oca l i z ed h i gh  stresse s . 

( 6) A i rfl ow throug h the annu l u s for coo l i ng the pr imary tank was i ncreased 
ov er o l der doub l e- s he l l  des ig ns .  Th i s  feat u re was not i nc l uded i n  
s i ng l e- she l l  tanks . Moreov er , the bottoms of the doub l e- she l l tank s  are 
a l so coo l ed .  

( 7) Dome streng th ( stee l l i ner i nteg r i ty) was i ncre ased by prov i d i ng more 
J - bo l ts i n  t he dome .  

( 8) More re i nforc i ng stee l for res i st i ng therm a l  stresses  in  the  concrete 
dome was i nsta l l ed .  

( 9) A more comprehens i ve  ana lys i s  of the expected operat i ng cond i t i ons was 
perf ormed i n  order to b etter assure tank structu ral  i nteg r ity .  

( 10 )  ASME  Code Sec t i on V I I I , D iv i s i on 2 was ut i l i zed i n  the des i g n  and 
construct i on of t he t ank s .  

1 . 2 . 2  Des ign  And Safety Feature A l ternat ives  

The  a l ternat ives  d i s cu ssed in  th i s  statement are : 

1 .  th i ck er and more chem i ca l l y- re s i st ant stee l p l ate s  

2 .  imp ressed cu rrent cat hod i c  p rotect i on system to g u ard ag a i nst stress  
corros i on crack i ng 

1 - 2  
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3 .  better waste retr i ev a l  equ i pment and enl arged tank openi ng s  to fac i l i tate 
retr i ev a 1 

4 .  coo l i ng co i l s l i k e  those at Sav annah R iver . 

Th i cker and More Chem i cal ly- Res i st ant Stee l Pl ates . Th i s  a lternat ive i s  
exami ned i n  det a i l  i n  Sec t i on 3 . 2 . 2  of the text . The th i ck er pl ate al terna­
t ive is i ntended to a l l ow for g reater corros i on damage  to the t ank wal l s .  A 
more chemi ca l l y- re s i st ant p l ate if one cou l d  be i dent if i ed ,  wou l d  prov i de 
imp rov ed corros i on res i stance per s e .  

The th i ck er p l ate al ternat ive  h a s  i n  essenc e ,  a l ready bee n adopted v i a  
the e ar l i er ch ange from s i ng l e- s he l l  tank s of 3/8- i n. p l ates to doub l e- she l l 
tank s ,  where the pr imary tank s  use 1/ 2- to 7/8- i n. p l ate s  for all wetted sur­
f aces , and th i s  is b acked up with a second ary t ank constructed of 3/8- i n. 
p l ate , whose de s i g n  and construct i on is  equa l  or super ior to the or ig i nal  
s i ng l e- s he l l  t ank s .  

The al ternat ive  of more chem i ca l l y- re s i st ant pl ate s  has  al so been adopted 
v i a  t he ch ange  to a norma l i z ed ( heat - treated) steel and to a post - f ab r i cat i on 
stress re l i ev i ng of the pr imary tank s .  These  two measure s ,  s ig nif i cant l y  
i ncrease the stee l ' s  res i stance to stres s - corro s i on,  s i nce stress -corros i on i s  
b e l i ev ed to b e  a pr imary cau se of l eak s i n  ol der s i ng l e -she l l waste storag e  
t ank s .  ( A not her al ter nat ive  to m i nim ize  the poss ib i l ity of stress corros i on 
crack i ng ,  cathod i c  protect i on ,  i s  d is cu ss ed on the fo l l ow i ng pag e . )  

The u se of th i ck er and more corro s i on- res i st ant stee l p l ate has no effect 
upon e ither the ease of waste retr i ev a l  or on the cho ices  of tech no l ogy for 
l ong - t erm waste storage  and f i nal  d i sposal . I t  does  h ave  a d i rect and pos i ­
t i ve eff ect upon tank durab i l i ty beyond the system des i g n  goal  of 50 years . 

The conc l u s i on from exam i ni ng th i s  al ternat ive  i s  t h at it  i s  h i g h l y  prob­
ab l e  that the stee l p l ates u sed now in the const ruct i on of waste tank s h av e  
suff i c i ent th i ck ne ss and corro s i on res i st ance to prov i de t he des i red 50-yr 
system de s i g n  l if e .  

The above ass essment of the adequacy of ex i st i ng tank wa l l  mater i a l for 
t ank du rab i l ity is b as ed on the fo l l ow i ng f actors: 

• the wastes  stored w i l l  be s i m i l ar i n  compos it i on to that of the doub l e­
she l l  s l u rry descr i b ed i n  th i s  s upp l ement ary E I S  ( Append i x  G) 

• the max imum mass stored per tank i s  equ iv a l ent to 1 , 000 , 000 g a l l ons at a 
max imum spec if i c  g rav ity of 2 . 0  

• as cu rrent l y equ i pped , the max imum heat generat i on rate wi l l  b e  100 , 000 
Btu/ hr/t ank . 

These factors and the protec t i ve operat i ng procedures to be fol l owed are fur­
ther e l ab orated i n  Sect i on 3 . 2 . 6  of the E I S  and i n  Append i x G, and al so are 
su 111T1ar i z ed on pag e s  1 - 5  and 1 - 6 .  
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Impre ssed Current Cathodic Protection System . Th is al ternative  is exa­
mined in S ection 3.2 . 3  of the E I S .  The intent i on of u s i ng cat hodic protect i on 
i s  to e l im i nate stress corro s i on of the tank wa l l  by impressing an e l ectr i c  
cu rrent o n  t he t ank wal l t h rough the stored waste so l ut i on v i a  anodes immersed 
in the so l ut i on .  

After cons i derab l e  st udy , it  i s  conc l uded that : 

( 1) Cathod i c  p rotect i on i s  u nnecess ary becau s e : a) the requ i red corros i on 
protec t i on wi l l  be prov i ded by impl ement at i on of protect ive  operat i ng 
p rocedures i nc l ud i ng adju stment of the compos i t i on of the waste so l u ­
t i ons , as determi ned by rout i ne mon itor i ng of the tank surface  potent i al 
if determ i ned feas i b l e  or by s amp l i ng the waste for chem i ca l  compos i t i on, 
and b) ade quate stress  re l i ef of the tank s  is prov i ded as d i s cu ssed 
e l sewhere . 

( 2 ) A l thoug h t h i s  i s  a fea s i b l e  system to i nst a l l , the operat i on of the 
sy stem i s  comp l ex and unl ess extreme c are is exerc i sed , the system cou l d  
i nduce the corros i on rather than e l im i nate i t ,  espec i a l l y i n  some sma l l 
p art of t he t ank wal l wh i ch has a v ery l arge v o l ume- surf ace comb i nat i on.  
Furt he r ,  the very h ig h  cu rrent s  req u i red to prov i de adequate protect ion  
w i l l  p roduce ch ang es i n  so l ut i on compos i t i on and a l so g ases  such as 
hydrogen and oxyg en.  Thu s ,  cathod i c  protect i on cou l d  produce a tank sur­
f ace potent i a l conduc ive  to stre ss  corros i on crack i ng .  A l so hydrog en 
emb r itt l ement and exp l os i ve  potent i al are s i g nif i cant ly  enchanced . 

The u se of t he imp re ssed cu rrent cathod i c  protect i on system wou l d  have  no 
eff ect  on the ease of waste retr i ev a l  or on the cho i ce s  of tech no l ogy for 
l ong - term waste storag e  and fi nal  d i sposal . 

Better Waste Retr i ev a l  Equ i pment and Enl arged Tank Openi �. As the 
t it l e  i nd i cate s ,  there are two p arts i n  th i s  th i rd a l ternat iv e .  These are 
e x ami ned  i n  Sec t i on 3 . 2 . 4  of the E I S  and in Append i x  C .  

Adeq uate and demonstrated equ i pment for waste retr i ev a l  ex i st at present .  
Thes e  hav e bee n  u sed at Hanford . The tanks hav e  three 42 - i n. d i ameter ope n i ng s  
per t ank at p resent .  A l so e ach t ank has at l east 5 6  openi ng s  of ot her d i a­
meters l es s  than 42 - i n. 

The conc l u s i ons from the exam i nat i on of the a l ternat ives  are : 

• there i s  no need , at p resent ,  for improv ed retr i ev a l  systems  s i nce ade­
quate ly eff ect ive  and re l i ab l e  equ i pment systems are now av a i l ab l e  for 
retr i ev a l  

• the tank open i ng s  now prov i ded ( 42 - i n. d i ameter) are adequate for 
retr i ev a l  of t he doub l e- s he l l  s l u rry waste proj ected for storag e  i n  t he 
tank s .  Therefore enl arged tank ope n i ng s  are not needed . 
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The use of better waste ret r i ev a l  equ i pment and enl arged tank openi ng s  
wou l d  have  de s i rab l e  effects on t he ease of waste retr i ev a l , but t hese de s i r­
ab l e  effects are not necess ary s i nce ex i st i ng equ i pment and openi ng s  are ade ­
q u ate . There are no effects o n  cho i ces  of tech no l ogy for l ong - term waste 
storag e  and fi na l  d i s pos a l . 

Coo l i Q.9._Co i l s  As At Savannah R iver .  Th i s  i s  the  fourt h a l ternat ive  exa­
m i ned i n  th i s  E I S .  As d i s cu ssed in Sect i on 3 . 2 . 5  of the E I S ,  t he de s ig n  heat 
generat i on rate of Sav annah R i ver wastes  i s  about thirty t imes more than that 
of H anf ord wastes ;  the actual  heat generat i on may be as h igh  as 60 t ime s .  

The a ir coo l i ng prov i ded i n  the Hanford tank s i s  de s i g ned to remove 
100 , 000 Btu/ hr/t ank wh ereas t he act ua l  heat generat i on i s  expected to be only 
ha lf the de s i g n  va l ue ( 50 , 000 Btu/ hr/tank) . Adequ ate mon itor i ng wi l l  be  i n  
p l ace a s  p art of rout i ne operat i ng procedu res t h at wou l d  prev ent storage  of 
waste with  g re ater than 100 , 000 Btu/hr/ tank . Th i s  nom i na l  heat l oad l ev e l  i s  
remov ed un if orm ly throughout the external  surface of t he primary tank by a i r  
coo l i ng i n  ch anne l s  at the bottom and the annu l i  on t h e  s i des . The se are some 
of t he techni cal  cons i derat i ons that prov i de the b as i s to rej ect t he need for 
coo l i ng co i l s for H anford tank s .  The coo l i ng co i l s  are import ant to the Sav an­
nah R iv er s ituat i on, but not for t he H anford s it u at i on. 

The u se of coo l i ng co i l s  wou l d  i nterfere w ith  the ease of waste retr iev a l , 
but wou l d  have  no eff ect on the cho i ces of techno l ogy for l ong - term waste stor­
ag e and fi  na 1 d i spos a 1. 

Overal l Resu l ts of Ev a l u at i on of the A l ternat ives . I n  the preced i ng 
p arag raph s ,  t he res u l ts of exam i nat i on of the four des i gn  and s afety a l ter­
nat i ves  were su1T1T1ar iz ed .  The exam i nat i on in the text of th i s  E I S  i nc l udes  a 
techni ca l  d is cu ss i on of the major aspects of each a l ternat ive ,  fo l l owed by its  
adv a ntag e s/ d i s adv antag e s ,  env ironment a l  effects , if  any , and effects on  tank 
du rab i l ity , on ease of waste retr i eval  and on cho i ce of techno l ogy for l ong ­
term waste storag e  and f i na l  d is pos a l . F i na l l y ,  s i nce each a l ternat ive was 
e l im i nated , t he reasons for t he e l imi nat i on are summar i z ed . 

As  the d is cu ss i ons i nd i cate , the Department of Energy has  bee n  aware of 
t he import ance of ev a l u at i ng t he i ssues ra i s ed i n  e ach of t he al ternat ives  and 
had cons i dered the i s s ue s  before and du r i ng tank construct i on .  I t  i s  shown 
t hat t he 13 new t ank s h av e  i ncorporated many s ig n i f i c ant des ign  and s afety 
improvements ( post - fabr i cat i on stress - re l i ev i ng of pr imary tank be i ng most 
fu ndamenta l )  ov er t he p rev i ous  s i ng l e- and doub l e- s he l l  tank s constructed at 
H anford . A few examp l es are : 

1 .  u se of h i g her- strength  carbon stee l 
2 .  prov i s i on of adequate corros i on a 11 owance 
3 .  stress  re l i ev i ng of pr im ary tank after fab r i cat i on 
4 .  prov i d i ng i ncre ased dome streng th 
5 .  u s e  of more comprehens ive  nondestruct ive  exam i nat i on of tanks . 
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The eff ec t i v e ne ss of t he se imp rovements i s  assu red and strengthened 
throug h the rout i ne operat i ng cond it i ons imp l i c it  to such techno l og i ca l  enter­
pr ises . Operat i ng b ases ,  s uch as the fo l l ow i ng ,  are typ i ca l l y  ref l ected i n  
qua l i ty ass urance prog rams , operat i on and tech n i ca l  manu a l s ,  and cont i nued 
management and operator tra i ni ng :  

1 .  No waste s  wi l l  be  stored i n  the tank s that wou l d  res u l t  i n  tot a l  heat 
generat i on rates  i n  exce ss of 100 ,000 Btu ( 1 . 1  x 108 J) per hour per 
tank . 

2 .  The max imum mass stored per tank w i l l  b e  equ i v a l ent to 1 , 000 , 000 g a l l ons 
at a max imum spec i f i c  g r av ity of 2 . 0 .  

3 .  The tanks wi l l  b e  u sed to store compos i t i ons s i m i l ar to doub l e- she l l 
s l urry i n  corros i on pote nt i a l . Other waste forms w i l l  not be stored 
w ithou t adequate corros i on test i ng to ascert a i n  and mod ify as needed 
t he i r corros i on pote nt i a l . 

4 .  Adequate st andby pump i ng equ i pment and at l east one spare tank wi l l  be 
av a i l ab l e  so that if a t ank l eak s ,  t he l iqu i d  c an be pumped out -0f the 
annu l u s  space as soon as poss i b l e .  

5 .  The feas i b i l i ty  w i l l  b e  ev a l u ated of rout i ne mon i tor i ng of the e l ectro ­
mot i v e  force ( EM F) of t he t ank wal l w ith  respect to stored so l u t i on so 
that tank content compos i t i on can be ad j u sted to correct any undes i rab l e  
EM F sh ifts . Th i s  i s  an ant i - corro s i on measure , wh ose feas i b i l i ty needs 
to be determ i ned  before i nst i t ut i ng EMF mon itor i ng .  

I n  v i ew of t he protect ive  operat i ng procedures to be fo l l owed and the s ig ­
nif i cant ly  improved de s i g n  feature s  i ncoporated i n  the 13  tank system , i t  i s  
conc l uded that t he ex i st i ng prov i s i ons for structural  i nteg r i ty and the des ig n  
ph i l oso phy of the tanks are both  sat i sfactory for the p l anned i nter im storage 
of the h ig h - l ev e l  l iqu i d  rad i o act ive  wastes .  Therefore , the i ncorporat i on of 
the fou r  a l ternat ives  i s  not requ i red b ased on techn ica l  cons i derat i ons . 
Fu rther,  i n  Chapter 5 of th i s  st ateme nt it  i s  s h own that there are no s ig ni f i ­
cant env i ronment a l  benef its  to be g a i ned by i ncorporat i on of the a l ternat i v e s .  
Moreov er , t here are no cost b e nef i ts s i nce i ncorporat i on of any a l ternat ive  
wou l d  requ ire s i g n if i cant do l l ar out l ays . Therefore , the  a l ternat ives  can  be 
rej ected as u nnece ssary and not cost- effect i v e .  A compar i son of t he a l terna­
t i ves  to the pro posed act i on are su rrrrnar i zed i n  the tab l e  on pag e  3 - 2 5  of the 
text . 

1 . 3  D ESCR I PT I ON O F  THE S I T E  AND ENV I RONMENT 

The H anford S i te i s  a l arge area ,  occupy i ng approx imate l y  1 , 500 km2 
( 570 m i 2) i n  the sem i - ar i d reg i on of Southe astern Wash i ng ton.  A l thoug h much 
of th i s  area is re l at ive l y  u nd i sturbed , the th i rteen waste tank s are be i ng 
i ncor porated i nto an env i ronment a l ready much a l tered from its  or ig i na l  st at u s .  
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The th i rteen tank s are l ocated i n  the 200 �ast Area ,  a port i on of the 
H anford S i te ded i cated to fue l s  p rocess i ng ,  waste fract i onat i on,  and waste 
storag e .  I n  common with  the other dev e l oped areas  o f  the s i te , the tank farm 
area i s ,  eco l og i ca l ly speak i ng ,  v i rtua l l y b arren.  The tank farm l ocat i on has  
a number of att r i bu te s  of i nterest in  cons i der i ng the  affected env i ronment and 
the act ua l  and potent i a l  env i ronme nta l  conseq uences of the construct i on and 
operat i on of the th i rteen new tank s for i nter im  storage  of waste . The tank 
farm s i te i s  u nder l a i n  by up to sev era l h undred meters ( > l , 000 ft) of s ands , 
s i l ts ,  and c l ays ,  ly i ng on a basa l t i c  l av a  accumu l at i on est imated to be more 
t h an 3 , 000 m ( 10 , 000 ft) th i ck .  Annu a l  prec i p i t at i on ( ra i n  and s now) av erages  
on ly  16  cm  ( 6 . 3 - i n. ) ; the  upper sed imentary depos i t s  are mo i sture- defi c i ent , 
and h ave a h i gh  cap ac ity to ab sorb l eak i ng l iqu i d s  from t he waste t ank s .  Most 
of the chem i ca l e l ements  i n  the l eaked mater i a l are ad sorbed on to the so i l  
p art i c l es by i on exch ange s im i l ar to t he mechan i sm i n  water softeners . Th i s  
act i on res u l ts i n  permanent retent i on o f  ad sorbed mater i a l i n  the so i l .  The 
water tab l e  is deep , r ang i ng from 46 to 100 m ( 1 50- 325 ft) b e ne ath t he g round 
surface at the tank s i tes . 

W ith  res pect to poss i b l y  destruct i v e  nat ura l forces , the s i te i s  l ocated 
i n  an area of  h i stor i ca l ly  l ow se i sm i c ity .  Tornadoes rare l y  occur in the 
Hanford reg ion ,  tend to be sm a l l ,  and produce l i tt l e  damage . 

The nearest popu l at i on center from the tank l ocat i on i s  22 m i l e s .  The 
s i te is un ique i n  that the geohydro l ogy does not support mov ement of l eaked 
rad i o act i v e  wastes to the b i osphere . F u rt her deta i l s  of the affected env i ron­
ment are presented i n  Chapter 4 . 0  of  the E I S .  

1 . 4  ENV I RONMENTAL CONS EQUENCES 

The env i ronment a l  consequences ana l yz ed are l im i ted i n  scope to those 
res u l t i ng from t he 13 new doub l e- s he l l  h i gh- l ev e l  waste storag e  tank s .  Th i s  
i nformat i on i s  s up p l ement a l  to that pre sented i n  ERDA- 1538 ( 1975 ) . The 
env i ronmenta l  consequ ences are c au s ed by : 1 )  t he construct i on and operat i on 
of  the tanks and 2 )  the hypot het i ca l  adopt i on of the a l ternat ives  descr i b ed i n  
C hapter 3 .  The conseq uences re l ate to the affected env i ronment descr i b ed i n  
Chapter 4 .  The a l ternat ives  for wh i ch potent i a l consequences are ana lyzed are 
cons i dered from the v i ewpo i nt of t he adopt i on ( retro fi tt i ng )  of the a l terna­
t i ve s now whe n  the construct i on of the tank s  is ne ar l y  comp l ete . 

S i nce t he th i rteen new tanks are present l y  near comp l et i on, fu l l  adopt i on 
of  any one of the four a l ternat ives  wou l d  requ i re :  1 )  a s i g nifi cant comm i t ­
ment of  add i t i ona l  re sources and 2 )  wou l d  de l ay t he transfer o f  l iqu i d s  from 
the s i ng l e- she l l  tank s of quest i onab l e  i nt eg r ity . The env i ronment a l  conse­
quences of  t hese  two act i ons are cons i dered to be adv ers e .  On the other h and ,  
i ncor porat i on o f  the a l ternat ives  i n  the des i g n  st ages  wou l d  not hav e  s ig ni fi ­
cant ly a l tered t he env i ronmenta l  consequences descr i bed for t he proposed 
act i on,  wh i ch is the u t l i z at i on of the tank s  as they now ex i st . 
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Whether the a l ternat ives  had bee n  adopted before construct i on or are now 
adopted , the major b e nef i ts wou l d  be a potent i a l , but not assu red , extens i on 
of the l if e  and durab i l ity of the tank s ;  there are no reasonab l y  foresee ab l e  
major d i rect b e ne f i ts i n  env i ronme nta l  conseq uences to the affected 
env i ronment . 

Even  if the waste tank s were to l eak or fa i l ,  res u l t i ng i n  waste- to- so i l  
cont act ,  cal cu l at i ons and phys i ca l  measu rements h ave  shown that there wou l d  be  
no s i g n if i cant env i ronment a l  consequences  as  d i s cu ssed in  th i s  E I S  and i n  
EROA- 1538 ( 1975 ) . The e st imated env i ronmenta l  conseq uences of t he proposed 
act i on or the a l ternat ives  are not s i g nif i cant . There are no expected conse­
q uences of s i g n i f i c ance from rout i ne operat i on of the tank s .  The  worst case 
acc i dent ana l y s i s  of a post u l ated 800 , 000 g a l l on tank l eak , not a cred i b l e  
scenar i o ,  i nd i cates that t he who l e  body rad i at i on dose ( 70 -yr comm i tment) to 
the occupat i ona l worker or the genera l  popu l at i on wi l l  be i ns ig n i f i cant as 
s h own i n  Tab l e  5 . 5  of th i s  E I S .  Th i s  l ack of conseq uences resu l ts from two 
p r i nc ip a l  reasons : 1) there i s  no act i v e  trans port (movement) mech an i sm for 
t he wastes to t he b i osphere based on the p resent c l imato l og i ca l  data  and 
exper i ence w ith  prev i ou s l y  l eak i ng tank s at the H anford S i te and 2 )  the 
b ottoms of a l l  tank s  l i e about 50 ft b e l ow t he g round surf ace and about 1 50 ft 
ab ove  the unconf i ned aqu if ers  i n  the water tab l e  at Hanford . DO E howev er , 
cons i ders any waste cont act w ith t he so i l  as env i ronment a l ly  u nde s i rab l e ; one 
of the major reasons for the construct i on of the new doub l e- she l l  tank s i s  
remov i ng t he s i ng l e- she l l  t ank s from act ive  u se for l iqu i d  waste storag e .  

Th i s  E I S  doe s not address the env i ronment a l  consequences  of u s i ng the 
t ank s for l ong -term storag e ;  t he p resent p l ans ca l l for ut i l i z at i on of t he 
tanks on ly  on an i nter im  b as i s .  The de s ig n  l ife  of the new tank system i s  
cons i dered suff i c i e nt to cont a i n  t he wastes pend i ng imp l ement at i on of l ong ­
term d i s pos a l . 
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2 . 0  P URP OSE AND NEED 

Defens e  h i gh- l eve l rad i o act i ve wastes res ul t i ng from t he chem i cal  pro­
ce ss i ng of s pent re actor fue l for the reco very of p l utoni um ,  urani um ,  and 
ot her r ad i o i so to pes have been accumul at i ng at Hanford s i nce 1 944 . These 
wastes were i nit i a l l y  stored i n  s i ngl e- s he l l  tanks . S i nce that t i me ,  impro ved 
i nter im storage met hods have been de ve l o ped , and do ub l e- s he l l  tanks are be i ng 
co nstructed to store the l i qui d wastes . Th i s  i nter im met ho d was d i s cussed  i n  
t he F i na l  E nv i ronme nta l  Impact St atement on t he Waste Management Operat i o ns 
for the Hanford Reser vat i on ( ERD A- 1538 ) i s s ued  i n  1 97 5 . 

T he need for t he pro posed act i on, defi ned as t he comp l et i on of construc­
t i on and ut i l i z at i on of do ub l e- s he l l  tanks was exp l a i ned  i n  ERD A- 1538 as the 
base case ( 11 co nti  nue pres ent pro gram" ) i n  C hapter V ,  under d i s cuss i ons of 
" Al ternat i ves to H i gh- Leve l Waste Treatment . "  The 13 new tanks , wh i ch form the 
s ubj ect of t h i s  E I S  w i l l  s upp lement t he 156 tanks ( 149 s i ng l e- s he l l  and 
7 do ub l e- s he l l ) bu i l t  at Hanford s i nce 1943 to store the h i gh- l eve l wastes . 
T he new tank s are of do ub l e- s he l l  constr uct i on and vast l y  improved des i gn o ver 
s i ng l e- s he l l  tanks ( see Sect i on 3 . 0  for det a i l s ) . The remo vab l e  l i qu i ds from 
o l der s i ng l e- s he l l  tanks wi l l  be tr ansferred to t he new tanks to pro v i de 
impro ved tot a l  co nt a i nment of rad i o act i ve mater i al s .  As stated i n  ERD A- 1538 , 
t hese new do ub l e- s he l l  tanks are re qu i red to m i nimi ze t he pote nt i a l  for l eak­
age of rad i oact i ve l i qu i ds from the o l der s i ng l e- s he l l  tanks . These 13  new 
t ank s const i t ute a s i gni f i cant part of t he o vera l l waste management operat i o ns 
at Hanfor d ,  and wi l l  pro v i de for s afe , i nter im  storage of the wastes unt i l  
perm anent waste storage i s  impl eme nted .  Constr uct i on of 13 tanks w i l l  be 
essent i a l l y  compl ete as of January 31 , 1980 . I ntro duct i on of was te i nto the 
fi rst of t hese  tanks i s  present l y  s chedul ed to commence on or about March  1 980 . 

Th i s  st atement res ponds to the Order of the U nited  States D i str i ct Court 
for t he D i str i ct of Co l umb i a to prepar� � s uppl eme nt to ERD A- 1538 addres s i ng 
cert a i n  des i gn and s afety a l ter nat i ves taJ to t he h i gh- l eve l l i qu i d  rad i o­
act i ve waste storage t ank s ( FY- 76 and 77 proj ects ) at Hanford and S avannah 
R i ver . Th i s  st atement co vers the 13 do ub l e- s he l l  tanks at Hanford  whose 
cons tr uct i on i s  ne ar i ng comp l et i on. As requ i red by t he Court Order , t he E I S  
d i s cu sses s pec if i c des i gn and s afety a l ternat i ves to the tanks i n  det a i l ,  
i nc l udi ng t he reaso nab l y  fores eeab l e  env i ronmental  effect of t hese a l terna­
t i ves , the effect of these  al ter nat i ves on t he durab i l i ty of the tank s and on 
ease of waste retr i eval  from t he tank s ,  and t he effect , if any, of t he a l ter­
nat i ves  on the cho i ces  of a techno l o gy for l ong- term rad i oacti ve waste stor age 
and fi nal  d i s pos a l , and t he t im i ng of s uch cho i ces . A separate E I S  i s  be i ng 
pre pared for the waste tanks at Savannah R i ver . 

( a ) The des i gn and s afety feat ures are : t h i cker and more chem i ca l l y- res i s tant 
stee l p l ate s ,  an impre ssed current cat hod i c.protect i on system to guard  
aga i nst stress corro s i on crack i ng ,  better waste retr i eval  equi pment , 
enl ar ged t ank o peni ngs to fac i l i tate retr i eva l , and coo l i ng co i l s  ( l i ke 
t hose at Savannah R i ver ) for the tanks at Hanfor d • 
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3.0 PROP OSED ACT I ON AND ALTERNATIVES  

In  t h i s  s ect i on t he pro posed act i on i nc l vd i n g t he ex i st i n g des i gn and 
s afety feat ures of the new do ub l e-s he l l  tanksta )  are des cr i bed . The four 
a l ternat i ves to t he t ank des i gn are exami ned and t he " no act i o n" a l ter nat i ve 
i s  des cr i bed. 

3.1 PROP OSED ACTI ON ( P REFERRED ALTERNATIVE ) 

The proposed act i o n  i s  defi ned as t he comp l et i on of construct i on and the 
u se of the th irteen new do ub l e- s he l l  tanks at H anford for i nter i m  storage of 
h i gh- l eve l  l i qu i d  wastes. Constr uct i on of t hese tanks is  a l most comp l eted and 
the staged ut i l i z at i on is schedu l ed to beg i n  i n  March 1980 after oper at i on a l  
te sti ng of a l l  mechani ca l  components and co ntro l i n struments. The spec i f i c  
des i gn feat ures i ncor por ated i n  the co nstruct i o n  o f  these tanks to i ns ure 
adequate t ank durab i l i ty and envi ronment a l  s afety are d i s cussed  as fo l l ows. 

3.1 .1 Process Descr i pt i o n  

The Department of Ener gy i s  res pons i b l e  for management and storage of 
wastes accum u l ated from t he repro ce s s i ng  of defense reactor spent fue l s  to 
reco ver p l utoni um. The major e l ements of the defens e  fue l cyc l e  an d waste 
manageme nt are s c hem at i ca l l y  s hown i n  F i gure 3.1 .  U nt i l  recent l y,  t hese  
de fens e  wastes have been stored i n  l i qu i d  form in  149 s i ng l e -s he l l  tan ks  rang­
i ng from 55 , 000 to 1 , 000 , 000 gal i n  s i ze. A program i s  current l y  u nder way to 
remo ve dr a i nab l e  l i qu i d  waste from s i ng l e-s he l l  tanks and to reduce the vo l ume 
of remai n i ng l i qu i d  wastes to as sma l l a qu ant i ty as poss i b l e ,  so t hat t he 
co ntents are essent i a l l y so l i d. Th i s  l i qu i d  vo l ume reduct i o n  i s  accomp­
l i s hed by evaporat i on of t he water from t he waste i n  vacuum evaporators. 
Li qu i d  i s  fi rst pumped from the s i ngl e- s he l l  tanks to an evapor ator. The con­
centrate from t he evaporators i s  t hen returned to a s i ng l e- s he l l  tank where 
the cryst a l l i z ed s a l ts ,  wh i ch co ns i st l ar ge l y  of so d i um n i trate and n i tr i te , 
sett l e  out. The remai n i ng s upernat ants are recyc l ed back i nto t he evaporator 
for furt her co ncentr at i o n. After repeated concentrat i ons , the so d i um a l umi ­
nate concentrati on reac hes t he s aturat i on po i nt. The 5od i um al umi nate so l i ds 
pro duce a ge l at i no u s  mater i a l ca l l ed do ub l e- s he l l  s l urry, wh i ch ,  bec ause of 
i ts very h i gh i nter st i t i al l i qu i d  co ntent , is not acceptabl e for storage i n  
s i ng l e- s he l l  tanks. New do ub l e- s he l l  tanks  are t herefore constructed to 
pro v i de an i nter im storage for t he ge l at i nous do ub l e- s he l l  s l urry. Several 
conce ptua l a l ter nat i ves are be i ng st ud i ed for permanent d i s pos a l  of t h i s  
mater i a l as s c hem at i ca l l y  s hown i n  F i gure 3.2 .  A separate E I S  w i l l  be 
pre pared by DOE to address t h i s  s ubject. 

( a ) These  were referred to as do ub l e- wa l l tanks i n  ERDA- 1538 .  
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I n  add i t i on to do ub l e- s he l l  s l urry, ot her types of waste are undes i rab l e  
for stor age i n  s i n g l e- s he l l  t anks . These wastes , s uch as comp l ex ant concent­
rate waste , wi l l  a l so be stored i n  do ub l e- s he l l  tank s .  Comp l exant co ncentrate 
wastes are a byproduct of the B- P l ant process i ng of P urex ac i d i f i ed waste 
( P AW )  to remo ve h i gh- he at rad i onuc l i des  ( C s  and Sr ) . The comp l exant wastes 
contai n or gan i c  che l at i n g  mater i a l s ,  HEDTA and EDTA ,  wh i ch i nh i b i t  format i on 
of  cryst a l l i ne so l i ds thro ugh  ev apor at i on. 

3.1 . 2 Descr ipt i o n  o f  Doub l e- S he l l Tanks - The D O E  P referred A l ternat i ve 

The goa l  of waste management at Hanford i s  to store and co nt a i n a l l ex i st­
i n g and fut ure l i qu i d  r ad i o act i ve wastes i n  do ub l e- s he l l tanks as soon as 
pract i cab l e , wh i l e  co ncurrent l y  seek i ng met hods of l o ng- term storage and/or 
d i spos a l  of t he wastes . To meet t h i s  go al, 13 do ub l e - s he l l t anks , e ach of 
one - mi l l i o n  ga l l on ( 3 . 8  x 106 1) capac i ty, are be i ng co nstructed at Hanford .  
S i x  of t hese  t anks are l o cated i n  t he 241 - AW Tank F arm and seven i n  t he 241 - AN 
Tank Farm,  s hown i n  F i gure 3 . 3. 

The improved des i gn and co nstruct i on features of these  t h i rteen new tanks , 
comp ared w i t h  s i n g l e - s he l l  t anks bu i l t  before 1968 ,  refl ect co ns i derab l e  pro­
gress toward ac h i ev i n g gre ater re l i ab i l i ty i n  the prevent i on of rad i onuc l i de 
re l ease to t he env i ronment . The mo st import ant impro vement i s  t hat t he new 
tanks are co nstructed as a tank w i t h i n  a tank as s hown schemat i ca l l y  i n  
F i gure 3 . 4 . Th i s  co ncept prov i des a s eco ndary barri er between t he rad i o act i ve 
waste an d the env i ro nment . The i nner or pr imary tan k co nt a i ns the l i qu i d  
waste . The pr imary tank i s  s urro u nded by a c arbon stee l - l i ne d ,  re i nforced 
co ncrete s he l l . A 2 . 5  ft ( 0 . 76 m) annu l us ex i sts between the pr imary tank and 
t he carbon stee l l i ner . If  t he pr imary tank l eaked ,  a l l waste wo u l d  be con­
ta i ne d  by the car bon stee l l i ner , after wh i c h  the co ntents of the pr imary tank 
and any l eak age co nta i ned i n  t he annu l us wou l d  be transferred to a s p are 
do ub l e- s he l l  tank , there by prevent i ng any l eakage to the s urro u nd i n g so i l .  
Anot her import ant impro vement o ver t he pre- 1968 s i n g l e- s he l l  tanks is t he 
ado pt i on of stress - re l i ef of the primary tank fo l l ow i ng  fabr i cat i on. Stress ­
re l i ev i ng reduces or  e l im i nates l oc a l i zed h i gh- stress po i nts t hat occur at 
we l ded  jo i nts ,  wh i ch i f  unre l i eved , may cause  stress-corros i on crac k i n g ,  
be l i eved to have c au s ed some e ar l i er l eak ages i n  tanks.  N o  l eaks have yet 
been recorded i n  stress - re l i eved do ub l e- s he l l  tanks at Hanford  or Savann ah 
R i ver f ac i l i t i es ;  a l t ho u gh t he s er v i ce exper i ence of stress - re l i e ved tanks is  
l ess than 10 years to date . 

A l tho ugh  the 241 - AW and 241 - AN tanks ( bu i l t  dur i ng 1 97 5 - 80 per i od ) are 
s im i l ar to seven do ub l e- s he l l  tanks current l y  i n  operat i on at H anford ,  a number 
of furt her des i gn impro vements have been made to upgrade the qua l i ty of the 
l atest t ank s :  
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1) A st and ard waste tank bottom to l erance was dev e l oped to m i nim i ze l oca l i zed 
h i g h  stre sses i n  t he t ank b ottom cau sed by f l atness  anoma l i es . 

2 )  A h igher streng th stee l was used for both the pr imary tank and the 
secondary stee l l i ner .  

3 )  Tank bottom p l ate patterns and fab r i cat i on sequences that were used  are 
l ess s u s cept i b l e  to fab r i cat i on deformat i ons and l oca l i z ed h ig h  stresses . 

4)  A i rfl ow throug h the annu l u s  for coo l i ng the pr imary tank was i ncreased . 

5 )  Dome strength  ( stee l l i ner i nteg r ity) was i ncreased by prov i d i ng more 
J - b o l ts i n  the dome . 

6 )  More re i nforc i ng stee l for re s i st i ng therm a l  stresses  i n  the concrete dome 
was i nsta l l ed .  

7 )  More comprehens i v e  ana lys i s  of the expected operat i ng cond i t i ons was per­
formed to assure tank structural  i ntegr i ty.  

8) ASME Code Sec t i on V I I I ,  D iv i s i on 2 was ut i l i zed in the des i g n  and con­
struc t i on of the tank s .  
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Des i g n  of the 241 - AW tank farm was st art ed i n  February 1976 and compl eted 
i n  Apr i l  1 9 77 . Construct i on act iv ity was st arted i n  March 1976 and is now 
compl eted . Operat i ona l test i ng of a l l mechanica l  and i nstrument systems i s  
u nderway .  The  t ank s are s chedu l ed to  go  i nto operat i on in  March 1980 .  

Des i g n  of the 241 - AN tank farm was st arted October 1976 , and compl eted i n  
Apr i l  1978 . Construct i on actv ity was st arted i n  J anu ary 1977 , and t he t ank 
structure s  hav e bee n  compl eted . The pipi ng and i nstrumentat i on systems are 
s chedu l ed for compl et i on i n  Ju ly  1980 . Upon compl et i on of construct i on, 
o perat i ona l te st i ng of a l l mechanica l  and i nstrument systems w i l l be performed .  
The t ank s are s chedu l ed to g o  i nto operat i on i n  October 1980 . A compl ete 
schedu l e  for construc t i on and operat i on w i l l be fou nd in Append i x  D .  

3 . 1 . 2 . 1  Tank Des ign  Cr iter i a  

The fo l l ow i ng are the pr i nc i pa l  de s i g n  cr iter i a  of the new doub l e - she l l 
storage tanks ( Tanak a 197 5 a  and 197 5 b ,  Gue nt her 1978) : 

Pr im ary T ank d i ameter 
L iqu i d  Storage Capac ity, each tank 
E arth Cov er ( b ackf i l l ) 
L i ve 1 oad i ng on b ackf i 11 over tank 

I nterna l vacuum 
I nterna l Press ure 
Waste Ch aracter i st i c s :  

Temperature 
Heat generat i on rate 

pH 
S pec if i c  grav ity 

Se i sm i c  Acce l erat i on 

Stress  Re l i ef ( pr im ary t ank) 
Des i g n  L ife  
Tank Wa  11 Temperature 

7 5  ft ( 22 . 9  m) 
106 g a l  ( 3 . 8  x 106 1) 
6 . 5  ft , m i n imum ( 2  m) 
40 l b/ft2 ( 195  kg/m2) u niform , pl u s  
5 0  tons ( 45 mt) concentrated 
6 - i n. H20 max imum ( 1 . 5  x 10 - 2  kg/ cm2� 
60 - i n. H20 max imum ( 1 . 5  x 10 - l  kg/ cm2) 

350 ° F ,  max imum ( 177°C) ( aj 
100 , 000 Btu/ hr/ t ank , max imum 
( 1 . 1  x 108 J) 
8 to 14 
2 . 0  max imum 
0 . 25 g hor i z onta l  
0 . 17 g vert i ca l  
1 100°F ( 593°C) for 1 h r  
5 0  yr 
200°F  max imum ( 9 3 °C) 

I n  add it i on ,  the tanks were ana lyz ed for structura l effects of thermal  cyc l i ng 
and l iqu i d  l eve l cyc l i ng .  F urt her deta i l s  of tank de s ig n  are prov i ded i n  
Append ix  A .  

( a) Even though wastes  may enter the tank s  up  t o  350 ° F ,  the i r  temperature w i l l  
fa l l qu i ck ly to l e ss t h an the max imum t ank wa l l  temperature of 200°F  by 
he at conduct i on and d i l ut i on. 
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3 . 1 . 2 . 2  Des ign and Con struct i on Code for Pr imary and Second ary Stee l 
Tanks  

The Amer i can Soc iety of  Mech an i ca l  Eng i neers ( ASME) Code , Sec t i on I I I  
addre sses requ i reme nts for t he con struct i on of nuc l e ar power p l ant i tems wh i l e  
ASME Code Sect i on V I I I  covers requ i rements for con struct i on of pre ssure 
v e sse l s . These stee l t ank structures do not fa l l w ith i n  e i ther of t he se 
c l  ass if  i cat i ons . 

Sec t i on V I I I ,  D iv i s i on 2 of the ASME Code was con c l uded to meet best the 
requ i red de s ig n, con struct i o n ,  and q u a l ity requ i rements for t hese stee l tank s .  
The de s i g n  and an a lys i s  effort requ ired by th i s  code re su l ted i n  the most com­
prehen s i ve ana lyt i ca l  st udy of th is  tank conf igurat i on to date . W i th the con­
struct i on of the se tan k s  to ASME Sec t i on V I I I ,  D iv i s i on 2 req u i rement s ,  the 
tanks  are s uper i or to any t ank prev i ou s ly bu i l t  at H anford . 

3 . 1 . 2 . 3  Stee l Tank Mater i a l  Requ irements 

The pr im ary and secondary stee l tanks  were fab r i cated w i th ASTM- 537 ,  
C l ass I carbon stee l p l ate . On prev ious  doub l e- she l l  tan k s  con structed at 
H anf ord ASTM A- 516  and ASTM A- 515  stee l s  were used . The y i e l d  strength of 
A- 537 at 350 °F  ( 177 °C) is 39 , 000 p s i  ( 2 . 7  x 10 3 kg/cm2) wh i l e  the y i e l d  
streng th of A -516  and A- 515  stee l i s  30 , 000 ps i ( 2 . 1  x 103 kg/ cm2) at 
350° F ( 177 °C) ( ASME 1974) . 

Under de s i gn  operat i ng cond it i on s  both  A- 537 and A- 5 1 6  stee l prov ide  ade ­
q u ate struct ural  tank strength  ( B as i c  Techno l ogy ,  I nc .  1977) . The h i g her 
streng th stee l was chosen for use s i nce it prov i de s  an add it i on a l  marg i n  of 
s af ety when con s i der i ng the p otent i a l for stress corros i on crack i ng ( SCC) . 
Th i s  is  not to say that A- 537 i s  more immune to S CC than A- 516 , but that 
poss i b l e  adv ant ages ex i st i n  u s i ng the h i gher strength stee l when the tens i l e  
stre ss requ irement s for SCC are con s i dered . The proposed mechan ism  for SCC 
requ i res that ten s i l e  stre ss at a d i scont i nu i ty such as a crack t i p  be  of 
suff i c i ent mag n itude to cre ate l oca l i zed yi e l d i ng contr ibut i ng to crack propa­
g at i on . Therefore , i n  a t ank constructed of t he h i g her strength A- 537 stee l ,  
some marg i n  of safety ag a i nst l oca l i z ed yi e l d i ng i s  prov i ded . The cost 
d ifference b etween t he two stee l s  is neg l ig i b l e .  

A- 537 C l ass I carbon stee l has  a h igher y i e l d  strength than any of the 
l ow carbon stee l s  w ith t he excep t i on of q u enched and tempered stee l s .  No 
adv antag e s  i n  re s i stance to sec have  been estab l i shed for quenched and tem­
pered stee l s .  S i nce these stee l s  are cost l y  to purchase and fab r i cate t hey 
were not con s i dered for u se on the 13 new doub l e- she l l  tank s .  

To date no ev i dence of stress corros i on crack i ng i n  A- 537 stee l has b een 
observed exper iment a l l y i n  s i mu l ated waste so l ut ions  at temperatures up to 
203° F ( 95 °C) ( P ayer 1977 a) . 

3- 8 



• 

The g e nera l corros i on rate for A- 537 stee l i s  based on l aboratory data  
for s im i l ar carbon stee l s  i n  s i mu l ated cau st i c  waste so l ut i ons at temperature s  
u p  t o  203°F ( 95 °C) ( P ayer 1977b , W i l son 1977) . Heat tr ansfer ana l ys i s  for 
expected tank serv i ce has shown that stee l sk i n  temperature s  w i l l  not exceed 
200°F ( 93°C) ( Append i x F) . For the purposes of des i g n, a 1 m i l /yr 
( 0 . 2 5 mm/year) averag e corros i on rate has been u sed for the pr imary tank . 
Based on a 50 yr de s ig n  l ife , general  corro s i on w i l l  be  50 m i l s  ( 1 . 25 mm) . 
Th is  decre ase i n  th i ck ness  i s  taken i nto account i n  the tank structural 
ana lys i s .  

3 . 1 . 2 . 4 Tank Conf igurat i on 

E ach tank cons i sts of three concentr i c  structure s as shown i n  F ig ure 3 . 5 .  
The ou ter tank structure i s  a re i nforced concrete t ank de s ig ned to s u st a i n  
so i l  l oad i ng s ,  dead l oad s ,  l i ve l oad s ,  and e l ev ated temperature s generated by 
t he rad i oact ive  wastes conta i ned w ith i n  the pr im ary t ank . The re i nforced con­
crete tank i s  l i ned with  a carbon stee l l i ner cal l ed the secondary stee l  tank . 
The i nner , free stand i ng ,  comp l ete ly  enc l osed carb on stee l tank , referred to as 
the primary tank , is w ith i n  the secondary stee l tank . The stee l tank s  are 
se parated by an annu l ar s p ace . The pr imary tank is de s ig ned to cont a i n  the 
rad ioact i ve waste mater i a l s .  The secondary stee l tank wou l d  cont a i n  l i qu i d  
l eak age from the pr im ary tank u nt i l  the tank contents can b e  transferred to a 
spare doub l e- she l l  tank . 

Pr imary tank . The freest and i ng pr imary tank i s  7 5  ft ( 22 . 9  m) i n  d i a­
meter and i s  45 ft , 9 -i n. ( 13 . 9  m) h i gh  at t he dome crown. The max imum con­
te nt he ight is 30 ft , 3- i n. ( 9 . 2  m) . The carbon stee l i n  the bottom of the 
t ank ranges  from 1/ 2 - i n. ( 1 . 3  cm) to 1 - i n. ( 2 . 5  cm) i n  th i ck ne s s .  The k nuck l e  
( the trans i t i on sect i on from tank fl oor to tank wa l l )  i s  of 7/8- i n. ( 2 . 2  cm) 
stee l p l ate . The pr imary t ank wa l l  th i ck ness  ranges  from 1/2- i n. ( 1 . 3  cm) to 
3/4- i n. ( 1 . 9  cm) and the dome is 3/8- i n. ( 0 . 92 cm) th i ck stee l .  

Second ary stee l  tank . The secondary stee l tank l i nes  the re i nforced con­
crete tank and extends  to the pr imary tank dome . The secondary stee l tank i s  
80 ft ( 24 . 4  cm) i n  d i ameter and v ar i es i n  th i ck ness  from 3/8- i n. ( 0 . 92 cm) to 
1/2 - i n. ( 1 . 3  cm) . There is an annu l ar sp ace of 2 . 5  ft ( 76 cm) between  the 
pr im ary tank and t he second ary stee l tank to a l l ow for i nsta l l at i on of l i qu i d  
l ev e l  detect i on dev i ce s ,  i nspect i on equ i pment such a s  per i s copes , te l ev i s i on 
cameras , and photog raph i c  cameras ; vent i l at i on a i r  s upp l y  and exhau st ducts ; 
and equ i pment for pump i ng l i qu i d  out of the annu l ar space . 

I nsu l at i ng concrete . An 8- i n. ( 20 . 3  cm) s l ab of i nsu l at i ng concrete ( a  
castab l e  refractory made with  an a l um i nate cement and a s l ate aggreg ate) i s  
s andwi ched between t he pr imary and the secondary tank bottoms ( F igure 3 . 5) . 
Th i s  s l ab protects the re i nforced concrete foundat i on from exce s s ive  tempera­
t u res dur i ng t he stress re l i ef of the pr imary tank . Dur i ng operat i on of the 
tank s ,  the annu l u s  vent i l at i on system rou te s  a i r  throug h s l ots i n  the i nsu l at­
i ng concrete to the annu l u s .  Th i s  a i r  fl ow coo l s the waste t ank and wou l d  
transport rad ioact ive  part i cu l ate s  to an a i r  s amp l er i n  the eve nt of a l eak i n  
the pr im ary tank . The i nsu l at i ng concrete a l so has grooves  for l i qu i d  dra i n­
ag e from bene ath the primary tank to the annu l u s  for detect i on and pumpou t .  

3 -9 



"7/'?"<�<\ 'W''l"«"W'l X\'4/ ,/'<\.\\\! 17�«.\��'1'>?1 <\<<'\< 'l >;> f \\<\ 11'1"''�� Jl'JI <\<\\<: 11hX%�<'j/ll' '<'«\\ ?»1»X<W\<'l'h9i/'l>X''«<: 

SPRING LINE 

CONC. TANK 

REINFORCED 

CONC. TANK 

l '-3" 61-611 

15'-0'' .. I 
SPRING LINE PRIMARY STEEL TANK 

MAX. LIQUID LEVEL 

PRIMARY STEfl TANK 
I 

11-611 

STEEL LINER 

32'-5 5181) 
37'-6" 

SECONDARY STEEL TANK r----RADIUS ___ __, 

INSULATING CONCRETE 

I 1--- 40'-0" 
I RADIUS 

I . 811 

l'-6" 

21 '-I" 
3'-4" 7'-4" 61-911 3'-3" 

F I GURE 3 . 5 .  Vert i ca l  Sec t i o n  Thro ugh  Tank 

We l d i ng and stres s - re l i ef .  A l l pr imary and s econdary stee l tank seams 
are fu l l  penetr at i o n  butt - we l ded i n  accordance w ith  appro ved we l d  procedures 
by cert i f i ed we l ders . The we l ds are f i rst v i s u a l l y  i ns pected. A l l wetted  
are as are x- rayed as requ ired  and accepted per the requ i rements of ASME 
Sect i on V I I I ,  D i v i s i on 2 .  I n  add i t i o n, we l ds i n  t he tank bottom are tested by 
us i ng mag net i c  part i c l e  and dye penetrat i o n  procedures . After tank fabr i ca­
t i on i s  comp l eted , t he pr imary tank i s  f i l l ed w i t h  water and l eak checked .  I n  
add i t i on,  the stee l p l ate i s  u l traso ni ca l l y  tested at the m i l l  for p l ate f l aws 
before i t  i s  s h i pped to t he construct i on s i te . 

Str i ct attent i on i s  pa i d  to the f l at ness  of the tank bottoms s i nce past 
res earch has s hown t hat bumps w ith  severe cur vatures can cause l oca l i zed h i gh 
stress  po i nts that may i ni t i ate or co ntr i bute to stress corro s i o n  crack i ng .  
( Anderson 1976a , b ) . After fabr i cat i on, the pr i m ary tanks are t herma l l y 
stress - re l i eved at 1100°F  ( 593°C ) for one hour to re l i eve res i dual  fabr i cat i o n  
stre sses . 
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Re i nforced concrete tank . The pr im ary tank i s  conta i ned w ith i n  a stee l ­
l i ned , re i nforced concrete structure . The re i nforced concrete tank i s  made up 
of two i ndependent parts : fou ndat i on, and wal l s  and dome . 

The fou ndati on var i es i n  th i ck ness  from 1 ft ( 30 cm) to 2 ft ( 60 cm) , and 
transm i ts t he b e ar i ng forces from the tanks and concrete wal l s  to the l oad­
bear i ng backf i l l  beneath the fou nd at i on.  The concrete wa l l  re sts on a stee l 
s l i de p l ate mounted on the fou ndat i on foot i ng .  The top of t he concrete tank 
fou ndat i on is  s l otted such that any l eak ag e  from the secondary stee l tank can 
be  rou ted to a l eak detect i on p it and pumped to another t ank . The concrete 
var i es i n  th ick ness  from 18 - i n. ( 45 . 7  cm) i n  the wa l l s  to 1 5 - i n. ( 38 . 1  cm) i n  
the dome . 

The re i nforced concrete structure i s  de s i g ned to w ithstand the most 
severe comb i nat i on of operat i ng and natural  force s ,  i nc l ud i ng a bre ach of the 
primary tank w ith  the re su l t i ng l oad s on the second ary stee l tank and 
re i nforced concrete structure . 

