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PLANNING FOR DECOMMISSIONING AND DECONTAMINATION 

OF HANFORD NUCLEAR .FACILITIES 

James W. Litchfield and Jeffrey C. King 

ABSTRACT 

The 570-square mile Hanford Project contains faci 1 i ties with. varying 

degrees of radioactive contamination as a resul t of plutonium production 

operations. With the evolution of production requirements and technology, 

many of these have been retired and will be decommissioned and decontam- 

i nated (D&D) . Planning for D&D at Hanford requires identification and 

characterization of contaminated facilities, prioritization of facilities 

0 -  for decommissioning, selection of D&D modes, estimating costs and other 

characteristics of D&D activities, definition of future scenarios at 

Hanford, and preparation and assessment of plans to achieve defined sce- 

narios. 

A multiattributed decision model using four criteria was used to 

prioritize facilities for decommissicning. A computer-based interactive 

planning system was developed to facilitate preparation and assessment 

of D&D plans. 



PLANNING FOR DECOMMISSIONING AND DECONTAMINATION 

OF HANFORD NUCLEAR FACILITIES 

James W. Li tchfield and Jeffrey C. King 

THE HANFORD RESERVATION 

The Hanford Project was bu i l t  during 1943 and 1944 by the Manhattan 

Dis t r i c t  of the U.S. Army Corps of Engineers to  produce plutonium' for  

nuclear weapons. Located on 570 square miles of shrub-steppe desert  

adjacent to  the ~olumbia River in southeastern Washington Sta te  (Figure I ) ,  

the project or iginal ly  included f a c i l i t i e s  for  the fabricat ion of reactor 

fuel elements, three graphi te-moderated plutonium production reactors,  

and three plants fo r  separation of p1,utonium. Production reactors were 

located in self-supporting complexes ("100 Areas") adjacent to  the Columbia 

' .  River where the large volume of water necessary fo r  reactor cooling was 

readily available. Separations plants were 1 ocated in two complexes ("200 

Areas") on a plateau near the geographical center of the s i t e .  Fuel fab- 

r icat ion f a c i l i  t i e s  ("300 Areas") were 1 ocated along the Columbia River 

near the southern boundary of the s i t e ,  north of the project headquarters 

a t  Richland. 

In the ensuing years,  production was increased by process . . and equip- 

ment madi f ica t ion ,  and. constructi  an of additional production reactors 

and separat ions plants. A t  maximum production i n  the ear ly 1960's; e ight  

production reactors,  one. dual purpose production/power reactor.  (N-Reactor), 

. and two separations plants were i c  .operation. 



FIGURE 1. Map o f    an ford Reservat ion 



I n  1964, a  P r e s i d e n t i a l  o rde r  t o  c u r t a i l  p lutonium p roduc t i on  r e s u l t e d  

i n  the  gradual phasing o u t  o f  Hanford p roduc t i on  a c t i v i t i e s .  A t  present ,  

ope ra t i on  o f  a l l  separat ions p l a n t s  and a l l  b u t  one o f  t he  reac to rs  has 

been terminated. N-Reactor remains i n  operat ion,  supp ly ing  steam t o  the  

ad jacent  Was h i  ngton Pub1 i c  Power Supply System (WPPSS) 360 MW genera t i  ng 

p l a n t .  Four reac to rs  a r e  i n  standby s t a t u s  and f o u r  have been declared 

surp lus.  One separat ions p l a n t  (Purex) remains i n  "wet standby" s ta tus ,  

w h i l e  t he  remaining p l a n t s  a r e  e i t h e r  r e t i r e d  o r  a re  per forming a l t e r n a - -  

t i v e  funct ions.  Ongoing a c t i v i t i e s  center  on management of the  r a d i o -  

a c t i v e  s o l i d  and l i q u i d  w a s t e s t h a t  a re  the  legacy o f  30 years  o f  Hanford 

P r o j e c t  operat ion.  

Wi th the  c u r t a i l m e n t  o f  p lu ton ium product ion,  a l t e r n a t i v e  uses o f  

t h e  Hanford Reservat ion have been sought. These p r e s e n t l y  inc lude:  

Const ruc t ion  of t h r e e  commercial nuc lear  power p l a n t s  by 

WPPSS. 

Lease o f  1,000 acres t o  the  S t a t e  o f  Washington f o r  commer- 

c i a l  nuc lear  waste d i sposa l  . 
Development of 86,000 acres l y i n g  n o r t h  o f  t h e  Columbia 

R ive r  by  t h e  U.S. Bureau o f  Spor t  F i s h e r i e s  and Washington 

S ta te  Department o f  Games as a  w i l d l i f e  re fuge  and recrea-  

t i o n  area. 

Designat ion o f  a  120-square m i l e  A r i d  Lands Ecology 

Reserve. 

Designat ion o f  t h e  Hanford Reservat ion as a  Na t iona l  Envi ron-  

mental Research Park. 

Management r e s p o n s i b i l i t y  f o r  t he  Hanford Reservat ion i s  c u r r e n t l y  vested 

i n  t he  U.S . Energy Research and Development Adminj s t r a t i o n  (ERDA) . 



a / R e t i r e d  contaminated ~ a c i  1 i t i e s  a t  Hanford- 

More than 600 radioactively~contaminated f a c i l i t i e s  a re  found on 

t h e  Hanford Reservat ion. These have been d i v i d e d  i n t o  e leven c lasses 

based on r a d i o l o g i c a l ,  s t r u c t u r a l ,  and func t i ona l  c h a r a c t e r i s t i c s .  

Uruniwn Faci l i t ies :  These f a c i l i t i e s  a re  used t o  process m a t e r i a l  con- 

t a i n i n g  iso topes of uranium o r  thorium. Inc luded are  r e a c t o r  f u e l  manu- 

f a c t u r i n g  and storage b u i l d i n g s  and f a c i l i t i e s  f o r  p roduct ion  o f  uranium 

t r i o x i . d e  from reprocessing p l a n t  u rany l  n i t r a t e  product .  

Reactors: E i g h t  graphite-moderated, d i r e c t  once-through c o o l i n g  produc- 

t i o n  reac to rs  were b u i l t  a t  Hanford t o  produce weapons-grade p lutonium by 

exposing 2 3 8 ~  t o  a neutron f l ux .  I n  add i t i on ,  t he  dual  purpose N-Reactor, 

which produces steam as w e l l  as plutonium, was commissioned i n  1963 and 

i s  s t i l l  i n  operat ion.  An a e r i a l  v iew o f  a t y p i c a l  p roduc t i on  r e a c t o r  

complex i s  p rov ided i n  F igure  2 .  F i v e  low-power t e s t  reac to rs  were a l s o  

constructed.  

Reactor Gas and Exhaust A i r  Systems: These f a c i l i t i e s  were used t o  main- 

t a i n  an i n e r t  gas atmosphere i n  t h e  g r a p h i t e  p i l e s  of t he  product ion  

reac to rs .  A1 so i nc luded  a re  the  ductwork, f il te rs ,  stacks, and mon i to r i ng  

f a c i l i t i e s  o f  t h e  r e a c t o r  v e n t i l a t i o n  systems. There a re  about 40 s t r u c -  

t u r e s  i n  t h e  c lass .  Reactor gas and exhaust a i r  system f a c i l i t i e s  a re  
a 

v i s i b l e  i n  ~ i ~ u r e  2.  

a/ I n f o m a t i o n  on t h e  number and types o f  r a d i o a c t i v e l y  contaminated - 
facilirj es a t  Hanford has been taken f rom the  Hanford D& i l  Resource 
Book. 



FIGURE 2. 1 00-F Product i on Keactor ~ o m p l  ex L o o ~ i  ng 
Southeast w i t h  the Columbia River on the 
Le f t .  The 105-F Production Reactor (w i t h  
the s ing le  stack) i s  t o  the upper r i g h t .  
The reactor  gas r e c i r c u l a t i o n  bu i ld ing  i s  
t o  the r i g h t  o f  105-F. The re ten t i on  basin 
i s  v i s i b l e  j u s t  above and t o  the l e f t  o f  
the tw in  stacks. 



Retention Basin Systems: Systems f o r  re turn ing reactor cool i ng  water t o  

the Columbia River include basins f o r  temporary retent ion o f  water p r i o r  

t o  discharge, r i v e r  ou t fa l l  structures and many thousands o f  f e e t  o f  large 

diameter e f f l u e n t  p ip ing  (Figure 2). Also included i n  t h i  s class are 

basins f o r  temporary re ten t ion  o f  reprocessing p l a n t  cool i ng water p r i o r  

t o  discharge t o  ponds. Approximately 40 f a c i l i t i e s  are i n  t h i s  class. 

Fuel Storage Basins: These water- f i  11 ed basins are used t o  store and age 

i r rad ia ted  fue l  elements before reprocessing. Twelve fue l  storage basins 

were constructed a t  Hanf ord. 

Fuel Reprocessing FaciZities: These plants are f o r  chemical separation 

of plutonium, uranium, and other products from i r rad ia ted  reactor fuel .  

Each main-1 i ne  reprocessing p l a n t  includes a heavi ly shielded process 

bui  1 ding ("canyon" bui ld ing)  and numerous anci 11 ary f a c i  1 i t ies .  A 

typ ica l  fuel reprocessing p lan t  i s  i l l u s t r a t e d  i n  Figure 3. F ive main- 

l i n e  reprocessing plants and one p i l o t  p lan t  were b u i l t  a t  Hanford. 

Transuranic FaciZities: These f a c i  1 i t i e s  were used t o  process p u r i f i e d  

transuranic mater ials and hence are contaminated only w i th  transuranic 

isotopes. Included are plutonium n i t r a t e  concentration and loadout 

f a c i l i t i e s  and plutonium f i n i s h i n g  f a c i l i t i e s .  Fewer than ten o f  these 

f a c i l i t i e s  are a t  Hanford. 

Waste Management FadZities: These faci  1 i t i e s  are f o r  processi ng and 

storege of high-level radioact ive wastes generated during fue l  reprocessi ng 

operations. Included are 15 tank farms (plus 2 under construction) for 

storage o f  l i q u i d  and s a l t  cake high-level wastes, 5 evaporator systems 



FIGURE 3. Redox Fuel Separations Plant  



-. 
a .  

for  waste concentration, and a waste t ransfer  system consisting of vaults 

and diversion boxes connected by thousands of f e e t  of encased underground 

(2) t ransfer  piping. 

Contaminated Liquid Disposal S i t e s :  These f a c i l i t i e s  were used, in the 

past, for  the disposal of low and intermediate level contaminated l iquids 

to  the so i l  column. Included a re  ponds, open and covered trenches, french 

I drains ,  reverse wells and cr ibs  (hollow or rock f i l l e d  subsurface struc- 

tures) .  In t h i s  f a c i l i t y  c lass  a re  more than 200 underground s tructures ,  

34 surface ponds, ditches and trenches, and 28 accidental release s i t e s .  