Des i g n  ana l ys i s  of the concrete structure i nd i cates it  w i l l  exper i ence 
nonl i ne ar creep and crack i ng due to e l ev ated temperatu re cond i t i ons i nduced by 
the contents of the pr imary tank , but that it  reaches a stat i onary cond i t i on 
w ith  a comf ortab l e  marg i n  of safety ( URS/ John A .  B l ume and As soc i ate s 1978) . 

Tank dome penetrat i ons .  There are 64 tank dome penetrat i ons i n  the 
pr im ary tank and annu l u s  for moni tor i ng and proce ss i ng act i v i t i e s . A typ ica l  
dome penetrat i on arrangement is  shown i n  F igure 3 . 6 ,  w ith  a schedu l e  of the 
numb er and s iz es of penetrat i ons . For t he pr imary tank mon i tor i ng fac i l i t i e s , 
penetrat i ons are requ ired for l i qu i d  l eve l ,  s l udge  l eve l , temperature , and 
pressure meas u reme nts , and for an observ at i on port . Penetrat i ons for the 
pr imary tank process i ng operat i on i nc l ude vesse l vent i l at i on, s l urry d i str i bu ­
t i on, s upernatant pumpout ,  dra i nage co l l ect i on from v ar i ous p i ts and encase­
ments l ocated on or ne ar the tank , and spare s .  A m i nimum of three 42 - i n.  
( 106. 7 cm) r i s ers are requ i red to fac i l i tate future waste retr i ev a l  act iv i t i es .  

Penetrat i ons throug h the tank dome i nto the annu l u s are a  are requ ired for 
annu l u s  pumpout ,  vent i l at i on a i r  i nl ets and out l et s ,  i nstrume nt l ead s ,  l iqu i d  
l eve l meas urement , annu l u s  i nspec t i on,  and construct i on access . A l l tank 
penetrat i ons term i nat i ng i n  r i s ers ab ove g rade are l ocated to perm it  crane 
access for a l l p it work.  

Proces s  p i t s  and r i sers . Each new tank wi l l  have  p i pes  wh ich extend from 
the tank to g rade l ev e l  and to concrete p i ts .  These  r i s ers w i l l  a l l ow access 
to the tank for vent i l at i on,  i nstrumentat i on,  dra i ns ,  pumps and i ns pect i on.  
The r i ser d i ameters range from 4- i n. ( 10 . 2  cm) to 42 - i n. ( 106 . 7  cm) . 
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Ta n k  Penetrations Schematic 



Each tan k i s  equ i pped w ith  three concrete pits to be ut i l i zed i n  tank 
contents remov a l : 1 )  a central  pump pit over the pr im ary tank houses t he pump 
and fi l l  l i ne for each tank , 2) an an nu l u s pump pit prov i des  for pump out the 
second ary tank i n  t he event of a l eak i n  the pr im ary tank , 3)  a l eak detect i on 
pit , l ocated ad j ace nt to each tank , co l l ects l i q u i d  from the s l ots i n  the b ase 
s l ab be l ow t he l i ner for pumpi ng b ack through t he central pump pi t .  The pi ts 
con s i st of re i nforced concrete boxes set i n  the ground above the ma i n  r i sers 
i n  t he rank . The top of each pit has remov ab l e  concrete cover b l ocks wh i ch 
a l l ow equ i pment acce ss when  removed and prov i de sh i e l d i ng when  i nsta l l ed .  

Proces s  pi pi ng .  Proce ss pi pi ng i s  u sed for two purposes : transport i ng 
product from the 242 -A Ev aporator to the tank s ,  and transferr i ng mater i a l 
between tank s .  For t he purposes of d i s cu ss i on, t he pi pe l i nes  from t he ev a­
porator to the tank s are ca l l ed s l urry l i ne s  ( F i gure 3 . 7 ) , and the l i ne s  for 
mov i ng waste b etween tank s are ca l l ed s upernat ant l i ne s  ( F i g ure 3 . 8) . O ne 
s l urry l i ne and one supernatant l i ne are connected to each tank . These l i ne s  
are rou ted from t he pump p its on each t ank t o  v a l ve pits . E ach v a l ve pit con­
s i sts  of a concrete box with  remov ab l e  coverb l ock s .  The v a l ve pits cont a i n  
v a l v ed jumpers u sed to make  transfers to and from the de s i red tank s .  Super­
natant l i ne s  connect the ce ntra l pump pit w ith  both the l eak detect i on pit and 
t he annu l u s pump pit .  

A l l process l i ne s  have a m i n imum av erag e  s l ope of 0 . 25% to ass ure pro per 
dra i nage . The pr im ary l i nes  are encased w ith a s econd ary pi pe ( encasement) as 
an added prec au t i on ag a i nst l eak age  to the env i ronment . A l l pi pi ng i s  
de s ig ned to accommmodate therma l  expans i on. The encasements are s i z ed to 
permi t  movement of the pr imary l i ne .  Prov i s i ons for expans i on and contract i on 
of t he bur i ed encasements are made by l eav i ng v o i d  s paces i n  t he i nsu l at i on 
around the pi pe . 

The proce ss  pi pi ng i s  a l l fu l l - penetrat i on butt - we l ded accord i ng to 
qua l i f i ed ( approv ed) procedu re by cert i f i ed we l ders . After fab r i cat i on, a l l 
we l ds are v i s u a l l y ,  dye- penetrant , and rad i ograph i ca l l y i ns pected . I n  add i ­
t i on, a l l  pi pi ng i s  hydrostat i ca l ly tested at 1 - 1/ 2 t imes the des i g n  pressure . 

After a l l  pi pe fab r i cat i on i s  compl eted and accepted ,  the pi pi ng i s  
cov ered w ith a m i n imum of 2 . 5 ft ( 0 . 76 m) of earth to prov i de rad i at i on 
sh i e l d i ng .  

3 . 1 . 2 . 5  Tank Vent i l at i on Systems 

The vent i l at i on system for each tank farm ( F igure s  3 . 9  and 3 . 10)  cons i sts 
of two compl ete ly separate subsystems : the pr im ary t ank v e nt i l at i on system , 
and the annu l u s vent i l at i on system . The two systems are capab l e  of tog ether 
remov i ng 100 , 000 Btu ( 1 . 1  x 108 J) of heat per hour from each tank . 
The exhau st a i r  streams are f i l tered to k eep  t he rad i oact i v e  part i cu l ate em i s ­
s i on s  be l ow re l ease gu i des  def i ned  i n  ERDA Manu a l , Chapter 0524 ( DO E  1977) . 
Bu r i ed 12 - i n. ( 30 . 5  cm) ductwork routes t he v ent i l at i on a i r  from the pr im ary 
tank and annu l u s of each tank to the exhau ster fans . F a i l ure of the pr imary 
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t ank exhau ster or f i l ter au tom at i ca l ly rerou tes pr imary ex h au st through the 
an nu l u s  vent i l at i on system . Both systems are equ i pped with ports i n  the duct­
work wh i ch a l l ow i n - p l ace te st i ng of the f i l ter i nteg r i ty .  D i fferent i a l  pres­
sure gaug es , i nst a l l ed to mon itor the pressure drop cau sed by bu i l dup  on the 
f i l ters , and ports for psych rometr i c  te st i ng of the pr imary system , are a l so 
prov i ded on the vent i l at i on system . 

Pr imary tank v ent i l at i on system . Th i s  vent i l at i on system i s  des ig ned to 
remove  vap ors f rom the pr imary tank and to m a i nta i n  a pressure i n s i de the tank 
that i s  a l ways s l i gh t ly b e l ow the atmos pher i c  pre s sure outs i de the tank . Th i s  
con stant neg at ive  pressure i s  ma i ntai ned i n s i de t h e  t ank by ex hau st i ng i nf i l t­
rat i on a i r  from the tank . The exhau st fan s  are i ncapab l e  of produc i ng a 
neg at ive  pressure over 5 . 9 - i n .  ( 15 cm) of water . 

The exhau ster un it con t a i n s  a de- entr a i nment pad to remove entra i ned 
mo i sture ,  an e l ectr i c  h eater to prev ent conden s at i on on t he f i l ters , a pre­
f i l te r ,  two h ig h - eff i c i ency part i cu l ate a i r  ( H EPA) f i l ters in ser i e s ,  and an 
e x h au st st ack w ith a fl ow meas u r i ng dev i ce ,  a i r  s amp l er ,  and rad i at i on mon i tor . 
H EPA f i l ters are common ly  u sed for nuc l ear serv i ce becau se of the i r  h ig h  eff i ­
c i ency .  The f i l ters are 99 . 9% effect ive  i n  remov i ng 0 . 3  m i cron p art i c l e s .  

Ann u l us v ent i l at i on system . The pu rpose of the annu l u s  vent i l at i on 
sy stem i s  to coo l  t he tanks , avo i d  mo i sture condens at i on i n  the annu l ar space , 
and serve as a sen s i t ive  method of detect i ng l eak ag e  of rad i oact ive  mater i a l s  
from t he pr im ary t ank . The annu l us vent i l at i on system , i n  comb i n at i on w ith  
the  primary vent i l at i on system , i s  cap ab l e  of remov i ng 100 , 000 Btu  ( 1 . 1  x 
108 J) of heat per hour  from each tank . One a i r  supp ly un i t  to each tank 
annu l u s  has a pref i l te r ,  a H EPA f i l te r , ( a) and a man u a l  butterf ly  v a l v e . 
Outs i de a i r  w i l l  be  s upp l i ed through e ight  4- i n .  ( 10 cm) carb on stee l p i pes  
l ocated i ns i de the  tan k ann u l us and  embedded i n  the  i n su l at i on mater i a l  under­
neath the pr im ary t ank  b ottom . From t he center of the i n s u l at i ng concrete , 
the a i r  w i l l fl ow rad i a l l y  outward to the annu l us thro ug h  s l ots prov i ded i n  
t he i ns u l at i on u n der the pr imary t ank . 

Four exhau st ducts , connected to 8 - i n .  ( 20 cm) r i sers from the annu l us ,  
transp ort the annu l u s  exhau st a i r  from the top of each tank annu l us to a man i ­
fo l d  on the annu l u s  vent i l at i on exhau st un its . A butt�rf ly  v a l v e  for ad j u st­
i ng a i rfl ow i s  prov i ded i n  t he ductwork from e ach t ank annu l u s .  An a i r  
s amp l er/rad i at i on detector i s  i nsta l l ed i n  the vent i l at i on ductwork to detect 
any rad i oact i ve l eak ag e  from e ach pr imary t ank . 

A i r  fl ow rates are des i g ned to be 800 cfm ( 3 . 8  x 102 1 / sec) for each 
t ank annu l u s ,  as comp ared to 1 50 cfm ( 70 . 8  l / s ec) in t he pr imary tank . Two 
exhau ster un its are u sed for the annu l u s  vent systems i n  each tank farm , and 
one exhau ster un i t  is u sed for the pr imary tanks  in e ach t ank farm . 

( a) The H EPA f i l ter prov i de s  protect i on ag a i nst re l ease of rad ioact i v i ty i n  
t he ev ent of an a i rf l ow revers a l . 

3- 18 



The exhau ster un it fi l trat i on system used for the annu l u s  i s  ident i ca l  to 
t he pr im ary tank un it w ith one ex cept i on :  t he pre- f i l ter i s  not requ i red 
becau se the i n l et a i r  is fi l tered pr i or to entry i nto the annu l u s .  

3 . 1 . 2 . 6  I nstrumentat i on Systems 

I nstrument at i on syst ems for each tan k are prov i ded to mon i tor operat i ng 
p arameters s u ch as l iqu i d  l eve l , temp erature , l eak detect i on ,  and rad i at i on 
detect i on ( F igure s  3 . 1 1  and 3 . 12 ) . A l l readouts are at a l oca l  i nstrument 
bu i l d i ng i n  each t ank  f arm, or in the 242 - A  Evaporator bu i l d i ng , wh i ch i s  
cont i nu ou s ly manned . 

L iqu i d  l ev e l . Each tan k i s  equ i pped w ith  an automat i c  l i q u i d  l ev e l  g aug e .  
The g auge s i ts on a t ank r i ser and con s i sts of a p l ummet suspended on a tape , 
tape ree l ,  s i ght g l ass , contro l box , a i r  purg e ,  and water f l u sh sprays . I n  
operat i on ,  t he contro l s  per i od i ca l ly and au tomat i c a l ly  ad j u st t he p l ummet 
pos i t i on unt i l  e l ectr i ca l  cont i nu ity between the p l ummet and the l i qu i d  sur­
f ace i s  ach i eved .  At th i s  po i nt ,  the tape re ad i ng i s  conv erted to an 
e l ectr i ca l  s i g n a l  for readou t .  

S l udge l eve l . S l udg e l eve l detectors are i nst a l l ed in the tanks  to 
det ect t he he i ght of t he so l i d s  l eve l  in the t ank s .  The dev i ce con s i sts of a 
we ight suspended by a predetermi ned l ength of cab l e  from a capped r i ser . 
Read i ng s are tak en m anua l ly by remov i ng the r i ser cap and att ach i ng a h and­
he l d ,  ca l i brated tape to the s l udge we ight cab l e  and l ower i ng the we ight to 
t he so l i d s  surf ace . 

Spec i f i c  grav ity . Long ha lf - i nch d i ameter tubes are i nserted through a 
tank  r i s er to meas u re spec i f i c  g rav ity .  One tube i s  l ocated near the bottom 
of the tan k ,  and the second is  pos it i oned 3 . 2 5  ft ( 1  m) h ig her . Spec if i c  
g rav ity data on the waste i s  obta i ned by comp ar i ng t he a i r  pressures requ i red 
to bubb l e  a i r  throug h each tub e .  The press ure s i g n a l  is transmitted throug h 
a i r  l i nes to t he i n strument bu i l d i ng ,  where it i s  converted to an e l ectr i ca l  
s i g na l and d i s p l ayed on a pane l board . These read i ng s  read out cont i nuou s ly 
i n  the i n strument bu i l d i ng s .  

Temperature mon itor i ng .  Each tank i s  equ i pped w ith  101 chrome l ­
con st ant an thermocou p l es for mon itor i ng temperatures i n  cr it i ca l  areas of the 
tan k structure ( F igure 3 . 11 ) . A s i ng l e  p i pe probe cont a i n i ng 18 thermocoup l es 
i s  u s ed to mon itor waste temperatures at v ar i ous l ev e l s  i n  the pr im ary tank . 
The concrete dome and wa l l s  cont a i n  24 thermocoup l es l ocated at the outer sur­
f aces . Twenty- four add i t i onal  thermocoup l es are l ocated on the i nter i or next 
to the stee l in the pr imary tank dome and the stee l l i ner . N i ne thermocoup l es 
are l ocated i n  the concrete b ase s l ab .  Twenty- four thermocou p l es are l ocated 
on the i n s u l at i on concrete next to the bottom p l ate of the primary tank . Two 
t hermocou p l e s  are l ocated near t he bottom of the pr imary t ank i n  t he annu l u s .  
A l l of the thermocoup l es are strateg i ca l l y  d i str i buted , both  vert i ca l l y  and 
rad i a l ly ,  to ach i eve a represent at ive s amp l e  of t he act ual  temperatures . A l l 
thermocoup l es read out i n  the i nstrument bu i l d i ng s .  Import ant re ad i ng s  are 
d i sp l ayed i n  t he 242 - A  Ev aporator , wh i ch is  cont i nuou s ly manned . 
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Rad i at i on mon itors . R ad i at i on mon i tors are used to detect rad i at i on i n  
l ocat i ons t h at are not norma l ly  contam i nated , s u ch as vent i l at i on ducts , s er- r 

v i ce p its , and l eak detect i on p its . Ov era l l  surve i l l ance of tank farms i s  
p rov i ded by area rad i at i on mon i tors . A l arms and i nter l ock s are prov i ded such 
that upon detect i on of rad i at i on ,  the fan s  or pumps wh ich  cou l d  further spre ad 
contam i nat i on are au tom at i ca l ly s hut down . 

Leak detect ion . I n  add it i on to the l eak detect i on prov i ded by rad i at i on 
mon i tors , conduct iv ity probes are i n st a l l ed i n  t he annu l u s ,  process  p i ts and 
encasements .  Thes e  areas  are normal l y  dry; the pre sence of any l i qu i d  wou l d  
act i v ate the probe to i nd i cate a l eak and sound an a l arm i n  t he i n strument 
bu i l d i ng . 

3 . 1 . 3  Waste Retr i ev a l Prov i s i ons  

Waste retr i ev a l  from any of the  doub l e- she l l  tanks  can  be accomp l i s hed 
w ith current ly demon strated techno l ogy . The so l i ds  i n  t he t anks  are e ither 
i nherent ly  l i ght  and pumpab l e  ( as i n  the case of c l add i ng wastes) , or water 
s l u i ceab l e  ( as i n  t he case of doub l e- s he l l  s l urry) . So l i d s  prec i p i tated by 
ev ap orat i on of concentrated l i quors can be d i l uted w ith  water and su spended 
for pump i ng .  Ex i st i ng s l urry d i str i butors can prov i de t he req u i red ag itat i on 
for the red isso l v i ng operat i ons . As s hown i n  the f i gure s  i n  Append i x  C ,  the 
d i str i bu tors c an d i rect a stream of water or recyc l e  l iquor to any port i on of 
the tan k by rad i a l adj u stment . The red i sso l ved mater i a l  can then be pumped 
w ith e x i st i ng pump i ng equ i pment . A deta i l ed d i s cu s s i on of waste retr ieva l  i s  
prov i ded i n  Append i x  C .  A s  stated i n  Append i x  C ,  equ i pment to remove l i qu i d s ,  
s l u rr i e s ,  and s l u dges  f rom underg round tanks  a l ready ex i sts at H anford and has 
been u sed exten s i ve l y .  I n  the event that a dec i s i on i s  made to empty a 
pr im ary t ank as qu i ck l y  as poss i b l e ,  the  equ i pment and k now- how are av a i l ab l e  
now. 

For the case where the tank conta i n s  on l y  pump ab l e  l i qu i d ,  a mu l t i - stag e ,  
dee p - we l l  turb i ne pump has b een des ig ned and bu i l t  for u se i n  t he doub l e- s he l l 
tan k s .  Three pumps are av a i l ab l e  for i nsert i on i n  the ma i n ,  annu l us ,  and test 
we l l  pump p i ts .  

For the case  where the tan k  conta ins  doub l e- she l l  s l urry, two courses of 
act i on are ava i l ab l e .  E it her t he doub l e- she l l  s l urry c an be  h and l ed as an 
i nso l ub l e  s l udg e ( d i s cu ss ed subsequent ly) , or it can g o  through a d i s so l ut i on 
p roce s s .  I n  th i s  l atter i nst ance , the s ame mu l t i - stag e ,  deep -we l l  turb i ne 
pump st ated above for l i qu i d s  can be emp l oyed . S i nce doub l e- she l l  s l urry i s  
t he product of a 25% v o l ume reduct i on by ev aporati on of water from a tot a l l y  
l i q u i d  st ate , i t  is  read i l y  res uspended by add i ng b ack th i s  25% water . Th i s  
c an b e  accomp l is h ed by t he contro l l ed add i t i on of hot water at the turb i ne 
pump i n l et m i x i ng w ith  doub l e- she l l  s l urry ( see Append i x  C) . Th i s  hot water 
d isch arge at t he pump i n l et a l so s erves to s i nk t he turb i ne pump i nto the  
doub l e- she l l  s l urry dur i ng i nst a l l at i on i n  the  pump p i t .  S i nce the  tot a l  
waste v o l ume i s  be i ng i ncreased i n  th i s  i n st ance , t he pumped l iq u i d  waste mu st 
f i rst be put throug h an ev aporator to return it to doub l e- she l l  s l urry before 
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p l ac i ng i t  i n  a s pare tank a l so of one-mi l l i on gal l on capac i ty. An evaporator 
c an d i s char ge do ub l e- s he l l  s l urry at a rate of 75 gpm .  Th i s  wou l d  requ i re an 
evapor ator fee d rate of 100 gpm wh i ch i s  wi t h i n  the capab i l i ty of the turb i ne 
pump . At 75  gpm , a one mi l l i on gal l on tank of do ub l e- s he l l  s l urry can be 
empt i ed wi t h i n  appro x i mate l y  ten days at cont i nuous o per at i on .  

For t he case where t he do ub l e- s he l l  tanks co ntai n i nso l ub l e  s l u dge or 
do ub l e- s he l l  s l urry to be mo ved w ith  mi n imal  d i s so l ut i on ,  a heavy- duty 
centr ifugal s l urry pump is ava i l ab l e  wh i ch has been us ed at H anford i n  remo v­
i ng s l udge from s i ng l e- s he l l  tanks . One of these  pumps s hown on P age C- 13 , 
Append i x  C .  

I n  a l l cases c i ted  above ,  f i na l  c l eanout o f  the tank wo u l d  st i l l  have to 
be undert ak en .  Th i s  w i l l  requ i re add i t i onal  t ime and w i l l  al so gener ate an 
add i t i on a l  vo l ume of waste was h water to be pumped to another l ocat i on .  The 
equ i pment ava i l ab l e  to do th i s  is i n  t he form of s l u i cers . S l u i cers have been 
used prev i o u s l y  i n  the c l eanup of s l udge hee l s  i n  s i ng l e- s he l l  tanks . They 
c an be u s ed a l so to was h down t he i nter i or wa l l s of t he pr imary t ank . 
Appen d i x  C des cr i bes a s l u i cer . 

Any immed i ate c l eanup of a do ub l e- s he l l  tank annu l us or l eak detect ion  
p i t  c an be accomp l i s hed w i t h  one or  more hot water f l us h i ngs and pumpout of  
the waste water w ith  the turbi ne pumps prev ious l y  ment i oned .  

3 . 1 . 4 . Summary of Safety Fe at ures 

Each tan k con s i sts of two cont a i nment barr i ers between the waste and the 
envi ronment . Leak age t hro u gh e i t her t he pr imary t ank or s econdary t ank can be 
detected w i t h  bot h rad i at i on mon i tors and l i qu i d  detectors , and correcti ve 
act i on tak en .  

Separ ate pr imary tank an d an nu l u s exhaust vent i l at i on systems pro v i de 
rad i at i on mon i t or i ng and coo l i n g .  The pr imary tank i s  mai ntai ned at a con­
st ant negat i ve pres s ure , s uch  that air f l ow is at a l l t i mes i nto the tan k .  
The exhau st f ans are i ncapa b l e  o f  produc i ng exce ss i ve negat i ve gauge press ure . 
F a i l ure of the pr imary exhau ster un it  automat i c a l l y  act i ves a cross - connector 
to t he annu l us vent i l at i on system i n  or der to ma i nta i n negat i ve gauge press ure 
i n  the tan k at al l t i mes . 

I nstr umentat i on i n  the tan k  farms i s  des i gned and i nter l o cked as neces­
s ary to detect abnorma l  cond i t i ons and automat i ca l l y  s hut down pumps and sound 
off al arms . I n  add i t i on to the tank s ,  the s upport i ng fac i l i t i es such  as 
p i p i ng ,  process p i ts ,  and ut i l i ty p i ts are mon i tored for l eak age . Manua l l y 
o per ated va l ves are equ i pped w ith  l i mi t sw i t ches or mec han i ca l  i nter l ocks 
whi ch ass ure t h at t he waste streams are not m i srouted . Abo ve- ground  rad i at i on 
mon i tors that detect so i l  contam i nat i on prov i de cont i nuo us s urve i l l ance of the 
s urf ace i n  t he t ank f arms . 
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3 . 1 . 5  Conc l u d i ng Remark s 

The preced i ng descr i pt i on of 
of t he i r  des ig n  and con st uct i on .  
to the pro posed act i on ( preferred 
a l tern at i v e ,  are descr ibed .  

3 . 2  ALTERNAT I V ES 

the doub l e- she l l  tanks  prov i de s  the det a i l s  
I n  t he fo l l ow i ng s ect i on , the a l ternat i ves  
a l tern at i ve) , i nc l ud ing  the  "no  act i on "  

I n  th i s  sect i on ,  the fol l ow i ng a l tern at ives  to the proposed act i on ( pre­
f erred a l ternat i ve) des cr i b ed e ar l i er in S ect i on 3 . 1  are d i scu ss ed . The 
a l tern at i ve s  are : 

1 .  The "no act i on 11 a l ternat ive  imp l y i ng that the 13  tanks  need not hav e  been  
con structed and that ex i st i ng ( pre- 1976)  storag e  t anks  wou l d  be  ut i l i z ed 
as part of cont i nued pre sent act i on .  Th i s  al tern at ive  i s  d i scussed and 
s h own to be u n acceptab l e .  

2 .  Use of th i ck er and more chem i ca l l y- re s i stant stee l p l ates .  

3 .  Use  of imp ressed cu rrent cat h od i c protect i on system to g u ard the  tanks  
ag a i nst stress corros i on crack i ng .  

4 .  Use  of b etter waste retr i ev a l  equ i pment and en l arg ed t ank open i ngs  to 
f ac i l i t i ate waste remov a l  from tanks  at some future date . 

5 .  The pros and cons of u s i ng coo l i ng co i l s  ( water - c oo l i ng of tanks) as 
ag a i nst the use of a i r  coo l i ng now prov i ded in the des ign  and con struc­
t i on of the  13 t anks  at H anf ord . 

An overv i ew of the re s u l ts of the fo l l ow i ng d i s cu s s i on s  of the al tern a­
t i ves is prov i ded in Tab l e  3 . 1 .  The comp ar i sons prov i ded in the tab l e  are 
necessar i l y  br i ef and deta i l s  can be found by referr i ng to the appropr i ate 
s ub s ect i on i n  th i s  chapter . The import ant aspect d i s cern i b l e  i n  Tab l e  3 . 1  i s  
that there are no s i gn if i cant fav orab l e  effects that wou l d  res u l t  from the 
a l ternat i v e s ;  t hu s  t he p referred a l ternat ive  i s  adequ ate for the purpose of 
i ns ur i ng safe i nter im storag e of the wastes when coup l ed w ith  spec if i c  
operat i ng p rocedu re s .  

3 . 2 . 1 No  Act i on A l ternat iv e  

D i s cu ss i on of th i s  a l tern at i v e ,  i nc l uded here i n  conform i ty w ith  CEQ 
reg u l at i on s ,  is of t heoret i ca l  i nterest s i nce the proposed act i on ( con struc­
t i on and ut i l i z at i on of doub l e- she l l  tank s) is al ready under imp l ementat i on ,  
based on d i s cu ss i on of n ew doub l e- she l l  t anks  i n  ERDA- 1 538 . A total  of 153  
tan k s  had been bu i l t  as  of 197 5 ,  as  ind i cated i n  ERDA- 1538  ( pag e I I . 1 - 36 ) . Of 
these ,  four were doubl e- s he l l - type bu i l t  s i nce  1968 .  Th ree add i t i ona l  t ank s 
were comp l eted pr i or to 1978 . A l l s i ng l e- she l l  tan k s  cou l d  dev e l op l eak s and 
some d i d  deve l op l eak s ( NAS , 1978 , p ag e  36) ; some of t hese  l eak s were s u s ­
pected t o  be from n itr ite  stress - corros i on crack i ng .  No  doub l e- she l l  tanks  
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TABLE 3 . 1 .  Comparison of Al terna tives to Propo sed Doubl e-She l l I n terim Wa s te Stora g e  Ta n k s  

A l ternat i ve 

No Act i on 
( conti nued stor-
age in pre-1975 
t an k s )  

P roposed Act ion 
- Use new doub l e-
s he l l  t anks ( pre-
ferred al ter-
nat i ve - Base 
Case)  

Thicker and 
more c hem i ca l ly-
res i s tant stee l 
pl ates 

Cat ho d i c  pro-
tect ion 

L ar ger tank 
open i ngs 

Improved waste 
retr i ev a l  
equ i pment 

Coo l i ng co i l s  

P otent i al Effects P otent i a l  Effect 
Potent i a l  on Double- She l l  P otent i a l  on Long- Term 

Potent i al Potent i al Env i ronmenta l  Tank Effects on Waste Storage and 
Advant ages D i sadvantages Effects Durab i l i t,k'. Retr ieval  D i s�osal 

None Leak age of tank Re l ease of Not app l i ca b l e  I ncreased com- Leaked waste more 
l i qui ds h i gh l y  radionuc l i des p l e x i ty and d i ff i c u i t  and 
pro babl e to envi ronment d i ff i c u l ty with cost l y  to d i s pose 

conti nued stor-
age 

Secure i nter im Sma l l  r i sk of El imi nat ion of Base Case W i l l  impro ve No conf l ict w i t h  
cont a i nment o f  l eak age between poss i bl e  l eak age l ater retr i ev- e x i st i n g  concepts 
e x i st i ng waste s .  pr imary and from s i ng l e - s he l l  ab i l i ty of and p l  ans 
Tank s  immed i at e l y  secondary tanks ; tan k s ;  no s i gn i - waste 
ava i l  ab l e  for i ns i gn i fi cant i n  fi  cant adverse 
use. No add i - compar i son w i t h  effects 
t i onal cost. s i ng l e- s he l l  

tanks 

Poss i bl e  exten- Wi l l  req u i re P oss i bl y  further May i ncrease Woul d  perm i t  N o  conf l i c t  w i th 
s i on of des i gn repl acement of reduce r i s k  somewhat l onger ex i st i ng concepts 
l i fe ;  i ncreased constructed of radi onuc l i de deferral of and p l ans 
corros i on a l l ow- t anks ; i ncrease rel ease retr i eval 
ance ; reduce r i s k  comp l ex i ty of 
of l eak age ; may fabr i cat i on ;  
permi t storage requ ires con-
of more aggres- ti nued storage 
s i ve wastes in s i ng l e - s he l l  

t anks for 4 to 
6 years 

May reduce r i s k  May i ncrease No s i gn i f i cant May i ncrease or Uncert a i n ;  prob- None foreseen 
of stress cor- r i sk of acce l e- pos i t i ve impac t s ,  decrease ably mi nor 
ros i on and un i - rated corros i o n  probably more 
form corros i on negat i ve impacts 

fas i er , but not Adverse effect None Poss i b l e  i ncrease I ncreased fl  ex i - No confl i c t  w i t h  
necess ary for on dome stab i l i ty,  i n  r i sk o f  dome b i l  i ty of waste ex i s t i ng concepts 
l ater ret r i eval cos t l y  retro f i t  fai l ure ret r i ev a l  appa- and p l ans ; may 

rat us perm i t  add i t i on a l  
approaches 

Not app l i cable s i nce improved retr ieval  equi pment can be deve loped, if necessary, i ndependent of the tanks and hence 
i s  not cons i dered to be an a l ternat i ve i n  the sense of the others . 

Wou l d  extend 
t ank capab i l i ty 
to se lf- bo i l i ng 
waste s ;  decrease 
corros i on rate 

I ncrease main­
tenance ; i nter­
ference w i t h  
waste retr ieval 

I ns i gn i f i cant May i ncrease i f  
temperature i s  
l owered 

Co i l s  may 
i nterfere with 
waste retr i eval 

None foreseen 
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have de ve l oped l eaks to date . The new do ub l e- s he l l  tanks are des i gned and 
bu i l t  to avo i d  t ank  wal l crack i ng by : a )  u s i n g  an impro ved carbon stee l for 
l i ners ; b) reduc i n g  stress  concentrat i ons dur i ng construc t i o n ,  c )  he at treat­
i n g  t he fi n is hed i nner t ank at 590°C ( 1 100°F ) fo l l owed by contro l l ed  s l ow 
coo l i ng to re l i eve stresses  i n  and adj acent to the we l ded jo i nts , and 
d) contro l l i ng t he c au sti c/n i trate rat i o  i n  t he h i gh- l evel  waste ( NAS 1 978 ) . 

The pro posed  act i on i nc l udes al l of the above impro vements , whereas the 
" no act i on"  appro ach wo u l d  imp ly  conti nued storage of mo b i l e  ( l i qu i d ) waste i n  
o l der tanks , there by al l ow i ng the r i s ks of l eak age of rad i o act i ve waste i nto 
t he so i l . Thu s ,  t he " no act i on "  al ternat i ve wo u l d  run cou nter to t he goal  of 
res pons i b l e  waste man agement . The Department of E nergy i s  commi tted to con­
tai n t he r ad i o acti ve wastes i n  adequate ly  des i gn ed contai ners to t he best 
poss i b l e  extent unt i l  permane nt d i s pos a l  tec hno l o gy is deve l oped and imp l e­
mented .  Th i s  goal requ i res rej ect i on of t he no act i on al ternat i ve .  

The a l ternat i ves are d i s cussed  be l ow under the fo l l ow i ng categor i es as 
app l i cabl e :  

• the i r  advant ages and d i s advant ages 

• reaso nab l y  foreseeab l e  envi ronment al  effects 

• effect on tank durab i l i ty 

• eff ect on ease of waste retr i eval  from t anks  

• effect ,  if  any ,  on cho i ces of techno l o gy for l ong- term rad i oact i ve waste 
storage and i ts fi na l  d i spos a l , and on t he t im i ng of s uch cho i ces  

• reason for rej ect i ng  the  a l ternat i ve ,  i f  rejected .  

The Department o f  E ner gy has been aware of t he importance of eval uat i ng t he 
i s s ue s  ra i sed i n  each of the a l ternat i ves  an d had co n s i dered t he i s s ues  before 
and dur i n g  t ank construct i o n .  

3 . 2 . 2  Th i cker and More C hem i cal l y- Res i stant Steel  P l ates 

T he al ternat i ve of u s i n g  t h i cker and/or more chemi ca l l y- res i st ant p l ates 
to enhance res i st ance to corro s i on an d tank l i fe i s  exami ned i n  t h i s  sect i on . 
The t h i cker p l ate al ternat i ve has , i n  essence , a l re ady been ado pted v i a  t he 
ear l i er change from s i ng l e- s he l l  tanks of 3/8- i n .  p l ate to do ub l e- s he l l  con ­
str uct i on ,  where t he pr imary tanks use  1/2 - to  1 . 0- i n .  p l ate for a l l wetted 
s urfaces , and t h i s  i s  bac ked up w i t h  a secondary tank constructed of 3/8- i n .  
wa l l  and 1/2- i n . k n uck l e  p l ates , whose des i gn and constr uct i on are equal  or 
s uper i or to the or i g i na l  s i n g l e- s he l l  tanks . 

The a l ternat i ve of more chemi ca l l y- re s i st ant p l ates has been ado pted v i a 
the change to a normal i zed ( he at- treate d )  stee l and post - f abri cat i on stress  
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re l i ev i ng of the primary tan k s .  The se two measure s ,  s i g n if i cant ly i ncre ase 
t he stee l ' s  re s i st ance to stress - corro s i on ,  b e l i ev ed to be a pr imary fa i l ure 
mode for waste storage tan k s .  (Another a l tern at ive  to m i n im i ze the poss i b i ­
l i ty of stress corro s i on crack i ng ,  cathod i c  protect i on ,  i s  d i s cu s s ed i n  the 
next sect i on . ) 

As s hown l ater i n  th is  sect i on the on ly  pract ica l  means to i ncorporate 
th i s  al ternat ive  wou l d  be to bu i l d  a new set of tanks  s i nce the con struct i on 
of present tan k s  is  almost comp l ete and i n  s i tu  mod if i cat i on s  are impract i cal . 
Av a i l ab l e  corro s i on data and structural  ana lyses i nd i cate t h at the stee l 
p l ate s  used i n  the ex ist i ng tanks  w i l l prov i de the fi fty- year des ign  l ife .  If  
a t ank  l eak s ,  h owev er,  t he s econdary t ank and the s p are t anks  are av a i l ab l e  
for restorag e of the waste to prev ent waste l eak ag e  to the so i l .  Therefore , 
t here is  no j u st if i cat i on to ab andon u s e  of these t ank s .  

I n  theory, the u se of th ick er and more corros i on - res i stant stee l p l ate 
wou ld  have no effect upon e ither the ease of waste retr i eva l  or on t he cho i ces 
of techno l ogy for or t i m i ng of l ong - term waste storag e and f i na l  d i spos a l . I t  
cou l d  i ncrease t ank durab i l ity and ,  hence , reduce t he potent i a l for adv erse 
env ironmenta l  effects in the ev ent of cont a i nment fa i l ures . The use of sub­
st ant i a l l y th i ck er p l ate or more chem i ca l ly  res i st ant p l ate wou l d  i ncrease the 
comp l ex i ty and d iff i cu l ty in  fabr i cat i on and a l so i ncrease costs . If  future 
t anks  are con structed , t he u s e  of th icker and more chem i ca l ly  res i stant p l ate 
cou l d  be con s i dered based on the dat a and need s of the s i tuat i on then . 

The techn i ca l  d is cu s s i ons i n  t he fo l l ow i ng parag raphs prov i de support to 
the abov e conc l u s i on .  

3 . 2 . 2 . l  Comp ar i son w i th Prev ious  S i ng l e- and Doub l e- Sh e l l Tanks  

S i ng l e- s he l l  t anks  were constructed of  ASTM A283 , Grade B carbon stee l , 
whose m i n imum room temperature y i e l d  streng th is  24 , 000 ps i ( l , 687 kg/ cm2) .  
Th is i s  an i ntermed i ate strength carbon stee l i ntended for we l ded pressure 
vesse l s .  

Prev ious  doub l e- she l l  tan k s  were con structed of ASTM A- 516  carbon stee l , 
w ith  y i e l d  streng th of 35 , 000 p s i  ( 2460 kg/ cm2) at roo� temperature . The 
l atest doub l e- s he l l  t anks  under d i s cu s s i on ( 241 - AN and 241 - AW) were con­
structed of ASTM A- 537 Grade I carbon stee l p l ates . Th i s  i s  a heat- tre ated 
carbon stee l of f i ne g ra i n  s ize  for- fu s i on we l ded pressure vesse l s .  To 
qua l ify as Grade I ,  it must be a normal i z ed stee l .  Normal i z i ng i s  a heat 
treatment ( anal og ou s  to annea l i ng )  t h at ref i nes g ra i n  s i ze and improv es the 
toug hness  of the stee l p l ate . Thu s ,  each sub sequent des ig n  of the tanks  has 
con s i stent ly  u s ed h i g h er streng th c arbon stee l s .  Add i t i ona l l y ,  w ith doub l e­
wa l l  con struct i on ,  the i nner primary tan k  i s  stre s s - re l i ev ed after fabr i cat i on 
( s ee S ect i on 3 . 1 . 1 . 5 ) , an important f actor affect i ng res i st ance to stress  
corros i on ,  as d is cu ss ed l ater . 
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These improvements permit two ch ang es i n  con struct i on and operat i on :  

• a l l ows bumps i n  t he tank  fl oor due to fabr i cat i on and stress - re l i ef 
d istort i on s  wh i l e  keep i ng stresses be l ow acceptab l e  l im i t s  

• a l l ows h i gher operat i ng temperature for t h e  same wal l th i ck nesses  b ecau s e  
of h igher stee l strength s at operat i ng temperature . 

S i dewa l l th i ck ne sses for the s i ng l e - s he l l  tanks were g enera l l y  3/8- i n .  
( 0 . 95 cm) , a l thoug h some u sed 1/4- i n .  ( 0 . 63 cm) p l ate . Doub l e- she l l  tank  
de s ig n s  u t i l i ze  3/8- i n .  to  1 - i n .  ( 2 . 5  cm) stee l p l ates . Use of 3/8- i n .  p l ate 
i s  l i m i ted to the pr imary tan k dome and second ary l i ner ; 1/2- i n .  or th icker 
p l ate i s  u s ed i n  a l l reg i ons cont act i ng the waste .  Thu s ,  h i stor i ca l ly ,  
doub l e- she l l  tan ks  have  u sed th ick er stee l p l ates than the  s i ng l e- she l l 
t ank s .  A schem at i c  of t he t ank wa l l  th i ck ne sses i s  sh own i n  F i gure 3 . 1 3 .  
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F I GURE 3 . 1 3 .  Pr imary Tank and Secondary L i ner Wal l Th i ck nesses  
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3 . 2 . 2 . 2  Potent i a l Advantages of Us i ng Th i cker and More 
C hem i ca l l y- Res i stant P l ate 

The co nstruct i on of the 13 tanks is a lmost comp l eted .  However a t heore­
t i ca l  d i s cu s s i on of t he adv antages of u s i ng th i cker and more chem i cal l y  
res i stant p l ates i s  pro v i ded  i n  the fo l l owi ng paragraph s .  I n  genera l , t he 
advantages are : 1 )  t h i cker p l ates reduce t he stresses i n  t he str ucture by 
pro v i d i n g  add i t i on a l  l oad carryi ng  stee l , 2 )  t h i cker p l ates pro v i de more 
a l l owance for corro s i o n ,  3) more c hem i ca l l y  res i stant stee l p l ates better 
wi t hstan d the corros i ve effects of waste so l ut i ons . To ass ess whet her these 
advantages ,  wh i ch c an be prov i ded on l y  by constr uct i n g  new tanks are neede d ,  
the structura l  i ntegr i ty an d corros i on behav i or o f  the present tanks  are 
revi ewed be l ow .  

Two separate str uctura l  an a l yses have been comp l eted o n  the s ubj ect tanks . 
Bot h  st ud i es ( Bas i c  Techno l o gy, I nc .  1 977 ; URS/Jo hn A .  B l ume 1 97 6 ;  URS/Jo hn A .  
B l ume , 1 978 ) conc l ude that tan k stresses  are l ess t han al l owed by ASME  Code , 
Secti on V I I I ,  D i v i s i on 2 l im i ts .  Thus , no add i t i onal  stee l t h i ckness i s  
re qu ired  for the structural  i ntegr ity o f  t he tan ks , pro v i ded  corro s i on damage 
does not exceed t he a l l owances i nc l u ded i n  t hese an a lyses . In t h i s  cas e ,  
add i t i on a l  stee l serves on l y  to i ncre ase the al ready exi s t i ng  mar g i n o f  s afety 
between t he tank  stresses and a l l owab l e  stress l im i ts .  The des i gn stress 
report for the tan ks by Bas i c  Tec hno l o gy ,  I nc .  ( 1 977 ) ass umed a un i form cor­
ro s i on a l l owance of 50 m i l s  ( 0 . 05 - i n . ) ,  based on a 1 - m i l /yr corros i on rate and 
a des i gn l i fe  of 50 years . 

When d i s cu ss i ng the appropri ate corros i on a l l owance for the tanks , t hree 
types of corro s i on need to be cons i dered :  p i tt i ng corros i on ,  stress corros ion  
crack i ng ,  and un iform corro s i on .  The fi rst two types of corro s i on are l oca l  
types of corro s i on .  T he t h i rd type of corros i on affects bro ad s ect i ons of 
tank i n  co ntact wi t h  the waste . The mai n concern i n  the fi rst two types of 
corros i on is tank l eak age , if corro s i on breac hes t he wal l .  The t h i rd type of 
corros i on affects the overa l l  stress - carryi ng  cap ab i l i ty of the tank by 
reduc i ng t he t h i ck ness  of stee l capab l e  of s ustai n i n g  l o ads . 

Ava i l ab l e  pert i nent corros i on dat a are summar i zed i n  Append i x B .  D ata  
e x i st for carbon stee l corro s i on i n  several types of H anford waste . The tests 
are on ot her s i mi l ar car bon stee l s ,  but are co ns i dered i nd i c at i ve of A- 537 
carbon stee l . Of t he proj ected types of waste to be p l aced i n  t he t anks , data  
on s imu l ated  wastes who s e  compos i t i ons  are s i mi l ar to do ub l e- s he l l s l urry are 
pres ent ly ava i l ab l e ;  no data are avai l ab l e  for concentrated compl ex ant or 
c l add i ng waste s l udge compos i t i ons . These  ot her waste types wi l l  be stored i n  
on l y  four of t he t h i rteen t anks . The present assessment of t ank durab i l i ty i s  
based so l e ly  o n  stor i ng waste compos i t i ons  s i mi l ar to do ub l e- s he l l  s l urry or 
s l urry fee d .  For wastes of d i fferent chem i cal  compo s i t i ons , add i t i ona l  
corros i on test i ng i s  necess ary to au gment ex i st i ng data .  At  t hat t ime , 
a l l owed compo s i t i on r anges w i l l  be adj usted for t he ot her waste forms to keep 
expected corro s i on rates compat i b l e with the 50 -yr of the tank system . 
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The av a i l ab l e  data support the ass umed 1 - mi l /yr u n i form corro s i on al l ow­
ance for do ub l e- s he l l  s l urry compo s i t i ons w i t h i n t he spec i fi ed range . On t he 
other han d ,  the dat a are i ns uff i c i ent to conc l us i ve l y  ru l e  out the pos s i b i l i ty 
t hat one or more tanks  may have un iform corro s i on i n  excess of 1 - m i l /yr . 
Based on the ava i l ab l e  dat a ,  t he 1 - mi l /yr ass umed corro s i on rate i s  an accept­
ab l e  reasonab l e  eng i neer i ng j udgment . I n  t he event t hat a pr imary tank does 
l eak , t he tan ks are de s i gned to cont a i n  waste l eak i ng from t he pr imary tank i n  
a s econdary l i ner for a l im i ted t ime unt i l  t he waste can be remo ved to a s p are 
tan k .  If the do ub l e- s he l l  s l urry compos i t i on de parts s i gn i f i cant ly  from t hat 
i nd i cated i n  Append i ces  F and G ,  a s evere penal ty i n  i ncreas ed un i form 
corros i on rates wo u l d  res u l t .  

As regards to p i tt i ng corros i on ,  the o n l y  ava i l ab l e  dat a for carbon stee l 
i n  H anford wastes are for much more severe ly  cau st i c  waste forms and are not 
d i rect ly app l i cab l e to do ub l e- s he l l  s l urry. Al so ,  no data of suff i c i ent 
durat i on to pred i ct carbon stee l p i tt i n g  rates i n  do ub l e- s he l l s l urry are 
ava i l ab l e . Bas ed on the mi n imum wetted wa l l  t h i ckness of 1/2- i n . , a 
s ubstant i a l  operat i n g  l ife i s  s t i l l  pred i cted ,  even u n der t he 
out- of- spec if i cat i on severe caust i c  con d i t i ons . H i gher l i ves yet wo u l d  be 
pred i cted for t he 3/4- i n .  and 7/8- i n .  stee l p l ates , wh i ch are used  where t he 
hydrostat i c  press ures are the gre atest . I t  i s  expected that p i tt i ng i n  
do ub l e- s he l l  s l urry w i l l  occur at a s ubstant i a l l y  l ower rate t han t he rates 
ass umed here an d therefore a fi fty year des i gn l i fe can be pred i cted for the 
t ank system.  

The pos s i b i l i ty of a th ird  type of corros i on ,  stress corros i on crack i n g ,  
must b e  rev i ewed .  Stress corro s i on crack i n g ,  once i t  occurs , may pro gress  
rap i d ly .  I t  i s  un l i ke l y  that moderate i ncre ases in  p l ate t h i ckness  wi l l  
s i gn i f i cant ly  extend t he t ank  l ife if stress corro s i on crack i n g  occurs . 

Bes i des an aggress i ve en v i ronment , the ot her necess ary co n d i t i on for 
stress  corro s i on cr ack i ng i s  t he presence of tens i l e  stre sses i n  t he meta l . 
Tens i l e  stresses  from t he wor k i ng l oad are l i m i ted by des i gn to 90% of yi e l d  
stress , wh i ch i s  more str i n gent t han ASME l im i ts .  The co ncrete pours of t he 
tan k dome are performed i n  st ages wh i l e  the pr i mary stee l tan k i s  f i l l ed w i t h  
water for s u pport to m i n im i ze perm anent pre stress co nd i t i ons asso c i ated w i t h  
co nstruct i on l oads . Bas i c  Tec hno l o gy , I nc .  ( 1977 ) i nd i cates max imum pr imary 
tank tens i l e  prestresses  ( l ocated i n  t he dome ) on t he or der of 2 , 000 ps i 
( 141 kg/cm2 ) ,  wh i ch i s  acce ptab l y  l ow for construct i on l oads . 

P er haps most s i gn i f i cant are t he res i dual  stresses , t hose s hort range 
stresses  due to fabr i cat i on procedures s uch  as we l d i n g and deformat i on to make 
p arts fit to get her . We l d i n g of t he p l ates i nvo l ves heat i n g  t he metal  to i ts 
me l t i ng po i nt ,  and w i t h  s ubsequent coo l i ng an d so l i d i f i cat i on ,  contract ion  of 
t he metal occurs i n  a l oca l i ze d ,  re l at i ve l y  sma l l re g i on .  Th i s  t herma l  con­
tr ac t i on is non - un i form and can l ead to h i gh l oca l i zed stresses that can 
exceed t he yi e l d  stress of t he mater i a l . These res i dual  stresses can be 
re l i eved by un iforml y  heat i ng a struct ure to a s uff i c i ent l y  h i gh temperature 
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( app rox imate ly 1100 °F  i n  m i l d  stee l s ) to al l ow the met al  to re l ax and re l i eve  
t he re s i dual  stre sses . Th i s  post- fabr i cat i on stress re l i ef i s  an important 
de fen se  ag a i nst stress  corros i on crack i ng of doub l e- she l l  waste tanks . 

The u se of h i g her y i e l d  stress carbon stee l does  not appear by i tse l f  to 
reduce the su scept i b i l i ty to stre ss  corros i on crack i ng for a g iven l ev e l  of 
net sect i on stresses i n  the t ank . Payer ( 1977 a) prov i des  exper imental  
ev i dence that the thre s hh o l d  overa l l  stresses , requ ired for stress  corros i on 
crack i ng to occur ,  are s im i l ar for both  ASTM A- 516 ( a m i n imum room temperature 
y i e l d  stress of 35 , 000 ps i ) and ASTM A- 537 ( a m i n imum room temperature y i e l d  
stress of 50 , 000 p s i ) . 

I n  s urrrn ary ,  the ma i n  potent i a l adv antag e  of u s i ng even th i ck er stee l 
p l ate than that u sed i n  t he th i rteen new t anks  ( wh i ch can on ly  be pract i ca l ly  
done by bu i l d i ng new tan k s) wou l d  be an i ncrease i n  a l l owab l e  corros i on 
dam ag e .  Th i s  i s  not a s ign i f i c ant adv ant ag e  for t anks stor i ng doub l e- she l l  
s l urry , s i nce the pre sent tank des i g n s  hav e  adequate corros i on a l l owance as 
d i s cu s sed p rev i ou s ly .  Use of more chem i ca l ly re s i st ant stee l p l ate wou l d  
reduce corros i on and wou l d  i ncre ase tank l ife . Th i s  al so can b e  pract i ca l l y  
done on ly by bu i l d i ng new tanks  and i s  not a s ig n i f i cant adv ant age  for t hose 
tan k s  cont a i n i ng doub l e- she l l  s l u rry bec au se the e x i st i ng des ig n s  expected 
l ife is adeq u ate . Th i s  wou l d  be more of an adv ant age  for t anks  conta i n i ng 
more corros i ve waste than doub l e- she l l  s l u rry w i th i n  the spec if i ed compos i t i on 
rang e .  

3 . 2 . 2 . 3  Potent i a l  D i s adv antages of Us i ng Th i cker  and More 
Chem i ca l ly- Res i stant Steel  P l ate 

The on ly  pract i c a l  means of prov i d i ng th ick er stee l p l ate at th i s  t ime i s  
to con struct new tank s .  If  add i t i onal  stee l were added by some we l d i ng or 
c l add ing process , it wou l d  neg ate the pr imary tank stre ss  re l i ef .  The tank 
cannot be stress  re l i ev ed aga i n  becau se the concrete dome is in p l ace and 
wou l d  be damag ed severe ly  s i nce it  cannot be i n s u l ated from the pr imary tank . 
S im i l ar ly ,  u se of more chem i ca l ly- res i st ant stee l c an on ly  be accomp l i s hed by 
con struct i ng new tan k s . C l add i ng the i n s i de of the pr imary tank w ith  new 
chem i ca l ly- res i st ant stee l wou l d  ag a i n  neg ate t he pr imary t ank stre ss re l i ef . 