A subclassification of contaminated liquid.disposa1 s i t e s  has been estab- 

1 i shed, based on t h e i r  radionucl id; inventory. 

Contaminated Solids Storage and Burial S i t e s :  These f a c i l i t i e s  a re  fo r  

disposal or intermediate term'storage of .contaminated sol id  wastes. A. 

variety of s t ructures  a re  in use, including burial trenches, vaul ts ,  

caissons, r a i  1 road tunnels, and surface storage. Approximately 7'0 con- 

taminated sol ids  storage and burial s i t e s ,  occupying nearly 500 acres 

of 1 and-,w are  present a t  Hanford. A subclass i f  ication of contaminated 

sol ids  storage and burial s i t e s  has been established, based on the i r  

radionuclide inventory. 

Luboratories: These are  various process monitoring and research f a c i l i -  

t i e s  contaminated w i t h  a1 1 types of radioactive materials.  About '25 

contaminated laboratories are  lccated a t  Hanford. One i s  v is ib le  in the 

foreground of Figure 3 .  

b: Commercial burial s i t e s  are  nct included. - .. . 



NEEDS AND OBJECTIVES OF D&D AT HANFORD 

e As a l te rna t ive  uses for  the Hanford Reservation develop, the need 

increases to  place ret i red radioactively contaminated f a c i l i t i e s  into an 

~ acceptable decommissioned condition. Factors contributing to  t h i s  need, 

l a  in addition t o  the physical preemption of useful land by inactive f z c i l -  

I i t i e s ,  include potential hazards presented by the radioactive inventories 

of these f a c i l i t i e s  to  persons both on and off 'the Reservation. In addi- 

1 t ion ,  deterioration of shutdown f a c i l i t i e s  creates  potential industrial  
1 

safety hazards both to  persons having authorized access, and to  t r e s -  

passers as welJ. These l a t t e r  individuals a re  at t racted by the recrea- 

1. t ional opportunities of the undeveloped Columbia shoreline and by the 

intriguing nature of the f a c i l i t i e s  themselves. An additional factor  

contributing t o  the need for  decommissioning i s  the expense of ongoing 

maintenance and surveil lance a c t i v i t i e s  required t o  maintain faci 1 i t i e s  

in a reasonably safe  condition. 

Decommi ssioni ng Methods 

Four a l te rna t ive  decommissioning methods have been ident i f ied as 

generally applicable t o  re t i red  Hanford f a c i l i t i e s .  Two, layaway and 

protective storage, are  interim modes whereby the f a c i l i t y  i s  placed in 

an acceptable condition for  a number of years, b u t  eventually requires 

permanent disposit ion. Two others,  entombment and dismantle, a re  per- 

manent a1 ternat ives  requiring no major fol 1 ow-up a c t i v i t i e s .  

Layaway: This i s  a short-term (%20 years) interim mode in which the 

f a c i l i t y  i s  maintained in essent ia l ly  i t s  current s t a t e .  Layaway may 



permit postponement of major D&D a c t i v i t i e s  un t i l  acceptable terminal 

s torage f o r  radioact ive  wastes i s  developed'.. For f a c i l i t i e s  containing 

isotopes  with shor t  ha l f - l ives ,  r ad ia t ion  l eve l s  wil l  be lower, reducing 

cos t s  and occupational exposures a t  time of f i na l  D&D.. Layaway, however, 

wi l l  require  continuing expenditures f o r  maintenance and surve i l l ance  of 

the  f a c i l i t y  and may requ i re  i n i t i a l  c ap i t a l  expenditures f o r  s t r uc tu r a l  

renovation, containment, housekeeping, and fencing. 

6 
Protective Storage: Thi s 1 onger-term (50-1 00 years )  interim mode. has the 

object ive  of placing the  f a c i l i t y  in an acceptably s a f e  condit ion long 

enough t o  permit subs tan t ia l  decay of the radioact ive  inventory. Ul t i -  

mate d i spos i t ion  of the  f a c i l i t y  may then be accompl ished a t  reduced c o s t  

and occupational exposure. Protect ive  s torage requires  containment 

ba r r i e r s  d.esigned f o r  50 t o  100 year i n t e g r i t y  w i t h  minimal maintenance 

and survei l lance .  

Entombment: This i s  a permanent D&D a l t e r n a t i v e  in  which the  f a c i l i t y  i s  

enclosed with a - b a r r i e r  of s u f f i c i e n t  i n t e g r i t y  t o  contain the  radionu- 

c l i d e  inventory un t i l  i t  decays t o  a re leasab le  l eve l .  Approximately 10 

ha l f - l ives  a r e  required t o  transform a quan t i ty  of a given radionuclide 

t o  a concentrat ion permi t t i n g  general re1 ease t o  the environment. T h u s ,  

an i:nventory of 6 0 ~ o  (5.26 y ha1 f-1 i f e )  would require  an entombment 

s t r uc tu r e  w i t h  expected i n t e g r i t y  of g r ea t e r  than 50 years ;  ' O S ~  (28 y 

h a l f - l i f e )  and 13'cs (30 y h a l f - l i f e )  approximately 300 years ;  and 

2 3 9 ~ u  (24,000 y half-1 i f e )  a quar te r  of a mil l  ion years .  I t  may be reason- 

ab le  t o  expect a 300 year l i f e t ime  f o r  s t r uc tu r e s  employing cur ren t  



technology; therefore,  entombment may be a  f e a s i b l e  mode f o r  f a c i l i t i e s  

c o n t i i i n i n g  mixed f i s s i o n  produc ts  such as a n d  1 3 7 ~ s .  I t  i s  u n l i k e j y  

t h a t  entombment would be considered a  feas ib le  mode f o r  f a c i l i t i e s  con- 

taminated w i t h  p lu ton ium un less  t h e  p lu ton ium was removed. 

DismmtZe: Th is  mode i n v o l v e s  removal of r a d i a o c t i v i t y  f rom the  s i t e  t o  

1 eve1 s  p e r m i t t i n g  u n r e s t r i c t e d  r e 1  ease. Th i s  may be accompanied by 

removal o f  non-contaminated s t r u c t u r e s  as we1 1. D ismant l ing  w i  11 r e q u i r e  e. 
t r a n s f e r  o f  t h e  contaminated i n v e n t o r y  t o  a  s to rage f a c i l i t y . o r  t o  u l t i -  

mate d i sposa l  , 



D&D PLANNING AT HANFORD 

Because of the p,otential hazards and costs associated.with re t i red  

contaminated f a c i l i t i e s ,  and increasing in t e res t  in a l te rna t ive  uses of 

the Hanford s i t e ,  ERDA has requested Bat te l le ,  Pacif ic  Northwest Labor- 

a to r i e s  ( P N L )  t o  prepare comprehensive long range plans for  D&D of surplus 

contaminated Hanford fac i  1 i t i e s .  These plans include methods, budget 

requirements, and schedule's required t o  achieve specif ic  goals (scenarios) - 
for  fu ture  use of the Hanford Reservation. Because future scenarios f o r  : 

Hanford have not been firmly established, one product of t h i s  study will 

be a s e t  of a l te rna t ive  future scenarios for  the Hanford Reservation. A 

second product i s  a l te rna t ive  plans f o r  achieving the goals established 

by each scenario. Assessments of the e f f ec t s  of proposed plans a re  also.  

being provided. These assessments will enable ERDA to  se lec t  a preferred 

I scenario and a comprehensive D&D plan f o r  achieving that  scenario. 

Scenarios 

A1 ternat ive scenarios f o r  the future of the   an ford Reservation a re  

being proposed, each with an exp l i c i t  statement of goals. Goals include 

future land use objectives for  Hanford.and dates by which the land use 

objectives a re  to  be achieved. Because of the s i ze  of the Hanford Reser- 

vation and the scat ter ing of contaminated f a c i l i t i e s ,  i t  i s  l ike ly  tha t  

land use objectives will d i f f e r  f o r  various areas within the Reservation. 

Other goals specifled in a scenario may include acceptable levels of 

residual onsi t e  or of fs i  t e  hazard; acceptable expenditures f o r  sur- 

veil lance and maintenance of decommissioned f a c i l i t i e s ;  waste manage; 

ment assumptions; and future uses for  specif ic  f a c i l i t i e s .  



Three bas i c  c l a s s i f i c a t i o n s  o f  l and  use have been de f i ned  f o r  pur-  

poses o f  d e s c r i b i n g  f u t u r e  Hanford scenarios. These inc lude:  r e s t r i c t e d ,  

c o n d i t i o n a l  , and u n r e s t r i c t e d  use. 

Restricted Use: Under , r e s t r i c t e d  l a n d  use cond i t ions ,  f u t u r e  use o f  a  

s i t e  i s  l i m i t e d  t o  nuc lea r - re la ted  a c t i v i t i e s .  R e s t r i c t e d  use would 

probably be requ i red  if r e t i r e d  f a c i l i t i e s  a r e  p laced i n t o  a  c o n d i t i o n  

r e q u i r i n g  cont inuous s u r v e i l l a n c e  by r a d i o l o g i c a l  c o n t r o l  o r  s e c u r i t y  

personnel. Use of t he  layaway mode would g e n e r a l l y  r e q u i r e  s u r v e i l l a n c e  

a t  f requen t  i n t e r v a l s  and thus l i m i t  t he  s i t e  t o  r e s t r i c t e d  use only .  

Conditional Use: For t h e  c o n d i t i o n a l  use a l t e r n a t i v e ,  c e r t a i n  non-nu- 

c l e a r  a c t i v i t i e s  would be permi t ted ,  sub jec t  t o  s p e c i f i e d  c o n d i t i o n s  on 

use of t he  s i t e .  The c o n d i t i o n s  imposed would be designed t o  p revent  

breeching o f  containments enc los ing  the  r a d i o n u c l i d e  i nven to ry  o f  decom- 

miss ioned f a c i l i t i e s .  Typ i ca l  c o n d i t i o n s  m igh t  i n c l u d e  p r o h i b i t i o n s  

a g a i n s t  d is tu rbance o f  entombment o r  p r o t e c t i v e  storage s t ruc tu res ;  

p r o h i b i t i o n s  on d is tu rbance of v e g e t a t i v e  cover o v e r l y i n g  a  subsurface 

s i t e ;  and r e s t r i c t i o n s  o f  a c t i v i t i e s ,  such as d r i l l i n g ,  which m igh t  v i o -  

l a t e  containment o f  subsurface r e p o s i t o r i e s  o f  rad ionuc l ides .  Condi- 

t i o n s  on use o f  t h e  1  and would be recorded i n  the  l e g a l  d e s c r i p t i o n s  o f  

t h e  a f f e c t e d  l a n d  and by  use o f  o n - s i t e  monuments t o  ensure n o t i f i c a t i o n  

o f  f u t u r e  users of t h e  land. P e r i o d i c  government i nspec t i ons  would 

probably be requ i red  t o  ensure compliance. Use of p r o t e c t i v e  storage 

o r  entombment D&D a l t e r n a t i v e s  would probab ly  l i m i t  a f f e c t e d  s i t e s  t o  

~ c o n d i t i o n a l  uses. 