Of a l l  the a l ternat ives  d i s cu ssed i n  th i s  E I S ,  th i s  al tern at ive  wou l d  
h ave  t he g reate st imp act on comm i tment of resource s .  The tanks  present ly  
under con struc t i on are near ly  comp l ete and cou l d  not be eas i l y retrof i tted 
w ith th i ck er or more chem i ca l ly re s i stant stee l p l ates .  An add i t i ona l  comm it­
ment of  resources i n  excess  of  those al ready comm i tted wou l d  be  requ i red s i nce 
t he ent i re 13 t anks  wou l d  prob ab ly  h ave to be recon structed . Th i s  wou l d  
i nv o l ve remov i ng the ex i st i ng tan k s  and comp l ete reconstruct i on .  None of 
t hese add i t i onal re sources wou l d  be proj ected to be recov erab l e .  I f  the 
poss i b i l i ty ex i sts that the ex i st i ng tan k s  cou l d  be used for some other app l i ­
cat i on ,  add i t i onal  l and wou l d  be requ i red for the recon structed tank s .  
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Were th i ck er or more chem i ca l ly- res i stant p l ate to be u s ed i n  new tank s 
there are sever a l  potent i a l d i s adv ant ag es .  Poss i b l e  d i s adv antages  of u s i ng 
th i ck er stee l p l ate i nc l ude : 

a) Use of th ick er p l ate may i ncrease l oc a l  res i du a l  we l d  stresses  i n  the 
pr im ary tank  a l though these stres ses w i l l  be re l i ev ed i n  the post - we l d  
heat treatment . Sub stant i a l l y  th i ck er p l ate wi l l  i ncrease we l d i ng d iff i ­
cu l ty by nece s s i t at i ng tank preheat ing . 

b) The need to i ncrease the soak t ime i n  the stress  re l i ef temperature 
( 1 100°F) to account for the t h i ck er p l ate may h av e  an adv erse effect on 
the i ns u l at i ng concrete b e l ow the pr imary tank . 

c) Concrete dome stre sses may i ncreas e ,  cau s ed by the m i smatch between the  
pr imary tan k  therma l  g rowt h  and the  concrete dome thermal  g rowt h .  The 
th i ck er ,  hence st iffer,  pr im ary t ank  w i l l  c au se i ncreased l o ads on t he 
concrete haunch . 

Pos s i b l e  d is adv ant ages  to the use  of more chemi ca l l y- res i s t ant stee l s :  

a) The more chem i ca l l y- re s i st ant stee l may h av e  a l ower streng t h .  Th i s  
wou l d  requ ire add i t i on a l  wa l l  th i ck ness  to keep stre ss  l eve l s  acceptab l e .  
F or examp l e ,  t he room temperature strength  of 304L sta i n l ess  stee l , 
ASTM A- 167 ( a  l i k e l y  cand i date for use) i s  28 , 000 ps i ,  compared to 
50 , 000 p s i  for ASTM A- 537 carbon stee l . Th i s  w i l l  resu l t  i n  sub ­
st ant i al l y gre ater wa l l  th icknesses . Other au sten i t i c  ( 300 ser i es) 
sta i n l e ss stee l s  h ave  room temperature streng ths v ary i ng from 32 , 000 ps i 
to 45 , 000 p s i . 

b) L itt l e , if anyth i ng , i s  k nown about the beh av i or of other stee l s  i n  
H anf ord waste . Au sten i t i c  st a i n l ess  stee l s  are t hems e l ves  subject to 
cau st i c  corros i on crack i ng and ch l or i de stre ss  corros i on crack i ng at 
temperatures h i g her t h an the expected t ank s erv i ce temperatures . Data  
for st a i n l ess  stee l corros i on rates  i n  the  v ar i ou s tank waste forms are 
essent i a l ly nonex i stent . One d atum po i nt ,  Mane ss  ( 1975 ) , i nd i cates sub­
stant i al 304 L  corros i on rates i n  b o i l i ng Hanford Defense  Waste L i quor 
( HOWL) ( 1  to 12  m i l s/yr) for 304L sta i n l ess  stee l , but th i s  datum i s  too 
l im i ted to be  conc l u s i ve . 

c) Use of st a i n l es s  stee l wou l d  res u l t  in more d iff i cu l t  fabr i cat i on we l d i ng 
and stress  re l i ef.  

d)  More corros i on res i st ant stee l s  ( e . g . , st a i n l ess  stee l )  wou l d  i ncrease 
t ank  costs . 
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3 . 2 . 2 . 4  Reaso nab l e  Foresee ab l e  E nv ironmental  Effects 

If  t he use of t he t h i cker p l ate al ternat i ve be s e l ected , the maj or 
en v i ronmenta l  effects wo u l d  be assoc i ated  w ith  the de l ay i n  us i ng the ex i s t i ng  
new tanks and  conti nued stor age of  wastes in  s i n g l e - s he l l  tanks . 

Use of the ex i s t i ng carbon stee l tank des i gn s hou l d  pro v i de adequate 
waste contai nment for do ub l e- s he l l  s l urry w i th i n  the spec i fi ed compo s i t i on 
ran ges . In  the event , however , that corros i on rates exceed  the rates pre­
d i cted by e x i st i n g  e xper imental  data ,  several consequences can be i dent i fi ed . 

As the un iform corro s i on l oss exceeds the des i gn corros i on al l owance , 
t ank stre sses w i l l  eve ntua l l y  exceed t he t hres ho l d  stre s s ,  t hereby i n i t i at i n g  
stress corro s i on crack i ng fo l l owe d by l e ak age o f  waste from t he primary tan k .  
The secondary l i ner i s  des i gned to contai n t h i s  waste for a l im i ted t ime unt i l  
the tan k contents can be remo ved to a spare tan k .  Exces s i ve p i tt i ng corros i on 
wou l d  a l so res u l t  i n  l eakage from the pr imary tank to t he s econdary l i ner . 

I f  for some ot her reason  the l eak i ng tank i s  not empt i ed ,  the waste co u l d  
u l t imate ly  breach t he s econdary l i ner . Th i s  may poss i b ly  occur fai r l y  rap i d l y ,  
s i nce the secondary l i ner i s  not stress - re l i eved an d i s  s i m i l ar i n  des i gn to 
t he o l der s i ng l e- s he l l  tanks . On t he ot her hand , t he pres ent secon dary l i ner 
de s i gn has e l i mi nated the 90- degree we l d  ( used i n  some des i gns ) where the 
s i de- wa l l  jo i ns t he bottom, and impro ved we l d i ng and we l d  i nspect i on proce­
du res ( i nc l ud i ng rad i o graph i c  i ns pec t i on ) have been ado pted s i nce the s i ng l e­
s he l l  tanks were constructe d .  Thu s ,  t he s econ dary l i ners s hou l d  be much more 
res i stant than the s i ng l e- she l l  tanks wh i c h  exper i enced ear l y  fai l ure . 

I n  any event , if  t he waste i s  not remo ved , the secondary l i ner w i l l  i n  
t i me fai l . I n  th i s  event , the waste wo u l d  escape to the surro und i ng so i l  
t hro ugh a somewhat tortuous pat h .  The impact of t h i s  es cape i s  eval uated i n  
Chapter 5 .  The waste must l eak thro ugh defects i n  the pr imary tan k ,  the 
s econdary l i ner,  and e i t her t he s l i d i n g  foot of t he concrete contai nment or 
thro u gh cracks i n  the concrete . 

3 . 2 . 2 . 5  Effect on  Tank D urab i l i ty 

The ma i n  advant age of t h i s  a l ternat i ves  i s  a potenti a l  i ncrease i n  tank 
durab i l i ty ( See 3 . 2 . 2 . 2 ) .  

3 . 2 . 2 . 6  Effect on  E ase of Waste Retr i eva l  From the Tanks 

None are fores een . 

3 . 2 . 2 . 7  Effects , i f  any, on Cho i ce s  of Tec hno l o gy for Lo ng- Term 
R ad i o act i ve Waste Stor age an d Its  F i na l  D i spo s a l  a n d  on the 
Timi ng  for Such  C ho i ces . 

No s i gn if i cant effects are foreseen w i t h i n  the 50- yr des i gn l i fe of the 
t ank  system . Long- term d i spos al  opt i ons are be i ng co n s i dered and add i t i ona l  
do ub l e- s he l l  tan ks can  be bu i l t  if  nece s s ary.  
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3 . 2 . 2 . 8  Reason for Reject i ng the A l tern at iv e  

The ex i st i ng tanks  cannot b e  pract i ca l l y  mod if i ed . I ncorporat i on of 
t he se a l tern at ives  wou l d  requ i re con struct i on of new tank s .  For doub l e- she l l 
s l urry tan k s ,  th i s  i s  unnece ss ary. For other waste types to be stored , 
corros i on data w i l l  be obta i ned . Based on the resu l ts of th i s  corros i on data ,  
the compos i t i on ranges  of  other waste types to  be stored wi l l  be contro l l ed to 
ma i nta i n  e xpected un iform and p i tt i ng corros i on rates comp at i b l e  w ith the 
50 - yr tan k system l i f e .  

3 . 2 . 3  Impres sed Current Cathod ic  Protect i on System to Gu ard Aga i nst  
Stress - Corros i on Crack i ng 

The a l ternat i v e  of emp l oy i ng cathod i c  protect i on to prevent corros i on of 
t he pr im ary stee l tank  i s  exam i ned i n  th i s  s ect i on .  A techn i ca l  d i scu s s i on of 
the cathod ic  protect i on mechan i sm i s  presented that descr ibes  the resu l ts of 
t he techn i ca l  and eng i neer i ng feas i b i l i ty stud i es on cathod ic protect i on of 
rad ioact ive  l i qu i d  h ig h - l eve l waste tanks . Th i s  is fo l l owed by d i scu ss i on of 
t he adv ant ages  and d i s adv antages  of cathod i c  protect i on ,  the env i ronmental  
eff ects , effects on tank du rab i l i ty,  on  ease  of  waste retr i ev a l , and on tech­
no l ogy cho i ces for l ong - term rad i oactive  waste storage  and f i na l  d i sposal . 
The conc l u s i on s  of th i s  sect i on are : 

1) Cathod i c  protect i on i s  unnecessary becau se : a) the req u i red corros i on 
p rotect i on w i l l  be  prov i ded by carefu l imp l ementat i on of adeq u ate operat­
i ng procedure s  i nc l ud i ng per i od i c adjustment of the compos i t i on of the 
waste so l ut i on s ,  if requ i red , w ith  rout i ne mon i tor i ng of the tank surf ace 
potent i al , and b) the tan k s  are adequate l y  stre ss - re l i eved , as d i scu ss ed 
e l s ewhere . 

2 )  Un l ess  extreme care i s  exerc i sed , cathod i c  protect i on cou l d  produce a 
t ank  surf ace potent i a l conduc i ve to stress  corro s i on crack ing . Al so the  
potent i al for hydrog en emb r i tt l ement and exp l os i on are s ign if i cant ly  
i ncreased . 

The techn ica l  bas i s  for these conc l u s i on s  are d i s cu s s ed i n  the fo l l ow i ng para­
g raph s .  Add it i ona l  techn i ca l  data and support i ng i nfomat i on are pre s ented i n  
Append ix  B .  

3 . 2 . 3 . l  Techn i c a l  D i scu s s i on 

Corros i on of a met a l  can be def i ned  as l os s  of meta l  by a chem i ca l  reac­
t i on in wh i ch t he metal i s  conv erted to an ox i d i z ed state . Th i s  react i on i s  
accompan i ed by l oss  of e l ectrons  from the met a l  to the surround i ngs  i n  the 
f orm of an e l ectr i c  current . Suppre s s i on of th i s  cu rrent , by impress i ng an 
externa l  e l ectr i c  potent i a l ( such as from a b attery or rect i f i er) , prevents 
t he corros i on .  Th i s  proce ss of suppre ss i on i s  ca l l ed cathod i c  protec t i o n .  
Methods to imp l ement cathod i c  protect i on genera l l y i nv o l ve t h e  u se of act ive  
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meta l  ano des ( s uch  as magne s i um or al umi num)  that supp l y  e l ectrons by corrod­
i n g preferent i a l l y  to s uppress t he corros i on of t he des i rabl e structure . How­
ever , a comb i nat i on of chemi cal l y  i nert ano des and power rect i f i ers can al so 
be used . I n  t he case of t he tanks , t he l atter met hod wo u l d  be emp l oyed and 
the i nert ano de s wo u l d be immersed i n  the waste so l ut i on i n  the tank and the 
current impressed between t hem and t he tank as s hown i n  F i gure 3 . 14 . 

Cat ho d i c  protect i on i s  used to protect met al  s urfaces that are expos ed to 
mo i st or wet corros i ve cond i t i ons . Two factors co ntro l t he effect i veness of 
cat ho d i c  protect ion : the surface potent i al of the met al ( t he amo unt of force 
needed to dr i ve e l ectrons from t he metal as it i s  be i ng o x i d i zed or corro ded ,  
meas ured as V[o l ts ] ( S C E ) ( a J and the current den s i ty ( t he amount of e l ectr i ­
cal curre nt i n  m i l l i amperes per un i t  area  resu l t i n g from t he surface potent i a l 
on the met a l  s urface ) .  The re l at i ons h i p  between these two factors i s  pr imar i l y  
i n fl uenced by t he compo s i t i on of t he metal , but i t  i s  al so i nf l uenced by t he 

POTENTI AL 
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F I GURE 3 . 14 .  Schemat i c  o f  a Conceptu al Cat ho d i c  P rotect ion  System 

( a ) S aturated ca l om e l  e l ectrode , a st andard e l ectrode used i n  e l ectrochem i c a l  
work . 
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o xi d i z ed corro s i on s urf ace l ayer ( rust ) on t he metal , crev i ces and p i ts i n  t he 
meta l  s urface , stress  on the meta l ,  and the temperat ure of the met a l  and t he 
s urround i ng so l ut i on .  The curre nt f l ow requ i red for s uccessfu l cat ho d i c  pro- -
tect i on al ters the chemi cal  compounds where the metal  and so l ut i on meet , but 
at t he l ow curre nt den s i t i es u sua l l y  requ i red for s at i sfactory corro s i on 
co ntro l ,  th i s  effect i s  i ns i gn if i cant , un l ess  the meta l  i s  very sens i t i ve to 
t he al tered env i ronment . • 

Two stud i es have been conducted to determi ne the feas i b i l i ty of cat ho d i c  
protect i on aga i nst general  corro s i on ( not p i tt i ng corro s i on )  for t he H anford 
waste tan ks .  The fi rst study, by Norton Corro s i on L i m i ted and P ac i f i c  North­
we st L aboratory (Moore 1 977 ) ana l yz ed t he feas i b i l i ty of  app l yi ng cat ho d i c  
protect i on to the i nter i or of  the tanks . Pre l im i nary res u l ts from t h i s  study 
i nd i cated t hat cat hod i c  protect ion was feas i b l e ;  however , t h i s  st udy was ter­
mi nated when  the res u l ts from a seco nd study (P ayer 197 7 b )  s howed that 
cat hod i c  protect i on cou l d  acce l erate stress corro s i on crac k i ng  i f  i t  were not 
carefu l l y contro l l ed and ma i nt a i ne d .  The fi rst study al so s howed t hat the 
potent i a l of t he metal  s h i fted w i t h  t ime to reduce i ts ten dency for stress 
corros i on crack i ng .  

The second st udy , conducted by Batte l l e- Co l umbus L aborator i es ,  was to 
determ i ne t he e ffec ts of so l ut i on compos i t i on on stress corros i on crack i ng 
(P ayer 1977 b ) . The study s howe d that t he s i m u l ated  do ub l e- s he l l  s l urry was te 
so l ut i ons genera l l y l ed to t he format i on of an ox i d i zed metal  l ayer ( pass i ­
vat i on )  wh i c h  i nh i b i ted furt her corro s i on ;  t hu s ,  such  so l u t i ons wo u l d  not 
norma l l y promote stress corros i on crack i ng if cat hod i c  protect ion were not 
used . 

The s urface potent i a l of the met a l  tanks i s  affected by the compos i t i o n  
of t he do ub l e- s he l l  s l urry so l ut i on .  P ayer ( 1975 , 1 977 b )  conc l uded t hat so l u ­
t i ons  w ith  compos i t i ons s i m i l ar to do ub l e- s he l l  s l urry wo u l d  not promote 
stress corro s i on crack i ng of carbon stee l if  t he s urf ace potent i al of t he 
met a l  rema i ned  s l i ght ly  l ess  ne gat i ve than - 0 . 7  V ( SCE ) . Maness ( c i ted by 
Moore 1 977 ) fo u nd t hat stee l  s amp l es p l aced i n  s imu l ated do ub l e- s he l l s l urry 
arr i ved  at surface potent i al s  of about - 0 . 5 5  V ( SC E ) , after the stee l s amp l es 
were corro ded .  T hu s ,  t he s urf ace potenti a l  val ue p l aces t he stee l comfortab ly  
above the stress  corros i on crac k i n g  range . P ayer ( 1977 b )  a l so found  that 
a l k a l i ne n i trate , n i tr i te , and al umi nate so l ut i ons spont aneous l y  p as s i vate 
stee l to a s urface potent i a l that does  not promote stress corros i o n . 

M i nor var i at i ons i n  so l ut i on compos i t i on c an pro duce s evere corro s i o n .  
For examp l e ,  Savannah R i ver Laborator i es ( 1 973 ) found that the presence of 
abo ut 0 . 01 M mercur i c  n i trate wo u l d  c ause  n i trate stress crack i n g in a l k a l i ne 
n i tr ate , n itr i te , or al umi nate so l ut i ons  somewhat more  d i l ute than H anford 
waste . S im i l ar l y,  P ayer ( 1 97 5 ) fo und t hat add i t i on of 30 ppm of c h l or i de to 
s i mu l ated do ub l e- s he l l  s l urry so l ut i on pro duced severe i ncreases i n  u n i form 
corros i on rates , wh i l e  3000 ppm addt i on produced on l y  m i l d  corro s i on rate 
i ncreases . Donovan ( 1 97 7 ) fo und that extreme d i l ut i on ( 104 ) of  t he waste 
so l u t i on pro duced very rap i d p i tt i n g  of m i l d  stee l , even at l ow temperature . 
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Mane ss  ( 1 974) found that concentrat i ng H anford wastes to 15% water produced 
s ub stant i al un iform and p itt i ng corros i on .  These data stre ss  the import ance 
of carefu l contro l of so l u t i on compo s i t i on s .  

The pro posed comp l exant waste concentrate i s  of sub st ant i a l l y l ower con ­
centrat i ons i n  hydrox i de ,  n i tr i te , and a l um i nate than the so l ut i ons ex am i ned 
by Payer . Compar i son of the l ow hydro x i de and n i tr ite compos i t i on s  for the 
comp l e x ant concentrate so l ut i on ( Append i x  F) w ith  t he d ata i n  F i gure 3 . 15 
s hows th is  so l u t i on cou l d  fal l i n  the shaded area of crack growt h and be 
p otent i a l ly capab l e  of c au s i ng n i trate stress crack i ng if t he metal  surface 
potent i al ,  stress , and ot her cond it i on s  are fav orab l e .  Data  for c l add i ng 
waste s l udge were not found . 

App l i cat i on of the corros i on dat a obta ined w ith  doub l e - s he l l  s l urry and 
H anf ord l iquor to t he corros i on of the waste tanks obv i ou s l y  requ i res that t he 
compos i t i on of the wastes  rema in  with i n  the tested chem i c a l  compos i t i ons  and 
temperature s .  

Furt her  supp ort i ng dat a for the abov e d i scu ss i on are pre sented i n  
Append i x  B .  
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F I GURE 3 . 15 .  Compar i son of E l ectrochem i ca l  Tens i l e  Test w ith  
Wedge- Open ing - Loaded Spec imens i n  5 � NaN03 at 
97 ° c 

SOURC E :  Ondrejc i n  ( 197 8) 
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Eng i neer i ng feas i b i l i ty stud ies  were conducted by PNL and Norton Corro­
s i on L im i ted ( Moore 1977)  to determ i ne if it  wou l d  be poss i b l e  to i n stal l 
anode s and protect the tan k s  from stre ss corros i on crack i ng cathod i ca l l y .  
These stud i es showed t h e  H anford Defense Waste L iquor ( H OWL) so l ut i ons  and wet 
s l udg es  had suff i c ient e l ectr i ca l  conductiv ity to be u sefu l for cathod i c  pro­
tect i on ,  but that the so l i d phase was about 1 . 7  t imes more res i st ant than the 
l i q u i d  ph ase . Th i s  d ifference i n  e l ectr i ca l  conduct iv i ty can be overcome by 
overp rotec t i ng p art of the tank to i nsure adeq uate protect i on in other areas . 
Corros i on tests showed that cathod i c  protect i on at 10 µ A/cm2 e l im i nated un i ­
form and p i tt i ng corro s i on of m i l d  steel  s amp l es i n  t he l iqu i d  and reduced 
corros i on to 0 . 8  m i l /yr in the wet so l i d wastes ,  comp ared to an unprotected 4 
m i l /yr ( Mane s s  197 4) . L i n i  ( 1975 )  reported that 10 µ A/ cm2 cathod i c  protec ­
t i on prevented stress  corros i on crack i ng i n  a te st m i l d  stee l tank f i l l ed w i th 
s imu l ated al k a l i ne pu re x  waste w ithout n itr ite ion for two years wh i l e  
1 µ A/cm2 d i d not protect it  i n  a compar i son exper iment . 

3 . 2 . 3 . 2  Adv antages of Cathod i c  Protect i on 

Proper ly des i gned and ad ju sted cathod i c  protect i on systems w i l l  near l y  
e l im i nate un iform and p i tt i ng corro s i on .  Such systems wou l d  prevent stress  
corros i on crack i ng and wou l d  add an ab i l i ty to cope w i th undes i rab l e  tank 
cont�nts from a corros i ve  po i nt of v i ew .  

3 :2 . 3 . 3  D i s adv antages of Cathod i c  Protect i on 

Cathod i c  protect i on mu st be des ig ned to i ns ure that the potent i a l of the 
ent i re tan k with respect to the waste so l u t i on is c l ear l y  more neg at ive  than 
- 1 . 05 V ( SCE) ; th i s  is b ec au se the res i st iv i t i e s  of mater i a l in the tank  
( i . e . , waste so l u t i on ,  so l i ds ,  corros i on product l ayers , debr i s ,  etc . )  tend  to 
k eep the potent i a l of the t ank at more pos i t ive  v a l ues . Th i s  can requ i re very 
l arge cu rrent ( 30 to 300 µ A/cm2) ,  i . e . , 200 to 2000 amperes .  These  v al ues  
c an be  cal cu l ated u s i ng F i gu re B . 1  i n  Append i x  B .  At  t hese current s ,  the pro­
duct i on of new chem i ca l  spec i es ( i . e . , hydrog en , oxygen , ammon i a ,  n itr ite ,  
etc . )  w i l l  b ecome s ub stant i a l  and the i r  removal  from the tank by vent i l at i on 
w i l l  be requ ired  to prev ent react ive  or exp l os i ve  atmos phere s .  Many of these 
products are g as eous and may swe l l  the v o l ume of waste gel  reduc i ng tank 
capac ity. If any of the tank surface potent i a l  fal l s  be l ow the - 1 . 05 V ( SCE) , 
t hat area w i l l  be  much more sucept i b l e  to SCC t h an i t  wou l d  h ave been w i thout 
cathod ic  " p rotect i on . " In  add it i on to chem i ca l  product i on ,  the h ig h  currents 
w i l l  con sume e l ectr i c ity ·  and produce h eat of the s ame order of magn itude as 
the rad ioact ive  waste . Cathod i c  protect i on w i l l  not protect the v apor space . 
If  any reg i ons i n  the stee l are h ard enoug h to be  damag ed by hydrog en ab sorp­
t i on ,  the cathod i c  protect i on system w i l l  supp l y  amp l e  nascent hydrogen to 
crack them . Current requ i rements shou l d  reduce as surface f i lms bu i l d  u p .  

3 . 2 . 3 . 4  Reasonab ly Forseeab l e  Env i ronmental  Effects 

The pr imary env i ronmental  effect wou l d  be the consumpt i on of e l ect i c i ty 
and the product i on of react ive  g ases w ith  the i r  requ i rement for h ig her 
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vent i l at i on rates . The current re qu i red  for cat ho d i c  protect ion w i l l  produce 
hydro gen , o xygen and ammon i a  as vo l at i l e  gases occupyi ng t he tank vapor space . 
I f  the gas mi xture conta i ns more than 4% hydro gen or more than 16% ammon i a  i n  
a i r ,  i t  w i l l  be e xp l os i ve . Thus i ncreased vent i l at i on o f  t he tank vapor s p ace 
wo u l d  be necess ary. These  vent i l at i on gases wo u l d  have i ns i gn i f i cant 
envi ronmental effects . 

3 . 2 . 3 . 5  Effect on Tank Durab i l i ty 

I f  no ar eas are s ubj ect to damage by hydro gen , the cat ho d i c  protect ion  
system co u l d e xtend  the tank  l i fe . 

3 . 2 . 3 . 6  Effect on Ease of Waste Retr i eval  

The effect of catho d i c  protect i on on waste retr i eva l  i s  to al ter t he com­
pos i t i on of the waste by e l ectr i ca l l y  con vert i ng water i n  the waste to H2 
an d 02 , n i trate to n i tr i te , n i tr i te to n i tro gen or ammon i a  and convert i n g 
more sod i um hydrox i de to sod i um carbo nate because t he i ncreas ed vent i l at i on 
w i l l  br i n g more car bon d i o x i de to the waste surface . I n  t he case of do ub l e­
s he l l  s l urry , i t  may produce a l ower den s i ty form and dry t he mater i al out by 
con s umi ng water . Eas i l y  pl atab l e  cat i ons s uch as ruthen i um ,  copper , and 
n i cke l  w i l l  be reduced to metal on t he tank wal l and may adhere t hus mak i n g 
the i r  retr i eva l  d iff i cu l t . 

3 . 2 . 3 . 7  Effect of C ho i ces on Techno l ogy for Long- Term R ad i o act i ve Waste 
Storage and i t s  F i na l  D i sposa l  and  on the  T im ing  for Such  C ho i ces  

There are no re aso n ab l y  foresee ab l e  effects . 

3 . 2 . 3 . 8  Reasons for E l im i n at i ng Catho d i c  P rotect i o n  

C at ho d i c  protect i on for gu ard i ng aga i nst stress  corros i on crack i n g i s  not 
recommended becau s e :  

1 .  I t  i s  unnecess ary; waste so l uti ons w i l l  be adj usted i n  compos i t i on and 
t he t ank  potent i a l  w i l l  be mon i tored to ass ure l ow corros i on rates . 

2 .  I t  i s  dangero us  because i t  co u l d  pro duce a tan k surface potent i a l 
conduc i ve to stress corros i on cr ack i n g  and may i nduce some hydro gen 
crack i ng .  

3 .  I t  can pro duce react i ve gases wh i ch requ i re removal  and may comp l i cate 
waste storage by reduc i ng i ts dens i ty and chang i n g  i ts p hys i ca l  
character i st i cs .  

4 .  I t  w i l l cons ume e l ectr i ca l  energy wh i ch can be conserved by carefu l 
adopt i on of other equa l l y  effect i ve met hods w h i ch are not as 
energy- i ntens i ve .  
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3 . 2 . 4  Better Waste Retr i ev a l  Equ ipment and En l arged Tank Open i ngs 

Waste retr i ev a l  capab i l ity mu st be con s i dered u nder both normal  and 
ab norm al c ircumst ances for the primary tank and second ary tank . Normal  
c i rcumst ances i nc l u de i nter im remov a l  for furt her waste proce s s i ng or  f i na l  
retr i ev a l  at the end of the u sefu l l i fe of the  tank . Abnormal  c i rcumst ances 
i nv o l ve nons chedu l ed retr i ev a l  such as l eak s or u n ant i c i p ated changes in the 
tan k contents .  The primary d ifference between the two sets of c i rcumst ances 
i s  t he e l ement of t ime . Schedu l ed retr i ev a l  w i l l  occur ov er a per i od of months 
or ev en years , wh i l e  uns chedu l ed retr iev a l  may have to be comp l eted as qu i ck ly  
as poss i b l e .  Schedu l ed retr i ev a l  may occur on ly  i n  the pr imary tank . 
Uns chedu l ed retr i ev a l  may be requ i red i n  both the pr imary and second ary tank s .  

Imp rov ed waste retr i ev a l  equ i pment and en l arg ed tank open i ng s  are d i s ­
cu ssed i n  separate sub sect i on s  b e l ow for c l ar i ty. Cases where improved waste 
retr i ev a l  equ i pment is  dependent upon en l arg ed t ank open i ngs  are i n c l uded i n  
the d is cu ss i on of improved waste retr i ev a l  equ i pment . 

Based on the techn i ca l  con s i derat i ons  presented i n  Append i x  C and i n  the 
fo l l ow i ng parag raph s ,  i t  is  con c l uded that : 

a) the tank open i ng s  now prov i ded ( 42 - i n . )  are adequ ate for wa ste retr i ev a l . 

b) improved retr i ev a l  systems are not needed s i nce adequate ly  effect ive  and 
re l i ab l e  equ i pment systems are now av a i l ab l e  for that purpos e .  No 
env i ronmenta l  effects are assoc i ated w ith  th i s  a l tern at ive . 

3 . 2 . 4 . 1  En l arged Tank Open i ngs  to Fac i l it i ate Waste Retr ieva l  

The penetrat i on s  i n  a l l tanks  are c i rcu l ar i n  cross  sec t i on .  The  i n s i de 
d i ameter of the l arg e st dome penetrat i ons  on the doub l e- she l l  tanks at H anford 
is 42 i nches . Three 42 - i n .  d i ameter penetrat i on s  ex i st  in each tank . The 
numb er of penetrat i ons  in 12 of the 13 t anks is 59 . The rema i n i ng tank 
( AN - 107 ) has an add it i on a l  21 dome penetrat i on s  for a i r l ift c i rcu l ators if 
needed . The penetrat i ons  ( 12 i n .  or l arg er) that are e i ther ded i cated to 
wa ste retr i ev a l  or other future u se are shown i n  F igure 3 . 16 for both  the 
pr im ary t ank  and t he annu l u s .  

F actors assoc i ated w ith  tank  open ings  that can d i rect l y  inf l uence the 
rate or eff ec t i veness of waste retr i ev a l  i nc l ude : 

• s i z e  of open i ng 

• conf igu rat i on 

• l ocat i on w ith  re spect to both  tan k geometry and to other open i ng s  

• structural strength of r i s ers above t h e  tank dome 

• tota l  number .  
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The re l at i ve importance of these  factors i s  h i gh l y  depen dent upon the 
met hod of waste retr i eval . D i rect pump i n g  systems are v i rtual l y  i n dependent of 
a l l  of the factors above when the waste i s  to be retr i eved from a fl at- bottomed 
t ank . Waste forms w ith  s u ffi c i ent l y  l ow v i s cos i ty and so l i ds co ntent can be 
d irect ly  pumped . These l i qu i ds wi l l  fl ow to the pump as l ong  as the i ntake 
remai ns s ubmerged . A s i n g l e penetr at i on l ess t han 12- i n .  in  d i ameter l o c ated 
i n  the tan k dome is gener a l l y  adequate for i nsta l l at i on of a pump w i t h  amp l e  
capac i ty for retr i eval  under both normal and emer gency c ircumstances . 

S l urryi ng met ho ds for retr i eva l  are somewhat more sens i t i ve to the abo ve 
f actors . Locat i on w ith  res pect to bot h t he tank geometry and w ith  respect to 
ot her o pen i ngs can be import ant . Locat i on i s  important bec ause  the s l u i c i ng 
process does not necess ar i l y con vey a l l t he pro ducts to be retr i eved from t he 
tan k  bottom to a s i ngl e l ocat i on .  The d i ameter of the o pen i ng i s  general l y  
l ess important t han t he l o c at i on .  The d i ameters o f  pres ent l y  p l anned penetra­
t i ons are ade quate for a l l p l anned and projected s l urry i n g  equ i pment . 

Potent i a l Advantages and D i s adv ant ages 

The potent i a l advant ages of i n i t i a l l y  pro v i d i ng en l ar ged tank open i ngs 
w ith  res pect to waste retr i eval  i nc l ude : 

• more fl ex i b i l i ty i n  cho i ce of retr i eva l  equ i pment and systems 
( part i cu l ar l y mec han i ca l  retr i eval ) 

• fac i l i ty to i nst a l l re l at i ve l y  l arge i n- tank ( pres ent l y  undef i ne d )  
proce s s i n g  or retr i eval  systems 

• fac i l i ty to i nst a l l equ i pment w ith  i ncreased capac i ty.  

P otent i a l  d i s advantages i nc l u de :  

• Adverse effect on dome stabi l i ty 

• H i gher cost 

• Opti mum s i ze ,  confi gurat i on ,  and l ocat i on not present l y  known . 

Reasonab l y  Fores eeab l e  E nv i ronmental  Effects 

No s i gn if i cant env i ronmenta l  effects , e i t her pos i t i ve or negat i ve ,  can be 
fores een if t he s i ze  of t he pres ent open i n gs are en l ar ged by abo ut  50% . 

Effect on Tank D ur ab i l i ty 

En l ar gement of the o pen i ngs may reduce the structura l  stab i l i ty of the 
t ank  dome and po s s i b l y  t he haunch area if  t he open i n gs are re located and 
s i gn if i cant l y  offset from the center of the dome . 
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Effect of Ease of Waste Retr i ev a l  from Tanks  

Present waste retr i ev a l  systems i nv o l v i ng d i rect pump i ng and s l urryi ng 
hav e  been  u sed in the past at H anford . These systems and future improvements 
c an be  accommodated w i th i n the s i ze range of present l y  p l anned tank open i ng s .  
I f  ch arac te r i s t i cs of the waste ch ang e i n  the future to the po i nt that l arg er 
or more numerou s pumps are requ i red or mech an i ca l  retr i ev al systems b ecome 
necessary, ch ang es  in the s i ze or re l ocat i on of tank open i ng s  can be done at 
that t ime . Ex i st i ng open i ng s  can be en l arg ed or new open i ng s  added to the 
dome at any t ime i n  the future as the need ar i s es . Such need cannot be now 
fore seen . 

Penetrat i on s  i nto the pr imary or second ary tank i n  l oc at i on s  other th an 
t he dome ,  s u ch as near or on the bottom of the pr imary tank , m ight f ac i l i tate 
waste retr i ev a l .  Howev er , the very s i gn if i cant l y  i ncreased potent i al for l eak ­
ag e and env i ronmental re l ease i nherent w i th any penetrat i on be l ow the l iqu i d  
l i ne i n  the tank prec l udes  further con s i derat i on of t h i s  al tern at i v e .  

Effect , i f  any, on Cho i ces  of Techno l ogy for Long - Term R ad i oact ive  Waste 
Storage and I ts F i n al D i sposa l  and on the  T i m i ng of Such Cho i ces  

No s ign i f i cant effect i s  foreseen because  the open ings  cou l d  be en l arg ed 
in the future in t ime to accommod ate new techno l og i es .  

Reason for Reject i ng A l tern at i v e  

En l arged tank open i ng s  are not recommended at the pre sent t ime becau se the 
ch aracter i st i c s  of a l l t he rad i oact ive  waste products proj ected to be stored i n  
the doub l e- she l l  tan k s  are such that they can be adequate l y  retr i ev ed throug h 
pres ent ly  p l anned open i ng s  for a l l schedu l ed and nonschedu l ed ev ents . 
I n it i a l l y en l arg ing the open i ng s  wou l d  con st i tute "putt i ng the cart before the 
h orse" becau se t he des ign of improved waste retr i ev a l  systems shou l d  d i ctate 
parameters assoc i ated with  the s i ze of open ings  rather than the rev ers e .  

3 . 2 . 4 . 2  I mprov ed Waste Retr i ev a l  Equ ipment 

A l tern at ive  methods  for retr i ev a l  of waste mater i a l s  fa l l w ith i n  three 
categ or i e s : 1) hydrau l i c ,  2 )  pneumat i c ,  and 3) mechan i ca l  systems . Hydrau l i c 
systems are present ly  emp l oyed at H anford and wi l l  be u sed for any future 
retr i ev a l . 

Hydrau l i c systems i nc l ude both  d i rect pump i ng and s l urry i ng ( entra i nment 
i n  a l iqu i d  s uspen s i on) . The s l u rry is conveyed in a p i pe . Hydrau l i c 
retr i ev a l  systems are re l at iv e l y  i nexpen s ive  and f l ex i b l e  and hav e  been u sed 
exc l u s i v e l y  for waste retr i ev al from the rad i oact ive  waste storag e  t anks at 
H anford and Sav ann ah R iver . Hydrau l i c systems are capab l e  of retr i ev i ng a l l 
of the rad i o act ive  waste forms that are proj ected for storage  i n  the doub l e­
she l l  tan k s  under con s i derat i on ,  e ither i n  a d irect pump i ng mode or by 
s l u rryi ng . The on ly  types of mater i a l s  that wou l d  not be su i ted to d i rect 
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pump i ng or s l u rry format i on are nonso l ub l e  so l i ds  or sem i - so l i d s  that cou l d  
not b e  effec t i v e l y  entra ined as suff i c i ent ly  smal l part i c l es i n  a l i qu i d .  The 
max imum s i z e  for su spen s i on is approx imate ly  1/4- i n .  equ i va l ent d i ameter . 
Sand and grav e l  m i xture s  can read i l y  be s l urr i ed . S l urry i ng becomes necess ary 
when the wa ste products are h ig h l y  v i scous or conta i n  su spended so l i ds  i n  
excess  of a few percent .  

Equ i pment to remove l i qu i d s ,  s l urr i es , and s l udg es  from underground tanks  
a l re ady ex i sts at  H anford and has been u sed extens i ve ly .  I n  t he  ev ent that an 
improved retr i ev a l  system was not yet av a i l ab l e  and the dec i s i on was made not 
to wa i t  for i ts ava i l ab i l ity but to empty a pr imary t ank as  qu i ck ly as 
poss i b l e ,  the equ i pment and know- how to do it  are av a i l ab l e .  

For t he case where the tank conta i n s  on ly  pumpab l e  l iqu i d ,  mu l t i - stage  
deep - we l l  turb i ne s  have  a l ready been de s igned for use i n  the  doub l e - she l l  
tanks . Three pumps are ava i l ab l e  for i nsert i on i n  the ma i n ,  annu l u s ,  and te st 
we l l  pump p its . The three pumps hav e  capac i t i es of 160 gpm at 150 . 9 ' TOH , 
100 gpm at 95 . 7 '  TOH , and 10 gpm at 60 . 1 '  TOH , respect i v e l y .  The m a i n  pump 
wou l d  thu s be cap ab l e ,  once i nst a l l ed ,  of empty i ng a one m i l l i on g a l l on 
pr im ary t an k  w i th i n  approx imate ly  f ive days at cont i nuous operat i o n .  

For the case where the tank cont a i n s  doub l e- she l l  s l urry, two course s  of 
act i on are ava i l ab l e .  E i t her the doub l e- s he l l  s l u rry can be h and l ed as i n so l ­
ub l e  s l udge wh ich wi l l  b e  d i s cu ssed subsequent ly ,  or i t  can g o  through a d i s ­
so l u t i on p rocess . I n  th i s  l atter i n st ance , the s ame mu l t i - stag e ,  deep-we l l  
turb i ne pump as de s cr ibed above for l i qu i ds  can be emp l oyed . S i nce doub l e­
s he l l  s l u rry i s  the product of a 25% vo l ume reduct i on by ev aporat i on of water 
from a l i qu i d  state , and is read i l y  so l ub l e ,  add i ng b ack  th i s  l ost water w i l l  
retu rn it  to a l iqu i d  state . Th i s  c an be accomp l i s h ed by the contro l l ed 
add it i on of hot water at the turb ine  pump i n l et .  Th i s  hot water d i sch arge at 
t he pump i n l et a l so serves to s i nk the turb i ne pump i nto the doub l e- she l l 
s l urry du r i ng i nsta l l at i on .  S i nce the tot al  waste vo l ume i s  be i ng i ncreased 
in th i s  i n stance , t he pumped l iqu i d  waste mu st f i rst be put through an 
ev aporator to return it  to doub l e- she l l  s l urry before p l ac i ng it i n  a spare 
t ank a l so of one m i l l i on g a l l on capac ity .  An evaporator c an d i s ch arge doub l e­
she l l  s l u rry at a rate of 7 5  gpm.  Th i s  wou l d  requ i re an ev aporator feed rate 
of 100 g pm wh i ch is w i th i n  the capab i l i ty of the turb i 1e pump . At 75 gpm a 
one mi l l i on g a l l on tank of doub l e- she l l  s l urry can be  empt i ed w ith i n  
approx im ate ly ten days at cont i nuous  operat i on .  

For the case where the doub l e- she l l  tanks  cont a i n  i n so l ub l e  s l udge or 
doubl e- s he l l  s l urry i s  to be mov ed w i th m i n ima l  d i sso l ut i on , a heavy- duty 
centr ifug a l  s l urry pump i s  av a i l ab l e  wh ich has been u sed at Hanford i n  remov ­
i ng s l udge from s i ng l e- s he l l  tank s .  One of t hese pumps i s  shown i n  
F igure 3 . 17 .  The pumps are H az l eton pumps bu i l t  by Barrett Jaentjens  of 
Haz l eton , Pennsyl v an i a  and g enera l ly h ave g iven  ye ars of serv i ce under extreme 
operat i ng cond i t i on s . The se s i ng l e- stag e  pump s ,  we igh ing  near ly  s i x  ton s ,  are 
capab l e  of mov i ng 350 to 400 gpm of heavy s l urry. The i ntakes of the s l urry 
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F I GUR E 3 . 17 .  I ntake  and Impe l l er Cas i ng of Centr ifug al  S l u rry Pump 

pumps are funne l l ed to perm i t  operat i on s  at l ow l i q u i d  l eve l s . H ig h  pre ssure 
water nozz l es are u sed to s l u i ce the pump i nto the s l udge dur i ng i n i t i a l  
i nst a l l at i on .  These same nozz l es cou l d  b e  u sed du r i ng pump i ng operat i on s ,  
a l s o ,  to f ac i l i t ate mov i ng s l udge or s l u rry i nto the i n l et of the pump . At 
350 gpm the bu l k  of one m i l l i on g a l l on s  of s l udg e or s l urry cou l d  be pumped 
out of a tank and i nto a ne i g hb or i ng t ank w i t h i n  app rox imate l y  two days at 
cont i nu ou s  operat i on .  

l n  al l of the se  cases c ited abov e ,  f i na l  c l eanout of the tank wou l d  st i l l  
h ave  to be u ndertak e n .  Th i s  w i l l  obv i ou s l y  requ i re add i t i ona l  t ime and w i l l  
a l so generate an add i t i on a l  vo l ume of wash  waste water to be pumped to another 
l ocat i on .  The equ i pment av a i l ab l e  to do th i s  i s  in the form of s l u i cers . 
S l u i cers hav e been u sed prev i o u s l y  i n  the c l eanup of s l udge hee l s  i n  s i ng l e­
s he l l  tank s .  They can be  u s ed a l so to wash d own t he i nter i or wa l l s  of the 
pr imary tank . F igure 3 . 18 de s cr ibes  a s l u i cer . Cranes  are normal l y  u sed to 
i n sta l l  s l u i cers and pumps i n  t he u nderg round  tank s .  A s l u i cer i s  de s ig ned to 
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be i nst a l l ed i n  a 12 - i n .  d i a  r i ser and has  remote hor i z i onta l  and vert ica l  
contro l of  the s l u i c i ng stream .  The pump av a i l ab l e  and to be  u s ed i n  conju nc­
t i on with a s l u i cer for f i na l  pumpout of a tank is shown i n  F ig ure 3 . 19 .  
These are spec i a l ly mod i f i ed mu l t i - stage  turb i ne pumps s at i sf actory for 
pump i ng l i q u i d s  and s l urr i es cont a i n i ng l ess  than approx im ate ly  5% so l i d s .  
The i ntakes  of the pumps are mod i f i ed with  met al sk i rts to a l l ow s l u i c i ng at 
the l owe st pos s i b l e  l i qu i d  l eve l s .  These  f i n a l  c l eanout s l urry pumps are 
de s ig ned to be i n sta l l ed i n  42- i n .  d i a  r i sers . 

Any immed i ate c l eanup of a do ub l e- she l l  tank an nu l u s  or l eak detec t i on 
p i t can be accomp l i s h ed w ith one or more hot water f l u s hes  and pumpout of the 
was h  waste water with the turb ine pump s de s i gned for instal l at i on i n  these 
sp aces as prev i ou s ly menti oned . 

Improved methods for future waste retr i ev a l  and the pos s i b l e  need for 
en l arg ed t ank open i ng s  are d i s cu ssed in the fo l l ow i ng parag raph s .  Con s i dera­
t i ons  wh ich are import ant for the ev a l u at i on of al ternat ive approaches  i nc l ude : 

• type and character i st ics  of the rad i oact ive waste to be remov ed , pro­
jected over the l i fe of each tank 

• nature of retr i ev a l  operat i on ( i . e . , s chedu l ed or unschedu l ed) 

• func t i on a l  use  of tank ( waste storag e ,  feed storag e ,  etc . )  

• t he eff ect of retr i ev a l  methods  on subsequent waste proce s s i ng ,  or 
hand l i ng operat i on s  ( pump ing rates ,  effects of d i l ut i on ,  etc . )  

• the t ime frame as soc i ated w i th retr i ev a l  ( emerg ency ,  su sta i ned or i nter­
m i ttent remov a l  for proce ss i ng over many years , one t ime remov al  
fo l l ow i ng term i nal  storag e ,  etc . ) . 

Hydrau l i c  systems , as pre sent ly emp l oyed , have  a l re ady been d i scu ssed . 
Evo l u t i onary imp rovements i n  these c an be ant i c i pated ; rev o l ut i on ary improv e­
ments  are probab l y  un l i k e ly .  Major improvements may requ i re use  of one of the 
other a l ternat ives . 

Pneumat i c  systems entra i n  the waste mater i a l i n  a re l at iv e l y  h ig h  v e l oc i ty 
stream of g as ( g enera l ly a i r) and convey the suspen s i on through a c l osed tube 
to the de st i nat i on . Pneumat i c  retr i ev a l  systems , a l thoug h s imp l e  and inexpen­
s i v e ,  have not prev i ou s ly been u sed for h and l i ng of rad i oact ive  waste products 
at H anford , but have  been emp l oyed at other DO E f ac i l i t i es . Some potent i a l  
ex i sts for a i rb orne contam i nat i on from p neumat ic  systems ; therefore they 
cannot be con s i dered as an improv ed waste retr iev a l  a l ternat ive . 

Mech an i ca l  retr i eva l  systems enta i l  captur i ng the waste i n  an open 
conta i ner , tran port i ng the l aden conta i ner to a po i nt of de st i nat i on ,  and 
transferr i ng the contents to another cont a i ner at the po i nt of de st i n at i on . 
Waste retr i ev a l  by pu re ly mechan ica l  mean s i s  a t ime- con sum i ng and i neff i c i ent 
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process . However , i t  wou l d  be  the on ly  method av a i l ab l e  if the waste i nc l uded 
l arge so l i ds  that cou l d  not be  put i n  suspen s i on for s l u rryi ng or d i sso l ved 
eff ect ive ly .  Storage of rad i oact ive  wastes w ith  the se  character i st ics  are not 
p roj ected for the tanks  u nder con s i derat i on . Mech an i cal retr i eva l  m ight al so 
be the best a l ternat ive  i n  the h igh ly  impro b ab l e  event of a breach in both the 
pr im ary and s econd ary conta i nment vesse l s  b ecau s e  l iq u i d s  wou l d  not h ave to be 
added to eff ect  retr i ev a l , as  might be  the case for d i rect pump i ng or 
s l urry i ng . 

Improvements  to waste retr i ev a l  equ i pment that w i l l  reduce or m i n 1m 1 ze 
p otent i a l ly adv erse effects can be  conceptu a l i z ed from sev eral st andpo i nts 
such as : 

• more eff i c i ent and re l i ab l e  equ i pment 

• reduct i on i n  t he total number of components or subsystems 

• more fl ex i b l e or ad aptab l e  un its  (mu l t i - purpose) 

• h i g her cap ac ity un i ts 

• systems wh ich reduce or e l im i nate unde s i rab l e  ch ange s  i n  the rad i oact ive  
waste ( su ch as  d i l u t i on) that cou l d  adv erse ly  affect subsequent 
process i ng or storag e .  

Three primary con s i derat i on s  i nf l uence the opt i on s  av a i l ab l e  for waste 
retr i ev a l : 

• storage tan k con f i gurat i on 

• phys i ca l/chem i ca l character i s t i cs of the rad ioact ive  waste ( form , 
v i scos ity,  so l ub i l ity, etc . )  

• du ty cyc l e  of the retr i ev a l  system . 

The p resent conf i g u rat i on of the rad i o act ive  waste storag e  tanks i s  not 
optimum from a pure ly  waste retr i ev a l  st andpo i nt .  The fl at bottom comp l i cates 
waste retr i ev a l , mak i ng it  a t ime consum i ng process , part i cu l ar ly  as the so l i ds  
content of  the  waste s  i ncrease s .  Norma l l y a s l udg e "hee l "  at  l east one - i nch 
th i ck rema i ns in  t he t an k . Howev er , a s l op i ng t ank bottom in  the pr imary tank 
or fa l se bottom i s  not pract i ca l  from e i ther a structural  or fabr i c at i on stand ­
po i nt .  The o l der t anks  at H anf ord that were con structed w i th a s l op i ng bottom 
have h istor i ca l l y  been among the worst " l eakers . "  

The duty cyc l e  of t he retr i ev al system can essent i a l l y  be condensed to 
three cases : 
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• one - t ime retr i ev a l  at the end of storage ( wh i ch app l i es to most of the  
tan k s  under con s i derat i on)  

• i ntermi ttent retr i ev a l  of the wastes for further process i ng over a per i od 
of m any years wh i ch i s  the case of the two feed tanks  and , poss i b ly ,  the 
spare tan k • 

• nonschedu l ed or emerg ency retr i ev a l  i n  the ev ent of a l eak or unant i c i ­
pated change i n  t ank contents . 

A descr i p t i on of rad ioact ive  waste character i s t i c s  pert i nent to retr i ev a l  
i s  conta i ned i n  a l etter i nc l uded i n  Append i x  F .  A l l  of the wastes presently 
projected for storage i n  the  doub l e- she l l  tanks  can  be e ither pumped or s l ur­
r i ed .  Therefore , mech an i ca l  remov al  i s  not con s i dered an improv ed ret r i ev a l  
system . D i rect pump i ng i s  a very s i mp l e  and stra ightforward process  that can 
be  carr i ed out w ith a l arge number of commerc i a l ly av a i l ab l e  pumps . Improv ed 
systems for d i rect pump i ng can be expected to ev o l ve in the future , but the 
need for immed i ate deve l opment is not i nd i cated . 

The major ity of the waste stored i n  the doub l e- she l l tanks  w i l l  be 
retr i ev ed by s l urry i ng . Improvements i n  retr i ev a l  needed i n  the future w i l l  
b e  i n  s l urry form at i on and hand l i ng systems . Systems may al so be needed to 
reduce the s l udge or l iqu i d  11 h ee l 11 ( res i dua l ) .  Research i s  u nderway at both 
H anford and Sav annah R iver to dev e l op improv ed s l urryi ng systems . Most 
research efforts are concentrated on dev e l opment of s i ng l e central  un i ts to 
eff ect both  s l u i c i ng and s l u rry remov a l . 

Adv ant ages and D i s adv antages of Improv ed Retr i ev a l Equ ipment 

Potent i a l adv antag e s  cou l d  i nc l ude : 

• saf er and more re l i ab l e  proce s s i ng operat i on s  

• reduced t ime for retr i ev a l  ( if req u i red) 

• reduced decontam i nat i on efforts due to m i n im i z at i on of equ i pment need s .  

Potent i a l d i s adv ant ag e s  cou l d  i nc l ude : 

• p res ent ly deve l oped systems that may not be app l i cab l e  to future waste 
forms 

• i ncreased costs that may not be j u st i f i ab l e .  

Reasonab l y  Foreseeab l e  Env i ronmenta l  Effects 

App arent env ironmenta l  benef i ts to be g a i ned from improv ed retr i ev a l  
systems are re l ated to i ncreased rate of remov al  i n  t he ev ent of a l eak i n  t he 
pr imary and/or second ary tan k ,  and l ess equ i pment d i s carded and pack ag ed for 
rad i oact ive  bu r i a l  in the ev ent of equ i pment fa i l ure . 
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Effect on Tank Durab i l i ty 

The impro ved waste retr i eva l  equ i pment i s  expected to have i ns i gn i f i cant 
e ffects on tank durab i l i ty. 