Unrestricted Use: Achieving unrestricted use of a s i t e  would require. 

removal of radionuclides to  release levels.  Only the dismantle mode 

i n i t i a l l y  meets t h i s  c r i te r ion;  however, entombment would eventual ly 

permit unrestricted use of a s i t e  a f t e r  radionucl ides decay to  releasable 

level s. 

Radiological c r i t e r i a  for  the three categories of land use a re  

presently under dev.el opmen t. 

Plans 

One or more a l te rna t ive  plans for  achieving each scenario a re  being 

developed. A plan includes: 

A schedule of D&D a c t i v i t i e s  including each surplus 
contaminated f a c i l i t y ;  

Identified D&D modes f o r  each surplus contaminated 
faci 1 i ty; and 

. Budget requirements t o  support decommissioning ac t iv i t i e s .  

Subsequential D&D modes may be specified for  cer tain f a c i l i t i e s .  For 

example, a reactor might be placed in layaway fo r  f ive  years,  followed 

by f i f t y  years of protective storage to  a1 low decay of 6 0 ~ o ,  a f t e r  which 

the f a c i l i t i e s  can be dismantled. 

Effects and Imp1 i cations 

In addition t o  achieving the goals of the associated scenario, e6ch 

plan will have numerous ef fec ts  ( i n  addition t o  cos t )  which are  important 

in evaluating the merits of a l te rna t ive  plans. Important e f fec ts  of each 
J 



plan are  being assessed as  part  of the Hanford D&D planning program. 

Signif icant  e f f ec t s  include: volumes of contaminated and uncontaminated 

wastes generated by D&D a c t i v i t i e s ;  manpower requirements; occupational 

dose resul t ing from plan implementation; changes in levels of potential 

o f f s i t e  and onsi te  hazards; and other environmental e f fec ts .  

As of the writing of t h i s  paper, preparation and assessment of sce- 

narios and plans fo r  D&D a t  Hanford were not ye t  complete. Consequently, 

i t  i s  not possible t o  present a f u l l y  developed s e t  of a l te rna t ive  scenar- 

ios and plans resul t ing from the planning process. However, the planning 

methodology i s  fu l ly  developed and supporting computer models are  opera- 

t ional and will be described ' in  the following sections of t h i s  paper. 

Available r e su l t s  a re  used t o  i 1 l u s t r a t e  the planning methodology. Many 

'of the r e su l t s  are  preliminary,in nature and subject t o  change. 



PLANNING APPROACH 

The development of plans for D&D of Hanford is being achieved through 

a seven-step'planning approach. These steps in approximate order of com- 

pletion are as follows. . 

. Facility Characterization . Information Management . Facility Prioritization . D&D Mode Selection . D&D Activity Characteri zati on . Scenario Def i ni tion . Integrated Planning and Plan Assessment 
These steps are discussed in the following section with emphasis on inte- 

grated planning activities. 

Facility Characterization and Information Management 

Faci 1.i ty characterization information was compiled in the initial 

phase of the Hanford D&D planning program. Surplus contaminated facili- 

ties were identified: locational, historical, physical, and radiological 

characteristics of each faci 1 i ty were documented. 

Information is compiled on both computerized and conventional data 

management systems. The computer-based information system utilizes Com- 

puter Sciences Corporation's Data Management Language (DML) . Currently 

over 90 data elements are maintained on each of about 550 Hanford facili- 

'ties. Additional facilities are being added as characterization infor- 

mation becomes available. The computer-based information system facilitates 



p r e d i c t i n g  cos ts ,  manpower requi rements,  p r o j e c t  du ra t i on ,  and o the r  

c h a r a c t e r i s t i c s  of D&D a c t i v i t i e s  us ing  mathematical  models. 

I n f o r m a t i o n  i s  a l s o  main ta ined i n  t he  Hanford D&D Resource Book. ( 1 )  

The Resource Book con ta ins  a  d e s c r i p t i o n  of t h e  Hanford Reservat ion, 

gener ic  d e s c r i p t i o n s  of each of t h e  f a c i l i t y  c lasses,  and a  d i scuss ion  o f  

D&D techniques and plans. An i n f o r m a t i o n  sheet i s  p rov ided  f o r  each 

f a c i l i t y  c o n t a i n i n g  a d m i n i s t r a t i v e ,  h i s t o r i c a l ,  and l o c a t i o n a l  i n f o m a -  

t i o n  and d e s c r i p t i o n s  of f unc t i ona l ,  phys i ca l ,  and r a d i o l o g i c a l  charac- 

t e r i s t i c s .  