Effect on E ase  of Waste Retr i eval  From Tanks  

The ease  of waste retr i eval  cou l d  be ai ded with  improved systems . How­
ever , deve l opment of more  effect i ve retr i eva l  equ i pment w i l l  requ i r e  furt her 
k now l edge of future waste propert i es .  P rograms are p l anned to conceptua l i ze 
and deve l op impro ved systems i n  the future for the do ub l e- s he l l  storage tank  
wastes . 

Effect , i f  any, on C ho i ces of Tec hno l ogy for Long- Term R ad i o act i ve Waste Stor­
age and i ts F i nal  D i sposa l , and on the T im i ng of Such  C ho i ces 

There are no effects . Impro ved waste retr i eval  systems can be deve l oped 
i n  amp l e  t ime to accom- modate future changes i n  tec hno l o gy . The e x i st i ng  
systems are adequate for the present . 

Reason for Reject i ng Al tern at i ve 

There i s  no present need to de ve l o p  impro ved retr i eval  systems . The 
pres ent l y  ava i l abl e and proven equ i pment for d i rect pump i ng and s l urryi ng are 
s i mp l e and re l i ab l e ,  and are expected to suff i ce for the foresee ab l e  future . 
F uture impro vement i n  equ i pment cou l d evo l ve as t he p hys i cal character i st i cs 
of  waste products ( s uch as do ub l e- s he l l  s l urry) are better defi ne d .  

3 . 2 . 5  Coo l i ng Coi l s  

Th i s  al ternat i ve i s  exami ned i n  th i s  sect i on beg i nn i ng w i t h  a techn i cal  
d i s cu s s i on of coo l i ng co i l s  and fo l l owed by i ts advantages and d i s advantages , 
env i ronmenta l  effects , effects on tank dur ab i l i ty, on ease of waste retr i eva l , 
and on tec hno l o gy cho i ces for l ong- term waste storage and f i na l  d i spos a l . The 
co nc l us i ons  res u l t i ng from t h i s  exami nat i on are :  

1 .  S i nce t he des i gn heat generat i on rates from H anford was tes w i l l  be about 
one- t h i rt i eth  part of the rates from Savannah R i ver wastes , coo l i ng co i l s  
are not needed for H anford waste storage tanks . The actua l  heat gener a­
t i on of H anford waste may be as l ow as a s i xt i et h  part of the heat 
generati on rate of S avannah R i ver waste .  

2 .  S i nce the D epartment of Ener gy wi l l  i ns ure t hat adequate mon i tor i n g  wi l l  
be i n  p l ace as p art of rout i ne operat i ng procedures t hat wou l d  prevent 
storage of wastes w ith  greater than 100 , 000 Btu/ hr/tank heat generat i on 
rate , t he a i r  coo l i ng now prov i ded for t he tanks const i tute adequate 
coo l i ng pro v i s i ons . 
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3 . 2 . 5 . 1  Techn ica l  D i scuss i on 

Coo l i ng co i l s  funct i on as part of a system for heat remov al  from waste 
tanks  by pump i ng water at amb i ent temperatu re through the co i l s .  The purpose 
of coo l i ng co i l s i s  to l ower the temperature of the wast e .  I n  g eneral , l ower­
i ng t he waste temperature resu l ts in l ower i ng the corros i on rates and i ncreas­
i ng tan k du rab i l i ty.  

Coo l i ng co i l s  are used i n  some waste tanks  at Sav annah R i v er fac i l i t i e s ,  
but w i l l  not be  u s ed at H anford ; the pr imary reason for th i s  b e i ng the 
d iff erence i n  the heat generat i on rate by the wastes at the two fac i l i t i e s .  
For examp l e , for t he Type I I I Sav annah R iv er tank s ,  t he des ign  h eat l oad per 
tank i s  3 , 000 , 000 Btu/ hr ( 33 x 1 08 J) , and the ir  coo l i ng co i l s  are cap ab l e  
of remov i n g  6 , 000 , 000 Btu/ hr . Howev er,  at H anf ord , the  av erage heat g enera­
t i on rate of doub l e- she l l  s l u rry proposed for storag e  i n  the 13 new tanks  i s  
50 , 000/Btu/ hr/t ank ( Honeym an 1978) . Thu s ,  the  des ign  heat g enerat i on rate of 
Sav annah R iver wastes  i s  about th irty t imes that at H anford . 

The t ank s constructed most recent ly  ( 1962  to pres ent) at S av annah R iv er 
are des i gned as Type I I I .  Each pr imary tank ho l d s  1 , 300 , 000 g a l l on s ,  i s  85 ft 
in d i ameter and 33 ft h i g h .  The pr imary t ank s i ts on a 6 - i n .  b ed of i nsu l at i ng 
concrete w ith i n  a second ary conta i nment vesse l .  The concrete bed is grooved 
rad i a l ly so t h at v ent i l at i ng a i r  c an f l ow under the pr imary t ank . The l iqu i d  
waste and s l udge i n  some Type I I I  tan k s  i s  coo l ed by mean s of the rep l aceab l e  
coo l i ng co i l  bund l es .  The rem a i nder of the Type I I I  tanks  h ave  the 
permanent ly- i nst a l l ed coo l i ng co i l s ,  s imi l ar to those i n  Type I and Type I I  
t ank s .  I n  Type I I I  tank s ,  the tota l  h eat remov al  capab i l i ty for e i ther coo l ­
i ng co i l  des i g n  i s  6 , 000 , 000 Btu/ hr ( ERDA 1977 b) . 

As reg ard s H anford , t he 241 - AW and 241 - AN tank s ,  bu i l t  du r i ng 1976 , 1977 , 
and 1978 , hav e  some des i g n  s i m i l ar ity with  the Type I I I  tanks  at Sav annah R iver 
in that t he H anf ord tanks  cont a i n  a pr im ary t ank s i tt i ng on an 8 - i n .  bed of 
i ns u l at i ng concrete w ith i n  a second ary conta i nment vesse l . The i nsu l at i on 
concrete has s l ots cut i n  i t  to a l l ow for f l ow of vent i l at i ng a i r  under t he 
pr imary tank . The amount of vent i l at i ng a i r  i n  the annu l u s  i n  800 standard 
cub i c  f eet per m i nu te ( SCFM) . Accord i ng to des i g n ,  th i s  a i r  c i rcu l ates un i ­
form ly  around the tank , thereby prov i d i ng heat remova l . The a i r  coo l i ng system 
( con s i st i ng of the annu l u s  coo l i ng and i n - t ank v ent i l at i on) i s  des ig ned to 
remove 100 , 000 Btu/ hr ,  wh i l e  the typ i c a l  heat generat i on i s  50 , 000 Btu/ h r ,  
t hu s  prov i d i ng an acceptab l e  res erve cap ac ity.  

The des i gn heat generat i on rate for the 241 - AW and 241 - AN tanks  is  
100 , 000 Btu/ hr w i th a t ank capac i ty of 1 , 000 , 000 g a l l on s .  Typ i ca l  heat g ene­
rat i on rate for the H an ford doub l e- she l l  s l u rry is abou t 0 . 05 Btu/hr/ga l  or 
50 , 000 Btu/ hr for e ach fu l l  tank . 

Adv antages and d i s adv antages of coo l i ng co i l s .  
coo l i ng co i l s  i n  h i g h- heat generat i ng wastes ,  as at 
are re l ated to reduced corros i on rates and g a i n s  i n  
des ign  and p l acement of coo l i ng co i l s  i n  s u ch waste 
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that t he temperatures i n  the t anks  rema i n  at acceptab l e  l ev e l s .  L im i t i ng the  
tan k temperature s  may have  several  adv antag es : 1) l ower tank temperatures 
typ i ca l ly reduce rates for g enera l corros i on p i tt i ng ,  corros i on ,  and stress 
corros i on crack i ng of carbon stee l ,  2) by reduc i ng the corros i on rate of the 
pr imary tank , an i ncrease can be g a i ned in the u sefu l l ife of the t ank or i n  
the bu i l t- i n  safety f actor , and 3 )  reduct i on of d ifferences i n  exp an s i on of 
stee l and concrete components w i l l  m i n im i z e  the i nduced stresses i n  the tank 
components . 

The d is adv antag e s  of p l ac ing coo l i ng co i l s i n  the tanks  re l ate to : 
1) i ncreas ed mai nten ance prog ram ,  and 2) i nterference w i th waste retr i ev a l . 
Wh i l e  coo l i ng co i l s  he l p  reduce the corros i on of the primary tank , the co i l s  
t hemse l v es are s ubj ect to corros i on ,  as i nd i cated by exper i ence at Sav annah 
R iver ( ERDA- 1537 ) . Leak i ng co i l s  wou l d  prov ide  a path for the re l ease of con­
tam i nated mater i a l from the tank . I n stal l at i on of coo l i ng co i l s  may requ i re 
add it i on a l  penetrat i on s  throug h  the dome . I nc l ud i ng coo l i ng co i l s  i n  the 
t anks  wou l d  comp l i cate t he waste retr i ev a l  operat i ons , u n l ess  they were of the 
remov ab l e  typ e .  Coo l i ng co i l s  that are used for bottom coo l i ng are not of the 
remov ab l e  type  and may h i nder waste retr i ev a l . 

Reasonab l y  foreseeab l e  env ironmental  effects .  A l eak i n  the coo l i ng 
co i l s  cou l d  poss i b ly re l ease contam i nated coo l i ng water to t he env i ronment . 
Th i s  is  a nonbound i ng scen ar i o  w ith  m i n imal  env ironmenta l  con sequences as 
d is cu ss ed in Chapter 5 . 0 of th i s  statement . There wou l d  be a s l ight  i ncrease 
in resource s requ ired and the decontam i nat i on and decomm i s s i on i ng effort wou l d  
b e  g reater .  

Effect o n  tank durab i l i ty.  The use  of coo l i ng co i l s  cou l d  i ncrease the 
du rab i l i ty of the tanks  by l ower i ng t he ov era l l t ank temperature and thus  
reduc ing the  wa l l  corros i on rate . Th i s  i s  unnecessary s i nce adequate corro­
s i on a l l owances h ave  b een m ade i n  the des ig n  of the tanks for the expected 
serv i ce l if e .  

Effect o n  waste retr i ev a l  from tank s .  I f  nonremov ab l e  coo l i ng co i l s  are 
i n st a l l ed i n  the t ank s ,  they wou l d  prob ab l y  i nterfere w ith  t he retr i ev a l  of 
waste ; I f  the waste stored i n  the tanks  were to form a cak e or so l i d ,  bottom 
coo l i ng co i l s  wou l d  present more d i ff i cu l t  prob l ems to waste retr i ev a l . 

Effect , if  any, on cho i ces of technol ogy for l ong- term rad i oact i v e  wate 
storage  and  i ts  f i na l  d i sposa l , and on the  t im i ng of such cho i ces . There 
wou l d  be no major effect  on the ch o i ces of techno l ogy for l ong - term rad i o­
act ive  wa ste storage  and i ts f i nal  d i sposal  with  the except i on of the g reater 
d iff i cu l ty of remov i ng waste from tanks  equ ipped w ith  coo l i ng co i l s .  

Reasons for reject i ng the  use  of coo l i ng co i l s .  I n sta l l at i on of coo l i ng 
co i l s i s  not recommended for the H anford tan k s ,  pr imar i l y  because they are not 
needed . The major b enef it  from u s i ng coo l i ng co i l s  wou l d  be to reduce the 
corros i on of the primary tank by l ower i ng the tank temperature . A thermal  
ana lys i s  of the tank s pred i cts that t he max imum temperatu re i n  the pr imary 
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car bon stee l wa l l  wi l l  be l ess  than 200°F ( 93°C ) for a heat generat i on rate of 
100 , 000 Btu/hr ( 1 . 1  x 108 J/hr ) w ith  the a ir  coo l i ng now pro v i ded  ( Append i x  F ) . 
Bas ed on a corro s i on a l l owance of 50 m i l  ( 1 . 3  mm ) wh i ch was i nc l uded i n  the 
des i gn of the tan k ( Bas i c  Tec hno l o gy ,  I nc .  1 977 ) ,  a des i gn ser v i ce l i fe of 
50 ye ars for t he pr imary tank is pred i cted .  Stress corro s i on crack i ng can be 
reduce d by reduc i n g  the temper ature . However , s i nce the pr imary tank has been 
stress re l i eved to m i n im i ze res i dual  stresses and t ank waste compo s i t i on w i l l  
be  co ntro l l ed ,  stress corros i on crack i n g i s  not expected to pres ent a prob l em .  

I n  s umm ary, s i nce wastes w ith  heat generat i on rates h i gher than 
100 , 000 Btu/hr/mi l l i on gal l ons are not p l anned for storage i n  these tanks , 
t here i s  no reason to i nsta l l  coo l i ng co i l s  to hand l e  t he extra heat l o ad . 
However , i t  i s  necess ary to mon i tor and i ns ure that no wastes w i t h  greater 
t han 100 , 000 Btu/ hr/m i l l i on ga l l ons are stored i n  t hese  tanks . Th i s  i s  pro­
v i ded  i n  the tank oper at i n g  procedure s . 

3 . 2 . 6  Overa l l Res u l ts of Eva l uat i on of A l ternat i ves 

In the preced i ng Sect i ons  3 . 2 . 2  to 3 . 2 . 5  four des i gn and s afety a l terna­
t i ves were exam i ned . The exam i nat i on i nc l u ded a techn i ca l  d i s cu ss i on of t he 
major as pects of eac h a l ternat i ve ,  fo l l owed by i ts  advantages /d i s advantages , 
envi ronmental  effects , if  any ,  and eff ects on t ank durabi l i ty,  on ease  of 
waste retr i eva l  and on cho i ce of tec hno l ogy for l on g- term waste storage and 
fi nal  d i spos a l . F i na l ly ,  s i nce e ach a l ternat i ve was rej ected , t he reasons for 
the rej ec t i on were s ummar i zed . 

The 13 new tan ks  have i ncor por ate d  many s i gn if i cant des i gn and s afety 
improvements o ver t he prev i ous s i ng l e- and do u b l e- s he l l  tanks con- structed at 
H anfor d .  A few exampl es are :  

1 .  u s e  of h i gher- strength carbon stee l 

2 .  pro v i s i on o f  adequate corros i on a l l owance 

3 .  stress re l i ev i ng of pr imary tank after fabr i cat i on 

4 .  pro v i d i ng i ncreased dome strength 

5 .  more comprehens i ve nondestructi ve exam i nat i on of t anks . 

These  impro vements wi l l  be furt her stren gthened by ado pt i on of carefu l l y 
mon i tored operat i n g  procedures some of wh i ch are l i sted be l ow :  

1 .  No waste wi l l  b e  stored i n  the tanks  that have he at generat i on rates 
e xceed i ng 100 , 000 Btu ( 1 . 1  x 108 J) per hour per tank . 

2 .  Steps w i l l  b e  taken to i ns ure t hat the max imum mass stored per tank w i l l  
be 1 , 000 , 000 ga l l ons at a maximum spec i f i c  grav i ty of 2 . 0 .  
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3 .  The tan ks wi l l  be used to store compos i t i ons  s i m i l ar to do ub l e- s he l l 
s l urry i n  corro s i on potent i al . Ot her waste types w i l l  not be stored 
w ithout adequate corro s i on test i ng to as cert ai n and mod i fy as needed 
t he i r  corro s i on potent i al .  

4 .  Ade quate standby pump i ng equ i pment and at l east one spare tank  wi l l  be 
ava i l ab l e so t hat if a tank  l eak s ,  t he l i qu i d  i s  pumped out of t he 
annu l us s pace as soo n as pos s i b l e .  

5 .  T he feas i b i l i ty w i l l  be eval u ated of rout i ne mon i tor i ng of t he 
e l ectromot i ve force ( EMF )  of the tank  wa l l  w i t h  res pect to stored 
so l u t i on so t hat t ank co ntent compos i t i on c an be adj usted to correct any 
undes i rabl e EMF s h i fts . Th i s i s  an ant i - corros i on meas ure who s e  
feas i b i l i ty i s  not eval u ated at pres ent . 

I n  v i ew of the protect i ve operat i ng pro cedures to be fo l l owed an d the 
s i gn i fi cant l y  impro ved des i gn features i ncoporated i n  t he 13 t anks , i t  i s  
con c l ude d  that the ex i st i ng pro v i s i ons  for structural i ntegr i ty and t he des i gn 
ph i l oso p hy of t he tanks are both s at i sfactory for t he i nter im- storage of t he 
h i gh - l ev e l  l i qu i d  rad ioacti ve wastes . Therefore , t he i ncorpor at i on of the 
four al ternat i ves c an not be j u st i fi ed bas ed on techn i ca l  cons i derati ons . I n  
C hapter 5 o f  t h i s  st atement , i t  i s  al so s hown that t here are no s i gn i f i cant 
envi ronmental benefi ts to be gai ned by i ncorporat i on of t he al ternat i ves . 
There are no cost  benefi ts s i nce i ncor porat i on of any al tern at i ve wo u l d  
requ i re s i gn i fi cant do l l ar out l ays . Therefore from a l l standpo i nts , t he 
a l ternat i ves s ho u l d  be rej ected as unneces s ary an d no n- benef i c i al ; t he 
o per ati ng  proce dures l i sted abo ve are meant to i ns ure t hat t ank durab i l i ty and 
pub l i c  he a l t h  and safety are protected adequate ly .  

I n  t he next two c hapters are pres ented t he affected env i ronment and t he 
env ironment a l  consequences from the pro pos ed act i on and the four al ternat i ves . 
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4 . 0  AFF ECTED ENV I RONMENT 

The m ater i a l  pres ented i n  th is  chapter i s  pr imar i ly an updated summmary 
of the des cr i pt i ons  of the Hanford S i te env ironment that was pub l i s hed i n  the 
F i na l  Env i ronmental  Statement , Waste Management Operat i ons , H anford Reserv a­
t i on ,  ( ERDA- 1538 197 5 ) . Th i s  Chapter g ives  a general  b ackg round of some of 
t he H anford s i te- spec i f i c  env i ronmental  ch aracter i st i cs that re l ate d i rect ly 
to the new tan k s i tes and the ir potent i a l  effects on the env i ronment . Deta i l ed 
s i te and waste ch aracter i z at i on i nformat i on i s  presented i n  ERDA- 1538 wh i l e 
updated ch aracter i st i cs of the Defense H i g h - Lev e l  Waste pre sent ly be i ng stored 
at t he H anford S i te can be fou nd i n  ERDA- 77 - 44 ( 1 977) . 

4 . 1 HANFORD S ITE LOCATION  

The Hanford S ite ( F igure s  4 . 1  and 4 . 2) occup i es approx imate ly  1 , 500 km2 
( 57 0  mi l e2) of a semi - ar i d  reg i on i n  the southe astern part of the State of 
Wash i ng ton . The s i te extrem i t i es measure approx imate ly  52 km ( 32 m i l es) north 
to sou th and 42 km ( 26 m i l es) east to west . The ne are st popu l at i on center , 
R i ch l and , Wash i ng ton ( 1970 popu l at i on = 26 , 290) , i s  approx im ate ly  5 km 
( 3  mi l es) south of the southernmost s i te bou ndary and about 35 km ( 22 m i l es)  
southeast of t he pre sent h i gh - l ev e l  waste management and storage  fac i l i t ies . 
Popu l at i on with i n  a 50 - m i l e  rad i u s  was est imated to be  246 , 000 i n  1970 ; th i s  
i s  e xpected to i ncrease to approx imate ly  277 , 000 by 1 980 ( V andon 1979) . 

The tank farm , i n  wh i ch the th irteen new tan k s  are l ocated , i s  cont a i ned 
in  the 200 E ast area ( See F i gure 3 . 1) . Th i s  area i s  a l ready ded i cated to fue l s  
proce ss i ng ,  waste fract i onat i on and waste storag e ,  and eco l og i ca l l y  speak i ng ,  
i s  v i rtua l ly b arren . Eco l og i ca l  effects on the t ank  farm area are m i n imal . 

4 . 2  LOCAL I NDUSTR I AL,  TRANS PORTATION , F EDERAL AND S ITE- S P EC I F I C  ACT I V IT I ES 

The areas near t he H anf ord S i te have been deve l op i ng and exp and i ng w ith  
i ncreased i nd u str i a l and ag r i cu l tura l act i v i t i es . Non - nu c l ear i ndu str i a l  
f ac i l i t i e s  l ocated i n  the area i nc l ude a meat p ack i ng ; l ant , food proce ss ing  
f ac i l i t i es ,  fert i l i z er p l ants , a pu l p  and  paper m i l l ,  a chem i c a l  p l ant , and 
several metal m anuf actur i ng p l ants . A w i de v ar i ety of s upport and s upp ly  
f ac i l i t i es ex i st i n  the  are a to  serve the  i nd u str i a l b ase . Agr i cu l ture in  the 
reg i on i nc l u des a w i de v ar i ety of dry l and and i rr i g ated crops and p l ays a 
m ajor ro l e  i n  the l oca l  economy. 

H ighway access to the reg ion  i s  av a i l ab l e  v i a  State H ighways 14 , 24 , and 
240 ; U . S .  H i ghways 12 and 395 ; and when comp l eted i n  t he m i d - 1 980 s ,  I nterstate 
H i ghways I - 82 and I - 182 . Ra i l  serv i ce i nc l udes the Bur l i ng ton  Northern , U n i on 
P ac if i c ,  and the Ch i cag o ,  M i l waukee ,  St .  Pau l , and P ac if i c  R a i l roads . A i r  
trans port at i on i s  av a i l ab l e  throug h three l oca l  a i rports i nc l ud i ng one su it ­
ab l e  for sma l l  commerc i a l j et a i rcraft . I n  add i t i on ,  commerc i a l  traff i c  on  
the  Co lumb i a  R i ver may trav e l  to the North R i ch l and  dock are a  ne are st the 
sou t hern H anford S i te boundary . 
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F I GURE 4 . 1 .  Locat i on of the  H anford S i te 

Sev era l reg i on a l  power dams are l ocated on the Co l umb i a  R iver i nc l ud i ng 
the Pr i est R ap i d s ,  Wanapum ,  and McN ary dams . S i t i ng a p ower dam ( tent at i v e l y  
named Ben Fran k l i n) abou t 1 6  k m  ( 10 m i l es) up stream from R i ch l and h a s  been 
con s i dered ( H arty 1 979) ; h owev er,  no act i on to con struct t he dam is ant i ­
c i pated at th i s  t ime .  

The U . S .  Army Yak ima F i r i ng Range used for tra i n i ng Army Reserves i s  
l ocated i n  an undev e l oped area beg i nn i ng approx imate l y  16 km  ( 10 m i l es) we st 
of the H anford S ite bound ary. 
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A numb er of Gov ernment- owned nuc l ear fac i l i t i es are l ocated on the H an ­
ford S ite and i nc l ude product i on and waste man ag ement bu i l d i ng s ,  research 
l ab orator i es ,  waste d i sposa l  fac i l i t i e s ,  and nuc l ear mater i a l  storage  areas .  
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I n  add it i on ,  the du a l - pu rpose N re actor i s  operated on s i te , produc i ng 
b oth nuc l e ar mater i a l s  and by- product steam wh i ch i s  so l d  to the Wash i ng ton 
Pub l i c  Power Sup p l y  System ( WPPSS) for commerc i a l power generat i on .  The Fast 
F l ux Te st F ac i l ity ( FFTF) , a test re actor owned by DO E is schedu l ed for 
start up operat i on s  in 1980 . E ight  other reactors , former ly  u sed for produc­
t i on of nuc l ear mater i a l s ,  now are ret i red and s hutdown . Commerc i a l  nuc l ear 
fac i l i t i es on s i te i nc l ude a l ow- l eve l waste bur i a l  are a ,  and three commerc i a l 
nuc l ear p ower stat i ons present ly under con struct i on that are owned by WPPSS . 
The Exx on Nuc l ear Corporat i on fue l fab r i cat i on s  p l ant i s  l ocated j u st south  of 
and adj acent to the s i te boundary . 

4 . 3  SOC I O ECONOMI CS 

Soc i oeconom i c parameters of concern i nc l ude  emp l oyment , person a l  i ncome , 
popu l at i on ,  demog raph i c  ch aracter i st i cs , hou s i ng ,  recre at i on ,  hea l th care , 
pub l i c  f i nance , and re l at i on s h i p  to other major con struct i on act iv it i e s  wh i ch 
m ay occur concurrent ly .  

The exten s i ve nuc l ear- re l ated dev e l opment work i n i t i ated by the U . S . 
Government i n  1943 , and now adm i n i stered by the  U . S .  Dep artment of Energy h as 
been  a pr ime i nf l uenc ing factor i n  the soc i oeconom i cs of the areas  surround i ng 
t he H anford S i te . Con struct i on act iv ity has been s i g n i f i c ant for many ye ars 
and the i nf l ux  of persor.n2 l ,  both  permanent and temporary , has a l ready had 
major effects on t he rate of commun ity g rowt h ,  patterns of i nd i rect bus i ness  
dev e l opment , and soc i a l  structure . I n  recent years , the  commun it i es have  
stab i l i z ed and adj u sted to v aryi ng proj ect act i v i t i es at  t he Hanford S i te .  
The Tr i - C it i es have p l ans  i n  p l ace for commun ity dev e l opment assoc i ated w ith  
t he i n f l ux of  new proj ect workers and tran s i t i ons from construct i on to 
operat i on of new fac i l i t i es .  

Tot a l  emp l oyment i nv o l ved with  act i v it i es for the U . S .  Department of 
Energy at t he H anford S i te i s  approx imate ly  12 , 000 ( Augu st 1979) , cf wh i ch 
app ro x imate ly 3 , 500 are emp l oyed by Rockwe l l  Hanford Operat i ons  ( RHO) . RHO 
has the respon s i b i l ity for t he des i gn  and construct i on of the new tank s .  

The new h ig h - l eve l waste tank con struct i on prog ra� i s  on ly  one of many 
construct i on p roj ects concu rrent ly  ong o i ng at the Hanford S ite and i n  the sur­
round ing commun it i es .  The manpower l eve l i dent if i ed for th i s  proj ect ( appro­
x im ate ly  100 persons for t he peak con struct i on per i od and operat i on) w i l l  not 
measutab ly  affect the soc i oeconom i c parameters d i scu ss ed above . No soc i o­
economi c concerns wh i ch can be i dent i f i ed or q u ant i f i ed for th i s  act i on ( see 
Chapter 5 ,  Sec t i on 5 . 2  for det a i l s  of the l abor force i nv o l ved) . 

4 . 4  S UMMARY OF ENV I RONMENTAL CHARACTER I STI CS 

Th2 fo l l ow i ng sect i on s  summar i ze the H anford S i te env i ronmenta l  char­
acter i st i c s .  More exten s i ve  and deta i l ed techn i ca l  i nformat i on about the s i te 
and the surround i ng reg i on i s  av a i l ab l e  i n  ERDA- 1538 ( 197 5) . 
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4 . 4 . 1  Geo l ogy- Topography 

The Hanford S i te is l ocated i n  southe astern Wash i ng ton State i n  the Pasco 
B a s i n  ( a  port i on of the Co l umb i a  P l ateau) wh i ch i s  composed of l arge q u ant i ­
t i es of b as a l t  over l a i n  by th i ck l ayers of sed iment ary mater i a l .  The Hanford 
S i te over l i es the structural  l ow p o i nt of the  P asco Bas i n  and i s  bounded to 
the sou thwe st , west and north by l arg e r i dges  that trend eastward from the 
Cas c ade R ang e ,  enter the Pas co Bas i n  and d i e out with i n  i ts conf i nes . The 
S ite is  bounded to the east by the Col urr.J i a  R i ver and the steep Wh i te B l uffs 
of the R i ng o l d  Form at i on .  To the southeast the S i te is bounded by the con­
fl uence of the Yak ima and Co l umb i a  R i vers and by the C ity of R i ch l and . 

The e arth m ater i a l s beneath the s i te con s i st of a th i n  mant l e  of w i nd­
b l own s i l ts and san d s  wh i ch cover l ayers of coarse sands and grave l s  up  to 
61 m ( 200 ft) th i ck that were depo s i ted by i ce age f l ood s ( ERDA 1975) . F i ner 
s an d s ,  s i l ts ,  and c l ays ly ing ben eath the g rave l s  were depos i ted up to 305 m 
( 1 , 000 ft) th i ck over a l ong p er i od .  An accumu l at i on of b as a l t i c  l av a  
extruded over per i od s  extend i ng from 6 t o  1 6  m i l l i on years ag o l i es  beneath 
t he top s ed iments .  Th i s  l ayer is e st imated to be more than 3 , 000 m 
( 10 , 000 ft) th i ck .  The water  tab l e  i n  the tank areas l i es i n  the f i ner 
m ater i a l 46 to 91 m ( 150 to 300 ft) be l ow the l and surface ( ERDA 1975 , ERDA 
1977 ) . 

The sed iment�ry depos i ts des cr i bed above are mo i sture def i c i ent and have 
a h i gh capac ity to ab sorb and reta i n  l eak age from the h igh - l ev e l  waste tank s ;  
furthermore , most of the chemi ca l  e l ements are permen ant l y  ad sorbed to the 
so i l  p art i c l es by i on exch ange . Prec i p i tat i on w i l l penetrate t he g round to 
on ly  a s hort d istance and is l ost to the atmos phere by ev aporat i on dur i ng the 
dry summers ( ERDA 1977) . There i s  no transport mechan i sm to the under l y i ng 
water tab l e .  The comb i nat i on of the se ch aracter i st i cs acts to prevent any 
s ign if i cant q u ant i t i es of the rad i onuc l i des resu l t i ng from l e aks  or sp i l l s  
from reach i ng the ground water . 

Det a i l ed strat igraph i c  and geo l og i c  data are av a i l ab l e  to ch aracter ize  
the  H anford S i te Env i ronment ( T a l lman et  a l . 1979 , At l ant i c  R i chf i e l d  H anford 
Company 1976 )  and hav e  a l l owed subd iv i s i on of the b as a l ts i nto a number of 
form at i on s ,  members , and fl ows . Deta i l s  concern i ng these f l ows can be  found 
in the fo l l ow i ng references : Jones  ( 1978) , Re i de l  ( 1978) , Fecht ( 1978) , Geo­
s c i ence Research Consu l tants ( 1978 ) , Swan son ( 1977 ) , and Goff ( 1977) . Deta i l s  
of the sed imentary l ayers and so i l s  at the Hanford S i te can b e  found i n  the 
fo l l owi ng ref erences : ERDA ( 1975 ) , Bak er ( 1973) , Haj ek ( 1966) , and Routson 
( 1 973 ) . 

4 . 4 . 2  Se i sm i c i ty 

H anford i s  l ocated i n  an are a  of h i stor i ca l l y  l ow se i sm i c ity ( Al g erm i s sen 
1 9 69 , 1976 ) . The g reatest earthq uake i nten s ity h i stor i ca l ly  reg i stered i n  the 
Pasco Bas i n  was of Mod if i ed Merca l l i  ( MM) i ntens i ty V or V I  ( approx imate ly  
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R i chter mag n itude 4 . 5 to 5 . 0) that occurred November 1 ,  1 9 18 , near Corfu , 
35 km ( 22 m i l es) north of the center of the S i te ( Coffman 1973) . The l arge st 
recorded earthquake i n  the ent i re Co l umb i a  P l ate au was of MM i nten s i ty V I I 
( R i chter 5 . 5 ) , on Ju ly 15 , 1 936 , near M i l ton - Freewater , Oreg on ,  approx imate ly  
100 km  ( 62 mi l es) southe ast of the  Hanford S i te ( Berg 1963) . On the assump-
t i on t h at a v ery l ow probab i l ity MM- V I I  q uake ( R i chter 5 . 5 ) were to occur at • 

the northwe st end of the R att l esnake-Wa l l u l a  fau l t  zone , ground acce l erat i on 
of 0 . 13 g cou l d  be  e xp ected beneath most of the  H anford S i te ( ERDA 1 538) . A 
de s i gn bas i s  of 0 . 25 g ( acce l erat i on l eve l for the " S afe Shutdown Earthquak e ") 
for t he h i gh- l ev e l  tanks at H anford a l l ows for an MM- V I I I  ( R i ch ter 6 . 8) e arth -
quake  ep i centered at the same s i te . No such quake  has  ev er been recorded i n  
eastern Oreg on or Wash i ng ton and s u ch a magn itude i s  not con s i dered probab l e  
( B l ume 197 1 ,  ERDA 197 5 ) . 

4 . 4 . 3  C l imato l ogy 

For genera l c l imato l og i ca l  purposes , meteoro l og i ca l  data from the Hanford 
Meteoro l og i ca l  Stat i on ( HMS) are repres entat ive  of t he H anford S ite . The HMS 
tower is  l ocated between the 200 E and 200W tank areas  ( F igure 4 . 2 ) and has  
cont i nuou s ly produced data s i nce 1944 . Deta i l ed c l imato l og i ca l  data i s  found 
in Stone ( 1 97 2) . The Cas cade Mount a i n  R ange to the we st ( F igure 4 . 1 ) great l y  
affects t he c l imate of t h e  H anford area and forms a b arr i er t o  eastward- mov i ng 
P ac if i c  Ocean storm front s .  The mounta i n s  form a ra i n  shadow prod uc i ng m i l d  
temperatures and ar i d  c l im at i c  cond i t i ons throughout t he Pasco Bas i n  reg i on .  

Averag e max imum and mi n imum temperature s  recorded at Hanford for the 
month of J an u ary ( t he co l dest month) are 3°C ( 37 °F) and - 6 °C ( 22°F) , and those 
for Ju l y  ( the warmest month  of the year) are 33°C  ( 92°F)  and 16°C ( 61 °F) . 
Av erage ann ua l p rec i p i tat i on i s  16  cm ( 6 . 3  i n . ) . The e st imated av erage  ann u a l  
ev aporat i on rate i s  1 3 4  cm ( 53 i n . )  wh ich essent i a l l y e l i m i nate s  i nf i l trat i on 
i n  t he so i l .  P roj ect i ons  from av a i l ab l e  prec i p i tat i on data i nd i cate that a 
max imum accumu l ated ann u a l  ra infa l l of approx imate ly  46 cm ( 18 i n . )  can be 
e xp ected to have a recurrence i nterv a l  of 1 , 000 ye ars ( ERDA 1977 a) w ith  a 
max imum so i l  penetrat i on of 4 m ( 13 ft) . 

Torn adoes are rare i n  the H anford reg i on ,  tend to be sma l l ,  and produce 
l i tt l e  damage . Because of the underg round nature of the tank farms , tornadoes 
wou l d  not be expected to h ave any apprec i ab l e  effect on t he tanks themse l v e s ,  
a l thoug h surface damag e  to the vent i l at i on and abov e - g round fac i l i t i es cou l d  
occu r .  

4 . 4 . 4  Hydrol ogy 

The Co l umb i a  R i ver i s  the dom i nat i ng factor i n  the H anford S i te hydro l ogy , 
and fl ows through t he northern part and a l ong the eastern boundary . The Yak ima 
R i ver i s  s i tuated a l ong part of the southern boundary. Groundwater e x i sts 
b eneath t he s i te in  an unconfi ned aqu ifer,  and i n  conf i ned aqu ifers composed 
of i nterbed s and i nterf l ow zone s w ith i n  the under l y i ng b as a l t  fl ows . 
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The Co l umb i a  R iver i s  normal l y  about 7 5 - 90 m ( 250 - 300 ft) be l ow the 
p l ate au where the 200E and 200W t ank f arms are l ocated . Under max imum prob­
ab l e  fl ood cond i t i on s  for the Co l umb i a  R iver Bas i n ,  the U . S .  Corps of 
Eng i neers ( 1969) has e st im ated that the tank farms wou l d  st i l l  be  60 - 7 5  m 
( 200 - 250 ft) ab ov e the h ighest probab l e water e l ev at i on . The 100 - year and 
500 -ye ar fl oods are not d i s cu ssed s i nce t he probab l e  max imum f l ood i s  more 
severe than the 500 - year f l ood . Submers i on of the Co l umb i a  R iv er Wet l ands  as 
a resu l t  of s u ch fl ood cond i t i ons  wou l d  h ave  no d i rect affects on the tank 
farms . Stud ies  of a hypothet i ca l  50% breach of the upstream Grand Cou l ee Dam ,  
wh i ch wou l d  resu l t  i n  t he dev astat i on of down stream c i t i e s  i n c l ud i ng Pasco,  
R i ch l and , Kennew i ck ,  and Port l and , s how a fl ood e l ev at i on at 45 - 60 m 
( 150- 200 ft) be l ow the tank  f arm f ac i l i t i es ( ERDA 1976) . 

The water tab l e , repre sent i ng the upper l im i t  of the unconf i ned aqu ifer , 
ranges from 46 to 100 m ( 150 - 328 ft) beneath the g round surf ace at the tank 
s i te s and s l opes toward the r iver . Near the Col umb i a  R iv er the water tab l e  
f l uct uates i n  response to r i v er l ev e l  ch anges and ,  i n  g eneral , i s  w ith i n  a few 
meters of the ground surface . Stud ies  at Hanford i nd i cate that prec i p itat i on 
does  not d i rect ly  reach the water tab l e  from the f l at desert p l a i ns su rround­
i ng the tank s i tes ( ERDA 197 5) . 

The unconf i ned aqu if er occurs w ith i n  s an d  and grav e l  depos i ts referred to 
as t he H anf ord and R i ngo l d  Format i ons . The aqu ifer rece ives  n atural  rech arge 
from the Co l d  Creek and Dry Creek Va l l eys west of the Hanford S i te and from 
ru noff a l ong t he R att l esnake H i l l s .  Art i f i ca l  rech arge enters the aqu ifer 
from two groundwater mounds  created by waste process i ng and d i spos a l  act iv i ­
t i es i n  t he 200E and 200W areas . Groundwater f l ows i n  a g eneral  west to east 
d irect i on from the recharge areas  and d i s ch arge s  i nto the Col umb i a  R iver . 

Groundwater a l so ex i sts i n  t he i nterf l ow zones of the b as a l t  f l ows and i n  
sed iment ary i nterbed s referred to as the R att l esnak e  R i dg e ,  Se l ah ,  Co l d  Creek 
and Mab ton z ones of t he S add l e  Mounta i ns and the Wanapum Bas a l t Form at i ons . 
Recharge to these  upper conf i ned fl ow systems resu l ts from prec i p itat i on and 
stream fl ow i n  the mounta i ns west of H anf ord . Hydro l og i c data acqu i red from 
we l l s  penetrat i ng the se  aqu ifers i nd i cate the s ame general  west to east 
g roundwater movement toward t he Co l umb i a  R iv er .  

Exten s i ve deta i l s  of the sub surface hydro l ogy are presented i n  two 
rep orts ( ERDA 1975  and At l ant i c  R i chf i e l d  H anford Comp any 1976) . 

4 . 4 . 5  Eco l ogy 

The H anford S ite i s  a l arge are a ,  much of wh ich  i s  re l at i v e l y  und i sturbed . 
There are numerou s p l ant and an ima l  spec i es su i ted to the sem i ar i d  env i ron­
ments  of the area .  The Col umb i a  R iver a l so prov i de s  a hab itat for aquat i c  
spec i es .  The major f ac i l i t i es and act iv i t i es occupy on ly  about 6% of the 
tota l  av a i l ab l e  l and  are a  and the surround i ng wi l d l ife  i s  l i tt l e  affected by 
t hese  f ac i l i t i es . A v ery extens ive  d i scu s s i on of the s i te eco l ogy, i nc l ud i ng 
deta i l ed des cr i pt i on s  of the aquat i c  eco l ogy , Co l umb i a  R iver b i ota ,  terres­
tr i a l eco l ogy ,  p l ant spec i es ,  an imal spec i e s ,  i ns ects ,  and rare or end angered 
spec i es i s  presented in ERDA- 1538 ( 1975 ) . A br i ef summary of some of th i s  
i nfonn at i on i s  presented be l ow :  
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Veget at i on .  The H anf ord S i te i s  w ith i n  boundar i e s  of the s ag ebru sh  
vegetat i on zone  as  i t  occurs i n  the State of  Wash i ng ton ( Daubenm i re 1970) . 
Approx im ate l y  40% of the g round area i s  occup i ed by p l ants at the peak of the  
spr i ng g row i ng season . S ite vegetat i on i s  not  reg arded as be i ng i nd i g enous  
b e c au se of  the i ntroduct i on of  l arge amounts of  cheatg rass w i th the adv ent of 
l i ve stock graz i ng ,  ag r i cu l t ure , and f i re .  

S agebru s h/ cheatg rass v eg etat i on i s  the prev a l ent type i n  the  200 Areas 
p l ate au ( F i g u re 4 . 3 ) . Typ i c a l l y , cheatg rass  prov i de s  h a l f  of the tota l  p l ant 
cover.  S agebru sh  is  con s p i cuou s b ec au se of the p l ant ' s  re l at iv e l y  l arg e s i z e , 
w i th its  comb i ned  p l ant canop i e s  cov er i ng an est imated 18% of the ground 
( C l i ne 1 977 ) . Tumb l eweeds  are of i ntere st b e c au se they are an e ar l y  i nv ader 
of any c l eared surface  are as  and cont i nu e  i n  abu ndance  unt i l  compet i t i on from 
other p l ants redu ces the i r  numb er . 

Over 100 s pec i es of p l ants  hav e  been co l l ected and i dent if i ed for the 
200 Area p l ate au . Mosses and l i chens  appear abundant l y  on the so i l  surf ace ; 
l i chen s are common ly  assoc i ated w i th shrub stems ( ERDA 1975 ) . 

F I GURE 4 . 3 .  S agebru sh  and Cheatg ras s ,  Typ i c a l  Veg et at i on i n  the  
Centra l  P art of  the  H anford Reserv at i on 
( the " 200 Area P l ateau " )  

4 - 8  



• 
S i nce there are now no graz i ng l i ve stock on - s i te ,  the amou nt of veg eta­

t i on eaten by an imal s i s  sma l l .  J ack rabb i ts ,  pock et m i ce and b i rds prob ab ly  
cons ume l ess  than the  i nsect spec i e s .  The  decomposer org an i sms , b acter i a  and 
fung i ,  consume most of the pr imary product i on after the p l ant parts d i e and 
fa l l  to the ground . 

Mammal s .  Over 30 d ifferent mammal spec i es hav e  been ob served on the Han­
ford S ite . Most of these are sma l l  and nocturnal  ( ERDA 1975) . 

The mu l e  deer i s  the on ly b i g game mammal pre sent i n  s ig n if i cant quan t i ­
t i es and , wh i l e  not abundant , i t  u ses some of the pond areas for water i ng and 
feed i ng .  Deer tagged near the Co l umb i a  R iver hav e  been ob served as far as 
48 km from t he s i te ( F itz ner 1973) . 

The cottont a i l  rabb it  i s  pre sent w ith  popu l at i ons  scattered throug hout 
t he s ite . The j ack rabb it  i s  a l so w i de ly d i str i bu ted and i s  an import ant food 
item for coyotes  and b i rd s of prey . Ponds  and d itches support mu skrat and 
b e av er ;  p orcup i ne and raccoon are a l so ob s erved wh i l e  b adg ers occur i n  l ow 
numbers . The dom i nant smal l mammal i s  the Great Bas i n  pocket mouse . 

Coyotes are t he most important mamma l i an predator and roam ov er l arge 
area s ,  con s umi ng a var i ety of prey . 

B i rds . Over 12 5 spec ies  of b irds hav e  been ob served at the Hanford S ite 
( ERDA 1975 ) . The chuk ar partr i dge is the most import ant g ame b i rd and is con ­
centrated primar i l y i n  the Ar i d  L ands  Eco l ogy ( ALE) Reserve  port i on s  of the 
s i te and the R att l es nake H i l l s .  Local  popu l at i ons  ex i st in t he Gab l e  Mounta i n  
and Wh ite B l uffs  are a .  

The Can ad i an goose i s  prob ab ly  the most import ant of the nest i ng water­
fow l . I ts ne st i ng hab itat i s  conf i ned to the i s l ands in the Co l umb i a  R i ver .  
The r i ver a l so prov i de s  a rest i ng s anctuary for mig ratory f l ock s of  duck s and 
g eese  ( F itz ner 1 973) . 

B ird s assoc i ated w ith waste water ponds  on the 200 Area p l ateau h av e  been 
stud i ed ( F i tz ner 197 3 ,  1 975) . Sma l l perch i ng b i rds and others are attracted 
to the pon d s  with  tree - shrub commun it i es .  Shore b i rds were observed at al l 
p onds and the major m ig rat i ng b i rds  stop at the ponds for re st and forag e .  

B ird s of prey u se the s i te as a refug e from human i ntru s i ons  and the 
g o l den eag l e  and ba l d eag l e  are b oth w i nter v i s i tors ( F i tz n er 1975) . 

I n sects . A lmost 300 spec i es of i nsects hav e  been i dent i f i ed at the H an ­
ford S i te ( ERDA 1975) . Of t he i nsects ,  the dark l i ng g rou nd b eet l e  and the  
g rass hopper are prob ab ly  the  most import ant and prev a l ent . Dramat i c  n atural  
f l uctu at i on of these spec i es has been noted ov er the observ at i on years . 

4 - 9  



Rept i l es and Amph i b i ans . Approx imate ly  16 spec ies  of amph i b i ans  and 
re pti l es have been observ ed at the Hanford S i te ( ERDA 197 5) . When compared • 

w ith t he southwe stern Un i ted States desert areas , the occu rrence of these 
spec ies  i s  i nfrequent . The s i de - b l otched l i z ard i s  the rept i l e  found i n  
g reatest abund ance and can be found throughout the s i te . Horned and s agebru sh  
l i z ard s are al so found but not common l y  seen . The  most abundant snake  i s  the 
gopher snak e ,  but the ye l l ow- be l l i ed racer and the Pac if i c  ratt l esnake  are 
common . Str i ped wh i psnake and de sert n ight snakes appear occ as i on a l l y  and are 
an important food i tem for b i rds of prey . Some toads  and frog s are observ ed 
near the 200 Area ponds  and d itches . 

Aqu at i c  Eco l ogy . The Co l umb i a  R iver support s the dom i nant aquat i c  eco­
system and presents a v ery comp l ex s et of troph ic  re l at i onsh i ps wh i ch are 
d i s cu ss ed exten s i ve ly  i n  ERDA- 1538 ( 1975 ) . There are sev era l  sma l l ponds  
resu l t i ng from eff l uent d is ch arge on  the  200 Areas p l ateau . The  l arg est of 
thes e ,  Gab l e  Mount a i n  Pond , support s a s i mp l e  food web based ma i n ly on sed i ­
mented org an i c  matter and su sta i ns i ntroduced g o l df i sh . Th i s  i s  t he on l y  
spec ies  found and the on ly  pond on s i te where f i sh  ex i st . 

R are or Endangered Spec i es .  No spec ies  of p l ant or an imal reg i stered as 
rare , thre atened or endangered is known to ex i st or depend on the hab itats 
un i q ue to t he 200 Area p l ateau . Howev er,  t he presence of open water as we l l  
as b i rd s of prey attracts and support s many spec i es of p l ants and an ima l s 
norma l ly rare or unk nown i n  the g eneral  p l ate au are a .  The pra i r i e  fal con 
nests i n  several  reg ions  on the s i te ,  and l ong - b i l l ed cur l ews nest in che at­
g rass f i e l d s  and are re l at i v e l y  abund ant . The we stern bu rrow i ng ow l s  are 
rather common and do not seem to be affected by the pre sence of human act iv i ty .  

4 . 4 . 6  Demography 

The 1970 cen s u s  est imate of the popu l at i on with i n  an 80 km ( 50 m i )  rad i u s  
of t he H anford Meteorol og i cal Stat i on ( HMS) i s  246 , 000 . The HMS i s  l ocated 
d irect ly  between the 200 E and 200W Areas . The popu l at i on is projected to grow 
to ab out 3 14 , 000 by t he year 2000 . Local  popu l at i on centers are shown i n  
F i gure 4 . 4 .  Deta i l s  of popu l at i on d i str ibut i on and the projec t i on methodo l ogy 
w i l l  be found i n  V an don ( 1976) and Vandon ( 1979) . These popu l at i on projec­
t i ons  hav e  been updated from the i nformat i on found i n  ERDA- 1538 ( 1975 ) . 

4 . 4 . 7  H i stor i ca l  S i tes and N at i ona l  L andmark s 

The U . S .  Dep artment of the I nter i or ( 1979)  l i sts 20 h i stor i c  s i tes for 
Benton , Grant , and Frank l i n Count i es .  Among t hese , t he Ryeg rass Arch aeo l o­
g i ca l D istr i ct i s  l i sted as be i ng i n  the "H anford Works Reserv at i on "  ( s i nce  
1 978 des i g n ated as  " H anford S i te" )  a l ong the Co l umb i a  R iv er .  Other h i stor i c  
s i te s  l i sted are : Par i s  Archeo l og i ca l  S it e ,  H anford I s l and Archeo l og i ca l  S i te , 
H anford North Archeo l og i cal  D i str i ct ,  Lock e I s l and Archeo l og i cal  D i str i ct ,  
R att l esnake  Spr i ng s  S ites , Sn i v e l y  Canyon Arch eo l og i c a l  D i str i c t ,  Wooded 
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I s l and Archeo l og i cal D i str ict , and S av age I s l and Archeo l og i cal  D i str i c t .  A 
number of arch aeo l og i ca l s i tes w ith i n  the s i te boundar ies  hav e been i dent i ­
fi ed ( R i ce 1968a,  1968b) and are descr i b ed i n  deta i l  i n  ERDA- 1538 ( 1975 ) . 

The Ar i d  L ands  Eco l ogy ( AL E) Reserve w ith  the re st of the Hanford S i te , 
exc l u s i ve of the operat i ng areas ( approx im ate l y  6%) was recent ly  des ig nated as 
a Nat i on a l  Env ironment a l  Research Park ( N ERP) . Areas of pr ime s c i ent if i c  
i nt ere st i nc l ude the R att l e snake H i l l s  and the  Col umb i a  R i ver shore l i ne .  The 
nuc l �ar waste man ag ement areas  are exc l uded from the re search park . 

4 . 4 . 8  Background Rad i at i on and Env i ronment a l  Mon itor ing Program 

Nat ura l backg round rad i at ion i nc l udes both  cosm i c  and terrestr i a l  source s 
wh i ch v ary s l i ght ly  w ith l ocat i on and a l t itude ( Un ited Nat i ons 1962) . The 
ca l cu l ated ann u a l  backg round rad i at i on dose rec e i ved by the av erag e  person 
l iv i ng in t he v i c i n ity of t he Hanford S i te i s  approx imate l y  100 mrem per year : 
75  mrem from cosm i c  rad i at i on ( g amma 69 mrem ; neturon 6 mrem) , and 25 mrem 
from i nterna l  rad i at i on .  More deta i l s  on natural  b ackg rou nd rad i at i on in t he 
H anford v i c i n ity may be found i n  Speer ( 1 976 ) , Hou ston ( 1978 , 1979)  and 
N at i ona l  Academy of Sc i ence ( 1978) . The dose to the av erage i nd i v i dua l  from 
the ent i re Hanford S ite operat i on s  has been est imated to be about 
0 . 01 mrem/year ( ERDA- 1538 1975 ) . Dose from the waste manag ement operat i on s  
wou l d  b e  a sma l l  fract i on of th i s  v a l ue ( pr ime contr ibutor to dose i s  the 
N reactor) . These dose contr i bu t i ons are impercept i b l e  when comp ared to the 
normal  10 to 15% f l uctuat i on s  wh ich occur  annu a l l y  in the natura l b ackg round 
rad i at i on l eve l s .  