F a c i l  i ty  P r i o r i t i z a t i o n  

One of t h e  th ree  major  elements of D&D p lans  i s  a  schedule o f  D&D 

a c t i v i t i e s ,  i n c l u d i n g  planned s t a r t i n g  and comple t ion  da tes  f o r  D&D o f  

each su rp lus  contaminated f a c i l i t y .  C rea t i on  o f  a  schedule r e q u i r e s  

ass ign ing  a  p r i o r i t y  f o r  d i s p o s i t i o n  t o  each r e t i r e d  contaminated f a c i l -  

i t y .  Because of t h e  l a r g e  number of f a c i l i t i e s ,  i t  was necessary t o  adopt 

a  s t r u c t u r e d  d e c i s i o n  a n a l y s i s  methodology t o  e s t a b l i s h  a  reasonably  con- 

s i s t e n t  p r i o r i t y  index. A mu1 t i a t t r i  b u t e  d e c i s i o n  methodology(3) was 

chosen t o  i n t e g r a t e  severa l  d i s t i n c t  f a c i l i t y  c h a r a c t e r i s t i c s  i n t o  t h i s  

p r i o r i t y  index. A gene ra l i zed  example of t h i s  methodology i s  shown i n  

F i  gure 4. S t r u c t u r i n g  t h e  p r i o r i t i z a t i o n  method01 ogy heq ped t o  i d e n t i f y  

s p e c i f i c  da ta  requi rements necessary t o  es tab l  i s h  p r i o r i t i e s ,  and t o  docu- 

ment t h e  p r i o r i t i z a t i o n  process. 



REL IMPT FACILITY PRIORITY 
CRITERIA WEIGHTS PERFORMANCE INDEX 

OFFSITE 1 1 Pl  

ONSITE 
2 W2P2 

COST 
3 3 W3P3 

COMPATIBILITY 
W4 P4 Map4 

PRIORITY INDEX = I W i P i  

FIGURE 4. Pr ior i ty  Model 

Imp1 ementation of th i s  method f i r s t  requires def ini t ion of relevant 

c r i t e r i a  fo r  judging pr ior i ty  f o r  D&D action. Second, i t  i s  necessary to  

establ ish r e l a t ive  importance weights on each of the pr ior i t iza t ion  c r i -  

t e r i a .  T h i r d ,  each f a c i l i t y  i s  scored to  determine the "performance" of 

the f ac i l  i t y  r e l a t ive  t o  each cr i te r ion .  Final l y ,  performance data and 

r e l a t ive  importance weights must be. integrated to  determine the p r io r i ty  

C /  f o r  D&D action.- 

c/ One approach to  pr ior i t iz ing  f a c i l i t i e s  fo r  D&D would involve evalu- - 
ation of the merits of decommissioning a l te rna t ive  f a c i l i t i e s .  This 
woul'd have required, however, predetermination of the D&D mode to 
be used, thus making the pr ior i ty  of a facilS ty dependent upon the 
mode selected. An a1 ternat ive approach was selected which estab- 
l ishes p r io r i ty  for  D&D independent of mode, based on existing neg- 
a t ive  f a c i l i t y  character is t ics .  



Criteria Definition: A comprehensive s e t  of mutual l y  independent c r i t e r i a  

a r e  used t o  es t imate  the  p r i o r i t y  f o r  D&D ac t i on .  I t was o f  importance 

t h a t  these' c r i t e r i a  be r e l e v a n t  t o  t he  Hanford D&D decis icn-maki  ng process 

and t h a t  the  c r i t e r i a  se lec ted  cou ld  be q u a n t i f i e d .  To assure relevance, 

know1 edgeabl e i nd i  v idua l  s rep resen t i ng  the  Energy Research and Devel opment 

dl Admin i s t ra t i on  p l u s  f o u r  Hanford cont rac tors -  were assembled t o  i d e n t i f y  

s u i t a b l e  c r i t e r i a .  As a r e s u l t  o f  several  meetings o f  t h i s  group, f o u r  

c r i t e r i a  were developed as a b a s i s  f o r  de termin ing  the  p r i o r i t y  f o r  D&D 

o f  each f a c i l i t y .  

. P o t e n t i a l  o f f s i t e  r a d i o l o g i c a l  hazard . P o t e n t i a l  o n s i k  r a d i o l o g i c a l  and i n d u s t r i a l  s a f e t y  

hazards . (&& of cont inued maintenance and s u r v e i l l a n c e  

ty w i t h  p r o j e c t e d  f u t u r e  uses o f  t he  s i t e  

The f i r s t  two o f  these c r i t e r i . a  r e l a t e  t o  the  p o t e n t i a l  phys i ca l ,  chemical, 

and r a d i o l o g i c a l  hazards w i t h i n  Hanford boundaries and t o  i n d i v i d u a l s  o f f -  

s i t e .  These two c r i t e r i a  a r e  in tended t o  i d e n t i f y  f a c i l i t i e s  p o t e n t i a l l y  

posing i n d u s t r i a l  and r a d i o l o g i c a l  s a f e t y  problems and e s t a b l i s h  them as 

h igh  p r i o r i t y .  

The t h i r d  c r i t e r i o n  i s  an economic one. S i g n i f i c a n t  long- term eco- 

nomic savings may accrue t o  ERDA i f  f a c i l i t i e s  r e q u i r i n g  h igh-cos t  

d l  Cont rac tors  i nvo l ved  i n c l  uded At1 a n t i c  R i  c h f  i e l  d Hanford. Company (ARHCO) - 
(Fuel  Separat ions and Waste Management Operat ions)  ; Un i ted  Nuclear 
I n d u s t r i e s  (UNI) (Fuel  F a b r i c a t i o n  and Reactor Operat ions)  ; Hanford 
Engineer ing Development Labora to r i es  (HEDL); and B a t t e l l  e, P a c i f i c  
Northwest Labora to r i es  (PNL) . ARHCO responsi  b i  1 i t i e s  have s ince  been 
assumed by the  Atomics I n t e r n a t i o n a l  D i  v i .s i  on o f  Rockwell I n t e r n a t i o n a l  
Corporat ion. 



maintenance and surve i , l lance can be p laced i n  a  c o n d i t i o n  r e q u i r i n g  reduced 

maintenance and. s u r v e i l  lance. ' For  t h i s  reaso.n, a  "h igh-cos t "  f a c i  1  i t y  

would be h ighe r  p r i o r i t y  than an o therwise  s i m i l a r  f a c i l i t y  w i t h  r e l a t i v e l y  

low maintenance and s u r v e i l l a n c e  costs.  