Rad io l og i ca l surve i l l ance of the Hanford S ite beg an w ith the f i rst 
re actor st artup i n  1 944 and has p l ayed a s ig n i f i cant ro l e ,  not on l y  in ev a l ua­
t i on of the waste man agement prog rams but a l so i n  prov i d i ng s i g n if i cant sc i en­
t if i c  data not ot herw i se  av a i l ab l e .  Many of t he deta i l s  h ave  been pub l i s hed 
in the open l i terature ( Becker 197 3) as we l l  as in top i c a l  report s or i n  
annua l  rep orts to t h e  Dep artment of Energy . I n  recent ye ars , the rout i ne 
surve i l l ance  prog ram re su l ts hav e  been documented and pub l i shed i n  a ser ies  of 
annua l  rep orts of rad i o l og i ca l  cond i t i ons i n  the s i te env i ronment ( Hou ston 
1979 a) and of the rad i o l og i ca l st atus  of the Hanford S i te ( Hou ston 1979b) . 
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5 . 0 ENV IRONMENTAL CONSEQUENCES 

The env i ronmental  consequences ana l yzed in  t h i s  chapter are l im i ted i n  
s co pe to those res u l t i ng from the 1 3  new do ub l e- s he l l  h i gh- l eve l waste storage 
t anks and are s upp l emental  to t he i nformat i on presented in ERDA- 1538 ( 1975 ) . 
The en v ironmenta l  consequences are caused by : 1 )  the construct i on and opera­
t i on of t he t anks and 2 )  t he hypot het i ca l  adopt i on of four al ternat i ves 
des cr i bed i n  Chapter 3.  The co nsequences re l ate to the affected en v i ronment 
des cr i bed i n  C hapter 4 .  The al ternat i ves for wh i ch potent i a l consequences are 
an a l yz ed are con s i dered from the v i ewpo i nt of hypothet i ca l  ado ption  ( retro ­
fi tt i n g )  t he a l ternat i ves now , when t he constr uct i on of t he tanks i s  
ess ent i al l y  comp l ete . 

S i nce the th irteen new tanks are present l y  ne ar comp l et i on ,  fu l l ado pt i on 
of any one of t he a l ternat i ves wou l d  requ i re :  1 )  a s i gn i fi cant comm i tment of 
add i t i o n a l  reso urces and 2 )  wo u l d  de l ay the tr ansfer of l i qu i ds from the 
s i ng l e- s he l l  tan ks of questi onab l e  i ntegr i ty .  The envi ronment a l  consequences 
of these  two act i ons are con s i dered to be advers e .  On the ot her hand , i ncor­
porat i on of t he a l ternat i ves in  t he des i gn stages wo u l d  not have s i gn i fi cant l y  
a l tered  the en v i ronmental  consequences des cr i bed for the pro pos ed act i on ,  
wh i ch i s  t he ut i l i z at i on of t he tanks as t hey now e x i st .  

Whether the al ternati ves had been ado pted before construct i on or are now 
adopte d ,  t he major benefi ts of e i t her act i on wo u l d  be l im i ted to a potent i al 
e xten s i on of the l i fe and durabi l i ty of the tanks ; there are no reasonab ly  
fores eeab l e  major d i rect benefi ts i n  env i ronmenta l  consequences to t he 
affected en v i ronment . 

Even if  the waste tan ks were to l eak or fai l , res u l t i ng i n  waste- to - so i l  
cont act , ca l cu l at i ons and phys i ca l  meas urements have s hown t hat t here wo u l d  be 
no s i gn if i cant en v i ronmenta l  consequences as d i s cussed  l ater i n  t h i s  chapter 
and i n  ERDA- 1538 ( 1975 ) .  Th i s  l ack of consequences resu l ts from two pr i nc i pa l  
reasons : 1 )  there i s  no act i ve tr ans port (movement ) mec han i s m  for the wastes 
to t he b i os p here based on t he present c l imato l o g i ca l  data and e xper i ence w i t h  
prev ious l y  l eak i ng tan ks  at the Hanford S i te and 2 )  t he bottom o f  al l tan ks 
l i es abo ut 50  feet be l ow t he gro und s urface and about 150 feet abo ve t he uncon­
fi ned aqu i fers i n  the water tab l e  at H anfor d .  One of the major reasons for 
t he construct i on of t he new do ub l e- s he l l  tanks i s  remo val  of s i n g l e - s he l l 
tanks from act i ve use for l i qu i d  waste stor age . 

Th i s  E I S  does not addre ss t he env i ronmenta l  consequences of u s i n g  t he 
tanks for l ong- term stor age ; the pres ent p l ans  cal l for uti l i zat i on of the 
tanks  on ly  on an i nter im bas i s .  The des i gn l i fe of t he new tanks i s  cons i d­
ered suffi c i ent to cont a i n  the wastes for up to 50 years pen d i n g  imp l ementat i on 
of l on g- term d i spos al  opti ons . 
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5 . 1  ENVI RONMENTAL I MPACTS 

5 . 1 . 1  Proposed Act i on 

The propos ed act i on i s  the ut i l i z at i on of 13  new doub l e- wa l l  carbon stee l 
tanks  w i th i n t he 200 East area of t he H anford S i te .  The tanks  are spec i f i ca l ly  • 

de s i gned and con structed to store the wastes  and thereby m i n im i z e ,  to the 
extent techn i ca l ly ach i evab l e ,  the k i nds of env i ronmenta l  impacts of concern 
to pub l i c  hea l th  and safety. Th i s  sec t i on addre sses  the env i ronmenta l  impacts 
for t he proposed act i on and for t he four a l ternat ives . I n  th i s  E I S ,  the pro-
posed act i on i s  the base cas e .  Part i cu l ar attent i on i s  g iven to det a i l ed 
eva l u at i on of re source comm itments , env i ronment al  imp acts , and consequence 
an a lyses of ab normal  events and acc i dents where i dent i f i ed .  The per i od of 
concern is l im i ted to t he 50-yr des ign l ife of t he tank system . Tank ut i l i z a-
t i on dur i ng waste process i ng funct i on s  and for i nter im storag e  may cover a 
p er i od s ign if i cant ly  l ess than 50 ye ars . 

5 . 1 . 1 . 1  Con struct i on Effects 

Con struct i on act i v it i es re l ated to the proposed act i on are now near l y  
compl ete and have resu l ted i n  em i s s i on of dust and g ases . Sources of these  
emi s s i on s  were concrete product i on ,  l and grad i ng and excav at i on , storage  of 
excav ated mater i a l , and equ i pment and veh i c l e  operat i on s .  The pre p arat i on of 
the new tan k  s i te s  requ ired the remova l  and rep l acement of sev era l thou sand 
cub i c  meters of s and , so i l ,  and ou twash g rave l  and was t he major con struct i on 
impact . Emp i r i ca l  measurements  at con struct i on s i tes ( PEDCO , 1974) s how that 
annua l  p art i cu l ate em i s s i ons from g r ad i ng and excav at i on operat i ons  can be as 
much as 33 MT/ha . Ass um i ng that the Hanford S i te i s  s i mi l ar to other con ­
struct i on s i tes where l arg e qu ant i t i tes  of e arth mater i a l s  are moved , ca l cu l a­
t i on s  i nd i cate that the Nat i on a l  Amb i ent A i r  Qua l i ty Stand ard ( NAAQS) for 
p art i cu l ates ( 40 CFR 50) m i ght have b een ex ceeded up to 1 km downw i nd of t he 
con struct i on s i te ,  i n  the ab sence of contro l measure s .  Stand ard pract i ce at 
t he H anford S i te requ i res fug i t i ve du st contro l by water spray i ng . Imp acts to 
b i ota  and man have been neg l i g i b l e ,  however , b ecau se the tank s i te area  has 
e xper i enced prev i ou s  d i st urb an ces and is  under i nten s ive  management . No 
impacts to the gener a l  pub l i c have been  detected becau se of the d i stance to 
t he nearest popu l at i on center ( 35 km , 22 m i l es) . A i r  q u a l i ty st and ard s wou l d  
not b e  exceeded off - s i te or at d i stances gre ater than 1 km ( 0 . 6  m i l e) from the 
con s truct i on s i te w ith standard con struct i on procedures . 

Veh i c l e  emi s s i on s  of concern are from con struct i on mach i nery and worker 
transp ort at i on .  Based on g aso l i ne and propane consumpt i on dur i ng con struct i on 
and the emi s s i on factors pub l i s hed by the U . S .  Env ironment a l  Protect ion Ag ency 
( U . S . EPA 1975 ) , t he compu ted g round - l ev e l  concentrat i ons  for t he f ive  impor­
tant po l l utants d id not exceed the appropr i ate stand ard at the 200 area bound­
ary as  s h own in  Tab l e  5 . 1 .  A l so ,  b as ed on  s im i l ar construct i on invo l v i ng 
l arger work forces ( UR S  Company 1977) , emi s s i ons  from veh i c l es used by workers 
commu t i ng to and from t he construct i on s ite wou l d  not be expected to v i o l ate 
a i r qua l i ty st and ard s .  
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TABLE 5 . 1 .  Compar i son of Con struct i on - Re l ated Est imated A i r  Pol l utant 
Concentrat i ons w ith Standards 

Pol l utant 

Carbon monox i de ( CO) 
Hydrocarbon s  ( HC) 
N itrog en Ox i de s  ( NOx) 
S u lfur Ox i de s  ( SOx) 
Part i cu l ate s 

( a) Source 40 CFR 50 

Est imated Concentrat i on 
i n  A i r  (µg/m3) 

340 
15 
16 
0 . 65 
1 . 1  

( b) Ann u a l  Ar ithmet i c  Mean Concentrat i on 
( c) Annual  Geometr i c  Mean Concentrat i on 

5 . 1 . 1 . 2  Oper at i ng Effects - Normal  Operat i on 

Nat i on a l  Amb i ent A i r  
Qua l i ty Standard (µg/m3) ( a) 

10 , 000 ( 8 - hr) 
160 ( 3 - hr) 
100 ( AAM) ( b) 
80 ( AAM) 
75 ( AGM) ( �  

The doub l e- she l l  waste storage tank  fac i l i t i es that have been des ig ned 
and constructed can be operated without undue r is k  to property and the hea l th 
and safety of emp l oyees and the g eneral pub l i c .  Pract i cal safety contro l s 
have been  i nc l uded i n  the des i gn  and p l anned operat i on of the doub l e- she l l  
waste storag e  t ank  f ac i l i t i e s ,  wh i ch meet or exceed the operat i onal  s afety 
standard s of the ERDA Man u a l  ( DO E  1977) . The fac i l i t i es ,  equ i pment , and per­
sonne l are s ubj ect to the haz ards norma l l y  assoc i ated with  the chem i ca l  
process i ng and mechan i ca l  hand l i ng of rad i onuc l i de s .  

The 1 3  waste storage  t anks  are covered w ith a m i n imum of 2 meters ( 6 . 5  ft) 
of earth cover and the tan k top is des i gned to w ithstand concentrated l i ve 
l o ads of 45 MT ( 50 short tons) . A l l new structure s ,  equ i pment , and p i p i ng are 
c l ass if i ed as fa l l i ng w ith i n  qua l i ty assurance Lev e l  I ( Guenther 1978) . A l l 
other structu res and comp onents are constructed i n  accordance w ith the Un iform 
Bu i l d i ng Code for Se i sm i c Zone I I  ( ERDA- 1538) . The tanks  and p i p i ng systems 
are de s ig ned to w ith stand a 0 . 25 g Safe S hutdown Earthq uake ( SSE) w ithout any 
impact  to structura l i nteg r i ty or re l ease of rad i oact iv i ty to the env i ronment 
wh i ch wou l d  res u l t  in undue r i sk to pub l i c heal th and safety ( M i rabe l l a  1977) . 

The eng i neer i ng des i gn parameters are se l ected to resu l t  i n  neg l i g i b l e  
env i ronmental imp act to a i r ,  l and , and water under normal  operat i onal  mode . 
Tan k  vent i l at i on a i r ,  ste am ,  and raw water supp l i es  are prov i ded by tested and 
e x i st i ng systems . Raw water requ irements  are est imated at 600 m3 ( 158 , 000 g a l )  
per year and e l ectr i ca l  requ irements are est imated to b e  7 . 3 x 106 KVA- hr/yr . 
Both are con s i dered m i nor add i t i ons  to the ex i st i ng requ i rement at the 
fac i l i t i es .  

The concentrat i on s  and re l ease rates  of rad i oact ive  mater i a l s  i n  the tank 
and process  effl uents w i l l  be  w ith i n  t he l im i ts  spec i f i ed in ERDA Manua l  0524 . 
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Gas eou s d is ch arges are f i l tered through a ser i es of h i gh  eff i c i ency part i cu ­
l ate a i r  ( H EPA) f i l ters . Noncond ens i b l e  vapors are fi l tered and are re l eased 
on ly when d is ch arg es are w ith i n  concentrat i on l im i ts spec i f i ed in ERDA Manua l , 
Chapter 0524 ( DO E  1977 ) . H EPA f i l ters are rout i ne l y  ch ecked for performance 
each day and are ch anged reg u l ar ly as requ i red . 

The dose offs i te to the av erag e ind iv i dua l  from the ent i re Hanford S i te 
operat i ons has b een e st imated to be ab out 0 . 01 mrem/yr ( ERDA 1975 ) . Dose 
contr ibu t i ons  offs i te from the normal  operat i on s  of the tank fac i l i t ies  wou l d  
b e  a sma l l  fract i on of th i s  va l ue and wou l d  b e  unmeasu rab l e .  

Occupat i on a l  Rad i at i on Exposu res . The operat i on necessary to imp l ement 
any waste management p l an may resu l t  i n  sma l l  amounts of rad i at i on exposu re to 
the operat i ng personne l .  The max imum expos ures a l l owed by DO E rad i at ton pro­
tect i on standards are 5 rems to the who l e  b ody each year , or 3 rems e ach 
ca l end ar quarter ( DO E  1977 ) . Exten s i ve efforts are made  to reduce worker 
e xp os u re to amounts that are as l ow as reasonab ly  ach i evab l e  ( ALARA) under 
these l im i t s .  These effort s i nc l ude det a i l ed p l ann i ng of al l work wh i ch 
i nv o l ves rad i at i on expos u re potent i a l to reduce exposure t ime , to prov i de 
adequate sh i e l d ing , and to prec l ude  rad i onuc l i de i ntak e .  

Rad i at i on mon itor i ng dev i ces are l ocated w i th i n  100 ft of t h e  storag e  
tank t o  as cert a i n  that the surf ace rad i at i on dose rate s  are w ith i n  pres cr ibed 
l im i ts i n  ERDA Manua l , Chapter 0524 .  Operat i ng personne l exposu re to rad i a­
t i on i s  l i mi ted to 1 . 0  rem/year/ i nd i v i du a l  by prov i d i ng a concrete cover  b l ock 
ov er the H EPA f i l ter hou s i ng s  and t he tank penetrat i on s .  At the  200 East area 
s i te boundary fence ,  tank - re l ated rad i at i on is not ant i c i p ated to be detect­
ab l e  ab ove t he n ormal  b ackg rou nd l ev e l  ( approx imate l y  100 mrem/yr) . 

Tab l e  5 . 2  g ives  the exposure exper i ence for workers i nv o l v ed i n  tank farm 
act i v i t i es dur i ng 1 978 . The dose per mon i tored empl oyee for al l operat i ng 
g roups  du r i ng the same per i od of t ime was 0 . 44 rem . 

TABLE  5 . 2 .  H anford Tank F arm Operat i ons  Who l e  Body Occupat i ona l  
Expos ure for 1978 

Number of Tota l  Averag e  Exposure 
Emp l oyees Exposure per Mon i tored 

Group Mon i tored ( rem) Empl o�ee ( rem) 

Ma i nten ance 49 46 . 94 
Tan k  Farm Operat i on s  69 30 . 44 
Surve i l l ance 12 5 . 43 
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The sh i e l d i ng for t he doub l e- s he l l  waste storage  tanks  and re l ated 
mech an i ca l  systems was de s i g ned to l im i t  worker rad i at i on l eve l s  to no more 
t h an 0 . 5 mrem/ hr ,  e x cept i n  areas adj acent to the f i l ter b ank s .  Personnel 
wor k i ng in the p its may a l so be sub j ected to h ig her rad i at i on l eve l s .  

I n  s umm ary , t he env i ronmental imp acts of normal  operat i on of the tanks 
are est imated to be i ns i g n if i cant as l ong as 1 )  tanks are proper ly  mon itore d ,  
2 )  waste stored i n  t h e  tanks i s  i n  accordance w ith des ign spec if i cat i ons  for 
chemi cal  and rad ioact i v e  e l ement compos i t ions  wh ich  contro l corros i on and heat 
g enerat i on ,  3) gaseous effl uents are f i l tered , and 4) tank  fa i l ure does not 
occur .  The operat i on cr iter i a  for the tanks  shou l d  i nsure that these cond i ­
t i ons w i l l  b e  met . 

Secu r i ty and Sabotage Prevent i on .  The new doub l e- she l l  tanks  pose no new 
or un ique r i sk s  due to secu r i ty or s abotage- re l ated ev ents . A d i scu ss i on of 
s abotag e  and secur ity procedure s  is presented in ERDA- 1538 ( 1975 ) . 

5 . 1 . 1 . 3  Operat i ng Effects - Abnormal  Events 

The con sequences for sev era l postu l ated acc i dent scen ar ios  wh ich  cou l d  
conce i v ab ly p rev a i l  dur i ng the operat i on per i od after l oad i ng of the new 
doub l e- she l l  tan ks  were ev a l uated ( M i rabe l l a 1977)  for the o l de r ,  but  s im i l ar 
doub l e- s he l l  tanks  a l ready i n  operat i on .  The prob ab i l ity of any of t he 
acc i dents occurr i ng with i n  the 50 - yr des i g n  l i fe of the tan k s  i s  very l ow .  
Events ev a l u ated are l i sted a s  fo l l ows : 

1 .  Rou t i ng of ac i d  waste to underground storag e 
2 .  Se i sm i c  act iv ity 
3 .  Los s of ut i l i t i es 
4 .  Excess v acuum 
5 .  Tan k  fa i l ure 
6 .  Dome fa i l u re 
7 .  Accumu l at i ons  of hydrog en i n  underground storag e tan k s  
8 .  Org an i c  f i re i n  a waste storage  tank 
9 .  Exp l os i on of n itrate compounds  

10 . Fa i l u re of vesse l vent i l at i on exhau st f i l ters 
11 . Tornado destruct i on of above ground tank farm fac i l i t i es .  

The ev ents were sep arate l y  ev a l uated for ex i st i ng and fresh wastes 
bec au se of d ifferences i n  nature of the consequences for the two forms . I n  
g eneral , as i s  to be  e xpected , t he consequences are l ess for ex i st i ng ag ed 
waste s  than for fre s h  wastes bec au se the l atter cont a i n  more of the short-
1 i v ed i sotopes t h an t he former . 

S i nce there i s  on ly  a smal l poss i b i l i ty that one of the th irteen new 
t anks  wou l d  ev er be u sed for stor i ng fresh waste and such use  wou l d  requ i re 
exten s i ve i ntern a l  and extern a l  mod if i cat i on s ;  th i s  statement does not exam i ne 
u s e  of t he tanks  w ith fresh waste . 
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ERDA- 1538 post u l ated dome fa i l u re as t he max imum cred i b l e  acc i dent . Re­
an a lys i s ,  based on the new doub l e- she l l  tank des i g n  i nd i c ated that the max imum 
cred i b l e acc i dent is a fa i l u re of the vesse l vent i l at i on exhau st f i l ters 
( M i rabe l l a 197 7 ) . 

For the fol l ow i ng an a l ys i s ,  the isoto p i c  i nventory has been updated to 
refl ect cu rrent k nowl edge about the potent i a l  compos i t i on of doub l e- she l l 
s l urry ( Append i x  F ,  Tab l e  8) . For ex i st i ng or doub l e- she l l  s l urry wastes , a l l 
of t he oth er l i sted acc i dents are of s ig n if i cant l y  l ess  consequence than t he 
f a i l ure of vess e l  vent i l at i on exhau st f i l ters ( torn ado destruct i on of the 
f i l ters wou l d  h ave essent i a l l y  t he s ame consequence) . 

There are severa l  post u l ated mechan i sms of fa i l ure for the HEPA f i l ters 
on t he tanks  re l ated to the f i l ters becom i ng damp or subj ected to exce s s i v e  
press ure l oad i ng .  Exten s i ve de s i gn and safety feature s  are i ncorporated i n  
the t ank des ign  to prec l ude t he ev ent i tse lf  or to qu ick l y  a l arm operat i ng 
personne l if the f a i l ure were to occu r .  Emergency procedures i n  such an ev ent 
are out l i ned in an Emergency Procedures  Manua l  ( W i l son 1977) . Precaut i ons  
i nc l ude the  fo l l ow i ng : ves s e l  vent i l at i on systems i n  the  tank farms are pro­
v i ded w ith  a number of pa i rs of H EPA f i l ters in para l l e l . The systems are 
des i gned such that any defect ive  f i l ter pa i r  can be i s o l ated and rep l aced and 
t he tanks  p l aced on p ortab l e  ex h au st systems wh i l e  t he f i l ters are be i ng 
repa ired . The sou rces that cou l d  create a pos i t i v e  pressure i ns i de the tanks 
are h i gh l y  contro l l ed and a l arms are prov i ded ; hence th i s  f a i l ure mode h as 
m i n im a l  pos s i b i l i ty  of occurrenc e .  

F a i l ure of the vess e l  vent i l at i on exhau st f i l ters wou l d  re l ease to the 
env i ronment the rad i o act i ve contam i nat i on conta i ned i n  one pair of H EPA 
f i l ters ( M i rabe l l a  1977) . Th i s  re l ease is l im i ted by adm i nstrat ive  contro l 
l im i ts for the max imum amount of rad i oact ive  mater i a l  t h at can bu i l d  up on a 
HEPA f i l ter . Under the contro l s , the i nventory of Cs- 137 i n  the pa ir  of 
f i l ters wou l d  be  0 . 03 C i .  The  i nventory of t he other cr i t i ca l  i sotopes are : 
Sr- 90 ( 0 . 00 1 5  C i) , Ru - 106 ( 0 . 0075 C i ) , and Sb- 125  ( 0 . 00 1  C i ) . Assum i ng g round­
l eve l re l ea s i ng of the tot a l  i nventory co l l ected on a f i l ter p a i r  wh i ch has a 
s urf ace dose of 0 . 2  r/ hr , the ca l cu l ated doses  are shown i n  Tab l e  5 . 3 .  

TABLE  5 . 3 . Dose from Tank Vent i l at i on Exh au st F i l ter Fa i l u re 

Max imum I nd ivdu a l  ( rem) ( aj PoEu l at i on ( Eerson- rem) 
1 �r 70 �r 1 �r 70 �r 

Who l e  Body 3 x 10 - 4  7 x 10 - 4  1 2 
Bone 3 x 10 - 4  7 x 10- 4  1 2 
Lung 6 x 10 - 6  2 x 10 - 4  0 . 2  0 . 7  

( a) A hypothet i ca l  i nd iv i du a l  l ocated such that he wou l d  rece ive  
the max imum dose . 
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Due to uncerta i nt i es i n  ( 1) t he ex act g eometry of t he act iv ity wh i ch i s  
co l l ec ted on the fi l ters , ( 2) the bu i l du p  f actors , and ( 3) the mech an i sm for 
t he re l ease of act iv ity from t he t ank so l u t i on to t he f i l ters , the v a l ues i n  
the ab ove tab l e  shou l d  be mu l t i p l ed by a factor of 2 for an assured con serv a­
t i ve e st im ate . Even w ith  the uncerta i nty mu l t i p l i cati on f actor, the doses are 
s i g n if i cant ly l ower than the rad i at i on protect i on standard s of 5 rem/yr to the 
total  b ody of i nd iv i du a l s in contro l l ed areas ( DO E  1977) . Th i s  dose is a l so 
con s i derab l y  be l ow stand ard s for i nd iv i du a l s  of the general pub l i c .  

R ange F i re s .  R ange f i res are fa ir ly  common on t h e  H anford S i te i n  the 
cheatgrass de sert shrub commun ity at the rate of about 12 f i re s  per year w ith  
extent rang i ng from l ess t h an one acre to  l ess t h an 32 , 000 acres ( ERDA- 1538) . 
I n  add it i on to f i re f i ght i ng equ i pment on s i te , there i s  i n  p l ace a management 
prog ram to i nh ib it vegetat i onal  g rowth for the tank  f arm areas . Veget at i onal  
l i tter f i re s  are not expected to  hav e  any impact on  the  i nteg r i ty of  the  tanks  
or as soc i ated surf ace structu res . 

Postu l ated 800 , 000 Gal l on Tank Leak . Th i s  scenar i o  descr ibes a "worst 
case "  l eak of 800 , 000 g a l l ons of doub l e- she l l  s l urry to t he so i l  med i um .  Th i s  
l eak wou l d  b e  many t imes gre ater than any prev i ou s  l eak at H anford . The 
eng i neered des ign , eng i neered b arr i ers ,  l eak detect i on ,  and pump ing systems 
cu rrent ly  i ncorporated in the new tanks  v i rtua l l y mak e  it imposs i b l e  for such 
an acc i dent to occur un l ess catastroph i c  l oss of i n stitut i on a l  contro l and 
assoc i ated catastroph i c  destruct i on of a tank conta i n i ng l i qu i d  ( f l owab l e) 
so l u t i ons wou l d  a l so resu l t .  Thu s ,  wh i l e  th i s  s cenar i o  i s  not cred i b l e ,  i t  i s  
d is cu ssed for its theoret i ca l  v a l ue .  

A prev iou s  conserv at ive an a lys i s  of a catastroph i c  800 , 000 g a l l on l eak 
from a waste t ank as presented i n  ERDA- 1 538 ( 1975 ) . Th at ana l ys i s  was s im i l ar 
except : 

• The i nventory of nuc l i de s  for th i s  scenar i o  has been  adj u sted for doub l e­
s he l l  s l u rry ( see Append i x  F) . 

• The depth of water tab l e  for current l eak scenar i o  i s  29 1 feet ( McGhan 
1 977 ) comp ared to 170 f eet u s ed i n  ERDA- 1 538 . Th i s  depth of 291  feet i s  
the actua l  depth o f  the water tab l e  under the new tanks  i n  the 200 East 
Are a .  

• A n  und ated dose code ( PABLM) was u sed for the dose ca l cu l at i on s . 
App rov ed q u a l ity assu rance procedu res were u s ed i n  t he dose code . 

Other con serv at ive  ass umpt i on s  made i n  ERDA- 1538 are equ a l l y  conserv at ive  for 
th i s  cas e .  A 2 -yr trav e l  t ime for the l iqu i d  down to the water tab l e ,  so i l  
retent i on of 2% of the tot a l  co l umn v o l ume,  1 - year durat i on of fl ow i nto the 
water tab l e  fo l l owed by a 20- ye ar trav e l  t ime down the fastest f l owpath to t he 
r i ver were ass umed . D i s pers i on effects were neg l ected and the assumpt i on was 
m ade t h at t he tank  l iquor ,  wh i ch is mu ch more v i scous than water and is l ik e l y  
to react w i t h  the so i l  i n  such a manner as to immob i l i ze i t  or great l y  ret ard 
i ts movement,  moves l ike  water through the so i l  co l umn . A l l of t hese assump­
t i on s  are conserv at ive . 
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The an a lyses of known ion sorpt i on i n  the so i l  co l umn from prev i ou s  
s i ng l e- s he l l  tank  l eak s i nd i cate that ces i um and stront i um w i l l  never reach 
the r i ver and wou l d  probab ly  trav e l  no more than a few tens  of feet in the 
so i l  co l umn . Of the non sorb ed or s l i ght ly  sorbed rad i onuc l i de s ,  on ly techne­
t i um ( see fo l l ow i ng tab l e) reaches  the r i ver und im i n i s hed . The rem a i n i ng 
nuc l i de s ,  ruthen i um ,  tr i t i um ,  ant imony and i od i ne ,  are d i s charg ed to the r i v er 
at neg l i g i b l e  concentrat i on s  because of the smal l quant i t i es i n i t i a l l y  pre­
s ent , rad i oact ive  decay ,  so i l  sorpt i on ,  and the l arge d i l ut i on f actors in t he 
Co l umb i a  R iver . 

S i nce the nuc l i des  reach ing  the r iver do not i nc l ude  nuc l i de s  i nvo l ved i n  
cha i n  decay ,  t he ERDA- 1538 resu l ts can be adju sted by mu l t i p l y i ng by t h e  rat i o  
of the current i nv entory to the ERDA- 1538 i nv entory v a l ue for the i sotope .  An 
added meas u re of conserv at i on has b een i ntroduced i nto th i s  study becau s e  on l y  
41% of the waste reaches the water tab l e  a s  compared to 5 9 %  for ERDA- 1538 . 
The e st im ated tota l amounts of nuc l i des reach i ng t he r iv er are shown i n  
Tab l e 5 . 4 .  

TABLE  5 . 4 .  Source Term for the Post u l ated Waste Tank 
Leak to Grou nd 

I sotope 

3H 
125 Sb 
106Ru 
99Tc 
129 ! 

Quant i ty( a) Re l eased 
To R i ver ( C i) 

270 

9 . 3  x 10 · 13 

0 . 044 

2000 

3 . 2  

( a) Assumed to b e  rel eased i n  1 - yr 
per i od fol l ow i ng a 22 -yr trav e l  
t ime from the t ank s i te bas ed on 
doub l e- she l l  s l urry i nv entory. 

The rad i at i on dose v i a  r i v er trans port was computed to a hypot het i ca l  
max imum ind iv i du a l  and to the  popu l at i on ( Vandon 1979 )  w ith i n  50  m i l es of the 
post u l ated acc i dent . The effect ive  ha lf - l i ves of a l l of t he nuc l i des i nvo l ved  
are short enough i n  the  body that essent i a l l y  a l l of the  dose i s  rece ived 
w i th i n t he fi rst year . The total  potent i a l  dose was cal cu l ated by summ i ng the 
contr i bu t i on s  from con s umpt i on of potent i a l l y  contam i nated food s ,  f i s h ,  water 
and immers i on from recreat i ona l  ac iv it i es ( ERDA- 1 538 1975 ) . An updated dose 
mode l ,  PABLM ( N ap i er 197 9 )  was used to compu te the doses  in  Tab l e  5 . 5 .  
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TABLE 5 . 5 .  Rad i at i on Dose from Post u l ated 800 , 000 Gal l on Tank Leak 
for a Proj ected Popu l at i on of 336 , 011  W i th i n  80 km of t he 
Tan k s  i n  the Year 20 10 

Dose 
Max imum I nd (v i du a l  

( rem) a) 
Popu 1 at i on 
( man - rem) ( b) 

Who l e  Body 8 . 5  x 10 - 6  1 . 8  

G .  I .  Tract 8 . 9  x 10 - 4  23 . 0  

Bone 1 .  7 x 10 - 5  2 . 1  

Thyro i d  1 . 1  x 10 - 3  13 . 0  

( a) 70 -year dos e  comm i tment from 1 year i ntak e ,  based 
on doub l e - s he l l s l u rry i nv entory. Note that t he 
a l l owab l e  dose  for occupat i on a l  worker i s  5 rem per 
ye ar and 0 . 5  rem/year for i nd iv i dua l s of the 
genera l pub l i c ,  both for who l e  body. 

( b) There are no s et standard s for popu l at i on dose , but 
genet i c  effects are postu l ated to occur at the rate 
of 50 to 300 per one m i l l i on man- rem or 50- 500 
fat a l  cancers per one m i l l i on man - rem ( DO E  1979) . 

A l though the doses to m an are essent i a l l y i nconsequent i a l ,  a so i l  co l umn 
50 ft b e l ow ground of 8 . 4  x 104 m3 ( 3  x 106 ft3) wou l d  rema i n  contam i nated 
for s everal hundred years and wou l d  pose a potent i a l  haz ard to any other u s e .  
Aqu ifer water qua l i ty cou l d  s im i l ar l y  be affected for an extended per i od of 
t ime b ecau se of sorp t i on not accounted for i n  t he examp l e  computat i o n .  

Contami nat i on of the so i l  co l umn v i a  a l arge v o l ume l eak to the ground i s  
c l e ar l y  u n acceptab l e .  L eak co l l ect i on sumps and rad i at i on and conduct iv ity 
mon itors wi l l  a l l ow detec t i on of l ess than 100 g a l l on s  at the i nner and bottom 
ou ter wa l l s  of t he doub l e- she l l  tank s .  The detect i on system a l ong w ith  the 
annu l u s  pump p it and the outer sump co l l ector pump w i l l  ass ure that the prob­
ab i l ity of undetected l eak age to t he so i l  w i l l  be  h i g h l y  i ns i gn if i cant . 

5 . 1 . 1 . 4  Decomm i ss ion i ng Impacts 

At the end of the u sefu l tank l i fe or the adopt i on of a l ong - term i s o l a­
t i on p rog ram , it  is assumed that t he tanks  w i l l  be i nterna l ly decontam i nated , 
removed , and the s i te backf i l l ed w ith  c l ean fi l l .  Contam i nated tank components  
w i l l  be  p ack ag ed and bur i ed i n  a conv ent i onal  manner . Excav ated contam i nated 
so i l  and concrete rubb l e  wi l l  be  trans ported to bur i al trenche s . C l ean b ack­
f i l l  mater i a l s w i l l  be  tak en from a b orrow p i t .  Du st contro l and reveg etat i on 
of the borrow p it and b ackf i l l ed mater i a l  w i l l  be  requ ired . 
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Th i s  approach ass umes the av a i l ab i l i ty of decontam i nat i on equ i pment 
dev e l oped s p ec if i ca l ly for th i s  operat i on .  Other decom i ss i on i ng opt i ons are 
pos s i b l e , i nc l ud ing i n- s i tu  d is pos a l , superf i c i a l decontam i nat i on and f i l l i ng 
of the empty tanks  w ith s and and g r av e l , and entombment . These and other 
opt i on s  wi l l  be con s i dered at the t ime a dec i s i on is requ ired for d i spos a l  of 
the ret i red tan k s .  

Non - nu c l ear env ironmenta l  impacts assoc i ated w i t h  decom i s s i on i ng w i l l  be 
neg l ig ib l e .  The p r i nc i pa l  potent i a l imp act wou l d  be  i n adv ertent re l ease and 
d i s per son of rad ioac t i v ity from the decom i ss i on i ng operat i on s . 

One other imp act for con s i derat i on i s  the permanent comm i tment of l and 
space and pos s i b l e  confl i ct of l and use if the tanks  were to be i s o l ated i n  
p l ace . The dec i s i on to be made depends on t h e  j udgment o f  poss i b l e  add i t i on a l  
rad i at i on expos ure and the comm i tment of repos i tory space i f  the tanks  were to 
be d i sm ant l ed ,  p ack ag ed ,  and i so l ated e l sewhere . 

5 . 1 . 1 . 5  I rrevers i b l e  and I rretr i ev ab l e  Comm i tment of Resources 

The l arge st and most d iv erse comm i tment of resources is assoc i ated w ith  
the  tan k f arm con struct i on .  An  add it i on a l  3 . 5  hectare s of l and were requ i red 
for the p l acement of the 13 tank s .  The 5 , 100 MT of stee l u s ed i n  the tank 
l i ners and re inforcement rod and the 9 , 300 m3 of concrete are a major com­
m i tment but w ith  l i tt l e  imp act on present resources or economy . Comm i tment of 
fue l s  was re l at i ve ly s i gn if i cant , bu t was a one t ime use . A l l other u s ages  
are m i nor and w i l l  h ave no  effect on cr i t i ca l  dep l etab l e  or renewab l e  
re sources . 

I t  i s  est imated that l i tt l e  of the con struct i on mater i a l s  w i l l  be 
recov erab l e  becau se of present decontam i nat i on techno l ogy. U l t imate bur i a l or 
entombment wi l l  probab l y  be requ ired . 

Operat i ng requ irement s are m i n imal . The e l ectr i ca l  requ irements  are 
read i ly ava i l ab l e  and a m i nor part of t he present H anford S i te u t i l i z at i on .  
Th i s  u s ag e  rate i s  not expected to i ncrease or to pose a s i g n if i cant conf l i ct 
w ith  ot her e l ectr i c ity u s ers for t he present expected l ife of the tank s .  

Decomm i s s i on i ng requ irements are m i n imal  w ith  an est imated 6 h a  
( 15 acres) to be  ded i cated to b orrow p it and bur i a l  g round . Manpower e st imate 
for decommi s s i on i ng act i v it i es are est imated to be 78  manyears . 

5 . 1 . 2 A l ternat ives  to Proposed Act i on 

The major adv erse impact of ad opt i ng any of the al tern at ives  ( descr i bed 
in Chapter 3) i s  re l ated to the cont i nu ed storage  of l iqu i d  h igh - l eve l wastes 
in e x i st i ng s i ng l e- she l l  tan k s  of quest i on ab l e  i nteg r ity,  due to the de l ay i n  
the ava i l ab i l ity of t he new doub l e- she l l  tan k s .  De l ay i n  t he adopt i on of the  
preferred a l tern at ive  wou l d  res u l t  i n  the  i ncreased r i sk of  a l eak . W i th  the  
adopt i on of any of  t he a l ternat i v es to  t he proposed act i on ,  t he env i ronment a l  
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eff ects addre ssed i n  th i s  s ect i on show some add i t i onal  m i nor stre sses to the 
env ironment from i ncre ased re source ut i l i z at i on in terms of l and , mater i a l s  
and energy and from em i s s i ons . The major imp act wou l d  b e  from imp l ement i ng 
the a l tern at ive  of u s i ng th ick er and more chemi ca l l y  re s i stant stee l p l ates , 
if t he tanks  need to be rebu i l t  or re l i ned . The ov era l l env i ronment a l  bene­
f i ts of fu l l  adopt i on of any of the al tern at ives  do not appear to be adv ant­
ag eou s s i n ce on ly  i nter im u s age is p l anned for these t ank s .  There are no 
other foresee ab l e  env ironmenta l  effects . 

5 . 1 . 2 . l  Th icker and More Chem i ca l ly Res i stant Stee l P l ates  

Hypothet i ca l l y ,  th i s  al tern at ive wou l d  i nv o l v e  the  con struct i on of 
th i rteen add i t i ona l  t anks  and the ab andonment of t he pres ent ones un l ess  a new 
u se can be  found . I f  an al tern at ive  use  cannot be found , the major impact 
b ecomes the e xpend iture of the approx imate l y  $75 m i l l i on do l l ars worth  of 
l ab or and mater i a l s  a l ready spent in the de s ig n  and con struct i on of the ex i st­
i ng tank s ,  a l ong w ith t he nece s s i ty of spend i ng an ev en l arg er sum for t he i r  
re p l acements .  

Other impacts re s u l t i ng from the ado pt i on of th i s  al ternat ive , m i nor i n  
compar i son , wou l d  i n c l u de t h e  add i t i ona l  comm i tment of approx imate ly  10 h a  
( 25 acres) of l and for new tank con struct i on a s  we l l  as the add i t i on a l  l and 
requ i red for decomm i s s i on i ng and i so l at i on if the t anks  were d i sm ant l ed at t he 
end of the ir  u sefu l l if e .  

Operat i on a l  impacts wou l d  be s i m i l ar to those  for the proposed act i on .  

Ab normal events wou l d  b e  s im i l ar to those  for the proposed act i on ,  how­
ev er in the event add it i on a l  new tanks  had to be con structed , l ong er surface 
tran sfer p i pe cond i t i ons  may pose some add i t i on a l  potent i a l haz ard for p i pe 
l eaks and con sequent ground contam i nat i on . 

Th i s  a l ternat ive  wou l d  h ave the g reate st imp act on comm i tment of 
re sources .  The tan k s  present ly  under con struct i on are ne ar l y  comp l ete and 
cou l d  not be eas i ly retrof i tted w ith th i ck er or more chem i ca l ly  re s i st ant 
stee l p l ates .  An add it i on a l  comm i tment of resources in exce ss  of those 
a l ready comm i tted wou l d  be requ i red s i nce the ent i re 13  tanks wou l d  probab ly  
hav e  to be recon structed . Th i s  wou l d  i nv o l ve remov i ng the  e x i st i ng tan k s  and 
comp l ete reconstruct i on .  None of these add i t i onal  resources i s  proj ected to 
be recoverab l e .  The pos s i b i l i ty ex i sts  that the ex i s t i ng tan k s  cou l d  be used 
for some other app l i cat i o n .  Th i s  wou l d  req u i re add i t i onal  l and for the 
recon structed tan k s .  

5 . 1 . 2 . 2  Cathod i c  Protect ion  System 

The eff ect ive cathod i c  protec t i on of the pr im ary tank wou l d  req u i re the  
p l acement of  l arge rec t if i er un its , assoc i ated w i r i ng ,  and contro l equ i pmen t .  
Operat i on of th i s  equ i pment w i l l generate react ive  g ases ( 02 , H2 , NH 3) wh i ch 
w i l l  be  f l u s hed out from the tank v apor sp ace by the vent i l at i on system . 
Generat i on of hydrogen i ncre ases the exp l os i ve hazards if the tank vent i l at i on 
system were to fa i l  . 
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Th i s  a l ternat i ve wo u l d requ i re some mod i f i cat i on to the e x i s t i ng tanks  
for t he p l acement of ano des and asso c i ated w i r i n g .  Add i t i onal  m i nor resource 
commi tments wo u l d be requ i re d .  Most of these  add i t i on a l  resources wo u l d  not 
be cons i dered as reco verab l e .  

No add i t i on a l  s i gn if i cant i mpacts are expecte d . 

5 . 1 . 2 . 3 Better Waste Retr i eva l  Equ i pment and E n l arged Ope n i ngs 

Th i s  al ter n at i ve i s  not expected to add appre c i abl e adverse  i mpacts 
un l e ss major t ank  mod i f i cat i on m i ght i nd i rect l y  res u l t  i n  s horten i ng t he tank 
l i fe  and i ntegr i ty due to i nsta l l at i on of major penetr at i on s  to the to p of the 
t an k .  Add i t i onal  or l ar ger penetrat i ons cou l d  al so res u l t  i n  s l i ght l y  
i ncreased emi s s i on s  from new seal i ng pro b l ems , and i ncreased comp l ex i ty. 

Extens i ve mod i f i cat i on of t he present t ank  to ps to accommo date t he l ar ger 
o pen i ngs  wo u l d  be requ i re d .  At the present stage of construct i on t h i s  wo u l d 
requ i re con s i derab l e  expend i t ure of resources to accomp l i s h  and m i ght res u l t  
i n  str uctur a l  damage to the tanks . I n  any event , the add i t i on a l  reso urces 
comm i tted wou l d  not be con s i dered as reco verab l e .  

5 . 1 . 2 . 4  Coo l i ng Co i l s  

The major effect i s  i nd i rect s i nce tan k to p mod i f i cat i on wo u l d  affect t he 
i ntegr i ty of t he tank  conta i nment . No maj or construct i on or operat i onal  
effects are expected except for the pos s i b i l i ty of s l i ght l y  i ncreased  emi s ­
s i ons from add i t i onal  tank penetr at i ons . P otent i a l for o ccupat i onal  rad i at i on 
expos ure wo u l d  be s i gn if i cant l y i ncreased at the t ime of d i smant l ement for 
decom i s s i on i ng .  There wo u l d  al so be a s i gn i f i cant i ncrease  i n  cumbersome and 
h i gh l y  cont ami nated p i p i ng to be pac k aged an d i so l ated as we l l  as i nterference 
w ith  any waste retr i eval  system . 

The presence of coo l i ng co i l s  i n  the tan ks i ntroduces  t he pos s i b i l i ty of 
l eak i n  t he co i l s  w i t h  s ubsequent external  trans port of t he waste ; t h i s  
re qu i re s  corro s i on penetr at i on i nto the co i l s  comb i ned  w i t h  a l oss  of press ure 
i n  t he coo l i n g l i nes . R ad i at i on mon i tors cou l d  detect t h i s  type of cont am i na­
t i on an d therefore t he res u l t i ng d i rect env i ronmental  consequences wo u l d  be 
m i nor . I n  t h i s  event , t he coo l i ng system wo u l d  need deco ntam i nat i on or 
re p l acement or bot h .  

The add i t i on o f  coo l i n g co i l s  wo u l d requ i re s i gn i f i cant mod i f i cat i on to 
t he to p of t he tanks to accommo date i ns ert i on of t he co i l s as we l l  as pro v i d­
i ng feed- t hro ughs  for the necess ary water supp l y . At t he present stage of 
constr uc t i o n ,  t hese mod i f i cat i ons wou l d  requ i re con s i derab l e  e xpend i ture of 
reso urces and mi ght res u l t  i n  structur a l  damage to the pres ent tan ks .  The 
requ i rement of from 2 to 4 m i l es of 2 i n .  stee l p i pe per t ank wo u l d be an 
add i t i o n a l  resource commi tment . 
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5 . 2  SOC I O ECONOM I C  EFFECTS 

This  secti on de a l s  w ith  l abor av a i l ab i l i ty an d commun i ty i ncome aspects 
associ ated w i t h  proj ect deve l opment , t he i nd i rect effects of s econdary empl oy­
ment i n  s urro und i ng commun i t i es an d the phys i ca l  and i ns t i t ut i on a l requ ire­
ments to s upp ly  t he needs of add i t i onal  workers com i n g  i nto t he reg i on as a 
res u l t  of the pro posed act i on an d al ternat i ves . The d i s cuss i on i s  fai r l y  
br i ef , s i nce t he number o f  persons i nvo l ved i s  sma l l , an i ns i gn i fi cant 
percentage of the present work  force , and soci oeconomi c effects are mi n imal  
for a l l  a l ternat i ves . 

I nd i rect effects are usua l l y  pro port i on a l  to the d irect effects un l ess 
t he i nf l ux  of m anpower puts s i gn i f i cant stress upon l o cal s u pport resources 
an d i nst i t ut i on a l  bod i es .  Smal l i ncreases of l ess  than 5%  of the present 
wor kforce has been determ i ned to have l i tt l e  effect ( HUD 1976 ) .  For t he H an­
ford S i te , the major so c i oeconomi c impacts have a l re ady occurred bec ause of 
m any act i v i t i es o ver t he decades . 

5 . 2 . 1  Co nstruct i o n  Effects 

Constr ucti on of the new tan ks has exten ded over a fo ur year per i od and 
w i l l  have requ i red ,  upon comp l et i on e ar l y  i n  1980 approx imate l y  258 man- years 
of effort . The peak emp l oyment of 104 peo p l e  dur i ng the th ird  year i s  l ess 
t h an 3% of t he current Rockwe l l  emp l oyment l eve l and l ess t han 1% of t he tot al 
wor kforce i nvo l ved w ith  the H anfor d S i te Oper at i ons . At t h i s  l eve l , no d irect 
or i nd i rect effects were detectab l e .  It  is probab l e  t hat many of t he workers 
on t h i s  pro j ect came from an d wi l l  tr ansfer to other proj ects runn i n g  concur­
rent l y at t he H anford S i te .  

5 . 2 . 2  Operat i ng Effects 

The est i m ated st aff requ i rements to operate the new tan k fac i l i t i es are 
117 persons on a perm anent bas i s .  Th i s  l abor requ i rement , l i ke t he construc­
t i on man power requ i rements , wo u l d  have ne g l i g i b l e  i mpact on the economy, ser­
v i ces , or traffi c in  t he area .  Th i rty- fo ur per cent of t he req u i red staff w i l l  
be i nvo l ved w i t h  secur i ty of the fac i l i ty .  These  st aff wi l l  be i ncorporated 
i nto t he st andard s afety, secur i ty,  and ant i s abotage trai n i ng pro grams i n  
force at the t i me o per at i ons  beg i n  and w i l l  ser ve to protect ot her are as of 
t he waste d i s posal  f ac i l i t i es as  we l l  as  t he 13 spec i fi c  tanks addressed i n  
th i s  E I S .  

5 . 2 . 3  Decommi s s i o n i ng 

It  i s  est imated that at the end of the i nter i m  storage per i o d ,  an d after 
retr i eva l  of t he wastes for l on g- term stor age per i o d ,  78 manyears of effort 
wo u l d  be requ i red for decont ami nat i on , d i s assemb l y ,  pac k ag i n g ,  and bur i a l of 
t he s u bj ect AN and AW t anks . At t hat t ime , t he emp l oyment imp act is expected 
to be mi n ima l ; howe ver , if ot her major proj ects have ceased at the Hanford 
S i te ,  t he decontami n at i on and decom i s s i on i n g effort co u l d  pro ve benefi c i al  to 
the economy an d the l oca l  commun i t i es .  
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5 . 2 . 4  A l tern at ives  

Except  for the  a l tern at i v e  requ i r i ng the  construct i on of 13  new tank s ,  
t he impl ement at i on of the other a l ternat i v es d i scu ssed i n  th i �  E I S  w i l l  h ave  
essent i a l l y  no  impact on  soc i oeconom i c  i s s ues . Impl ement at i on wou l d  requ ire 
add i t i onal  mater i a l s  u s age  and/or retrof i tt i ng wh i ch wou l d  requ i re prog ram 
de l ays , i ncreased costs , i ncreased manpowe r ,  and de l ays i n  remov i ng l eak i ng 
tanks from serv i ce .  These f actors wou l d  not impact s ignf i cant l y  on the soc i o­
econom i c i s s ue s ,  however there wou l d  be  a d i rect effect on the waste manage ­
ment prog ram res u l t i ng from the accomp anyi ng prog ram de l ays . 

5 . 3  R ELATIONSH I P  BETWE EN SHORT- TERM USE  OF MAN ' S  ENV IRONMENT AND 
ENHAN CEMENT OF LONG- TERM PRODUCT I V I TY 

There are tr adeoffs  between the short - term and l ong - term benef i ts and 
co sts . "Short - term " i s  u s ed h ere to denote the construct i on and storage 
per i od ( operat i on l i fet ime) for the 13  new h igh - l ev e l  storage tank s .  

The u se of the t anks  descr i b ed i n  th i s  E I S  for i nter im storag e  of h i gh ­
l ev e l waste ( unt i l  l ong - term i so l at i on programs are def i ned and p l aced i nto 
operat i on) w i l l  prov i de i ncreased protect i on of the off- s i te env i ronment and 
w i l l  remove on ly  a sma l l port i on ( approx imate l y  8 . 6  acre s ,  3 . 5  ha) of the 
on- s i te env i ronment for the l ong - term . Current H anford waste m an ag ement 
operat i on s  hav e  def i ned cert a i n  are as ( pr imar i l y  the 200 Area of about 
5 , 100 acre s ,  2 , 065  h a) for cont i nued l ong - term u se in waste d i sposa l  or stor­
ag e .  The 8 . 6 acres of l and requ ired for the proposed act i on ( 13 tanks) i s  
on ly  a sma l l  fract i on of t he H anford s i te ' s  tot a l  of 570 sq u are m i l es or 
36 5 , 000 acres ( 148 , 000 ha) . Poss i b l e  con struc t i on of a l ong - term b as a l t  
repos i tory w i l l  add on ly s l i g ht ly  to t he ov era l l l and requ i rement for waste 
m an ag ement operat i on s . Most of the H anford S i te and a l l of the l and , water , 
and a i r  re sources  surrou nd i ng t he waste d i s posa l  areas are protected for 
poss i b l e  l ong - term u ses  s i nce the waste d i s pos a l  and storag e  s i tes  are few i n  
numb er and are centra l ly l ocated on t h e  s i te . 

L arge port i on s  of the l and on the H anford s i te are b e i ng put  to other 
produc t i v e  u ses : 

• Ar i d  L and Eco l ogy Reserve 
• Wash i ngton St ate Game Reserve 
• commerc i a l  l ow- l ev e l  waste bur i al ground 
• commerc i a l  nuc l ear power p l ants 
• Research and dev e l opment fac i l i t i es for energy 
• N at i onal  Env i ronmental  Research P ark ( N ER P) 

Over the past years many ch anges  of v aryi ng degree of impacts have  occur­
red w i th i n  t he ded i cated port i on of the s i te . I n st a l l at i ons of fence s ,  
te l ephone l i ne s ,  and transm i s s i on l i ne s  are reg arded a s  s ig ht ch anges  where 
the construct i on effects were m i nor . Some l ong er- term effects res u l t i ng from 
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ro ad and structure con struc t i on are present ; howev er these cou l d  be remov ed at 
moderate cost s ,  a l l ow i ng the l and to rev ert natura l l y over sev er al  decades to 
i ts or ig i na l  state . Some major ch anges i nv o l v e  the con structon of mass ive  
concrete bu i l d i ng s and the i nsta l l at i on of the  underground waste storage 
tan k s ,  i nc l ud i ng those  d is cu ssed i n  th i s  E I S .  I n  most cas e s ,  l i tt l e  i ncent ive  
or reason e x i sts to attempt tot al  restorat i on of these are as s i nce the  u se of 
the l and for any other conce i v ab l e  use  cou l d  not produce a cost effect ive  
reason for restorat i on .  