The f o u r t h  c r i t e r i o n  i s  designed t o  i d e n t i f y  f a c i l i t i e s  which a r e  i n -  

compat ib le w i t h  e x i s t i n g  o r  p r o j e c t e d  f u t u r e  uses o f  t he  s i t e .  Here, 

emphasis i s  p laced on phys i ca l  i n t e r f e r e n c e . .  A f a c i . l i t y  t h a t  i s  incompat- 

i b l e  w i t h  e x i s t i n g  o r  p r o j e c t e d  f u t u r e  uses w i l l  be o f  h i g h e r  p r i o r i t y  

f o r  D&D a c t i o n  t h a t  i f  the  same f a c i l i t y  was compat ib le w i t h  those uses. 

Weighting the Cr i ter ia :  For t h i s .  appl i c a t i o n  t h e  cons tant  r e l a t i v e  impor- 

tance weights of F igu re  4 were replaced w i t h  composite u t i l i t y  funct ions.  

A four -s tage approach was used t o  es t ima te  these func t i ons .  The f i r s t  

stage i nvo l ved  es tab l  i s h i n g  the  expected range o f  performance o f  each 

o f  t h e  four  c r i t e r i a  and c o n s t r u c t i n g  a  hypo the t i ca l  f a c i l i t y  demonstra- 

t i n g  the  maximum l e v e l  of performance on each o f  t h e  f o u r  c r i t e r i a .  I n  
-. . - .- 

t he  second stage, t he  r e l a t i v e  importance weights o f  the  f o u r  c r i t e r i a  

were de r i ved  assuming t h e  maximum l e v e l  of performance on each c r i t e r i o n  

(F igu re  5 ) .  The t h i r d  stage i n v o l v e d  d e r i v a t i o n  o f  f o u r  important-e 

8 
f unc t i ons ,  r e f l e c t i n g  t h e  v a r i a t i o n  o f  importance over  the  expected 

range of performance f o r  each c r i t e r i o n  (Fi-gure 6 ) .  F i n a l l y ,  f o u r  com- 

pos i  t e  u t i  1  i ty  f u n c t i o n s  (F igu re  7 )  were de r i ved  by mu1 t i p 1  i c a t i v e  

combinat ion o f  t h e  r e l a t i v e  importance weights and t h e  importance 

func t i ons .  ( 4 9 5 )  Both t h e  r e l a t i v e  importance weights and the  importance 

f u n c t i o n s  were de r i ved  f rom t h e  group respons ib le  f o r  i d e n t i f i c a t i o n  of 
0 

p r i . o r i  t i z a t i o n  c r i t e r i a ,  us ing  a  m o d i f i e d  Delphi  approach. Est imates 



POTENTIAL POTENT l AL SW? FUTURE 
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FIGURE 5. Relative Cr i te r ia  Importance Weights 

of c r i t e r i a  performance for each f a c i l i t y  a r e  transformed through the 

composite u t i l i t y  functions t o  determine a u t i l i t y  value for  each,of 

the four c r i t e r i a .  The pr ior i ty  index of the f a c i l i t y  i s  determined 

by summing the u t i l i t y  of the four c r i t e r i a .  

Perfomance Estimates: To implement the pr ior i t iza t ion  system i t  was 

0 necessary t o  develop estimates of performance of' each fac i  1 i ty  on each 

cr i te r ion .  Because of the large number of estimates (600 f a c i l i t i e s  x 

4 c r i t e r i a  = 2400 estimates),  i t  was necessary to  develop computer models 

to  aid estimating c r i t e r i a  performance. The computerized data base was 

used to  provide basic information f o r  the c r i t e r i a  performance models 

and to s tore  the completed estimates. In cases where insuf f ic ien t  data 

ex i s t s  t o  estimate performance by use of models, comparisons with s imilar  

f a c i l i t i e s  were made t o  estimate c r i t e r i a  performance. 
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Pr ior i t i za t i on  ResuZts: As of this writing the final set of priorities 

for D&D at Hanford have not been established. However, a preliminary list 

of 25 surplus facilities having the highest priority for D&D is shown in 

Table 1. This listing is representative of the results of the prioritiza- 

tion process using the composite utility functions shown in Figure 7 and 

the best information currently available on each facility. Normalized 

performance estimates for each facility on each of the prioritization cri- 

teria are also shown in Table 1. 

This prioritization method01 ogy permits consistent incorporati on of 

additional facilities as information on those facilities becomes avail- 

able. It provides a basis for discussion and permits revision of the 

relative importance weights and subjective estimates if necessary. It 

also facilitates incorporation of expert opinion in the prioritization 

process. The resulting prioritization i s an organized, documented, and 

rep1 icable system, supporting the development and analysis of comprehen- 

sive D&D plans for Hanford. 