Con s i der i ng a l l effects on man ' s  env ironment from the operat i on of the 
13 new t ank s ,  a v ery sma l l  l ong- term effect i s  forecasted for the product iv i ty 
of man ' s env ironment . The d i rect effects res u l t  from the very smal l are as of 
l and perm anent ly removed and ded i cated to waste storage  and i so l at i on .  S i nce 
the new tan ks  are l oc ated i n  a ( current ly) heav i l y  man aged are a ,  the l oss  of 
hab i tat for w i l d l ife i s  not s ign i f i cant or detectab l e  for the l ong - term , if 
ev er , in v i ew of the preponderance of l arge areas of s im i l ar hab itat on the 
s i te and on adj acent l ands .  Under rou t i ne cond i t i on s ,  the re l ease of rad i o­
ac t i ve mater i a l s  to the b i os phere w i l l  be undetectab l e  and w i l l  not man ifest 
any imp act on l ocal b i ota .  

The un ique c l imato l og i ca l , geo l og i ca l and geohydro l og i ca l  features of the 
H anford S i te wh i ch h ave  contr i buted to the i so l ated st atus of t he area u nt i l  
i t  was se l ected for nuc l ear mater i a l product i on beg i nn i ng 1943 i nc l ude : the 
l ow ra i nfa l l  ( 6 . 3  i n . /yr) , the unusua l ly deep water tab l e  ( 250 ft be l ow the 
surface) , the exce l l ent sorpt i on cap ac ity of the so i l  for most rad i onu c l i des , 
and t he v ast th i ck ness  of the stab l e  under ly ing b as a l t  format i on ,  a l l of wh i ch 
un ique ly qua l i fy the s i te for the u t i l i z at i on as present ly  p l anned . 

Future p l ans for the H anford S i te ca l l for the cont i nu at i on of the pre­
sent u se as an area ded i cated primar i l y  to energy act iv it i es . Thu s ,  the use  
of  m an ' s  env i ronment at the  H anford S i te i s  p l anned to be  l ong - term ; un l ess  
l oss  of  i nst i t u t i on a l  contro l occurs , energy-re l ated act iv i ty w i l l  cont i nue  at 
t he H anford s i te for t he foreseeab l e  future . On the l ong - term , add i t i ona l  
s i te l and  may be ded i c ated to  other nuc l ear or  other energy f ac i l i t i es or 
ac t iv i t i es .  To ba l ance th i s  u s ag e ,  some cu rrent act iv i t i es w i l l  ceas e ,  
re l eas i ng some are as for future use . The d i rect net effect w i l l  probab ly be a 
s l i ght ly i ncreased encroachment upon the env i ronment over t he l ong - term . 

The primary act i v it i es on the Hanford S i te are p l anned and carr i ed out 
w ith t he ov era l l  obj ect ive  of b enef i t i ng man ' s  soc i al / econom i c  env i ronment . 
The short - term storag e  of h ig h - l ev e l  wastes i n  tanks  w i l l  prov i de an overal l 
b enef it  by reduc i ng sub stant i a l ly the potent i a l env i ronmenta l  effects that 
wou l d  re su l t  from unprogrammed re l eases of waste mater i a l s  to the env i ronment . 
Conti nued storage  of l iqu i d  wastes i n  l eak i ng t anks  i s  c l ear l y  not acceptab l e  
and the u se of the new tanks  i s  requ ired to conta i n  these wastes for an 
i nter im per i od unt i l  the l ong - term waste m anagement prog ram has been def i ned 
and executed . 
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5 . 4  RELATIONSH I P  OF PROPOSED ACTION TO LAN D USE PLAN S ,  
POL I C I ES ,  AN D CONTROLS 

The cont i nued operat i on of the Hanford waste man ag ement fac i l i t i es ,  
i nc l ud i ng t he 13 new tanks  under con s i derat i on i n  th i s  E I S ,  w i l l  not confl i ct 
w ith  nat i on a l ,  st ate , or l oca l p l ans and prog rams . Imp l ement at i on of the 
act i on prop osed in th i s  E I S  ( i . e . , ut i l i z at i on of doub l e-wa l l t anks  to store 
l i q u i ds to be transferred from o l der s i ng l e - wa l l tanks  to prov i de improved 
tota l  conta i nment of waste rad i oact ive  mater i a l s  and to k eep the ir  re l ease to 
the env ironment to the l owest l ev e l  techn i ca l l y  and econom i ca l l y  feas i b l e) , 
ca l l s  for l im i ted ded i cated l and u s e  as descr i b ed i n  Chapter 3 .  A l l of the  
l and i n  quest i on is  cu rrent l y  ded i cated to  th i s  use  and the  l ong - term p l ans 
ca l l  for cont i nued ded i cat i on of the l and for t he fores eeab l e  future . A l l 
l and i s  and wi l l  cont i nue  to be man ag ed con s i stent l y  w ith federa l reg u l at i ons  
to  assu re the s afety and we l l  b e i ng of the pub l i c .  

The est ab l i shment of the Nat i on a l  Env i ronment a l  Research Park ( N ERP)  at 
the  H anford S i te has ded i cated a major ity of the l and for research purposes .  
Th is  proh ib its the use  of much of the H anford S i te for commerc i a l , pub l i c ,  and 
ag r i cu l tu ra l  re source ut i l iz at i on in t he l ong - term . The operat i ng and waste 
manag ement are as are spec if i ca l l y  exc l uded from the N ERP  are as . 

5 . 5  CON CLUD ING  REMARKS 

The preced i ng exam i n at i on of the env ironmenta l  con sequences of the pro­
pos ed act i on and the a l ternat ives  shows that whether the a l ternat ives  had been 
adopted before con struct i on of the 13 new tan k s ,  or , are now adopted , the 
major b enefits of e it her act i on wou l d  be  l im i ted to a potent i a l , but not 
ass ured , exten s i on of the l ife  and du rab i l i ty of the tan k s ,  and there wou l d  
be  no reasonab ly  foreseeab l e  major reduct i on i n  env i ronmenta l  consequences to 
the affected env ironment . Even if the tank contents were to contact the so i l ,  
t he ab sence of an act i ve  u nderg round transp ort mechan i sm for the rad i onuc l i de s  
at the H anford S ite wou l d  prevent any s ig n if i cant env i ronment a l  con sequences .  
The de s ign  l ife of t he ex i st i ng new t anks i s  con s i dered suff i c i ent l y  l ong to 
s afe ly  conta i n  the wastes pend ing  imp l ement at i on of l ong - term d i s pos a l  opt i on s ,  
s o  l ong as t he p l anned adm i n i strat ive  contro l of waste compos i t i ons  and t ank 
farm operat i ng procedure s are imp l emented . 
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ALAR A 

ALE 

annu l u s  

anode 

AN S I  

aqu if er 

ASME  

ASTM 

B- p l  ant process 

b ackg round 
rad i at i on 

BCL 

bound ing 

Btu 

oc 

c au st i c  

cau st i c/ n itrate 
rat i o  

ccw 

CEQ 

cf m 

CFR 

GLOSSARY 

As l ow as reasonab ly ach i ev ab l e  

Ar i d  Lan d s  Eco l ogy Reserve 

S p ace between the pr imary and second ary tanks of t he 
doub l e- she l l  tan k s  

po s i t ive ly  charg ed e l ectrode 

Amer i can N at i on a l  Standard s I n st i tute 

underg round source of water 

Amer i can Soc i ety of Mec h an ica l  Eng i neers 

Amer i c an Soc i ety for Te st ing Mater i a l s  

a process for remov i ng and ecapsu l at i ng ces i um and 
stront i um from defense h i gh- l ev e l  waste 

the rad i at i on in man ' s  natura l env i ronment i nc l ud i ng cosm i c  
rays and rad i at i on from t he n atura l l y  rad i oact ive  e l ements 
bot h  i ns i de and outs i de man and an imal 

Batte l l e ,  Co l umbu s  L aborator i e s  

a worst case s i tuat i on 

Br i t i sh  Thermal  Un i ts ( s) 

deg ree ( s) centr ig rade 

u s ua l ly sod i um hydrox i des imp l i es h ig h  pH ( a l k a l i ne rang e) 

a mo l ar rat i o  of cau st i c  to n i trate i n  the the h ig h - l ev e l  
waste 

comp l ex ant concentrate waste 

Counc i l  on Env i ronmental  Qua l ity 

cu b i c  feet per m i nute 

Code of F ederal Reg u l at i ons  
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C i  

cm 

decomm i ss i on i ng 

DO E 

EDTA 

E I S  

EMF 

ERDA 

OF 

FFTF 

ft 

g acce 1 erat i on 

g/ 1 
g a  1 
ha 

H EPA 

hr 

kwh 

HMS 

i n . 

km 

knuck l e  

l i qu i d  l ev e l  
cyc l i ng 

Cur i e ( s) , the bas ic  un it  u s ed to descr ibe t he i nten s i ty of 
rad i oact iv ity 

cent imeter 

remov a l  from serv ice decontam i nat i on of a nuc l ear fac i l i ty 

t he Department of Energy 

ethyl ene d i am i ne tetracet i c  ac i d  

Env i ronmental Imp act Statement 

E l ectromot ive  Force 

Energy Research and Dev e l opment Adm i n strat i on 

deg ree ( s) F ahrenhe it  

F ast F l ux Text F ac i l i ty 

feet , foot 

Acce l erat i on of g rav i ty 

gram ( s) per l i ter 

g a 11 on ( s) 

hectare ( s) 

F i l ter- h ig h  eff i c i ency part i cu l ate a i r  f i l ter 

hou r (  s) 

k i 1 owatt- hour ( s) 

H anford Meteoro l og i ca l  Stat i on 

i nch ( es) 

k i l ometer ( s) 

tran s i t i on are a  between the bottom and wa l l  of the 
doub l e- s he l l  tanke 

chang es in the l i qu i d  l ev e l  of the tanks  
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m 

max imum 
i nd iv i dua l  

mg 

m i crob i ota 

µg 

m i l  

m i  1 1  sca l e  

Mo l ar 

mrem 

MT 

mv 

NAAQS 

NAS 

N BS 

N EPA 

NERP 

NRDC 

PAS 

pH 

PNL 

p s i  

rad ionuc l i de 

refrac tory 

rem 

meter ( s) 

a hyp othet i ca l  i nd iv i du a l  l ocated such that he rece ives the 
max imum poss i b l e  rad i oact ive  dose 

m i  1 1  i gram ( s)  

mi croorg an i sms 

m i crog ram ( s) 

1/ 1000 i nch 

ox i d ized l ayer l eft on the stee l by the m i l l i ng process 

�.  a meas u re of concentrat i on u s ed by chem i sts 

m i l l i rem ( s) , 10 - 3  rem 

Metr i c  ton ( s) tonne ( s) � 2200 l b  

m i l l i v o l t  

Nat i on a l  Amb i ent  A i r  Qua l i ty Standard 

N at i ona l  Academy of Sc i ences 

N at i on a l  Bure au Standard s 

N at i ona l  Env i ronmental  Po l i cy Act 

Nat i on a l  Env ironment a l  Research Park 

N at i ona l  Resources  Defense  Counc i l  

Purex Ac i d if i ed S l udg e  

A meas u re of t he ac i d i ty or a l k a l i n i ty of a so l ut i on 

Pac if i c  Northwest Laboratory 

pounds per squ are i nch 

an un stab l e  isotope of an e l emen t ,  wh ich decays and em i ts 
rad i at i on 

heat res i stant  mater i a l  

roentg en equ i v a l ent man , un i t  of dose of an i on i z ing  
rad i at i on 
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SCE  

SCFM 

se lf- bo i l i ng 
waste 

Standard C a l ome l E l ectrode , a st andard e l ectrode used to 
measure potent i a l s i n  met a l l i c corro s i on 

st andard cub i c  feet per m i nute 

h i gh- l eve l waste that bo i l s  spontaneou s ly because  of its  
h igh  concentrat i on of  short - l i ved rad i onuc l i des  

se i sm i c  acce l erat i on c au s ed by e arthq uakes 
acce l erat i on 

s l udg e the so l i d  matter that sett l es out of the h ig h - l ev e l  waste 

s l u i ce d i sso l ut i on and remov al of h i gh- l ev e l  waste w i th water 

sorb , sorpt i on ass im i l at i on of a g aseous  or l i qu i d  substance e ither 
i nterst i t i a l ly  or on the surface of a so l i d 

source term the quant i t i es of rad ionuc l i de pre sent i n  the waste g iv en 
for a spec if i c  acc i dent 

spec if i c  grav ity den s i ty (mass per un it  vo l ume) of a mate r i a l  re l at ive to 
the den s ity of water 

SS E Safe Shu tdown Eart hquake 

stress  corro s i on chem i ca l  corro s i on such as of pressure vesse l s  t h at i s  
acce l erated by stress concentrat i on ,  e i ther bu i l t  i nto or 
resu l t i ng from a l oad 

s upern atants the l i qu i d  port i on s  of the h ig h - l ev e l  waste 

t herma l ly heat i ng of fab r i cated pr imary tanks  to re l i eve  the ir  
stress - re l i eved  i ntern a l  stresses  

thermocoup l es dev i ces  to measure temperature by convert i ng temperature 
d ifferences to an e l ectr ica l  s igna l  

tran s port , movement of rad i onuc l i des to the env i ronment 
transp ort 
mechan i sms 

200 Areas H anford Waste Man agement Operat i on s  Center 

WPPSS Wash i ng ton P ub l i c  Power Supp ly  System 

v is cos i ty the deg ree to wh ich  a f l u i d res i sts  f l ow 
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Aut hor Aff i 1 1  i at i o n  C hapter/Append i x  

J .  F .  A 1 baugh RHO* 3 . 0 ,  3 . 1 ,  5 . 5 ,  A ,  C ,  D ,  E 

J .  M .  Al z he imer P NL* 3 . 1 . 2 ,  3 . 2 . 5  

w.  E .  Anderson P NL 3 . 2 . 6 ,  B 

J .  R .  D i v i ne P NL 3 . 2 . 2 ,  3 . 2 . 3 ,  B 

R .  A .  Ewi ng BCL* 3 . 2 ,  4 . 0 ,  5 . 0 

J .  A .  Gr i ff iths  P NL 3 . 2 . 2 ,  5 . 1 . 2  

B .  Gr i ggs  P NL 3 . 2 . 2 ,  3 . 2 . 3 ,  B 

D .  K .  L and strom BCL 4 . 0 ,  5 . 0 

J .  T .  McG i nn i s BCL 5 . 0 

K .  s .  Murt hy P NL 1 . 0 ,  2 . 0 ,  3 . 0  ( P roj ect Manager ) 

p .  L .  P eterson P NL 3 . 2 . 3  

Rev i ewers 

s .  p .  Cowan DOE- HQ* 

M .  s.  Cros l and DOE- HQ 

0 .  J .  E l gert DOE- HQ 

R .  L .  Hames DOE- RL* 

c .  A .  Kou ts DOE- HQ 

J .  L .  R hoades DOE- RL 

F .  R .  Standerfer DO E- RL 

* RHO = Rockwe l l  Hanford Operat ions , R i ch l an d ,  Was h i ngton 99352 
P NL = P ac i f i c  Northwest L abo ratory, R i ch l and , Was h i n gton 99352 
BCL = Batte l l e- Co l umbu s L abor atory, Co l umbu s ,  O h i o  43201 

DOE- HQ = Department of Ener gy ,  Headqu arters , Was h i ngto n ,  DC 20545 
DO E-RL  = Department of Energy ,  R i ch l and Oper at i ons  Off i ce ,  R i ch l an d ,  

Was h i ngton 99352 

A br i ef account of the educat i on an d expert i se of the abo ve pr i nc i pa l  
contr i butors is  pro v i ded in  t he fo l l owi ng pages . Several techn i cal staff mem­
bers from Rockwe l l  Hanford Operat i ons pro v i ded ass i s tance to the pre parat i on 

' of t he document.  
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JF ALBAUGH 

B I OGRAP H I CAL SK ETCHES 

Man ager , Waste Management Fac i l i t i es Eng i neer i ng Un i t ,  Rockwe l l  
H anford Operat i ons . 

B . S .  Mat hemat i cs and P hys i cs ,  W i l l i amete Un i vers i ty 
M . S . C i v i l  Eng i neer i n g ,  Co l umbi a U n i ver s i ty 

Mr . A l b au gh came to ARHCO i n  1 97 5  and was the Project Eng i neer res pon­
s i b l e  for var i ous p hases of deta i l ed des i gn on  t he new do u b l e- s he l l  tanks . 
P r i or to comi ng  to ARHCO he was a Des i gn Eng i neer for Ebasco Ser v i ces and 
work ed on t he ana l ys i s  and des i gn of structures i n  s u pport of nuc l e ar power 
p l ant construct i on . Mr . Al bau g h ' s  exper i ence i nc l udes str uctural ana l ys i s , 
ASME Code des i gn and constr uct i on ,  nondestr uct i ve test i n g  and ANS I  B . 3 . 1  p i pe 
des i gn and fabr i cat i on .  

WE AND ERSON Staff Eng i neer , Mec han i c a l  Met a l l ur gy ,  Meta l l ur gy Research 
S ect i on ,  Mater i al s  Department , P ac i f i c  Nort hwest L aboratory. 

Cert . i n  Bas i c  Eng i neer i ng ,  ASTU 3911 , P as aden a ,  CA 44 
B . S . , Aero Eng i neer i n g ,  U n i vers i ty of Was h i ngton , 1 95 1  
M . S . , Meta l l ur g i ca l  Eng i neer i ng ,  Un i v .  of Was h i ngto n ,  1 95 7  
L i e .  P rof . Eng i neer , St ate o f  Was h i n gton 

Mr . Anderson has 27 years of profess i on a l  exper i ence ( 12 years w i t h  BNW)  
i n  t he techn i ca l  areas of fr acture mec han i c s ,  c i v i l  structu res and structural 
jo i n i ng conce pts wi t h  part i cu l ar emphas i s  on i nteract i on between fat i gue  and 
corro s i on processes of str uctural degradat i on .  

H e  has conducted i nterd i s c i p l i nary stu d i es of met a l  fracture an d fat i gue  
at NASA , L ang l ey F i e l d ,  and co l l aborated w i t h  P rofessor Egon Orowan i n  stud i es 
of  fat i gue mec han i sms at Boe i n g  Sc i ent if i c Research L aborator i es .  Mr . Anderson 
was on  tempor ary as s i gnment at Wr i ght - P atterson A i r  Force Base  from 1973- 1 975 , 
where he performed an a l yses i n  t he are as of structural fat i gu e ,  crack pro paga­
t i on ,  and damage to l er ance dur i ng an A i r  Force Study of structural  prob l ems 
w i t h  the C- 5A a i rcraft . 

JM ALZHE IMER Rese arch Eng i neer , Structures and Mec han i cs Sect i on ,  
E ng i neer i n g P hys i c s  Department , P ac i f i c  Northwest L aboratory. 

B . S . , Mechan i ca l  E ng i neer i n g ,  Montana St ate Un i v . , 1974 
M . S . , Mechan i cal  E ng i neer i n g ,  Montana State Un i v . , 1976 

Mr . Al z he imer has been emp l oyed at Batte l l e ,  P ac i f i c Nort hwest Labor a­
tor i e s ,  s i nce graduat i on from co l l e ge .  H i s  pr imary areas of i nvol vement have 
been mec han i ca l  test i ng and structural  and t hermal ana l ys i s .  He has s uccess­
fu l l y comp l eted t he Eng i neer in  Trai n i ng exam i nati o n .  
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JR D I V I NE Sen i or Research Eng i neer , P ac i f i c Nort hwest Laboratory. 

8 . S . , C hemi cal  Eng i neer i n g ,  Un i v .  of Ca l i forn i a/Berke l ey,  1961  
P h . D . ,  Chemi cal  E n g i neer i ng ,  Oregon State Un i vers i ty,  1965  

Dr .  D i v i ne jo i ned B atte l l e- Nort hwest i n  1965 . He was pr imar i l y concerned 
wi t h  studyi ng corros i on mec han i sms an d k i net i cs i n  h i gh- temper ature fl u i ds .  
He contr i buted s i gn i fi cant l y to pro grams aimed at estab l i s h i n g  t he effects of 
process parameters ,  s uch as fl u i d  hydrau l i cs , he at fl u x ,  and rad i at i on ,  on 
corro s i on processes , and on corro s i on product tr ans port and depo s i t i on w i t h i n 
these  systems . He has al so been c l ose l y  as soc i ated w ith  stud i es on the 
remo val of uran i um and p l uton i um o x i des from reactor cores . He has performed 
fundamenta l  stud i es to e l uc i date the effects of process parameters on stress 
corro s i on crack i n g  of stee l . Dr . D i v i ne has a l so studi ed corro s i on processes 
i n  no n aqueo us  so l vent systems -- pr imar i l y  concentrated mi nera l  ac i ds .  

He i s  a reg i stered profess i o nal  en g i neer i n  t he State of Was h i n gton , and 
is a Corros i on Spec i a l i st  accred i ted by the Nat i ona l  Asso c i at i on of Corros i on 
Eng i neers . 

RA EWI NG Sen i or Research Eng i neer , Ener gy Systems and Env i ronmental  
Res e arch Secti on , B atte l l e - Co l umbus Labor ator i e s . 

8 . S . , C hemi cal  Eng i neer i ng The O h i o  State Un i vers i ty,  1936 
M . S . , C hem i ca l  Eng i neer i n g  The O h i o  State Un i vers i ty, 1 937 

S i nce jo i n i ng the Batte l l e  staff i n  1 947 , Mr . Ewi ng has part i c i pated i n  a 
var i ety of pro grams i n  t he fi e l ds of nuc l e ar ener gy and en v i ronmental systems . 
Current res pons i b i l i t i es i nvo l ve the techn i ca l  s uperv i s i o n  of and part i c i pa­
t i on i n  var i ous as p ects of envi ronmental systems res e arch ,  part i cu l ar l y  i n  
po l l ut ion contro l techno l o gy .  Mr . Ewi ng i s  a member of the Amer i can I ns t i tute 
of C hemi cal  Eng i neers , and he is a reg i stered profe s s i onal  engi neer i n  t he 
State of O h i o .  
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JA GR I F F I THS Res e arch Eng i neer , Structures and Mechan i cs Secti on , 
Eng i neer i ng P hys i cs Department , P ac i f i c Northwest L aboratory. 

S . B . , Aero n aut i cal  Eng i neer i n g ,  Mass . I n st i tute of Tech . , 1 970 
M . S . , Aero n aut i ca l  Eng i neer i ng ,  Mass . I nst i t ute of Tec h . , 1973 
EA . A , Aero n aut i ca l  Eng i neer i n g ,  Mass . I nst i tute of Tech . ,  1973 

Mr . Gr iffi ths  served in  the U . S .  Navy for 4 years as  a nuc l ear pro pu l s i o n  
engi neer w i t h  t he D i v i s i on of N aval  Re actors i n  Was h i n gton , D C ,  from 1973 
thro ugh  1977 . H i s  res pons i b i l i t i es i nc l uded preparat i on of component s pec i f i ­
cati ons and revi ew of des i gn reports , test reports , and pro curement documents 
for nuc l ear power p l ant components used i n  Nava l  ves s e l s and l and- based proto­
types . I n  August 1 977 , Mr . Gr i ffiths  jo i ned Batte l l e - Northwest . H i s  respon­
s i b i l i t i es here have i nc l uded str uctural ana l ys i s  of a var i ety of comp l ex 
str uct ures i nc l ud i ng nu l ear waste can s i ters , n uc l ear waste cal c i nat i on equ i p­
ment , e l ectr i ca l  transmi s s i on l i nes , s urface drag l i ne mi n i ng equ i pment , and 
power p l ant coo l i ng towers . 

B GR I GGS Staff Sc i ent i s t ,  P ac i f i c  Nort hwest Laboratory. 

B . S . ,  C hem i stry, Un i v .  of C a l i forn i a/ L . A . , 1 953  
M . S . ,  I nor gan i c  C hemi stry, Un i vers i ty of Ca l i forn i a/L . A . , 1 955  

Mr . Gr i ggs has been i nvo l ved i n  tro ub l e- s hoot i n g  p l ant corro s i on prob l ems 
on the Hanford S i te .  Th i s  wor k  has been pr imar i l y  on t he corros i on of 
a l umi num, z i rcal oy, stee l , and i nconel . He has al so been act i ve i n  t he 
de ve l opment of chemi cal  processes  for reactor decontami nat i on and waste 
hand l i n g .  

D K  LAND STROM P r i nc i pa l  Research Sc ient i s t ,  Ener gy and Thermal  Tec hno l o gy 
S ect i o n ,  Batte l l e- Co l umbus L aborator i es .  

B . S . , P hysi cs , Mass achu setts I ns t i tute of Techno l o gy 
Graduate Work at Oh i o  State U n i vers i ty,  Frank l i n  Un i vers i ty 

Mr . L andstrom has d i rected and part i c i pated i n  a wi de range of pro grams 
at Batte l l e  i nvo l v i n g  anal yt i cal test i ng and ana l ys i s ,  mater i al s  char acter i z a­
t i on ,  mat hemat i ca l  mode l i n g of en v i ronmenta l  t hreats , tec hno l o gy tr ansfer , 
envi ronme ntal  imp act statements , rad i at i on dose e st imates , nuc l ear s afety, 
rocket and space sytems impact , a i r  po l l ut i on stud i es ,  and thermal ana l ys i s  of 
coo l i ng water p l umes for power p l ants . He is act i ve i n  t he so l ar energy fi e l d  
and i s  d irecti ng a major so l ar ener gy co l l ector deve l o pment pro gram . He i s  
s k i l l ed i n  t he commu n i cat i on of techn i cal  i nformat i o n ,  and has produced 
severa l  mot i on p i ct ures for tr a i n i ng and documentat i on purposes . 
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JT MCG I NN I S  Res earch Leader , Eco l o gy an d Ecosystems An a l ys i s  Sect i on ,  
Batte l l e - Co l umbus L aborator i es .  

B . S . , Botany, E astern I l l i no i s  Un i vers i ty ,  195 6 
M . S . , Botany, Un i vers i ty of Tennessee , 1 958 
P h . D . ,  B i o l ogy ,  Emory Un i vers i ty,  1964 

Dr . McG i nn is has been a B atte l l e  st aff member s i nce 1969 . P r i or to and 
s i nce 1969 , he has worked w ith  the systems an a l yses of e l ement a l  and hydro ­
l o g i c  budgets of I sthm i an tro p i cal forests re l ated to t he s ea l eve l canal  
feas i b i l i ty stud i es .  More recent ly ,  he has been i nvo l ved  in  i nter d i s c i p l i nary 
pro grams on env i ronmental imp act assessment , i nc l ud i n g  nuc l ear power p l ants , 
major impoundmen t ,  and Arct i c p i pe l i ne co nstruct i on . He has extens i ve 
e xper i ence i n  pro gram management and techn i cal pro gram parti c i pat i on r ang i n g 
i n  act i v ity  from eco l o g i ca l  character i z at i ons  to pro gram eva l uat i ons . 

Dr .  McG i nn i s i s  a member of t he fo l l ow i ng ho nor ary and profe s s i onal  
so c i et i es :  S i gma X i  ( fu l l  member ) ,  Amer i can Assoc i at i on for the Advancement 
of Sc i ence ( Fe l l ow ) ,  Eco l o g i cal Soc i ety of Amer i ca ,  Assoc i at i on of So uth­
eastern B i o l o g i sts , O h i o  Academy of Sc i ence , Assoc i at i on for Tro p i ca l  B i o l o gy ,  
Amer i can Men and Women of Sc i ence , and P ersona l i t i es o f  t he So uth and South­
west . He has co authored one boo k ,  and pu b l i s hed  2 1  techn i ca l  art i c l es .  

KS  MURTHY Res e arch Leader , Env i ronmental  Assessment Sect i o n  
Water an d Land Reso urces Department , P ac i f i c  Northwest  
Laboratory. 

B . S . ,  P hys i cs ,  C hemi stry an d Mat hemat i cs ,  
Un i ver s i ty o f  Mys ore , I nd i a , 1 958 

B . S . Ch . E ,  I nd i an I nst i tute of C hemi cal  Eng i neers , 
Ca l cutta ,  I nd i a , 1 966 

M . S . , Env i ronmenta l  En g i neer i ng ,  Un i vers i ty 
of C i nc i nnat i , 1 974 

Mr .  Murt hy has been wor k i ng for Batte l l e  s i nce September 1 97 3 .  Some of 
t he proj ects to wh i ch Mr . Murt hy has contr i buted at Batte l l e  are : t he deve l ­
o pment o f  an appro ach  to i dent i fy emer g i n g  env i ronmental  contro l tec hno l og i es ,  
t he cost of c l e an a i r  proj ect , en v i ronmental cons i derat i ons of o i l  s ha l e 
de ve l o pment , t he en g i neer i ng an a l ys i s  of the fl u i d i zed- bed combust i o n  of co al , 
gener i c  env i ronmental impact statement for m anagement of commerc i a l l y gene­
rated rad ioacti ve waste , and pro grammat i c  env i ronmenta l  st atements on l on g­
term d i sposa l  opt i ons for H anford defense wastes ( i n preparat i on ) . Mr . Murt hy 
has pub l i s he d  16 papers and numerous techn i ca l  reports . He i s  a reg i stered 
profe s s i onal  engi neer i n  Oh i o .  
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APPEN D I X  A 

Th i s  Append ix  conta ins  support i ng i nformat i on for Sec t i on 3 . 1 . 1  ( descr i p­
t i on of doub l e -wa l l  tanks) . I nc l uded are cr iter i a  and spec i f i cat i ons gov ern ing 
de s i gn ,  fabr i cat i on ,  mate r i al se l ect i on and non - destruct ive  exam i nat i on proce­
du res  u sed in conjunct i on w ith the new doub l e- s he l l  t ank s .  I n  add i t i on ,  sec­
t i on s  on project Qua l i ty Ass urance and Ut i l i t i es Requ irements are i nc l uded . 
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)> I 
N 

Des ig n  
E l ement 

Primary Tank 

Capac ity 

Spec if i c  Grav ity 

pH 

Temperature 
Tank  Contents 
Tan k  Wal l 

Heat Generat i on 

' 

TABL E  A . 1 .  Pr imary Tank  Des i g n  Cr iter i a  

Cr i ter i a  
V a l ue 

1 , 000 , 000 g a l l ons 

2 . 0  

8 to 14 

300°F Max . 
200 °F  Max . 

100 , 000 BTU/ hr 

B as i s  and Comments 

• Max imum Tank s i ze  ut i l i zed at H anford 
• Present 7 5 ' d i ameter tanks  hav e  a proven free- stand i ng ,  

se lf - s u pport i ng dome des ig n  

• Tan k s  t o  be  ut i l i zed primar i l y for doub l e- she l l s l urry 
s p .  g 1 . 6  

• Reference : ARH- CD- 362 , ARH- CD- 304 , ARH- CD- 549 

• Based on the d i l ute to concentrated cau st i c  nature of 
Hanford wastes  that are stored in carbon stee l tanks 

• pH g reater than 7 prec l udes storage  of ac i d  waste wh i ch 
wou l d  requ i re more extens i ve  sta i n l ess  ste e l  tank s 

• Cau s t i c  concentrat i ons from concentrated wastes are 
expected to be from 2M to not gre ater than 8M 

• Reference : Letter , R .f .  Roal to K . S .  Murthy,- " Character i ­
z at i on of Future Waste to b e  Stored i n  AW and AN Tank 
F arm s ,  December 7 ,  1 979 , in Append i x  F 

• Based on transfer of heat i n  the waste and con s i dered 
potent i a l h igh- temperature processes  s uch as w i ped f i lm 
ev aporat i on w ith a product temperat ure gre ater than 300°F 

• Projected t ank sk i n  temperatures  l ess  than 200°F  w i th 
max imum content temperature approx imate ly  300 °F 

• Based on the concentrat i on of 6 . 0 C i/ga l . of 137 cs  
Actu a l  concentrat i on ant i c i pated i s  l ess  than 1 . 5  C i/ g a l  
o f  137 cs  

• Rate i s  conserv at i ve  due  to  the  fact that the  rate w i l l  
decrease the l onger the waste i s  stored 

• Reference :  Letter , R . C . Roal  to K . S .  Murthy , "Character i ­
z at i on of Future Wastes to be  Stored i n  AW and AN Tank 
F arms , December 7 ,  1 979 , i n  Append i x  F 
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Ji 

Des ign  
E l ement 

Corros i on 

Press ure 

Pas i t  i ve  
Neg at i v e  

Cr i ter i a  
V a l ue 

1 m i l /yr 

+60 i n .  
- 6 i n .  water 

TABL E  A . 1 .  ( contd) 

Bas i s  and Comments 

• A con s erv at ive  av erage  g eneral  corros i on a l l owance b ased 
on l aboratory data that i nd i cated corros i on rates up  to 
0 . 6  m i l /yr for 5 . 7 5M cau st i c  ( synthet i c) waste so l ut i ons  
w i th var i ou s  concentrat i on s  of  sod i um n i trate and sod i um 
n i tr i te at temperatures  up  to 95°C  ( 203°F) . Th i s  
chem i stry i s  typ i ca l  of waste to be stored i n  doub l e­
s he l l  tank s .  ( Payer 1975 ) . 
- Based on 50-yr tank l ife , general  corros i on wou l d  be  

l ess  than 10  percent , wh i ch i s  w i th i n  des ig n  a l l owances 
- Bas i s  is conserv at i v e  because  waste w i l l  coo l w i th  ag e 

and decay . Laboratory data i nd i cated corros i on l es s  
than 0 . 1  m i l /yr at 2 5 ° C  

- Stress  Corros i on Crack i ng ( SSC) h a s  not yet been 
demon strated on test s amp l es w i th these so l u t i ons  

- Tanks  st i l l  requ i re stress re l i ef to  m i n im i ze 
potent i a l for sec 

- Ten s i l e  stresses  w i l l  b e  kept be l ow 90% of y i e l d  
strength a s  a precaut i on ag a i nst  sec 

• Pressure and vacuum were based on exper i ence on ot her 
tanks 

• These cr it i er i a  hav e  been adequate and are app l i cab l e  to 
new tanks  

• Pressure excu rs i on s  can resu l t  from uneven heat i ng 
cau s ed by h ot spots , chem i ca l  m i x i ng ,  or barometr i c  
chang es  

• A s l i g h t  v acuum i s  requ i red on a l l tanks  for vapor 
cont a i nment 
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Des ign  
E l ement 

Se i sm i c  

L iq u i d  Lev e l  
Cyc l i ng 

.. 

Cr i ter i a  
V a l ue  

0 . 25 g h or i z  
0 . 17 g vert . 

( S SE) 

- Ten cyc l es per 
year* 

- 7 foot da i l y  
f l uctuat i on 

- max . f i 1 1  and 
dra i n  rate 
= 1 50 G . P . M . 

* app l i es on ly  to 
feed tank 

TABLE  A . l .  ( contd) 

Bas i s  and Comments 

• E arthquake  l o ads for categ ory 1 fac i l i t ies  requ i re s  
de s i g n  for the S S E  t o  assure a safe and order ly  shutdown 
of t he fac i l i ty 

• The des i g n  b as i s  for the ground acce l erat i on i s  stated 
in ERDA- 1 538 " F i na l  Env i ronmental  St atement Waste 
Man ag ement Operat i on H anford Reserv at i on ,  R i ch l and , 
Was h i ng ton " December 1975 , Vo l ume 2 ,  Append ix  I I . 3 - C .  

• Comp l ete cyc l e  def i ned as f i l l i ng an empty tank 
to 1 , 000 , 000 g a l l ons  and dra i n  t i l l  empty 
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JI 

Des ign  Cr i ter i a  
E l ement 

Re i nforced 
Concrete Tank 
w i th Secondary 
L i ner 
Press ure 

Temperature 
Heat Genera­

t i on 
Se i sm i c  

Dead Load 

L i ve  Load 

Therma l  Con ­
crete Creep 

TABLE  A . 2 .  Secondary Tank ( L i ner) Des ig n  Cr iter i a  

Cr i ter i a  V a l ue  

Same as  for Primary 
Tank 

6 . 5  ft earthcover 

40 l b/ ft2 un iform , 
50 ton concent­

rated 

Max . heat = 3°F/ day 
Max coo l i ng = 3°F/ day 
Determi ne max . 
a l l owab l e  tempera­
ture s  and cyc l es 

Bas i s  and Comments 

• Same as for pr imary tank ( Tab l e  I )  
• Reference : ARH - CD- 362 , ARH - CD- 304 , ARH- CD- 549 

• Earthcover was b ased on rad i at i on sh i e l d i ng requ i rement s 
ov er the tank and fac i l i t i es on top of the tank 

• Reference : ARH - CD- 362 , ARH - CD- 304 , ARH- CD- 549 

• L ive  l oad i ng on the tank was b ased on prev i ous  tank 
cr iter i a  wh i ch a l l ows for a crane p l us t he heav i est 
mov ab l e  equ i pment 

• Reference : ARH - CD- 36 2 ,  ARH - CD- 304 , ARH - CD- 549 

• Heat up  and coo l down rates to be i nc l uded i n  Operat i ng 
Procedu re 

• Un l i m i ted cyc l i ng a l l owed i n  upper conc rete haunch if 
temperature kept be l ow 236 °F 

• Steady state temperture of 320°F a l l owed i n  upper haunch . 
• Expected h aunch temperatu res are l ess  than 200°F  
• Reference : ARH- C- 17 , Add it i on a l  Ana lys i s  of Underground 

Waste Storag e Tan k s  241 - AW ,  H anford Wash ,  May,  1978 



TABLE A . 3 .  Mater i a l  and  Fabri cation  Spec i fi cati ons  

E l ement 

S tee l P l ate 

P i p i ng 

A 1 1  other stee 1 

We l d i ng/Fu l l  Pene­
trat i on on a l l  
j o i nts 

Stress Re l i ev i ng 

Spec i f i c at i on Reference and Comments 

ASTM A537 C l ass I Con struct i on Spec i f i cat i o n ,  

ASTM A5 3 ,  Type S ,  
Grade A o r  ASTM A160 , Construct i on Spec i f i cat i o n ,  
Grade A o r  B 

ASME Sec t i on V I I I ,  Construct i on Spec i f i c at i on ,  
D i v .  2 

H anford Pl ant Stand ard Construc t i on Spec i f i c at i on , 
( H PS) 
HPS- 220 - W  
H PS- 240 - W  

ASME , Sec t i on V I I I ,  - Conducted on Primary Tank 
D i v .  2, Art . F - 4  - 1 100°F f o r  one hour 

B - 1 20 , C4 ,  

B- 120 - C4 ,  

B- 120 - C4 ,  

B- 120 - C 4 ,  

B - 1 30 - C4 

B- 1 30 - C4 

B- 130- C4 

B - 1 30 - C4 

We l d i ng Mater i al s  Cert i f i ed per ASME , Construct i on Spec i f i cat i on ,  B- 120 - C4 ,  B - 1 30 - C4 

F ab r i cat i on 

Cement 

Agg reg ates 

M i x i ng 

Pro p ort i on 

Sec t i on I I ,  P art C .  

ASME Sec t i on V I I I ,  Construct i on Spec i f i c at i on ,  B- 120 - C4 ,  B- 1 30 - C4 
D i v . 2, P art AF , 
Except AF - 2 35 , 
AF - 410 . l ,  AF-
410 . 2 ,  AF - 410 . 3 ,  
AF - 410 . 5  and 
Art i c l e  F - 5 , F - 6  
and F - 7  

ASTM C150 , Type I I  Construct i on Spec i f i cat i on 

ASTM C 33 Construct i on Spec i f i c at.i on 
Max . S i ze = 1 . 5  i n  

ASTM C94 C onstruct i on Spec i f i cat i on 

AC I Sec . 3 . 8 ,  Method 2 Construct i on Spec i f i cat i on 

M i n imum Comp res s i v e  Fou ndat i on - 4500 p s i  Construct i on Spec i f i c at i on 
Strength @28 days 

Re i nfor c i ng Stee l 

F orm C on struc t i on 
and Remova 1 

Cur i ng  

Test i ng 

She l l  - 5000 p s i  
@ 28 days 

AC I 301 

ACI 301 

Foundat i on - ACl 301 
Sec . 1 2 . 2  

She l l  - ACI 30 1 ,  
Sec . 12 . l ,  1 2 . 2 ,  
12 . 3  

AC I 301 

Construct i on Spec i f i cat i on 

C onstruct i on Spec i f i cat i on 

Constru c t i on Spec i f i cat i on 

Construc t i on Spec i f i cat i on 
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Method 

V i s ua l  I n spect i on 
of a l l  we l d s  

L iq u i d  Penetrant 
Exam i n at i on 

Mag net i c  Part i c l e  
Exam i n at i on 

R ad i og raph i c  
Exami nat i on 

Hydrostat i c  Te st 

U l trason i c  

Chemi ca l  and 
Phys i ca l  Cert i ­
f i cat i on 

D imens i on a l  
to l erances 

4 

TABLE  A . 4 .  Non- Destruc t i v e  Exam i nat i on/ Stee l Tanks  

Reference 

H PS - 220 - W  
H PS- 240 - W  

ASME  Sect .  V I I  I 
D i v  • 2 , A pp • 9 

ASME Sect .  V I I I  
D iv .  2 ,  App . 9 

ASME S ect .  V I  I I  
D iv . 2 ,  Art . 1- 5 

B- 120 - C4 
B- 130 - C4 

ASTM A- 578 

Per requ i rements of 
ASTM A- 537 

Construct i on 
spec i f i cat i ons 

Comments 

• V i su a l  i nspect i on of each we l d  pass on a l l we l ds 

• Exam i ne a l l we l d s  on i ntern a l  surface of tank bottoms 
on pr imary and secondary tank s 

• Exam i nat i on conducted before and after bottoms are set 
i n  p l ace and after stress re l i ef 

• Conducted on areas  where c l i p s ,  l ug s ,  etc . have  been 
remov ed and a l l areas where p l ate damag e  has b een 
repa i red  by f i l i ng ,  g r i nd i ng ,  we l d i ng ,  etc 

• Conducted on a l l we l d s  in pr imary and secondary tank 
exc l u d i ng dome 

• Conducted i n  pr imary tank by f i l l i ng to a depth of 
35 ft for 24 hours 

• Test i ng conducted on p l ates at m i l l  

• Comp l ete traceab i l i ty back to m i l l  i s  a requ i rement 

• I nc l udes  bottom f l atness  to l erances dev e l oped by PNL 
"Recommended Bottom F l atne ss  To l erances for M i l l i on 
Ga l l on Waste Storage Tank s , " W . E . Anderson , et a l . 1976 



A . 1  QUAL I TY ASS URANCE  

A . 1 . 1  Scope 

The Qua l i ty Ass urance requ irements for doub l e- she l l  tank de s ig n  and con­
struct i on meet t he requ i rements of DO E - Manua l , RL  Append i x  6 101 , P art I I I ,  
B . 3 . 6  (b ) . The Qua l i ty Ass urance p l an s  for the proj ects under wh ich  the 
doub l e - s he l l  t anks  are be i ng bu i l t  are as fo l l ows : 

B- 120 , 241 - AW Tank Farm 
B- 1 30 ,  241 - AN Tank F arm 
B-179 , 241 - AN - 107 Tank 

ARH- CD- 544 
ARH - CD - 786 
RHO- CD - 36 

These documents de l i neate the b road q u a l ity req u i rements of the proj ect i n  the 
act i v it i es of a l l contractors i nv o l ved in the performance of th i s  project . I n  
add i t i on ,  Rockwe l l  H anford Operat i on ( R ockwe l l ) , V i tro Eng i neer i ng Corporat i on 
( V itro) and J .  A .  Jones  Con struct i on Serv i ces  Company ( J .  A .  Jones) are 
respon s i b l e  for adherence to an approved q u a l i ty prog ram t hat comp l i es  to 
ERDA MC- 08 20 . RL Append i x .  J .  A .  Jones subcontractors sh a l l meet the spec i f i c  
qua l ity requ i rements def i n ed i n  t h e  "Spec i a l Cond i t i on s "  of any contract .  

Per i od i c  rev i ews of  the  Qua l i ty Ass urance P l an s  are performed to  ascert a i n  
and document that spec i f i ed q u a l ity requ i rements are cu rrent and comp l ete . A l l 
rev i s i on s  to the se p l an s  rece ive the same l ev e l  of rev i ew as the or i g i n a l . 

A . 1 . 2  Qua l i ty Assurance Lev e l s  

Rockwe l l  Han ford Operat i on s  has estab l i s hed three Qua l i ty Assurance ( QA) 
L eve l s  wh i ch def i ne t he qua l ity effort app l i ed to ver ify conformance to des ign  
requ irements .  The se Qua l i ty Assurance Leve l s  are de s i g nated as  QA  Lev e l  I ,  
QA Lev e l  I I  or QA Leve l I I I .  

A . 1 . 2 . 1  Qu al i ty Assurance Lev e l  I Systems 

Q u a l ity Assurance Lev e l  I Systems are those system s ,  or port i ons of 
systems , structure s  or components , whose fa i l ure m ight  cau se , or i ncrease the 
sev er ity of ,  a re l ease of rad i oact iv ity or a re l ease of haz ardous or tox i c  
mater i a l s  i n  the env iron s ,  structure s ,  and components v it a l  to the safe shut­
down or i so l at i on of  t he proce ss or system. 

Examp l es of QA Lev e l  I items are : F i na l  conta i nment systems for rad io ­
act i ve s erv i ce ,  f i na l  exhau st systems up to , and i nc l ud i ng ,  the H i g h  Eff i c i ency 
Part i cu l ate A i r  ( HEPA) f i l ter pack ag e ,  nuc l ear s afety i nstumentat i on ,  eff l uent 
mon i tors and sh i pp i ng conta i ners . 

A . 1 . 2 . 2  Qu a l i ty Assuran ce Lev e l  I I  Systems 

Q u a l ity Assurance Lev e l  I I  Systems are those systems , or port i ons  of 
systems , structure s or components that are important to the operat i on of the 
p rocess of system , but are not essent i a l  to safe s hutdown and i so l at i on .  
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Examp l es of QA Leve l  I I  i tems are : Proce ss vesse l s ,  j umpers , i n - ce l l 
p i p i ng and process equ i pment , contro l i nstrumentat i on and f i re detect i on 
system s .  

A . 1 . 2 . 3  Qua l i ty As surance Lev e l  I I I  Systems 

Qua l ity Assuran ce Leve l  I I I  i tems are those structu res and equ i pment that 
are re l ated to the process  or system operat i on wh ich  are not essent i a l to safe 
s hutdown , but wh i ch do prov i de a fu nct i on or serv i ce to the fac i l ity .  

NOTE : Qua l i ty Ass urance Lev e l  I I I  a l so app l i es to  those items that are 
commerc i a l ,  off - t he- s he l f  i tems for wh i ch ex i s t i ng commerc i a l qua l i ty contro l 
pract i ce s  are adequate . ( Qua l i ty Ass urance Lev e l  I I I  commerc i a l items may be 
u s ed in  QA Leve l I and QA Lev e l  I I  systems w ith appropr i ate test i ng or documen­
tated an a lys i s  to ver ify ut i l i ty in the part i cu l ar app l i cat i on . )  

Ex amp l es  of QA Lev e l  I I I  i tems are : Heat i ng and a i r  cond i t i on i ng systems , 
portab l e  water systems , sewage systems , co l d  dra i n  systems , l ow- pressure ste am 
sy stems and l i gh i ng systems . 

A . 1 . 2 . 4  Ass ignment of Qua l i ty Lev e l s  

Spec ifi c Qua l i ty Assu rance Lev e l s are as fo l l ows for t he doub l e- s he l l  tank 
de s i gn and con struct i on :  

Qua l i ty Assurance Lev e l  I 

A) Pr imary stee l port i on s  of tanks  
B) Secondary stee l port i ons of tanks  
C )  Pump p its 
D)  Annu l u s  pump p i ts 
E) Va  1 v e p its  
F)  Dra i n  p it 
Note : Compact i on te sts wi l l  be requ ired  for so i l s  under tanks  and a l l 

Lev e l  I P i ts - i tems C ,  D ,  E and F .  
G) A l l s l urry p i p i ng encasements 
H) A 11 s up ernatant p i p i ng encasements 
I)  Encasement on p ip i ng from .annu l u s pumps to pump p its  
J) C l e an out boxes and as soc i ated p i p i ng 
K) Encasement on fl oor dra i n  p i p i ng to the dra i n  p it 
L) E ncasement on fl oor dra i n  p i p i ng from l eak detect i on p i ts to the pump 

p it wa l l  
M) Leak detect i on p i ts 
N)  Leak and rad i at i on detect i on components and systems 
O) A 11 pr im ary t ank  r i s ers 
P) Tan k  farm vent i l at i on system and conta i nment components up to and 

i nc l ud i ng H EPA f i l ters and H EPA f i l ter hou s i ng s  
Q )  A l l dra i n  l i ne encasements 
R) A l l u nencased dra i n  l i nes  
S) F l u s h  P its 241 - AN - A  and B .  
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Qua l i ty Assurance Lev e l  I I  

Concrete tank  s he l l s 
Concrete structura l found at i on s  
I nsu l at i ng concrete 
Thermocoup l e  condu it 
A i r  supp l y  p i p i ng ,  ret a i ner  and d i str ibut i on r i ng 
Jumper p i p i ng i n  t he v a l ve p i ts 

A)  
B) 
C) 
D) 
E) 
F) 
G) Tank f arm vent i l at i on system and components not i nc l uded i n  the 

preced i ng categ ory 
I nstruments ,  i nc l ud ing i n strument a i r  and e l ectr i ca l  systems 
A l l  s l u rry and s upernat ant pr im ary p i p i ng 

H) 
I )  
J) 
K) 

Primary p i p i ng from the l eak detect i on p its  to the ir  pump p i ts 
A l l pr im ary fl oor dra i n  p i p i ng from C l ean Out Boxes to Dra i n  P it 
241 - AN -02D  

L )  
M) 
N )  
O )  

A l l  remote p it j umpers 
A l l second ary tank r i sers 
A l l pumps and e l ectr i c a l  equ i pment ( i nc l ud i ng heat trac i ng )  
Test r i sers 

Qua l i ty Assurance Lev e l  I I I  

A l l items not covered by Qua l i ty Ass urance Leve l s  I and I I  s ha l l be 
con s i dered Q u a l ity Assurance Lev e l  I I I .  

A . 1 . 3  Requ i red Project Records 

P roj ect records i nc l u de t he fo l l ow i ng documentat i on :  

A . 1 . 3 . 1  Des ign Records 

App l i cab l e  Code s and Stand ard s Used in Des i g n  ( 1) 
As - C on structed Draw i ng s  
Des i gn Ca l cu l at i on s  and Record of Checks  
De s ig n  Changes Requests 
Des i g n  Dev i at i on s  
Des i g n  Procedure s  and Manu a l s  ( 2) 
Des ig n  Reports 
Des i g n  Rev i ew Reports 
Draw i ng Contro l Procedu res 
Purch ase and D es i gn  Spec i f i cat i on s  and Amendments 
QA System Aud i t  Report 
Reports of Eng i neer i ng Surve i l l ance of F i e l d  Act i v i ty 
Safety Ana lys i s  Rep ort ( 4) 
Stre ss Reports 
Systems Descr i p t i ons  
System Proce ss  and I nstrumentat i on D i ag rams 
Techn i ca l  Analys i s ,  Eva l u at i on s ,  and Reports 
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Comments : 

1 .  App l i cab l e  codes  and st and ard s used i n  de s i g n  are referenced i n  the 
proj ect spec if i cati ons and are av a i l ab l e  on req uest . 

2 .  Arch itect - Eng i neer de s i gn procedures and manu a l s  are on f i l e  and 
ava i l ab l e  on req ue st . 

3 .  Arch itect- Eng i neer draw i ng contro l procedure s  are on f i l e  and 
av a i l ab l e  on req ue st . 

4 .  The operat i ng contractor ass esses  r i s k s  as part of the conceptu al  
de s ig n .  After t he comp l et i on of  des ign , the operat i ng contractor 
performs a formal "H az ard s Rev i ew . " These  documents wi l l  be 
i nc l uded as p art of t he proj ect f i l es rat her t h an a " S afety Analys i s  
Report . " 

A . 1 . 3 . 2  Procurement Records 

Aud it  Reports 
Procu rement Procedures  
P rocu rement Spec if i cat i on 
Purchaser Order ( unpr i ced) i nc l ud i ng Amendments 
Purchaser ' s  P re - Award Q u a l i ty Assu rance Survey 
Rece iv i ng Records 
Supp l i er ' s  Qua l i ty Ass urance Prog ram Manua l  

Comments :  

1 .  Procu rement procedure for a l l ERDA contractors are on f i l e  and 
ava i l ab l e  upon request .  

A . 1 . 3 . 3  Manufactur i ng 

As- Bu i l t  Drawi ng s  and Records 
Cert if i cate of I n s pect i on and Test Personne l  Qua l i f i cat i on 
Cert ifi cates of Comp l i ance 
Heat Treatment Procedure s  
H eat Treatment Records 
L iqu i d  Penetrant Exam inat i on Procedure 
L iqu i d  Penetrant Exam i nat i on F i na l  Resu l ts 
Mag net i c  Part i c l e  Exami nat i on Procedu re 
Mag net i c  P art i c l e  Exam i nat i on F i na l  Resu l ts 
Major Defect Rep a i r  Record s 
Mater i a l P ropert i e s  Records 
Nonconf ormance Reports 
P ack ag i ng , Rece iv i ng , Storage Procedures 
Performan ce Test Procedu re and Resu l ts Record 
P re ss u re Test P rocedu re 
Press ure Test Res u l ts 
Product Equ i pment Ca l i b rat i on Procedu re 
Product Equ i pment Ca l i b rat i on Records 
QA Systems Aud i t  Report 
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QA Manua l , Procedu res and I n struct i ons  
Rad iog raph i c  Procedure s 
R ad i og raph i c  Rev i ew F orms and R ad i og raphs 
U l tr ason i c  Exam i nat i on Procedure s  
U l trason i c  Exam i nat i on f i na l  Resu l ts 
We l d i ng Mater i a l s  Contro l Procedures 
We l d i ng Personne l  Qua l i f i cat i on 
We l d ing Personne l  Qua l i f i cat i on and Data  Reports 
We l d i ng Procedu res 
Work Process i ng and Sequenc ing Documents 

A . l . 3 . 4  C i v i l  

Agg reg ate Test Reports 
B at ch P l ant Operat i on Reports 
Cement Grab Samp l e  Reports 
Concrete Cyl i nder Test Report s and Charts ( 1) 
Concrete Des ign M i x  Reports 
Concrete P l acement Records 
Mater i a l Property Reports on Cont a i nment L i ner and Acces sor ies  
Mater i a l  P roperty Rep orts on  Meta l  Cont a i nment She l l  and Acces sor i es 
Mater i a l Property Reports on R e i nfor c i ng Stee l 
Mater i a l  P roperty Reports on Re i nforc i ng Stee l Sp l i ce S l eev e Mater i a l 
Mater i al  Property Reports on Stee l Embedments  i n  Concrete 
Mater i a l P roperty Reports on Structura l  Steel  
Mix Water Chemi ca l  Ana l ys i s  ( 2 )  
P rocedu re for Cont a i nment Vess e l  P ressure- Proof Test and Leak R ate Tests 

and Res u l ts 
Re i nforc ing Stee l Sp l i ce Operator Qua l if i cat i on Report s 
S l ump Te st Resu l ts 
So i l  Compact i on Test Report s 
User ' s  Ten s i l e  Test Reports on Re i nforc i ng Stee l S p l i ce s  

Comments : 

1 .  Concrete cy l i nder test reports are kept by the test i ng ag ency of the 
Adm i n i strat i on .  Test i ng ag enc i es emp l oyed by subcontractors are not 
u sed for the acceptance of concrete . 

2 .  M ix water chem i ca l  ana l y s i s  are p er i od i ca l ly done and are on f i l e .  

A . 1 . 3 . 5  We l d i ng 

H eat Treatment P rocedures 
Heat Treatment Record s 
L iqu i d  Penetrant Test P rocedures 
L iqu i d  Penetrant Test F i n a l  Resu l ts 
Mag net i c  P art i c l e  Test P rocedu res 
Mag net i c  Part i c l e  Test F i n a l  Res u l ts 
Major We l d  Repa i r  Procedures and Resu l ts 
R ad iog raph i c  Test Procedure s  

A- 12 

• 



Rad iog raph i c  Test F i na l Resu l ts 
We l d  Locati on D i ag rams 
We l d  Procedures 
We l d  Procedure s Qua l if i cat i on s  and Res u l ts 
We l d i ng F i l l er Meta l Mater i a l  Reports 
We l d i ng Mater i al s  Contro l Procedures 
We l d i ng Personne l Qua l if i cat i ons  
V i s ua l  I nspect i on Procedure s  
V is u a l  I nspect i on Records 

A. 1 . 3 . 6  Mechan i ca l  

Con struct i on L ift i ng and H an d l i ng Equ i pment Test Procedure s ,  I n spect i on 
and Test Data  

Dat a  Sheet s or Log s on Equ i pment I nst a l l at i on , I nspect i on and A l i gnment 
Document at i on of Systems Check- off ( l og s  or data sheet s) 
Erect i on Procedures for Mechan i ca l  Components 
Hydro- Test Procedures  and Resu l ts 
I nst a l l ed L ift i ng and H and l i ng Equ i pment Procedures ,  I ns pect i on and 

Test Data 
Mater i a l Property Records  
Mater i a l Property Test Reports for Thermal  I n su l at i on 
P i pe and F i tt i ng s  Mater i a l  Property Reports 
P i pe H anger and Restra i nt Data 

A . 1 . 3. 7  E l ectr i c a l  and I&C  

Cert if i ed Cab l e  Test Reports 
Documentat i on of Test i ng Performed After I nst a l l at i on and Pr i or to 

Systems Cond i t i on a l  Accept ance 
F i e l d  Workman s h i p  Check l i st or Equ i v a l ent Log s 
I n strument Ca l i b rat i on Resu l ts 
Re l ay Test Procedures and Resu l ts 
Rep orts of Pre- I n sta l l at i on Tests 

A . 1 . 3 . 8  General  

As- Bu i l t  Draw i ng s  and Records 
Ca l i b rat i on of Measur i ng and Test Equ i pment and I n struments Procedures 

and Reports 
Cert i f i cate of I ns pect i on and Test Personne l 
F i e l d  Aud i t  Rep orts 
F i e l d  Qua l i ty Ass urance Man u a l s 
F i na l  I ns p ec t i on Reports and Re l eases 
Nonconf ormance Reports 
Spec i a l  Too l Ca l i brat i on Records  
Spec i f i cat i ons and Draw i ng s  

Comments :  

Qua l if i cat i on 

( 1 )  Th i s  i nformat i on i s  av a i l ab l e  and on f i l e . 
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A . 2  UT I L ITI ES 

The AN and AW Tan k  F arms obta i n  power from the AZ rad i a l  tap on general  
purp ose area feeder C8- L6 . Th i s  feeder or ig i n ates at 251 - W  substat i on ,  as do 
a l l  of the 13 8 KV area  feeders for the 200 Areas . Shou l d  there be a fau l t  at 
a po i nt between t he 251 - W  s ubstat i on and t he AZ tap- po i nt on C8- L6 ,  the l i ne 
may be sect i on a l i zed an d serv i ce re stored to system by b ackfeed i ng from one of 
t he rema i n i ng three g eneral purpose area feeders i n  the 200 - E  Area i n  a matter 
of mi nute s . Shou l d  there be a fau l t on the AZ rad i a l tap , power restorat i on 
cannot occur u nt i l  the f au l t  has b een c l eared . Th i s  can be  accomp l i s hed i n  a 
matter of hours . The Occupat i on a l  Safety Ana lys i s  Report for Doub l e - She l l  
Waste Storage  Tan k s  ( OSAR) addre sses the l oss of ut i l i t i es i n  a s ce n ar i o .  
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APP END I X  B 

SELECTION OF MATER I ALS 

The pri nc i p a l  mater i a l of concern for waste tank construct i on is carbon 
stee l ,  u s ed to fab r i cate b oth the pr imary t ank and the secondary tank l i ner on 
the surround i ng conc rete structure . A l though concrete is import ant , it is of 
l esser concern ; t he p r i nc i pa l  p rob l ems can be reso l v ed by adeq u ate de s ig n .  I n  
the fo l l ow i ng d is cu ss i on , the nature of the factors i nf l uenc i ng the stee l 
structu re- re l ated p rob l ems are exam i ned and t he steps wh i ch counteract these 
are des cr i b ed . 

TANK STEELS 

The struct u ra l  m ater i a l for the p r im ary tanks mu st prov i de two ma i n  func­
t i on s : 1)  res i st the mech an i ca l  forces exerted by the contents and 2) res i st 
c hem i cal  att ack or corros i on by those contents . 

Cop i ng with  the mechan i ca l  forces bas i ca l l y i nv o l ve s  general  eng i nee r i ng 
pr i nc i p l es ,  and i s  pr im ar i ly a func t i on of des ign , y i e l d  strength of the 
stee l ,  and sec t i on th i ck ness . Th i s  aspect of waste tank  con stru ct i on is  
fa ir ly stra ightforward and needs  no further d i s cu s s i on here . 

CORROSION 

Corros i on ,  however , i s  a cr i t i ca l  prob l em for waste tan k s ,  and warrants 
fu rt h er d is cu s s i on .  

Corros i on i s  con s i dered to be the undes i red deg radat i on of mater i a l s .  
The term i s  g enera l ly app l i ed to metal s  wh i ch suffer e l ectrochem i ca l  ox i da­
t i on .  Fontana and Green ( 1967)  des cr ibe  e ight  types of corros i on :  

• 
• 

• 

• 

• 

• 

• 

• 

un if orm corros i on 
g a l v an i c  corros i on 
crev i ce corros i on 
p itt i ng corros i on 
i nterg ranu l ar corros i on 
se l ec t i ve l each i ng 
eros i on corros i on 
stress corros i on crack i ng 

Sev er a l  of the se  may be d i sm i s sed immed i ate ly  as be i ng i n app l i cab l e  or 
un imp ort ant for t he t ank  s i t u at i on .  As u s ed here , g a l v an i c  corro s i on i s  the 
i nterac t i on of two d is s imi l ar met a l s ,  such as copper and i ron ; it  is not 
app l i cab l e  b ec au se t he t anks  are of one meta l . I nterg ranu l ar corros i on i s  not 
pert i nent bec au se of the l ow a l l oy i ng component concentrat i on s  in the stee l . 
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S imi l ar ly ,  t he l ack of s i gn if i cant a l l oyi ng  cons t i tuents pre vents se l ec­
t i ve l each i ng from be i ng a prob l em .  F i na l ly ,  ero s i on corro s i on is not 
expec ted because there wi l l  be no ag i t at i on of t he so l ut i on other t han by 
natura l  convec t i o n .  

The remai n i ng four types o f  corros i on have al l been observed o r  are con­
s i dered poss i b l e  in  t hese  waste so l ut i ons . Un i form corros i on i s  cons i dered to 
have occurred  when no o bv i ous  l oca l i zed corro s i on has occurred .  As po i nted 
out by ot hers , s uch as G a i ner ( 1 978 ) ,  u n iform att ack is not u n i form l y  d i str i ­
bu ted  over a s urface . Howe ver , the corros i o n  s i tes tend to mo ve aro und , 
yi e l d i n g on t he average , " un i form" corro s i on .  

Crev i ce corros i on and p i tt i ng corros i on are s i m i l ar ,  the c h i ef d i fference 
be i n g t hat crevi ce corros i on st arts w i t h  a re ady made p i t  ( t he crev i ce ) , 
whereas i n  p i tt i ng corro s i on ,  t he p i t  must be generated as a res u l t  of the 
p arti cu l ar o perat i n g  cond i t i ons . As a res u l t ,  crevi ce corros i o n  can beg i n  
more re ad i l y . P i tt i ng on the ot her hand i s  extreme l y  l oca l i zed and can 
l i tera l l y  bore t hro u gh a p i ece of metal . P i tt i ng often requ i res an i ncubat i on 
per i od of up to years after wh i ch i t  pro gresses  rapi d l y .  

Stress corro s i on crack i ng i s  con s i dered to b e  a very unde s i rab l e  form of 
corros i on .  I ts major feat ure is the a lmost no n- e x i s tence of metal  removal . 
R at her , t he crack prop agates t hro u gh t he bu l k  metal  cau s i n g  a conseq uent l oss  
of stren gth and i nt e gr i ty. Stress crack i n g re qu i res bot h s pec i f i c  chemi cal  
cond i t i ons and  stress  l eve l s .  Requ i s i te cond i t i ons are not c l ear l y  defi ned yet 
for any meta l .  Work  do ne to date has s hown that of the mater i a l s  typ i ca l l y  
pres ent i n  waste so l u ti ons , caust i c ,  n i trate and car bonate are assoc i ated w i t h  
stress corro s i on crack i ng o f  car bon stee l ( Re i noeh l  1 97 2 ) .  I n  add i t i on to the 
pres ence of t hese c hem i cal s i n  t he proper concentrat i on , i t  i s  necess ary to 
stress the met a l . Stresses  can ar i s e  from i nternal  forces , s uc h  as thermal and 
we l d  stresses ,  and from external for ces , s uch  as hydrostat i c  pressure . At 
present the mec han i sm of stress corros i on crack i ng i s  not suff i c i ent l y  we l l  
e no u gh des cr i bed to defi ne requ i r ed stress l im i ts .  I t  i s  be l i eved however , 
that car bon stee l must be stressed  to , or beyond , the yi e l d  po i nt to stress 
crack i n  c au st i c ;  stresses in stai n l ess  stee l do not have to be as h i gh as t he 
yi e l d  po i nt ,  however , to affect crack i ng ( U h l i g  1948 ) .  

EXP ERIMENTAL CORROS I ON DATA FOR WASTE SOLUTION  COMP OS IT I ONS 

Maness  ( Append i x  F )  s hows l i m i ted test data for carbon stee l i n  s i mu l ated 
do ub l e- s he l l  s l urry, wh i ch pred i cts a u n i form corros i on rate of 0 . 04 to 
0 . 1 9  mi l /yr at 25 °C to 95 °C .  These  data are we l l  be l ow the 1 m i l /yr ass umed 
i n  t he str uctural  ana l ys es .  
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P ayer ( 1 97 5 ) reports corro s i on data for a ser i es of sa l t cak e waste so l u ­
t i ons whose c hemi cal  co ntents are somewhat d i fferent from do ub l e- s he l l s l urry 
( h i gher caust i c  content for some cases , l ower n i tr ate an d n i tr i te content ) .  
Un iform corro s i on rates pred i cted i n  t hese tests are 0 . 1  to 1 . 1  m i l /yr . These 
rates a l so corre s pond we l l  w i th  the 1 mi l /yr a l l owance ass umed i n  the struc­
tural  ana l yses . Moore ( 1 977 ) reports un i form corro s i on rates of carbon stee l 
i n  termi na l l i quor . Compos i t i on of th i s  waste agrees  we l l  w i t h  do ub l e - s he l l 
s l urry, except for m i nor const i t uents . The meas ured corro s i on rate for t hese 
te sts was 0 . 5  m i l /yr . 

Ava i l ab l e corro s i on data for compos i t i ons de part i ng s i gn i f i cant l y  from 
t he do ub l e- s he l l  s l urry are summ ar i zed be l ow :  

1 .  Manes s  ( Appen d i x  F )  i nd i cates a severe pen a l ty i n  corro s i on i f  the caust i c  
co nte nt of t he waste i ncreases abo ve t he range spec i f i ed i n  Append i x  G .  
For examp l e ,  w i th  a 12M NaOH so l ut i on ,  the un i form corro s i on rate 
i ncreases up to 8 . 3  m il/yr depend i n g on temperature . A l so , Mane ss  ( 1 974 )  
reports un iform corros i on rates o f  car bon stee l i n  a var i ety o f  s i m u l ated  
so l i d i fi ed H anford wastes . The OH  s er i es tests are somewhat app l i cab l e ,  
a l tho u gh they re present a cons i derab l y  more severe caust i c  en v i ronment . 
Un iform corro s i on rates for t hese te sts were h i gher i n  many cases than 
tho s e  of the pre v i o u s  re ports ,  ran g i n g from 0 . 7  to 2 . 4  m i l /yr for the 
22- mo nth  spec imens . A wi der range of rates yet were s hown i n  s horter 
term spec imens , 0 . 4  mi l /yr up to 4 . 2 m i l /yr . 

2 .  Average p i tt i ng corro s i on rates vary from up to 7 m i l /yr , w ith  max imum 
p i tt i ng rates up to 12 mi l /yr i n  so l i d i f i ed H anford waste ( 8NWL- 1969 ) .  
Tests i n  do ubl e- s he l l  s l urry ( Maness , Appen d i x  F )  were of too s hort dura­
t i on (2 month s )  to pred i ct p i t t i ng rates , a l tho u gh i nc i p i ent p i tt i ng was 
observ ed i n  t he h i gher caust i c  so l ut i on tests . For t he purposes of j udg­
i ng the effects of p i tt i ng on the pr imary tank s he l l ,  the 3 to 12  m i l /yr 
f i gures w i l l  be u sed ,  even t ho u gh t h i s  data i nvo l ved co n s i derab l y  h i gher 
cau st i c  waste than tho s e  pl anned for stor age i n  the tanks . 

CATHOD I C  CORROS ION P ROTECTION  

Use of cat ho d i c  protect ion of meta l  structures is  more frequent w i t h  
str uct ures exposed to a mo i st o r  l i qu i d  corros i on env i ronment . I t  i s  not 
eff ect i ve i n  dry or gaseo u s  env i ronments bec au se the env i ronment wi l l  not 
conduct e l ectr i c i ty effect i ve l y .  The re l at i ons h i p  between s urface potent i a l  
and current oens i ty i s  i nfl uenced pr i m ar i l y  by so l ut i on and met a l  compos i t i on 
and s econdar i l y by s urface corro s i on prod uct l ayers , crev i ce stress , and 
temper at ure . A current - dens i ty to surface - potent i al re l at i on s h i p  for an 
i de a l i z ed l aboratory s amp l e  i n  one typ i ca l  H anford waste so l ut i on i s  s hown i n  
F i gure 8 . 1 .  The current a l ters the chemi ca l compounds at the meta l - so l ut i on 
i nterface ( i . e . , 2W � H2 ; H03 � No2- ;  N02- �  NH3 ; 40H- � 02 ; Fe+2 � Fe0 , 
etc . , )  depend i ng on t he ava i l ab l e e l ectr i ca l  potent i a l and react ant concentra­
t i on .  At the l ow current dens i t i es u sua l l y  requ i red  for s at i sfactory m i t i ga­
t i on of corro s i o n ,  t he effect of t he a l tered c hem i cal s is i ns i gn i f i cant , un l ess 
the meta l i s  sens i t i ve to the a l tered env i ronment . 
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F I GURE B . l .  Potent i odynam i c  Po l ar i z at i on of M i l d  Stee l i n  Term i n a l  L iquor 

SOURCE : Moore 1977 , Maz i l l e  197 2 ,  Payer 1977 b . 

The H anford tan k s  are to be used to store a l k a l i ne forms of processed 
H anf ord wast e .  The nom i na l  l i st of components and the expected range of the i r  
concentrat i on s  i n  the waste so l ut i ons  are g iven i n  Append i x  F .  Bec au se of the 
spec i a l i z ed source of t hese wastes ,  v ery l i tt l e  i nformat i on on t he i r  corros i on 
ch aracter i st i cs ex i sts i n  the open l i terature ; av a i l ab l e  i nformat i on i s  l im i ted 
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to a few surrrn ary st atements . Therefore , emphas i s  has been p l aced on stu d i es 
co nducted spec i fi ca l l y on t hese and s im i l ar so l ut i ons , the res u l ts of wh i ch 
have not al l been pub l i s he d .  

A s urrmary o f  corro s i on data o n  waste tanks by L i n i  ( 1 975 ) s howed that the 
h i gh ( 6-8M )  n i trate so l u ti ons pro duce stress corros i on crack i ng ( SC C )  of t he 
as - we l ded-car bon stee l tan ks adj acent to the we l ds .  Th i s  crack i ng co u l d  be 
prevented by stress re l i ev i ng t he stee l after erect i o n .  A l so catho d i c  protec­
t i on of at l east 10 A/cm2 prevents stress corro s i on crack i ng i n  a l abor atory 
test i n  a s imu l ated P urex a l k a l i ne waste w i t hout added n i tr i te i on .  

Two st ud i es have been co nducted to determi ne t he feas i b i l i ty of catho d i c  
protect i on for t he H anford waste tanks . One by Norton Corro s i on L im i ted and 
P ac if i c Northwest L aboratory (Moore 1977 ) ,  an a l yzed the feas i b i l i ty of app l y­
i n g  cat hod i c  protec t i on to t he i nter i or of t he t anks . A s econd st udy was con­
ducte d by Batte l l e  Co l umbus L abor ator i es to determi ne the effects of so l ut i on 
compos i t i on on stress corro s i on crack i ng (P ayer 1 977 b ) . P re l imi nary res u l ts 
from the fi rst st udy i nd i cated that cat ho d i c  protect i on was feas i b l e .  Th i s  
st udy was term i nated however , when res u l ts from t he B atte l l e  Co l umbus study 
s howed that catho d i c  protect i on ,  i f  not carefu l l y co ntro l l ed an d mai nta i ne d ,  
co u l d  acce l er ate stress corro s i on cr ack i n g .  Furt her , t he B atte l l e Co l umbus 
st udy s howed that the s i mul ated  do ub l e- s he l l  s l urry waste so l uti ons genera l l y  
pas s i vated t he stee l s urf ace and wo u l d  not promote stress corro s i on crack i n g  
at the ir  free ly  corro d i ng potent i a l .  The P ac i f i c  Nort hwest L aboratory 
st udy s howed t hat t he free l y  corrod i ng potent i a l tended to s h i ft pos i t i ve l y  
w i t h  t ime and thus furt her reduce the potent i a l for stress  corro s i on crack i ng ,  
( s ee Tab l e  8 . 1 ) .  

The s urface potent i al of a met a l  i s  affected i n  a comp l ex manner by the 
so l u t i on compo s i t i on .  P ayer ( 1 977 b ,  1 975 ) stud i ed t he effect of t he var i ous  
major const i t utents of  s imu l ated  do ub l e- s he l l  waste on the potent i odynami c 
po l ar i z ati on of car bon stee l . I n  add i t i o n ,  t he sever i ty of stress corro s i on 
crack i ng ( SCC ) at var i ous  s urface potent i al s  was tested . He co nfi rmed t hat 
stee l  immersed i n  so l u t i ons of sod i um hydro x i de wo u l d  e xper i ence SCC o ver a 
range of potent i a l s  from about - 0 . 77 to - 1 . 05 V ( SCE* ) . Add i t i ons of al umi nate 
compressed t he r an ge of severe sec to - 0 . 95 to - 1 . 05 V ( S C E )  wh i l e  n i tr i te and 
n itrate ra ised  the free l y  corrod i ng potent i al of the stee l above the sec range . 
P ayer conc l uded t hat so l ut i ons w i th compos i t i ons s im i l ar to do ub l e- s he l l  s l urry 
wo u l d  not promote stress corros i on cr ack i n g  of car bon stee l if the s urface 
pote nt i a l  rema i ned s l i ght l y  abo ve - 0 . 7  V ( SCE ) . Maness ( Moore 1 977 ) fo und  t h at 
stee l s amp l es p l aced i n  s i mul ated  Hanford waste co ncentrate ass umed potent i al s  
of abo ut - 0 . 55 V ( SC E )  after t hey were corroded wh i ch  p l aces t hem comfort ab l y  
above the SCC range ( compare Tab l e B . l  and F i gure B . l ) .  

* Sat urated Ca l ome l E l ectrode i s  a st andard  reference e l ectro de used i n  
el ectroc hemi cal  work . 
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TABLE B . 1 .  Potent i a l  of M i l d  Stee l i n  Term i na l  So l u t i on ( 60°C) 

Potent i a l ,  mv ( versus  Ag : Ag C l )  
Surface Condi t i on of M i l d  Stee l 5 m i n .  1 hr  7 2  h r  96 hr  120  hr  

1 )  Po l i s hed - 802 - 79 1  - 600 - 600 - 609 

2) Fre s h ly  po l i s hed - 1014 - 973  - 705  - 59 5  - 550 

3) Corroded ( 3 -yr cont act w ith  - 520 - 597 - 593  - 590 - 587 
s imu l ated Han ford h igh  l eve l 
wastes) 

4)  Corroded ( 2 - mo contact w ith  - 480 - 630 - 608 - 590 - 6 1 3  
s imu l ated H anf ord h igh  l ev e l  
wastes) 

5) As hot - ro 1 1  ed - 403 - 420 - 579  - 582  - 59 6  

SOURCE : Moore ( 1977 ) 

Ranges  i n  surface potent i a l  of carbon stee l that are conduc ive  to sec i n  
sod i um hydro x i de and n it rate so l ut i on s  ( P ayer 1 977b , Maz i l l e 1 97 2) are shown 
i n  F i g u re B . l  as shaded are as . Thu s ,  if a l l other requ i rements ( i . e . , tens i l e  
stre s s ,  temperature ,  ab sence of i nh i b i t i ng i on s) are conduc i ve to s e c ,  it  w i l l  
probab l y  occur  if a samp l e  has a surface potent i a l i n  one of the shaded are as . 

A l um i nate i ons added to N aOH so l u t i on compre ss the l eft area to the range 
- 0 . 95 to - 1 . 05 ( SCE) ( P ayer 197 7 b) . The add it i on of other major waste ions  i n  
doub l e- she l l  s l u rry p roduced s l ight stress corro s i on crack i ng a l l the way u p  
to - 0 . 7 V ( SE C) . Thu s ,  i f  the areas  about - 1 . 05 to - 0 . 7  V and anyth i ng more 
pos i t i ve t h an - 0 . 3  V ( SCE) are avo i ded , stre ss corros i on crack i ng becomes 
improbab l e  with the doub l e- she l l  s l urry so l ut i on compos i t i on s .  

The v ar i et i es of carb on stee l u sed i n  v ar i ous  tests h ave i nc l uded A201 g r  
B ,  A285 g r  B ,  Al06 g r  B ,  A283 g r  C ,  A516 g r  65 , and A537 . Chem i ca l ly  these 
m ater i a l s are a l l qu i te s im i l ar and t he i r  test resu l ts h ave been u sed more or 
l ess i nterch ang eab l y .  Actua l l y  on ly A537 and A516 gr 65 have been exper i ­
menta l ly compared to e stab l i s h  i nterchang eab i l ity of SCC  resu l ts ( P ayer 1 977 a) . 
Con s i der i ng the norma l  var i ab i l i ty of exper imenta l  dat a ,  there i s  no re ason to 
be l i eve t h at any of t he test mater i a l s  was un ique .  Howev er , Uh l ig ( 1 974) 
found that some mi nor heat treatment and compos i t i on d ifferences produced 
meas u rab l e  res u l ts .  
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L im i ted corro s i on data are av a i l ab l e  for t he doub l e- s he l l  s l urry at tem­
perature s  be l ow 95 ° C ,  but  at temperature s  h igher than 95°C  no quant i tat ive 
data were l ocated . P red i ct i ng t he corro s i on of t he t anks i n  t hese so l u t i ons  
at temperatures g re ater than 95°C ,  requ ires sub st ant i al extrap o l at i on s  of 
e x i st i ng dat a .  Payer ( 1977b) exam i ned the po l ar i z at i on behav i or of steel i n  
s i mu l ated doub l e- she l l  s l urry so l ut i on at 121°C  and 148 ° C ,  and found n o  s i gn if­
i cant eff ect of temperature .  He a l so found no effect of many m i nor i ons i n  the 
a l k a l i ne n itrate , n itr ite , a l um i nate so l ut i on s  on po l ar i z at i on data for stee l . 
I n  g eneral , t he un iform and p i tt i ng corros i on rates of stee l i n  a l k a l i ne so l u ­
t i on s  rang i ng from 1 to 8 � NaOH , but w ith sub stant i a l qu ant i t i es of NaN03 , 
N aN02 , and N aA l 02 has been l ess than 0 . 5  m i l /yr ( Moore 1977 , Maness  197 5 ) . 
Howev er,  if t he sod i um hydrox i de i s  i ncreased i n  concentrat i on to about 15  M ,  
the measured corros i on rate was a s  h ig h  a s  4 . 2  m i l s/yr w i t h  p itt i ng to 

-

10 m i l s/yr ( Maness 1974) . Pre- crack ed stress corros i on spec imens i n  t he s ame 
te st s showed no crack propag at i on .  Th i s  ag ree s  w ith  Payer ( 1977b) that the 
a l k a l i ne n i trate , n i tr i te ,  a l um i n ate so l u t i ons  spont aneous ly pass i v ate stee l 
to a potent i a l that doe s  not promote stress  corros i on .  

GENERAL CHARACTER I ST I CS OF CARBON STEELS 

Conv ent i on a l  w i s dom reg ard i ng h ig h - strength  l ow- a l l oy structural  stee l 
p l ate is  out l i n ed by reference to a stand ard test ; Meta l s H andbook , Vo l . 1 ,  
8th E d it i on ,  196 1 ,  Amer i can Soc i ety for Met a l s .  

" C au st i c  and Bo i l er Embr i tt l ement . Embr i tt l ement i n  conjunct i on w ith  
steam b o i l ers ( somet imes cal l ed cau st i c  embr itt l ement) may g ive  r i s e  to 
crack s at r i v eted jo i nts or other areas where cont act between metal  sur-
f ace s  perm i ts the accumu l at i on of con centrated so l ut i on and where the 
stre sses are h i gh . Such emb r i tt l ement has b een found a l so in ro l l ed tube 
end s ,  tube l i g aments ,  headers and thre aded p i pe connect i on s . There i s  
s c ant l ik e l i hood of emb r i tt l ement i n  m i l d  stee l i n  bo i l ers un l ess  it  has 
been stressed beyond the yi e l d  po i nt ; the stress created by ste am pressure 
or un iform l y  d i str i buted structu ral l o ads has s l i g ht effect ; on t he other 
hand , stresses  l eft from the ro l l  form i ng of p l ate i nto a she l l  or drum , 
d i stort i on dur i ng r i v et i ng , or any co l d  work that c auses  perm anent defor­
mat i on can prov i de the stress  cond it i on neces s ary for crack i ng .  There 
are no data def i n i te ly show i ng any g rade of m i l d  steel to be more or l ess  
s u scept i b l e  to  th i s  type of crack i ng than another g rade . 11 

We l d ab i l i ty is  a re l at ive  term wh i ch mu st be  c arefu l ly rel ated to t he 
we l d i ng method u sed and the sk i l l of the techn i c i an s  i nvo l ved . We l dab i l i ty 
m ay b e  carefu l ly def i ned i n  terms of p ropert i e s  and soundness  obt a i nab l e  w ith  
d iff erent we l d i ng processes . I n  genera l ,  however , i t  i s  the  ease w ith  wh i ch a 
mater i a l c an b e  we l ded w ith  sound we l d s  posse s s i ng g ood mech an i ca l  propert i es .  
The ch i ef i nfl uent i a l factors are compos i t i on , heat i npu t ,  and rate of coo l i ng .  
These f actors p roduce v ar i ou s  eff ects s u ch as g ra i n  g rowt h ,  p hase chang e s ,  
exp an s i on ,  and contrac t i on ,  wh i ch i n  turn determ i ne we l dab i l i ty . 
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Al l comments about the effect  of carbon and mang anese  on we l dab i l i ty mu st 
be q ua l if i ed in terms of s ec t i on s ize  because  of i ts re l at i on to heat i nput and 
coo l i ng rate . I n  we l d i ng heav i er sec t i on s ,  the re l at i ve ly  co l d  b ase  meta l  
s erves to acce l erate g reat ly t he coo l i ng rate after we l d i ng ,  w ith  the resu l t  
that sec t i on s i z e  i s  a very import ant con s i derat i on .  

S ix p r i nc ip a l  types  of cr ack i ng can occur  dur i ng or after we l d i ng :  

• so l i d if i cat i on crack i ng ( we l d  meta l  hot tear i ng) 
• l iq u at i on crack i ng ( heat i ng - affected zone h Jt tear i ng )  
• co l d  crack i ng ( he at - affec ted zone) 
• 1 ame 1 1  ar tear i ng ( b ase meta 1 )  
• hydrogen - ass i sted crack i ng ( he at - affected zone and we l d) 
• restra i nt crack i ng ( we l d  and h eat- affected zone) . 

Short - rang e stress systems due to so l i d if i cat i on and thermal  shr i n k ag e  
act i v ate m any of t hese crack i ng modes . Longer range stress systems due to 
restra i nt may then act to extend the crack s by the s ame or other modes . 

Sen s i t iv ity to crack i ng may be  i nherent i n  t he compos i t i on of the meta l  
or may deve l op as  the  resu l t  of we l d i ng . H ig h  sens i t i v i ty deve l ops  if met a l ­
l urg i ca l  and we l d i ng f actors comb i ne adv erse l y .  

I n  genera l ,  ser ious  crack i ng prob l ems ar i s e  when  one of the add i t ive  
cau ses  b ecomes exce s s i v e ly dom i n ant . Thu s ,  the u sua l  so l u t i on i s  to  i dent ify 
the cr i t i ca l  factors and est ab l i s h  procedures for m i n im i z i ng them . For 
e x amp l e , hydrog en - ass i sted crack i ng prob l ems are g enera l ly  so l v ed by l ower i ng 
hydrogen content .  Add i t i on a l  contro l s  ( stress , h ardness  of the heat- affected 
zone , etc . )  are important but not dec i s i ve  if t he hydrog en content i s  h ig h .  

Each  crack i ng mode has its  own met a l l u rg i c a l  feature s .  These  are 
descr i b ed by Pe l l i n i  ( 1976) . 

PR I MARY STEEL TANK 

The concept of con t a i n i ng h ig h - l ev e l  l i qu i d  waste i n  a sea l ed ,  stress ­
re l i ev ed vesse l , i nc l ud i ng a l l  penetrat i on s ,  i s  a g ooc eng i neer i ng prac t i ce .  
Con struct i on p r i nc i p l es for ach i ev i ng des i g n  g oa l s  are reason ab l e  and we l l ­
dev i sed . There appe ars no reason why t he tanks  cannot be  fabr i cated w i th 
neg l i g ib l e  con struct i on stresses , barr i ng the normal l y  expected , unobserved 
"d i ng "  from a d ro pp ed or m is h and l ed too l fo l l ow i ng stre ss re l i ef treatment . 
Such l oc a l  marks  can cau se s i tuat i on s  of res i du a l  stres s  where crack i ng may 
occu r ;  but s i nce t he stress i s  l ocal , t he event stress i s  se lf - equ i l ibrat i ng 
and crack i ng wi l l  not proceed un l ess the genera l stres s  f i e l d  i s  h ig h .  H igh  
stre sses c an occu r  i n  t he tank wa l l s  and l ower knuck l e  reg i ons  under some 
l oad ing s ;  however , neces s ar i l y  severe d i ng s to i n it i ate such crack i ng are much  
more l ik e l y  in  t he t ank b ottom than i n  t he s i de s .  Nonethe l ess , the poss i b i ­
l i ty for tan k f a i l ure from th i s  cau se i s  rea l , thoug h perh aps s l i g h t ,  and the 
des i g n  w ith s econdary contai nment i s  we l l - adv i sed . 
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Res i dua l  Stresses  and Stres s - Re l i ef Treatment . Occu rrence of re s i du a l  
stre sses  from we l d i ng or co ld- work form i ng or other p l ast i c  deformat i on s  of 
the t ank m ater i a l may be  expected as p art of the ord i n ary c i rcumst an ces  of 
construc t i on .  We l d i ng stresses  are descr ibed ab ove and may be understood by 
con s i der i ng the l oca l ly v i o l ent p roce sses of me l t i ng and so l i d i f i cat i on and 
coo l i ng that occur du r i ng th i s  jo i n i ng method . As a fi rst approx imat i on ,  the 
res i dual  stre sses f rom we l d i ng ,  or other sources , may be tak en as approx i ­
mate ly yi e l d  streng th v a l ue for the mater i a l i nvo l ved . These  stresses  from 
we l d i ng c an be  very annoy i ng dur i ng construct i on b ecause  they tend to cause  
warp i ng and broad d i stort i on s .  Care i s  necess ary i n  the  fab r i c at i on tech­
n iq ues  to  av o i d  s uch d i stort i ons so  that t he compl eted structure meets 
spec if i cat i on s .  

I n  the pr imary tan k ,  res i du a l  stresses are re l i ev ed by sub ject i ng the 
ent i re vesse l , i n c l ud i ng a l l penetrat i on s ,  to a su i tab ly  h igh  t hermal  exposure , 
ca l l ed the stres s - re l i ef treatment . Dur i ng th i s  expos ure , the stresses  con ­
tai ned w ith i n  t he aff ected reg i ons cause  l ocal  creep on a m i c roscop i c  sca l e 
and are thereby sub st ant i al l y reduced . The tre atment i s  con s i dered eff i ca­
c i ou s  in dramat i ca l ly reduc i ng the i nc i dence of stress - corro s i on crack i ng of 
we l ded con struct i on s .  

The stress - re l i ev ed primary tank  i s  therefore much l ess  l i k e l y  to l eak 
f rom stress - corros i on crack i ng t h an t he second ary tank , wh i ch is not stress­
re l i ev ed . 

SECONDARY STEEL  L I N ER 

The second ary stee l l i ner and the re i nforced concrete vau l t  work tog ether 
as a system . The stee l of t he s econdary t ank i s  not stress- re l i ev ed .  

Shou l d  wastes l eak i nto the annu l u s  of the doub l e- she l l tank s ,  temporary 
conta i nment i s  p rov i ded by t he s econdary t ank ( l i ner) . Exper i ences w ith  
s i ng l e- she l l  tan k s  i nd i cate l i ke l y  safe cont a i nment by  the  secondary tank  for 
p er i ods  as l east as l ong as sev eral mont h s .  

Shou l d  the l eak b e  sub st ant i a l ,  w i t h  a typ i c a l  s l urry , pumpout from the 
annu l u s  w i l l  l ik e l y  requ i re s l u i c i ng ( add i t i on of l i qu i d  to prov i de pump­
ab i l i ty) and th i s  act i on wi l l  add sub st ant i a l l y to the tot a l  waste v o l ume to 
be h and l ed and tran sferred e l s ewhere . I t  i s  app arent t he p rov i s i on for such  
storag e wou l d  be  prudent , and one spare tank  shou l d  a l ways be  av a i l ab l e .  

CORROS I ON R ES I STAN CE  AND WASTE COMPOS ITION  

I t  is  a common eng ineer i ng s i tuat i on for a structure or  system to  be  
de s ig ned for one u se and , sooner or  l ater ,  be u s ed i n  a d ifferent way than 
i ntended . The waste storag e tan k s  are of th is  genre . The i r  des ig n  spec if i ca­
t i ons  were b roadened b eyond what m i ght be  c a l l ed a m i n imum des ign  p ack ag e ,  to 
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i nc l ude sev era l l i k e ly pos s i b i l i t i es ,  yet undef i ned .  The temperature req u i re­
ment of 350 °F  i s  an examp l e ;  th i s  s i tuat i on i s  an  upper bound of poss i b l e  
cond i t i ons i n  t he typ i ca l  t ank , e . g . if cert a i n  f i lm ev aporat i on methods  of 
wa ste con centrat i on are used at some future t ime . 

Thu s ,  deta i l ed i nform at i on on waste compos i t i on i s  uncerta i n ,  s i nce ' 
poss i b i l i t i es a l ways ex i st for a l terat i on or ad j u stment of the compos i t i on .  
Conseq uent ly ,  some corro s i on stud i e s  h ave b een conducted w ith so- ca l l ed g ene-
r i c  wastes ;  l oo k i ng for some unusua l l y de l eter i ou s  set of cond it i on s .  I n  the 
case of st ud i e s  b e ar i ng on poss i b l e  cathod i c  protect i on systems , substant i a l l y  
g reater effort s were app l i ed unt i l  a c l ear reso l ut i on seemed i n  hand . I t  
m i ght b e  e xpected , then , t h at as more deta i l s  about actua l  waste compos i t i ons  
wh i ch wi l l  be  p l aced i nto the  waste tan k s  b ecomes f i rm ,  more effort s wi l l  be 
e xpended i n  determ i n i ng if any unu s ua l ly agg re s s i v e  corros i on of s imu l ated 
tan k structure m ight  be generated w ith i n  any l i k e l y  excurs i on s  of chem i c a l  
v ar i at i on .  

CONCR ETE TANK 

A b r i ef exp l an at i on of why re i nforced concrete i s  se l ected as the con­
struc t i on med i um for underg rou nd storage  systems may be  usefu l .  Underg rou nd 
storag e  i s  a good cho i ce for reasons of secur ity and acc i dent , howev er ,  the 
cho i ce requ i res s ubst ant i a l des ig n  sk i l l s  to prov i de s u ccessfu l res i st ance to 
the so i l  press ure s on such l arge vesse l s .  The dome shape of the tank i s  v it a l  
to s ucce ssfu l perform ance of the structu re . By proper ly  s i z i ng and shap i ng the 
dome and the hau nch reg i on where the dome and wa l l s  jo i n ,  stab i l i ty of the 
system aga i n st norma l ly  conce i v ed l oad i ng pos s i b i l i t i es i s  assured , ev en though 
the re l at i ve proport i on s  of the dome span and dome th i ck ness  might mak e  it  
app e ar th i n  and f l imsy l ik e  an egg - s he l l .  

Structura l st ab i l i ty of the tan k  resu l ts from b a l anc i ng the dome shape and 
i ts th i ck ness  to su it  t he de s i red s p an d imen s i on s ,  then prov i d i ng ana l ogous  
st ab i l i ty of  the wa l l s  by su itab l e  s i z i ng . Th i s  s i z i ng procedure has  dev e l oped 
out of st ud i es on s u ch ( re l at i v e l y) th i n  struct u res , where it has b een l earned 
that ma int a i n i ng re l at i ve th i ck ness  of the components above some cr i t i ca l  v a l ue 
i s  nece ss ary to s u pp ress  g eneral  i n stab i l i t i es and subseq uent co l l apse .  Conse­
quent l y ,  the actu a l , computed stresses  in  the dome components - concrete and 
reb ar - do not reach p art i cu l ar l y  l arge v a l ues , b ecause of t he neces s i ty to 
k eep  the th i ck ness  we l l  ab ove cr it i ca l  buck l i ng rang e .  

Re i nforced concrete construct i on u t i l i z es t he stee l reb ar qu i te eff i ­
c ient l y ,  con s i der i ng that the amount of reb ar i s  just a fract i on of the amou nt 
of s ec t i onal  area at any g iv en l ocat i on .  I ntere st i ng ly  enoug h ,  even under re l ­
at ive ly  mode st l oad s , concrete , i tse l f ,  creeps  measurab l y .  Thu s ,  the reb ar ,  i n  
re inforced construct i on ,  tends to p i ck u p  l o ads  s hed by t h e  concrete .  
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Reb ar stre sses thereby i ncrease a lmost i nv erse ly  to the i r  percentage of 
content i n  a part i cu l ar sect i on ;  i n  effect , they become more heav i l y  work ed 
and hence t he system i s  qu i te eff i c i ent . The concrete carr ies  some of t he 
p r i nc i p a l  l oad i ng ,  but  its  more important structura l funct i on i s  to con ­
t i nuou s ly s u pport the reb ar so it  doesn ' t  b uck l e  and co l l apse , wh i ch wou l d  
occur  if the con crete were ab sent or removed . 

If  t he structura l  v au l t  were made ent i re l y  of stee l , i t  wou l d  st i l l  need 
to be a lmost as th i ck as the re i nforced concrete because of the bas i c  requ i re­
ment to ma i nta i n  th i ck ne ss above cr i t i ca l  d imen s i ons . Cost and fab r i cat i on 
d iff i cu l t i es assoc i ated w ith  such mass i v e  stee l work are not re ason ab l e  or cost­
eff ect ive comp ared w ith  concrete des ign . The actua l  re i nforced concrete v au l t  
con struc t i on i s  therefore prudent eng i neer i ng .  
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APP END I X C 

WASTE RETR I EVAL TECHNOLOGY 

Projec t i on s  on waste types and vo l umes requ i r i ng i nter im storage  in the 
13 doub l e- s he l l  tanks h ave been made through t he next decade . These projec­
t i ons  i nd i cate that the h igh - l eve l rad i oact i ve waste requ i r i ng such storage  
w i l l  con s i st of  approx imate ly  four m i l l i on g a l l ons of  l i qu i d  waste awa i t i ng 
convers i on to doub l e- she l l  s l urry;  e ight  m i l l i on g a l l ons  of doub l e- she l l  s l u rry 
( a  ge l at i nou s ,  cream of wheat- l i ke  water- so l ub l e  sem i - so l i d) ; and , depend i ng 
on future prog rams , app ro x imate ly  one mi l l i on g a l l ons  of s l udg e ( a  water­
i n so l ub l e  sem i - so l i d) . 

Remov a l  of these  rad ioact i ve wastes  from the one- m i l l i on g a l l on capac i ty 
doub l e- s he l l  tanks  may be requ i red at some future date . Th i s  remov al  may be  
for reasons of : a) a l eak i ng tan k ,  i n  wh i ch case  the  waste wou l d  probab ly  have  
to  be  removed w ith m i n imal i ncrease i n  v o l ume by d i l ut i on to  f ac i l i tate p l ac i ng 
it  i n  a spare tan k of equ a l  vo l ume , b) i nter im process i ng ,  i n  wh i ch case the 
waste cou l d  s u sta i n  m i n imal to moderate d i l ut i on but wou l d  u l t imately  be  re­
duced in v o l ume by ev aporat i on of its water content and then rep l aced in the 
tan k s ,  or c) fi na l  p roces s i ng ,  in wh i ch case the wastes cou l d  su st a i n  moderate 
to fu l l  d i l ut i on depend ing on the type of process i ng and t ime av a i l ab l e  to both 
carry it out and to v acate the tank s .  

The techno l ogy for hand l i ng and mov i ng l i q u i d s ,  s l urr i e s ,  and s l udges by 
pump and p i pe l i ne p redates t he con struct i on of rad i oact i ve mater i a l s  process i ng 
fac i l i t i es at H anford . I t  has  been  an ev o l v i ng techno l ogy , w ith  ex i st i ng equ i p ­
ment be i ng mod i f i ed and adapted to meet spec i f i c  requ i rements and app l i cat i ons  
b oth  here at Hanford and a l so at other nuc l ear waste fac i l i t i es around the  
wor l d .  The  spec i f i c  app l i cat i on of  th i s  techno l ogy to t he remov al  of rad i o­
act i ve wastes  from underg round tan k s ,  howev er , has and i s  be i ng done most not­
ab ly at H anford and S av annah R i ver .  A d i scuss i on of t he methods  of ret r i ev ing  
waste s  from doub l e- she l l  tan k s  shou l d  perhaps  be  d iv i ded i nto two categ or i es , 
name ly ,  extended - t erm and near- term retr i eva l  methods . Extended- term can b e  
de s cr ibed as schedu l ed ret r i ev a l  to be done i n  conj unct i on w i t h  i nter im or 
f i na l  p roce s s i ng of t he i n - tank wastes .  Of necess ity ,  s u ch a retr ieval  system 
wou l d  be a fu l ly- eng i neered system tak i ng i nto account Hanford parameters and 
wou l d  be t he res u l t  of an eng i neer i ng dev e l opment and test i ng prog ram .  Near­
term , on the other hand , can be des cr ibed as uns chedu l ed retr i ev a l  to be done 
in conj u nct i on w ith s ituat i ons s u ch as where a pr imary t ank has dev e l oped a 
l eak and the waste conta i ned i n  it must be moved to another tank . 

A hydrau l i c sy stem of s l u i c i ng and s l urry pump i ng i s  proposed for retr i ev ­
i ng doub l e- she l l  s l urry and s l udg e wastes from i n - tan k .  
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The f i rst task i n  th i s  operat i on i s  de p l oy i ng the necess ary equ i pment  over 
t he tan k s  and i nto t he waste to be retr i eved . Referr i ng to F i gure C . l ,  the  
pump i ng equ i pment wou l d  be  i nserted throug h a 42  i n .  d i a  r i ser l ocated i n  the  
top of  the tank  some 7 to  10  ft  be l ow g rade and t hen l owered , f i rst through a 
16 ft a i r  space above the waste surface , and then an add it i on a l  30 ft through 
t he wa ste to t he b ottom of the tank , approx imate l y ,  56 ft ov era l l be l ow g rade . 
Con nect i on s  to ex i st i ng underg round p i p i ng wou l d  be  made with i n  the 8 x 12  ft 
concrete pump p i t  s ituated on top of the concrete tank dome and extend i ng some 
7 ft be l ow grade . I n  the past , pump i ng equ i pment has been  s imp l y  suspended and 
l owered i nto the tanks  by m anua l ly operated cranes . However , because  t he 30 ft 
depth of waste that the equ i pment must penetrate may become qu ite conso l i dated , 
and becau se t he equ i pment may have  to 11work 11 i ts way down to t he bottom of the 
tan k at a contro l l ed rate over a l eng thy t ime per i od ,  a conceptua l  system a l ong 
t he l i nes of that s h own i n  F i gu re C . 2  is be i ng con s i dered . The sketch shows a 
mob i l e operat i on s  contro l room wh i ch can be p l aced by crane or dr iven  over  the 
t ank  pump p it .  A tower conta i n i ng t he s l u i c i ng/ pump i ng equ i pment wou l d  then 
be erected ( by crane or other mean s) and att ached to the top of the Operat i on s  
Contro l  Room . The tower cou l d  be  stab i l i z ed by g uy w i res extend i ng from t he 
top of the tower to earth anchors . The tower wou l d  a l so hou se the equ i pment 
for l ower i ng the s l u ic i ng/ pump i ng equ i pment i nto the t ank . I t  i s  fu l l y 

GRADE 

CONCRETE PUMP P I T  

FULL L I N E - 1  M I L L ION GALLONS 

;. ANNULAR SPACE 
:.: �tSECONOARY STEEL TANK 

R E I NFORCED CONCRETE SHELL 

l 
TANK N 5 6 '  

"" 30 '  

. .. 
, · · . . . · . ... . : · : . ·· .- :  .. · , ,  . · . . . . . . . . . .  . . . . . . . - . . .. . . . ... . . · ·. : . . . : .· . . .. . .  . . . · . . .. . ... ·.·� ': · . ·. � -=�: ;;.� 

I . ---------- 7 5 '  D I A-+---------------
""'· --'------------ 80 ' D I A--------------..; 

F I GUR E C . l .  Typ i ca l  Doub l e- She l l  Tank  Sect i on 
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GUY W I R E  TOWER STAB I L I ZERS 

PUMP DRIVE/ CONTROL MODULE 

P I P ING COLUMN-ROTATABLE 

,......---
TOWER-CRANE EMPLACED � OR SELF ERECTING 

OPERATION CONTROL ROOM 
ON MOB I LE PLATFORM 

F I GURE C . 2 .  Retr i ev a l  System - Equ i pment Set- up 

e xp ected that the Operat i ons  Contro l Room wou l d  not on l y  s erve to " p l umb " and 
operate the s l u i c i ng/ pump i ng equ i pment but wou l d  a l so have fu l l  fun ct i on a l  
capab i l ity for l im i t i ng personn e l  e xposu re ,  contam i nat i on contro l , and u t i l i z a­
t i on of aux i l i ary systems such as e l ectr i ca l  power , ste am ,  water , a i r  h and l i ng ,  
and mon i tor i ng of i n - tank cond i t i on s .  

Al l pumps ,  p i p i ng ,  shaft i ng ,  va l v i ng ,  contro l s ,  etc . , wou l d  b e  cont a i ned 
in  a p i p i ng co l umn wh i ch wou l d  be a cy l i ndr i ca l  cas i ng of a d i ameter ab l e  to 
pass throug h the 42 i n .  d i a  r i ser on the top of the tank . A l l port a l s for 
f l u i d  i ntake or d i scharge wou l d  be i ntern a l ly connected to and s l i ght ly  recess­
ed  i n  the cy l i ndr i ca l  cas i ng wa l l .  Th i s  wou l d  a l l ow the ent i re p i p i ng co l umn 
to be rotated ( by a proper dr ive system) around its  vert i ca l  ax i s  w ith  m i n imal  
impedance from the  waste i n  wh i ch it i s  s ubmerged . Th i s  may a l so a l l ow pre­
m at u re emp l acement or l eav i ng the s l u i c i ng/ pump i ng submerged for l eng thy 
per i od s  in a nonoperat i on a l  state with  m i n imal l i k e l i hood of its b e i ng "frozen 
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i n " by sa lt  cak i ng .  Furt hermore , the cy l i nd r i ca l  shape and cont a i ned " p l umb­
i ng "  mak e  t he un it  amenab l e  to f l u sh i ng and c l e an s i ng and thereby re l ocatab l e  
and reu sab l e  i n  another l ocat i on .  F i gure C . 3  s hows the p i p i ng co l umn be i ng 
l owered i nto t he wa ste . Th i s  wou l d  be  done w ith  h igh  p ressure j ets of steam 
heated hot water from an ou ts i de source . Once it  can be ascert a i ned that a 
suff i c i ent p oo l  of l i qu i d  ex i st s ,  the l ower s l u i cers cou l d  be act iv ated i n  con­
j unct i on with the s l urry pump to c i rcu l ate th i s  l i qu i d  poo l ,  ag itat i ng the 
waste , and ass i st i ng i n  submerg i ng t he p i p i ng co l umn . The u pper s l u i cers cou l d  
b e  act i vated once they become submerged . F ig u re C . 4  s hows the p i p i ng co l umn 
tota l ly submerg ed and the submerg ence j ets deact i v ated . Once th i s  cond it i on 
i s  re ached the system can be  p l umbed to externa l p i p i ng and pump down of the 
t ank  c an commence . It  is ant i c i pated t hat the s l u i cers can be i nd iv i du a l ly  
act i v ated and de act ivated and that they are capab l e  of  u s i ng extern a l l y sup­
p l i ed l iqu i d ,  rec i rcu l ated i n - tank  l i qu i d ,  or a comb i n at i on of t hese . Th i s  
wou l d  a l l ow h igh  d i l ut i on and pump out of the tank hee l .  For f i n a l  c l ean s i ng 
and scou r i ng , the t anks  wou l d  be f l ooded w ith a ser ies  of wash so l u t i on s  

UPPER SLUICERS 
ROTAT ING P I P !tlG COLUMN 

FILL L I NE 
PUMP INTAKE 

� �=====����==�:::: 
SLUR:::/ /;\ �\ 

LOWER SLUICERS 

H I GH PRESSURE 
SUBMERGENCE JETS 

• • • '  • • • · ,  • ,  ' ·  i ·  .. ·. ', : : ".•,  :-:. ; • • • • .  • • , .  •• '" ,. I • • • • - .  

F I GURE C . 3 .  Ret r i ev a l  System - Equ i pment Emp l acement 
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FILL L I NE 

. ·  

: . . . · . . • · .  

SLURR I E D  WASTE 

UPPER SLU I CERS 
----- -

- - - ----

c (  
c:__ 

LOWER SLUI CERS PUMP INTAKE 
/ 

. . . .. .  

F I GURE C . 4 .  Retr i ev a l  System - Equ i pment Operat i on a l  

t h rough t he p i p i ng co l umn , a s  env i s i on ed i n  F i gu re C . 5 .  The s l urry pump , run 
at reduced speed , wou l d  be used to k ee p  a res ervo i r  with i n  the p i p i ng co l umn 
f i l l ed w ith t he wash so l ut i on . Th i s  res erv o i r  of wash so l ut i on wou l d  be drawn 
upon by an on board h igh  press ure pump i ng system supp l y i ng the wash jets . These 
j ets cou l d  be  m anua l ly or automat i ca l ly deact i v ated e it her i nd iv i du a l l y  or i n  
g rou p s .  By s l i ght  pre s s ure var i at i on s  and rot at i on of the p i p i ng co l umn i t  i s  
conce ivab l e  t h at t he ent i re i nter i or surf ace of t he t ank cou l d  b e  scoured , 
was hed , and r i nsed . The s l urry pump wou l d  be u sed to pump out the bu l k  of th i s  
was h so l u t i on and t h en v acuum and other pump i ng means w i th i n  the p i p i ng co l umn 
cou l d  be u sed to reduce the l i qu i d  l ev e l  to w ith i n  a fract i on of an i nch of the 
b ottom . F i na l  dry i ng of t he tank  i nter i or ( and t he ent i re p i p i ng i nternal  to 
the p i p i ng co l umn if de s i red)  cou l d  be accomp l i shed by warm a i r  
c i rcul at i on .  
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. . _� : . . F I GUR E C . 5 .  Retr i ev a l  System - Tank C l ean s i ng Operat i on 

The retr i ev a l  system j u st de scr i bed i s  st i l l  i n  the conceptua l  stag e  and 
may u nderg o mod i f i cat i on .  The concept,  however , is a v a l i d  one and has as i ts  
b as i s  s i mi l ar equ i pment both  commer c i a l l y  av a i l ab l e  and under dev e l opment at 
S av annah R i ver.  

Commerc i a l l y  av a i l ab l e  equ i pment can be obta i ned from Marconaf l o of Oak ­
l and , C a l iforn i a . They m anufactu re two standard l i nes  of s l u i c i ng/ s l urry pump­
i ng un its with  s l urry pump i ng capac it i e s  rang i ng from 200 to 5000 g pm .  The 
un i t  con s i dered most adaptab l e  to H anford doub l e - s he l l  tanks is the i r  Ca i s son 
l i ne shown in F ig u re C . 6 . The i ntermed i ate p i p i ng and shaft i ng between pump 
and motor can be mod i f i ed as requ i red to mat ch t he depth of doub l e- s he l l  tank s .  
The pump i n  th i s  un it rema i n s  f i xed and s l u i c i ng i s  accomp l i s hed by osc i l l at i ng 
m arconaj et no zz l es .  Two j et nozz l es c an accomp l i sh  near l y  360° arc coverage 
and are cap ab l e  of s l u i c i ng out to 50 to 100 ft rad i a l  d i stance . The pumps 
norma l l y u sed by M arconafl o in t he i r  un i ts are H az l eton pumps manufactu red by 
Barrett , H aentj en s  and Co . of Haz l eton , Pennsyl v an i a .  The se pumps hav e  been 
u sed before at H anford in rad i oac t i ve waste s l udge  tran sfers . 

C- 6 



r------------------------- ---- --

• 

TO P SUCTIO N ,  I NTERMED IATE BEARING SHAFT P U M �' 
HEAD FRAME S U PPORT 

'--,,, 
S L U R RY 0 1,:•: H A R G E  

H P WATER L I N E  

M A R C O N A  J E T  NOZZLE 
-, 

F I GURE C . 6 .  Marconaf l o  Ca i sson Type S l u i c i ng/ S l urry 
Pump Un it  

Equ i pment under  dev e l opment at Sav an nah R iver i s  shown i n  F ig ures C . 7 , 
C . 8 ,  and C . 9 .  I t  con s i sts of a centr ifug a l  pump mounted i n  a p i p i ng co l umn . 
The pump i n  the co l umn itse lf doe s not d i s ch arge mater i a l from the tank . Its  
so l e  purp ose i s  to  s l u rry t he contents of  t he tank by rec i rcu l at i on . The d i s ­
ch arge from the pump e x i t s  through two nozz l es 180° ap art l ocated at the b ase 
of the p i p i ng co l umn . The pump , p i p i ng co l umn , and pump motor can be made to 
rotate on a turntab l e  mount i ng so that the ent i re tank contents can be s l u i ced 
and s l u rr i ed .  Th i s  system re l i es on a s econdary s l u rry pump in another tank  
r i ser to d is ch arge the  s l urr i ed waste from the  tan k . C l ean i ng of the  tank can 
be accomp l is hed w ith  a ser i es of wash so l u t i ons  i ntroduced by rotary spray noz ­
z l es l ocated i n  the upper port i on of the tank and ag itated by the rec i rcu l at i on 
s l u rry j ets . 
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Tonk R i ser 
- 1 611 Diameter  Cose Sec t ion 

3 2  .24 ft 

i* ___:D:::.:_i.::sc:.:_:h�or.:_g:_e �=======.i;;;;:;; ---- O i sch org e 
!\. 

Suc1 ion 

F I GURE C . 7 . Proposed Mount i ng of S l urryi ng Pump i n  Waste Tank  R i s er 
at S av an n ah R i v  er 

As ment i oned i n  Sect i on 3 . 1 . 4 . 2 ,  a mech an i c a l  retr i ev a l  system is another 
conceptua l  a l ern at iv e ;  but t he con cept has not yet been reduced to pract i ce for 
the retr i ev a l  of rad i oact i ve waste s  from tan k s . A conceptua l system des i g ned 
for mechn i ca l  retr i ev a l  of wastes from storag e  t anks  at H anford i s  s hown i n  
F i gu re C . 10 .  Such systems are h ig h l y  sens i t ive  to the s i ze ,  shape  and l ocat i on 
of t he open i ng s .  The system shown i s  des ig ned for a 42- i n .  open i ng .  
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22 inches 

F I GUR E C . 8  • D i s ch arge Nozz l e  of S l u rry i ng Pump 

• 
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F I G U R E  C . 9 .  T u r n t ab l e  and P i n i o n Dr i v e  f o r  S l u rry i ng Pump 
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TV CA"'ERA 
II LIGHTING 
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A Conceptual  Mechn i cal Waste Retr i ev a l  System 
Schemat i c  ( E l ev at i on V i ew) 

SOURCE : ERDA 77 - 44 
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AP PEND I X  D 

CONSTRUCT ION  AND PRO JECTED UTI L I ZATION  SCHEDULE  
FOR TH IRTEEN TANK S 
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APP END I X E 

MAJOR D I FFER ENCES BETWEEN SRP AND HANFORD TANKS 

The most recent tan k de s igns  at the S av annah R iver P l ant ( SRP) and at Han­
ford are s im i l ar in  pr i nc ipa l . Both des ig ns u t i l i ze a doub l e- she l l  concept to 
conta i n ,  coo l ,  and sh i e l d h igh - l ev e l  waste s .  The waste stored i n  the SRP tanks 
exh i b i ts h eat g enerat i on and rad i on uc l i de concentrat i on ch aracter i st i cs t h at 
are h igher than the H anford waste by a factor of f ifteen ( 1 5) . The i nherent 
d ifference i n  the waste requ i res d ifferent prov i s i ons  for heat remov a l . Pro­
cess i ng of Sav annah R iver waste doe s not i n c l ude a Ces i um or Stront i um remov al  
step as  does  H anford waste i ntended for  storag e  i n  t he doub l e - s he l l tan k s .  
These  isotopes hav e contr ibute s i g n if i cant l y  to the h igh  heat generat i on rate . 
Wastes at b oth  p l ants are evaporated to ach i ev e  a v o l ume reduct i on .  

D iff erences i n  the env i ronment between Hanford and SRP Tanks  ex i st but do 
not contr i bu te to n otab l e  d i fferences i n  des ig n .  The SRP Tanks  are l ocated i n  
a wet c l imate with a sha l l ow g roundwater l eve l . Hanford tan k s  are s i tuated i n  
a dry c l im ate w ith  g roundwater l ev e l s i n  excess of 1 50 f t  be l ow t he tank s .  

A s u!1111 ary of the ch aracter ist i cs of each des i g n  i s  i n c l uded i n  Tab l e  E . 1 .  

E . l  TANK STRUCTUR E 

The bas i c  tan k structures of SRP and H anford tan k s  are s im i l ar i n  concept ; 
b oth t an k s  i nc l u de a cy l i ndr i ca l  pr im ary t ank conta i ned w ith i n  a secondary 
l i ner enc l os ed i n  concrete .  The SRP Tan k s  emp l oy a concrete center post to 
s u pp ort t he fl at roof as s hown i n  F i gu re E . 1 .  The H anford Tanks  ut i l i ze a 
se l f - supp ort i ng dome shaped roof . Both des igns  emp l oy a g r i dwork of s l ots i n  
t he i nsu l at i ng concrete and t he b ase concrete to remove l eak age from t he pr i ­
mary and second ary tan k s . Coo l i ng a i r  i s  routed through the s l ots i n  the i nsu ­
l at i ng concrete and up  through t he annu l u s  to  remove heat . 

Des i g n  of SRP Tan k s  was based on ASME Sec . V I I I ,  D iv i s i on I ,  wh i l e  Hanford 
Tanks  were des ig n ed i n  accordance w ith  D iv i s i on I I . Both des ig ns i nc l u ded 
stress  re l i ev i ng the pr im ary tank after fab r i cat i on .  Near l y  i dent i ca l  non ­
destr uct ive  test i ng p rocedu res were u s ed to v er ify i nteg r i ty .  

The SRP Tan k s  do not requ i re earthcover for sh i e l d i ng .  A 48- i n .  th i ck ,  
fl at, concrete roof p rov i des adequ ate sh i e l d ing . H anford t an k s  u t i l i z e  l ess  
concrete th i ck ness  i n  the  dome but are bur i ed beneat h  a m i n imum of  6 . 5  ft  of 
e arth cov er . 
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TABLE  E . 1 .  Summ ary of Tank De s i g n  Ch aracter i st i cs  

E l ement 

Vo l ume ( wor k i ng )  
Des ign  
Des i g n  L if e  

Heat g enerat i on 
Rate , max imum 

des ign  v a l ue 
Heat remov a l  rate , 
max imum 

E arth Cov er 

Roof type 

L iv e  Load 

Stee l Type 

Y i e l d  Streng th 

Spec if i c  g rav ity 
of Waste , Max . 

Annu l u s  A i r  F l ow 

Max Pr im ary Tank  
Sk i n  temperature 

Water- coo l ed co i l s  
i ntake  

E . 2  V ENTI LATION 

Hanford 

1 x 106 g a  1 
ASME Sec .  V I I I , D iv .  2 
50 years 

50 , 000 Btu/hr 

100 , 000 Btu/hr  

6 . 5  f eet m i n imum 

Se lf- support i ng dome 

40 psf p l u s  
50 ton s concentrated 

ASTM A- 537 , C l ass I 
Carbon Stee l 
50 , 000 p s i  

2 . 0  

800 cfm 

200 °F  

None 

SRP 

1 . 3  x 106 g a l  
ASME Sec . V I I I ,  D i v .  
40 to 60 years 

3 , 000 , 000 Btu/ hr 

6 , 000 , 000 Btu/ hr  

None  

F l at w ith  support i ng 
center co l umn 

275 psf 

ASTM A- 537 C l ass I 
Carbon Stee l 
50 , 000 ps i 

1 . 8  

8 , 000 cfm 

39 1°F 

4 to 6 m i l es p i pe 
per tan k  

1 } 

The h igher he at generat i on i n  SRP Tanks  requ i re s  spec i a l  prov 1 s 1 on s  for 
coo l i ng .  The SRP T anks  cont a i n  coo l i ng co i l s  capab l e  of remov ing  up to 600 , 000 
Btu/ hr each . W ith  the vent i l at i on a i rfl ow each SRP Tan k i s  des i g ned to remov e 
6 m i l l i on Btu/ hr .  Th is  comp ares to a heat remov al rate of 100 , 000 Btu/ hr for 
H anford Tan k s .  Annu l u s  vent i l at i on fl ow rates are 8 , 000 cfm for SRP Tanks  and 
800 cfm for H anford T an k s .  The d ifference i n  coo l i ng cap ac ity ref l ect the d if­
ferent heat generat i on rates of the wastes  stored in the tanks . Water routed 
through the coo l i ng co i l s  of the SRP T anks  poses an extra potent i a l for con- � 
tami nat i on spre ad v i a l eak ag e  throug h p i p i ng i n  the tanks . 

• 
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E . 3  COOL ING  METHODS 

Coo l i ng co i l s ( a) are i nsta l l ed in three  types of tan k s  at Sav an n ah 
R iv er .  These t anks  are des ig nated Types I ,  I I ,  and I I I .  Type I t anks  are the  
or ig i na l  storage tan k s  con structed du r i ng 195 1 - 1953 . Each  tank ho l d s  720 , 000 g a l , 
i s  75  ft i n  d i ameter and 24- 1/ 2  ft h i g h .  The pr imary tank i s  s et i n  a c i rcu l ar C 
pan of 1/ 2 - i n .  stee l p l ate , 5 ft deep and 5 ft l arger i n  d i ameter than the pr i -
m ary t ank . A 3- i n .  l ayer of g rout sep arates t he pr imary t ank and t h e  pan . The 
tan k and pan assemb l y  i s  surrounded by a cy l i ndr i ca l  re i nforced concrete enc l o-
s u re w ith  a f l at concrete roof and fou ndat i on s l ab .  There are 36 p ar a l l e l  
coo l i ng co i l s  i n  Type I tank s .  

Typ e I I  tan k s  at Sav an n ah R iv er were con structed dur i ng 195 5 - 1956 . Each 
pr im ary t ank  ho l ds 1 , 070 , 000 g a l , i s  85 ft in d i ameter and 27 ft h i g h . The 
p r imary tan k s i ts in a c i rcu l ar pan s i m i l ar to the Type I tank , except that a 
1 - i n .  l ayer of s and rep l aces t he 3 i n .  of g rout . The pr im ary t ank and p an are 
a l so surrounded by a re i nforced concrete enc l osure . Coo l i ng is prov i ded by 44 
p ara l l e l  coo l i ng co i l s .  

The tank s  con structed most recent ly  ( 1962 to pre sent) at Sav ann ah R i v er 
are des ig nated as Type I I I . E ach pr imary t ank ho l ds 1 , 300 , 000 g a l , i s  85 ft 
i n  d i ameter and 33 ft h igh . The pr imary tank s i ts on a 6 - i n .  bed of i nsu l at i ng 
concrete w ith i n  a s econdary conta i nment vesse l . The concrete b ed i s  g roov ed 
rad i a l l y  so that vent i l at i ng a i r  can f l ow under the pr imary tank . The l i qu i d  
wa ste and s l udge i n  some Type I I I  tanks  i s  coo l ed by means of the rep l aceab l e  
coo l i ng co i l  bund l es .  The rem a i nder of the Type I I I  tanks  hav e  the permanent ly  
i n st a l l ed coo l i ng co i l s  s im i l ar to  t hose i n  Type I and  Type I I  t ank s .  I n  
Type I I I  tan k s ,  the tot a l  heat remov a l  capab i l i ty for e ither coo l i ng co i l s  
des i g n  i s  6 , 000 , 000 Bt u/ hr ( ERDA- 1 5 37 ) . 

At Han ford , the 241 - AW and 241 - AN tan k s ,  author i zed for construc t i on dur­
i ng 1 976 and 1978,  h av e  some des i g n  s im i l ar ity w ith  the  Type I I I  t anks  at 
Sav an n ah R iver i n  that the Hanford tan k s  cont a i n  a p r imary tank s i tt i ng on an 
8- i n .  b ed of i nsu l at i ng concrete w ith i n  a s econdary cont a i nment v esse l . The 
i ns u l at i on concrete has s l ots cut in it to a l l ow for f l ow of v ent i l at i ng a i r  
u nder t he pr im ary t ank . The amou nt of vent i l at i ng a i r  i n  t he annu l us i s  800 
standard cub i c  feet per mi nute ( SCFM) . Accord i ng to des i g n , th i s  a i r  c i rcu ­
l ates un iform ly around t he t ank , thereby p rov i d i ng hect remov a l . The a i r  coo l ­
i ng system ( con s i st i ng of the annu l us coo l i ng and i n- tank  vent i l at i on) i s  
des ig ned to remove  100 , 000 Btu/hr , wh i l e  t he typ i ca l  heat generat i on i s  
50 , 000 Btu/hr , thu s prov i d i ng an acceptab l e  reserve capac ity. 

( a) These  co i l s  are con structed of 2 - i n .  schedu l e  40 carbon stee l p i pe . Two 
types of co i l s  are u s ed : h or iz ont a l  co i l s  mou nted permanent l y  at the  
bottom of the  waste tan k s ,  and  vert i ca l  co i l s  permanent l y  mounted a l l 
across the tank i ns i de .  A l so ,  remov ab l e  v ert i ca l  co i l s  are emp l oyed i n  • some tan k s .  
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The de s ign  heat g enerat i on rate for the 241 - AW and 241 - AN tan k s  i s  
100 ,000 Btu/ hr with a tan k capac ity of 1 , 000 , 000 g a l . Typ i ca l  heat generat i on 
rate for t he H anf ord doub l e  s he l l  s l urry i s  ab out 0 . 05 Btu/ hr/ g a l  or 
50 ,000 Btu/ hr for each fu l l  tank . 

E . 4  LEAK D ETECTION 

Bot h SRP and Hanford Tan k s  have  s i m i l ar l eak detect i on prov 1 s 1 on s  wh i ch 
a l arm i n  a m anned f ac i l ity. I n  add i t i on ,  automated l iqu i d  l ev e l  g auges prov i de 
sup p l ementary dat a on the l os s  of l i qu i d  from the pr imary tank . Both de s i g n s  
i nc l ude sump s  to co l l ect l iqu i d  from the s l ots i n  the b ase  concrete ( secondary 
l i ner l eak age )  . 
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Rockwell Hanford Operations 
Energy Systems Group 

P . O .  Box 800 
Richland,  WA 99352 

December 7 ,  1 979  

Mr . K.  S .  Murthy 
Batte l l e  Memori a l  I nst i tute 
Packfi c Northwest Laboratory 
Ri ch l and , Wash i ngton 99352  

Dear Mr . Murthy : 

Rockwell 
International 
I n  Rep l y ,  Refer to Ltr . R79- 3043-Re� 1 

CHARACTERIZAT ION OF FUTURE \�ASTE TO BE  STORED I N  AW AND AN TAN K FARMS 

As requested at the meet i ng  hel d on October 1 6 , 1 979 , at Paci fi c  
Northwest Laboratory ( PNL ) between Rockwe l l  Hanford Operat i ons and 
PNL personnel , s ubmi tted herewi th i s  the i nformati on regard i ng the 
characteri zati on of current and fu ture AN and AW waste materi a l . The 
requested data i s  presented i n  e i ght  tab l es ( attached ) : 

Ex i st i ng \·Jaste 

Tab l e l a  - Doub l e-She l l S l urry ( DSS ) Chem i ca l  Compos i t i on 
I nventory After P roces s i ng Current L i qu i d  Waste 

Tab l e l b  - Comp l exant Concentrate Chem i cal  I nventory 

Future Was te* 

Tab l e  2 - Futu re Purex I nvento ry After DSS P roc ess i ng 

Future P u rex  By-Waste Type 

Tab l e  3 
Tab l e  4 
Tab l e  5 
Tab l e 6 
Tab l e 7 
Tab l e  8 

- C l ad d i ng S l u dge  
H i gh-Level  Sa l t  ( DSS ) 
H i gh - Level  S l u dge 
C l add i ng Was te Sa l t ( DSS ) 
Comp l exant Concentrate 
Tota l Act i v i ty ( Curi es ) for Al l Was te 
Exi s t i ng p l us  Futu re I n  Doub l e-Shel l Tank Was tes 
( Note : Wou l d i nc l ude 1 0 1 - SY , 1 03-SY ) 

The phys i ca l  properti es of doub l e - she l l s l u rry ( DSS ) are not abso l utel y 
defi ned . The characteri s t i cs w i l l  vary w i th compos i t i on ,  percent  so l i ds ,  
total organ i c  carbon ( TOC ) and temperatu re . On l y  one doubl e-she l l s l u rry 
run has been pe rformed to date ( Apri l 1 977 ) . Approx imately 274 , 000 ga l l ons 
of DSS were produced from 36 5 , 000 ga l l ons of Hanford defens e res i dual  
l i quor ( HDRL ) . Th i s  materi a l  i s  now stored i n  Tan k  1 0 1 - SY .  

*Approx i mate l y  1 . 2 m i l l i on ga l l ons of custome r waste DSS w i l l  be 
s tored . I ts mo l ari ty range can be as sumed to be that as shown i n  Tab l e l a .  
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Mr . K. S .  Murthy 
Page 2 
December 7 ,  1 9 79 

Do ub l e-she l l s l u rry i s  a t h i xotrop i c  mi xtu re of fi n e  so l i ds sus pended i n  
a v i scous l i q u i d  med i um .  The evaporator operat i on l im i ts the m i x ture to 
a spec i fi c  g rav i ty ( SpG )  of 1 . 5 to 1 . 7 ,  a max imum v i scos i ty of 500 cp  
and , at mos t ,  30 percent so l i ds by  vo l ume . I n  actua l i ty ,  the  500 cp  
v i s cos i ty l im i ta t i o n  i s  rare l y  approached . The  so l i ds exper i ence 
extremel y  l ong s ett l i ng t imes . The su spended so l i ds are pr imar i l y  
sod i um n i trate w i th m i nor quanti t i es o f  sod i um carbonate , sod i um a l um i ­
nate , and sod i um n i trate .  The  so l i ds are a l most  tota l l y  so l u b l e u pon 
d i s so l u t i on . 

The DSS feed and compl exant concen trate are nearly tota l l i qu i d .  These 
materi a l s ,  i n  mos t  cases , are l i qu i ds satu rated w i th sa l ts and  range i n  
SpG from 1 . 40 to 1 . 50 .  The v i s cos i ty of these l i qu i ds i s  approx i ma te l y 
60 cp  or  l es s .  

The s l udge  to b e  conta i ned i n  these dou b l e-she l l tanks i s  most ly  hydra ted 
meta l ox i des and meta l hydrox i des . The ma ter i a l  i s  wet prec i p i tated 
so l i ds tha t  have a S pG of approx i matel y 2 . 0  or  l es s . 

The mater i a l to be stored i n  the 241 -AN and  241 -AW tan k  farms i s  e i ther 
pumpab l e or s l u i c eab l e .  I n  the foreseea b l e fu tu re ,  no nonretr i eva b l e 
mater i a l s ( v i a  pump i ng ,  s l u i c i ng )  w i l l  be stored i n  these tan ks . Some 
sol i ds settl i ng may occu r  i n  the DSS ma ter i al , produc i ng m i nor quan t i t i es 
of sal t ca ke . Th i s  ma teri a l  shou l d  be remova bl e by sl u i c i ng . 

I t  needs to be i mpressed  that there i s  some degree of uncerta i nty i n  the 
subm i tted i nforma t i o n .  Th i s  data i s ,  however , the best  ava i l ab l e  to date . 

RCR/LDV/J FA/ eo 

Att . ( 8 ) 
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l TABLE l a .  Doub l e  She l l S l urry Chem i cal  Compo s i t i on 
( Ex i s t i ng)  

Chem i c a l  Mo 1 ar i t,l:'. Lb s .  

NaOH 3 . 3  - 7 . 3  8 . 3  x 106 - 1 . 8  x 107 

NaAl 02 2 . 3  4 . 3  1 .  2 x 107 - 1 . 1  x 107 

NaN03 3 . 6 4 . 0  1 .  9 x 107 - 2 . 1  x 10 7 

NaN02 2 . 9 4 . 5 1 .  3 x 107 - 1 .  9 x 107 

Na2 C03 0 . 13 0 . 27 8 . 4  x 105 - 1 . 8  x 10 6 

Na3P04 0 . 13 1 . 5  x 10 6 

Na2 S04 0 . 05 5 . 2  x 105 

TOC ( g/ l )  7 - 17 4 . 4  x 105 - 1 . 1  x 106 

TABLE l b .  Concentrated Comp l ex ant 
( Ex i s t i n g  - Not DSS) 

Chem i c a l  Mo l ar i t,l:'. Lb s .  

NaOH 0 . 61 - 1 .  83 4 . 5  x 105 - 1 . 4  x 106 

NaAl 02 0 . 07 0 . 21 1 . 1 x 105 - 3 . 2  x 105 

NaN03 2 . 17 6 . 50 3 . 4  x 106 - 1 . 0  x 107 

NaN02 0 . 2 1  0 . 63 2 . 6  x 105 - 7 . 9  x 105 

Na2 C03 0 . 38 0 . 14 7 . 4  x 105 - 2 . 2  x 106 

Na3P04 0 . 00 5  0 . 14 1 . 5  x 104 - 4 . 5 x 104 

TOC ( g/ l )  87 - 120 1. 6 x 106 - 2 . 2  x 106 

• 

.. 
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TABL E  2 .  

Chem i cal  

Proces s  Add i t  i v  es  

NaN03 
NaN02 
NaF 

NaOH 

NaAl 02 
Na20  3 
Na2 S04 
Na3 P04 
KF 

KOH 

Fe ( OH) 3 
Zr02 · 2 H20 
Or gan i c  Carbon 

H2o 

Chem i cal  Compos i t i on of Future Purex Waste 

Tot al  Waste Tot al Waste 
( Lbs . )  Chem i c a l  

Fi s s i on Products 
( Lbs . )  

and Act i n i de s  

8 . 48 E+6 Rb 4 . 50 E+2 

6 . 00 E+4 y 6 . 00 E+2 
2 . 98 E+6 Zr 4 . 30 E+3 

1 . 15 E+6 Mo 3 . 60 E+3 

6 . 6  E+5 Tc 9 . 30 E+2 

1 . 14 E+6 Ru 1 . 90 E+3 

1 . 10 E+6 Rh 5 . 60 E+2 

1 . 00 E+4 Pd 6 . 00 E+2 
4 . 50 E+5 Te 4 . 00 E+2 

7 . 50 E+5 I 1 . 80 E+2 

1 . 00 E+5 Cs 1 . 10 E+2 

1 .  6 1  E+6 Ba 1 .  80 E+3 
5 . 50 E+5 La  1 . 40 E+3 

2 . 30 E+7 Ce 2 . 60 E+3 
Pr 1 . 20 E+3 

Nd 4 . 40 E+3 

Sm 8 . 80 E+3 

u 2 . 50 E+4 

Pu  1 .  20 E+2 

The s um of Ge , As , 
Se , Br , Sr , Nb , Ag , 
Cd , I n , Sn , Sb , Pm , 4 . 90 E+2 
E u ,  Gd , Tb , 14 c , 
Co , Am 

Tot a l  ( Lbs . )  4 . 2 1 E+7 

• 
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TABL E 3 .  Z i rcon i um C l add i n g  Waste S l udge Est imate s 
( F�ure Pure x) 

Vo l ume ( 106� Mass ( 106 l b s . ) 

ZCW S l udge 2 . 04 20 . 5  

Chem i ca l  We i ght % Mass ( 106 l bs . )  

Zr02 
. 2H20 7 . 8  1 .  6 1  

H2o 73 . 7  15  . 1 1 
NaF 10 . 0  2 . 06 

NaN03 0 . 5  0 . 1 1 
NaOH 3 . 3  0 . 68 

KF 1 . 6  0 . 32 

KOH 2 . 6  0 . 53 

Na2 C03 0 . 3  0 . 07 
Tot al 99 . 8  20 . 49 

TABLE  4 . Neutra l i zed H i gh Lev e l  Waste Sal t Est imates 
( Future Purex)  

NHW Sa l t  

Chem i ca l  

NaN03 
H2 o 
NaOH 

NaAl 02 
Na2 C03 
Na2 S04 
NaF 

Tot a l  

Vo l ume ( 106� Mass ( 106 l bs . )  

0 . 88 12 

We i ght % Mass ( 106 l bs . ) 

55 . 4  6 . 61 
30 . 0  3 . 58 

I n c l uded w i th NaN03 
5 . 0  0 . 59 

5 . 3  0 . 63 

4 . 0  0 . 45 
0 . 6  0 . 07 -- --

100 . 3  11 . 9  
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TABL E 5 .  Neutra l iz ed H i gh Lev e l  Waste S l udge Est imate s t, 
( Future Purex) 

Vo l ume ( 106� Mass ( 106 l b s . ) • 
NHW S l udge 0 . 02 0 . 3  

Chem i ca l  We i ght % Mas s ( 106 1 bs . )  

FeO ( OH) 30 . 6  0 . 084 

H2o 42 . 0  0 . 1 15 
F i s s i on Product 

Ox i de s  27 . 4  0 . 075  
Total  100 . 0  0 . 274 

TABLE  6 .  Z i rcon i um C l ad d i n g  Waste/Organ i c  Wash Waste Sa l ts Est i mates 
( Futu re Purex) 

Vo l ume ( 106� Mass ( 106 l b s . )  

ZCW/OWW Sa l ts 0 . 2  2 . 4  

Chem i ca l  We i ght % Mass {106 1 b s . ) 

NaF 35 . 3  0 . 853 

NaN03 2 . 0  0 . 047 
NaOH 1 1 . 8  0 . 284 

KF  5 . 5  0 . 133 

KOH 9 . 2 0 . 221  

Na2 C03 1 . 2  0 . 02 9  
H2 o 35 . 0  0 . 846 -- --

Total  100 . 0  2 . 413 

• 
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TABLE 7 .  

Concentrated 
Comp 1 ex ant 

Comp o s i t i on 
waste based 

Chem i ca l  

Na2S04 
NaAl 02 
Na2 C03 
NaN02 
NaN03 
Na3P04 
T ORG C 

Na OH 

H2o 
Total  

Concentrated Comp l ex ant Est imates 

( Future Purex) 

Vo l ume ( 106� Mass ( 106 l bs . ) 

0 . 60 7 . 0  

of concentrated comp l ex ant ,  future Purex 
on Samp l es from 102 AZ 

We ight % Mass ( 106 l bs . ) 

8 . 6  0 . 60 

. 80 0 . 06 

5 . 7  0 . 40 

2 . 1 0 . 1 5  

26 . 5  1 .  84 

0 . 1  0 . 007 
7 . 2  0 . 50 

3 . 5  0 . 24 

45 . 5  3 . 1 6 
99 . 9  6 . 96 
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TABLE  8 .  Ex i st i n g P l us Fut ure Inventor i e s  of Major F i s s i on Products , 
Act i v at i on Products , and Act i n i des  i n  Hanford H i gh - Lev e l  
Waste Decayed to 1991  

CUR I ES 

Doub l e - She l l Tanks  

Sa l t ,  Con centrated 
Comp l ex ant ,  Do ub l e - She l l 

Rad ionuc l i de S l udge l S l urry 

3H * 1 . 8  x 104 
14 c * 9 . 6  x 102 
5 9 N i  1 . 3  x 10 1 * 

60 co 4 . 1 x 104 * 

63 N i  9 . 1  x 103 * 

79 se 3 . 9  x 101 7 . 3  x 102 
89 sr 2 . 2  x 10 3 1 . 1  x 10 2 
90 sr 1 .  3 x 106 6 . 8  x 105 
90 y 1 . 3 x 106 6 . 8  x 105 
9 l y 1 .  7 x 105 * 

93 zr 1 . 6  x 103 * 
93mNb 8 . 0  x 10 1 * 

95 zr 3 . 7  x 105 * 
95 Nb 7 . 8  x 105 * 
95mNb 7 . 8  x 10 3 * 
99 Tc * 3 . 8  x 104 

103Ru 2 . 7  x 103 2 . 7  x 103 
103mRh 2 . 7  x 103 2 . 7  x 103 
106Ru 3 . 5 x 106 3 . 5 x 106 
106 Rh 3 . 5 x 106 3 . 5  x 106 
107 pd 2 . 2  x 10 1 * 
llO Ag 3 . 2  x 103 * 

llOmAg 2 . 5 x 104 * 
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TABLE 8 . ( contd ) 
• 

Sal t ,  Concentrated 
Comp l ex ant ,  Doub l e - She l l 

Rad i onuc l i de S l udgel S l urr� 

113mcd 3 . 1 x 103 * 

115mcd 3 . 2  x 100 * 

119msn 3 . 4  x 102 1 . 4  x 103 

12lmsn 1 .  2 x 101 1 .  2 x 102 

123 sn 2 . 8  x 103 1 . 1  x 104 

124 sb 2 . 6  x 10 - l  1 . 0  x 100 

125 sb 1 .  2 x 105 4 . 7  x 106 

125mre 4 . 7 x 104 1 .  9 x 105 

12 6sn 3 . 8  x 100 6 . 3  x 101 

126 sb 3 . 7  x 100 6 . 2  x 10 1 

126msb 3 . 8 x 100 6 . 3  x 101 

127re 4 . 0  x 103 1 .  6 x 104 

127re 4 . 0  x 103 1 . 6  x 104 

127re 4 . 0  x 103 1 . 6  x 104 

129 1 * 5 . 9  x 10 1 

129re 7 . 3  x 100 2 . 9 x 101 

12 9rc 1 . 1 x 100 4 . 5  x 10 1 

134 c5 5 . 7  x 103 2 . 6  x 104 

135 c5 1 . 4  z 100 1 . 3  x 102 
137 c5 2 . 7  x 105 1 . 5  x 107 

137msa 2 . 6  x 10 5 1 . 4  x 107 
14l ce 9 . 6  x 102 * 

144 ce 2 . 7  x 107 * 

144 pr 2 . 7  x 107 * 

147 pm 2 . 8  x 107 * 

148 pm 1 . 8  x 101 * 

148mpm 2 . 3  x 102 * 

• 
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TABLE 8 .  ( contd ) 

Sa l t ,  Concentrated 
Comp l ex an t ,  Doub l e- She l l 

Rad ionuc  1 i de S l udge l S l urry 

15l sm 1 . 4  x 105 * 
152 Eu 8 . 3  x 102 * 

153Gd 2 . 2  x 10 1 * 

154 Eu 2 . 1 x 105 * 

155 Eu 1 . 1 x 105 * 

160 Tb 7 . 3  x 100 * 

2l pb - - - - - - - - - * 

212 s ; - - - - - - - - - * 

212 po - - - - - - - - - * 

216 p0 - - - - - - - - - * 

220 Rn - - - - - - - - - * 

224 Ra - - - - - - - - - * 

228rh - - - - - - - - - * 

23l rh 1 . 8  x 10 - l  * 

232 rh - - - - - - - - - - * 

234rh 3 . 8 x 100 * 

233 pa 2 . 8  x 10 1 * 
234mpa 3 . 8  x 100 * 

232 u - - - - - - - - - * 
233 u - - - - - - - - - * 

234 u - - - - - - - - - * 

235 u - - - - - - - - - * 

237 u 4 . 0  x 100 * 

238u 3 . 8 x 100 * 

237 Np 2 . 8  x 10 1 
239Np 6 . 9 x 102 * 

238pu 4 . 5  x 10 2 * • 
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TABLE  8 . ( contd)  

Sa l t ,  Concentrated 

Rad i onuc l i de S l udgel 
Comp l exant,  Doub l e- She l l  

S l urr� 

239 pu 2 . 8 x 103 * 

240 pu 1 . 4  x 103 * 

241 Pu 1 . 6  x 105 * 

242 pu 5 . 0  x 10- l  * 

241Am 1 .  3 x 105 * 

242mAm 1 . 0  x 103 * 

242 Am 1 . 0  x 103 * 

243 Am 6 . 9  x 102 * 

242cm 8 . 4  x 102 * 

243 cm 9 . 0  x 102 * 

244 cm 1 . 4  x 104 * 

245 cm 1 . 2  x 100 * 

( 1 )  Der i ved from future waste on l y .  ( Major i ty of rad i onuc l i des  expected to 
be conta i ned i n  h i gh l eve l  s l udge , a sma l l v o l ume fract i on of future 
s l udge . ) 
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March 1 9 ,  1975 

Mr . E .  L .  Moore 
Research Eng i neer i n g  D i v i s i on 
ARHCO 
27 1 - T  B l dg . , 200 West Are a 

De ar Erne st ,  

COPY 

Corro s i on of M i l d  Stee l i n  Term i na l  L iquor S l urry 

Ref : Letter ,  W . P .  Metz to E . L .  Moore , " Corros i on Rates 
for Termi na l  L i quor "Mu s h "  Products , "  
December 31 , 1 974 

Corros i on te sts were made to determ i ne the corros i on rate of m i l d  stee l 
i n  termi nal  l iquor as a funct i on of temperature and compos i t i on . The 
s l urry compos i t i on s  used are g i ven i n  Tab l e  I .  

TABLE I 

Compos i t i on of Test Term i n a l  L iquor S l urr i es 

Const i tuent S l u rrl'. No . I 
Mo 1 ar i tl'.( 1 ) 

S l urrl'. No . IT S l urrl'. No . I I I 

Na OH 8 12 12 

NaAl 02 3 3 3 
NaN03 4 4 4 
NaN02 3 3 3 
Na2 C03 0 . 2  
Na3P04 0 . 2  

Note : 
( l ) Mo l es / 1  of s l urry at 2 5 ° C  

Te st temperature s  were 25 , 50 , and 95°C ; Tef l on was used a s  the conta i nment 
mate r i a l  in a l l case s .  Spec i mens  con s i sted of coupons for we i ght l os s  
meas u rements and for observ at i on o f  p i tt i ng o r  other l oca l i zed att ack , 
crev i ce spec imen s ( Tef l on l oop around a coupon ) to determ i ne the potent i a l 
for crev i ce att ack and notched C - r i ngs  to determ i ne the propen s i ty for stre ss  
corros i on crack i ng .  The corros i on coupon s were prep ared from m i l d  stee l 
p l ate ( ASTM A- 201 ) . The p l ate was heated to 1 100° C  for 0 . 5 hr  and fu rn ace 
coo l ed pr i or to u se .  The C- r i ngs  were prepared from sect i on s  of 1 1/4 " 
Schedu l e  80 p i pe ( ASTM A- 105)  and were i n  the m i l l  annea l ed cond i t i on .  The 
spec imens were ev a l u ated after two months  expos ure . No crev i ce attack of 
stress  corros i on crack i ng was observed i n  any case . Ev i dence of i nc i p i ent 
p i tt i ng was observed on spec imen s exposed to S l urr i es No . I I  and I I I  at 
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Mr . E .  L .  Moore 
Page 2 . 
March 19 , 1975 

50 and 9 5 ° C .  A l on ger expos ure wi l l  b e  req u i red t o  determi ned the s i gn i f i ­
cance of th i s  observat i on .  Corro s i on rate s as determi ned by we i ght l os s  
measurements are g i ven i n  Tab l e  I I .  Corros i on coupons were exposed at the 
l i q u i d - v ap or i nterf ace ( about two- th i rd s  of the area in l i q u i d  phase)  and i n  
the s l urry ph ase . 

Tab l e  I I  

Corros i on Rates of M i l d  Stee l i n  Term i n a l L iquor S l urry 

Corros i on Rate , m i l s/ye ar 
2 5 ° C  50 °C  95°C  

I .  F .  S l urr� I .  F .  S l urr� I .  F .  S l urr� 

S l urry No.  I 0 . 01 0 . 04 0 . 01 0 . 03 0 . 52 0 . 19 

S l urry No . I I  0 . 62 0 . 98 5 . 5  5 . 8  2 . 6  0 . 92 

S l urry No .  I I I  0 . 74 1 . 4  4 . 6  8 . 3  1 .  5 0 . 38 

Perferent i al att ack at the l iq u i d - v apor i nterface was not observed i n  case . 
The corro s i on p roduct coat i ng appears to be more p rotect ive at 95 ° C  than at 
50 °C i n  the case of S l urr i e s  No . I I  and I I I .  Th i s  effect was prev i o u s l y  
observed i n  e xposure s  o f  m i l d  steel to " st andard " so l i d i f i ed waste .  Al though 
S l urry No.  I i s  apprec i ab l y  l ess  corros i ve than the other two compos i t i on s ,  
corro s i on was not severe i n  any case . The exposures are be i ng con t i n ued , 
pr imar i l y  to eva l uate p i tt i ng i nten s i ty .  

Exposures were al so made to determ i ne the  corro s i on wh i ch a 304L ev aporator 
operat i ng at atmospher i c  pre s s ure mi ght exper i ence wh i l e produc i ng term i n a l  
l i quor .  Sen s i t ized  304L coup ons and notched C- r i ngs  were exposed to  bo i l i n g  
termi na l  l i quor compos i t i on s  as used i n  the te sts w i th m i l d  stee l  spec i men s .  
The res u l ts obta i ned i n  a two-month expo sure are g i ven i n  Tab l e  I I I .  

TABL E I I I  

Corros i on of 304L SS i n  Bo i l i ng Term i n a l L iquor 

Corros i on Rate , m i l s/�e ar 

S l u rry No . I 1 . 2  

S l urry No.  I I  12 . 0  

S l urry No . I I I  8 . 9  
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Mr . E .  L .  Moore 
Page 3 .  
March 19 , 1975 

Coupons exposed to S l urr i es No . I I  and I I I  were attacked i ntergran u l arly and 
were a l so subject to h i gh den s i ty sha l l ow p i tt i n g .  H i gher corros i on rate s 
( perhap s  a factor of 1 to 3 )  wo u l d  be expected on he at transfer surfaces .  
Stre ss corros i on crack i n g  was not observed i n  any case . These  exposures  are 
cont i nu i n g .  

You w i l l  be i nformed when add i t i ona l  observ at i on s  are made . 

Very tru ly yours , 

( s i gned ) 

R .  F .  Mane ss 
Corros i on Rese arch 

and Eng i neer i n g  
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APP E ND I X  G 

TANK OPERATION CR ITER I A  

1 .  The tank s  w i l l  be used to store doub l e - s he l l  s l urry , comp l ex ant  concen ­
trate , do ub l e- she l l  s l urry feed , or s l udges . The chem i ca l  compo s i t i on 
ranges of the se wastes are i den t i f i ed i n  Tab l e  G . l .  One tank ( 10 7 - AN) 
may be u sed to store hotter Hanford ag i n g  waste but externa l  
mod if i cat i on s  to the tan k  s uch as  a i r  s up p l y  l i nes  and a surface 
conden ser , w i l l  be req u i red i n  th i s  event . A i r l i ft c i rcu l ators are be i n g  
i n st a l l ed i n s i de th i s  tan k .  

2 .  The tan ks  w i l l  store a max i mum mass equ i v a l ant to 1 , 000 , 000 g a l l on s  of 
waste at a max imum average spec i f i c  grav i ty i s  2 . 0 .  Some waste types  may 
exp and  up to 8% i n  the tan k s , but the total  mas s w i l l  be unch anged . 

3 .  The max imum heat generat i on rate of the waste i s  0 . 1  Btu/hr/gal l o n .  The 
typ i ca l  heat generat i on rate of the waste i s  expected to be more l i k e  
0 . 05 Btu/hr/ga l l on .  The t ank  wal l temperatures i n  normal  operat i on w i l l  
not be a l l owed to exceed 203 ° F .  

4 .  The waste forms w i l l  be i n  such a phys i ca l  st ate that they can be e i ther 
pumped or s l urr i ed .  

5 .  The chemi cal  compos i t i on of waste to be stored w i l l  b e  i n  the range 
i nd i cated i n  Tab l e  G . l or may be more d i l ute than these va l ues i f  the 
corros i on propert i es of the waste do not ch ange i nto adverse cond i t i o n s .  

TABLE G . l .  Chem i cal Compos i t i on of Waste Forms 

Chem i ca l  
Con st i tuent Doub l e  She 11 Con centrated 
( Mo l ar i ty) S l urry Compl exant 

NaOH 3 . 3  - 7 . 3  0 . 6 - 1 .  8 

N aAl 02 2 . 3  - 4 . 3  0 . 07 - 0 . 2 1 
NaN03 3 . 6  - 4 . 0  2 . 2  - 6 . 0  
NaN02 2 . 9 - 4 . 5 0 . 21 - 0 . 63 
Na2C03 0 . 13 - 0 . 27 0 . 38 - 1 . 1  
Na3P04 0 . 1 3  0 . 005  - 0 . 02 
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APPEND IX  H 

COURT ORDER 





J 

I N  TH E UN I TED  STATES D I STR I CT COURT 

FOR TH E DI STR I CT OF COLUMBIA  

NATURAL R ESOURCES D EF ENSE  
COUNC I L ,  IN C . , et  al . ,  

P l a i nt i ffs ,  

v .  

SECR ETARY ,  D EPARTMENT OF 
EN ERGY , et a 1 . , 

Defendants . 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

C iv i l  No .  76 - 169 1 

ORDER 

Upon con s i derat i on of t he dec i s i on and j udgment of t he Un i ted States 

Cou rt of Appea l s  for the D i str i ct of Col umb i a  C ircu it remand i ng th i s  

proceed i ng for an order requ i r i ng the Dep artment of Energy to prep are an 

env ironmenta l  impact st atement , and upon cons i derat i on of p l a i nt iffs ' and 

defend ants ' jo i nt mot i on for the entry of s u ch an order and t he ent i re record 

here i n ,  it is , by the Court , th i s � day of September , 1979 , 

ORDER ED ,  the defend ants w i l l  prep are w ith d i l i g ence and with  a l l  

re asonab l e  speed and f i l e  w ith  the Court by no l ater than Apr i l 1 5 , 1980 , 

adeq u ate f i na l  s upp l ementa l  env i ronment a l  imp act st atements to ERDA- 1 537 , 

F i na l  Env ironmen t a l  Statement , Waste Man ag ement Operat i ons , Sav annah R i ver 

P l ant , A ik en ,  South  Caro l i n a ,  and ERDA- 1 538 , F i na l  Env i ronment a l  St atement , 

Waste Man ag ement Operat i on s ,  Hanford Reserv at i on ,  R i ch l and , Wash i ngton , 

d i s cu s s i ng t he safety and des ign a l ternat ives  for the F i s a l  Years 1 976 and 
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1977 do ub l e- she l l  rad i o act i ve waste storage tanks  at Hanford and Sav ann ah 

R i ver.  A m i n imum of 45 cal endar days s hal l be prov i ded for pub l i c  comment on 

the draft statement . 

FURTHER  ORD ERED,  that the env i ronmenta l  impact st atements sha l l d i scu s s  

i n  deta i l  at l east those de s i gn and s afety feature a l tern at i ves  i dent i f i ed at 

note 19 , page 13 of  the Court of Appea l s  s l i p  op i n i on ,  i n c l ud i n g the 

reasonab l y  foreseeab l e  env i ronmental effects of these al ternat i ve s , the i r  

effect on the durab i l i ty of the tan k s  or the ease of waste ret r i ev a l  from s uch 

tan k s ,  and t he effect ,  if any , of these des i gn and s afety feature al tern at i ves 

on the cho i ces  of a techno l ogy for l on g - term rad i o act i v e  waste storage and 

fi na l  d i sposa l , and on the t im i n g  of s uch cho i ce s .  

FURTH ER ORD ERED,  that th i s  case be , and the s ame hereby i s  remanded to 

the Dep artment of En ergy for i ts comp l i ance w i th the terms of th i s  Order . 

FURTH ER ORD ERED,  that th i s  Court sha l l ret a i n  j u r i s d i ct i on over th i s  

p roceed i ng unt i l  th i s  Order i s  comp l i ed w i th . 

( or i g i n a l  s i gned by Char l es R i chey) 

Un i ted State D i str i ct Judge 
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D I  STR ! BUT! ON 

Federal Agenc i e s  

Env i ro nment a l  Protec t i on Agency 
Dep artment o f  Agr i cu l t u re 
Department o f  Commerce 
Dep artment of Defense 
Department o f  Justi ce 
Department o f  Hea l t h ,  E ducat i on and We l fare 
Department of I nter i or 
Dep artment o f  Transportat i o n  
Nat i o n a l  S c i ence Foundat i on 
N a t i o n a l  Academy o f  S c i ences 
Nuc l ear Reg u l atory Comm i s s i on 
Offi ce of M a n n agement and B u dget 

Congress 

Commi ttee on App ro pr i at i o n s ,  Un i te d  States Senate 
Comm i ttee on Armed S er v i ces , U n i ted S t ates Senate 
Commi ttee on Appro p r i at i o n s , Ho use of Representat i ves 
Honora b l e  Henry M. Jackson 
Honor ab l e  Warren G.  Magnuson 
Ho norab l e  M i k e  McCormack 

States 

State o f  Oregon 
State of Was h i ngton 

Env i ronmental and Consumer Groups 

Natural Reso urces Defense Counc i l , I n c . 
Fri ends o f  t he E arth 
S i erra C l ub 
Co ncerned C a l iforn i ans 
Eugene Future P ower Commi ttee 
Zero P o pu l at i o n  Growth 
North Anna Env i ro nment a l  Co a l i t i on 
Oregon E n v i ronme ntal Counc i l  
Env i ro nmenta l i s t s ,  I n c .  

I n d i v i dual s 

S .  Al l an Sto c k s  
Jenn ifer Bromgren 
Steven C .  S he l l y  
Neal E .  W i l son 
H .  W .  I bser 
R .  G .  Wo lfe 
W .  P .  Metz 
Mrs.  R ay Rodd 
Betty Lagergren 
Al an Stamw i t z  
Arthur S .  Kubo 
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