Because of limited and imperfect information and the large number of 

facilities, it is unreal istic to assume that a prioritization methodology 

such as our could comprehensively examine all factors impacting on an 

ultimate D&D priority. Consequently, the intent of the prioritization 

effort is to provide general guide1 i nes- for comprehensive D&D planning. 

Planning for an extensive and long-term enterprise such as D&D at Hanford 

requires flexibility and willingness to periodically update and revise 

plans based on improved information and evolving policies. In this sense, 

planning for D&D at Hanford will be an ongoing process. 



a/ TABLE 1. P r e l i m i n a r y  P r i o r i t i z a t i o n  o f  25 Surp lus Hanford F a c i l i t i e s -  

Rank - - 
1 

2 

3 

4 

5 

6 

7 

8 .  

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

O f f s i t e  O n s i t e  Maint .  F u t u r e  P r i o r i t y  
F a c i l i t y  Hazard Hazard Cost C o m p a t i b i l i  t y  Index 

Reactor  

Reactor  

Reactor 

Reactor 

TRU Contanii na ted  Bu i 1 d i n g  

MFPITRU B u r i a l  Ground 

MFP/TRU B u r i a l  Ground 

MFPITRU Unplanned Release 

MFP/TRU C r i b  

AP B u r i a l  Ground 

MFPITRU B u r i a l  Ground 

AP Trench 

MFP/TRU B u r i a l  Ground 

MFP/TRU B u r i a l  Ground 

MFPITRU B u r i a l  Ground 

MFP/TRU Unplanned Release 

R e t e n t i o n  Basin 

AP Trench 

MFP/TRU Trench 

MFP/TRU Unplanned Release 

MFP/TRU B u r i a l  Ground 

Fuel Reprocessing B u i l d i n g  

R e t e n t i o n  Basin 

MFP/TRU C r i b  

MFP/TRU C r i b  

a /  F a c i l i t y  c lasses  n o t  y e t  p r i o r i t i z e d  i n c l u d e  most Fuel  Reprocessing F a c i l i t i e s ;  Labora to r ies ,  most Transuranic  - 
F a c i l i t i e s ;  Uranium F a c i l i t i e s ;  and Waste Management F a c i l i t i e s .  

b/ P r i o r i t y  index d iscrepancy r e s u l t i n g  from rounding o f f  c r i t e r i a  scores. - 

KEY: TRU - Transuranic  - 
MFP - Mixed F i s s i o n  Product  

AP - A c t i v a t i o n  Product  



D&D Mode Selection 

A two-stage process i s  used t o  select  preferred D&D modes for retired 

f ac i l i t i e s .  First ,  the s e t  of feasible D & D  modes must be identified for 

each class of f ac i l i t i e s .  This eliminates infeasible modes from consid- 

l a  eration wherever possible, simp1 ifying the derivat.ion of costs, project 

I durations, waste volume production and other information required to com- 

pile and assess D&D plans. Feasible D&D modes were identified by experts 

familiar with Hanford f ac i l i t i e s  and experienced in the management of 

radioactive materials. Feasible modes for each class of fac i l i ty  are 

shown in Table 2 .  Secondly, as plans for  D&D a t    an ford are developed, 

specific modes for individual f ac i l i t i e s  will be selected. I t  i s  planned 

t o  develop a selection methodology similar in concept and general structure 

t o  the prioritization methodology to ass is t  in thi s selection process. 

Currently, D&D modes are sel ec.ted based on subjective judgements. 

D&D Activity Characterization 

Characteristics of D&D ac t iv i t ies  required for development and assess- 

ment of D&D plans include: 

D&D Cost 

er Project Duration 

Manpower Requirements 

e. Occupational Exposure 

Volumes of Transuranic, Fission/Activation Product 

and Uncontaminated Wastes 



TABLE 2. Feas ib le  D&D Modes f o r  Hanford F a c i l i t y  Classes 

Mode 

Prot .  
F a c i l i t y  Class Layaway Stor.  Entomb. D i  smantle 

CONTAMINATED LIQUID DISPOSAL SITES 

a/ Transuranic  Cr ibs  & Ponds- X X 0  X 

MFP/TRU Cr ibs  & pondsa X X 4- b/ - C/  

Mixed F i s s i o n  Product Cr ibs  
& Ponds X X X- X c /  

A c t i v a t i o n  Product  ~ r i  bsd/ X X X- X c /  

Uranium/Thorium C r i b s  & Ponds a X X 0 X 

CONTAMINATED SOLIDS DISPOSAL SITES 

a  / Transuranic  Si tes-  X X 0  X 

MFPITRU ~i tesg' x b/ C /  x. v'- - 
Mixed F i s s i o n  Product S i t e s  X X X- X .  

c  / 

d/  A c t i v a t i o n  Product  S i tes-  X X X- X c /  

Above Ground Storage X 0  0  X 

Uranium/Thori um S i t e s  X X 0  X 

.FUEL REPROCESSING FACILITIES X X &I X 

FUEL STORAGE BASINS X X 0  X 

REACTOR GAS & EXHAUST AIR FAC. X X 0  X 

RETENTION BASIN SYSTEMS X X 0  X 

REACTORS X X 0  X 

TRANSURANIC FACILITIES X X 0  X 

URANIUM FACILITIES X X 0  X 

LABORATORIES X X 0  X 

WASTE MANAGEMENT FACILITIES X X 0 X 

a/ Transuranics exceeding r e l e a s e  l i m i t  o f  10 pCi/g. - 
b/  Entombment i s  a p o t e n t i a l l y  v i a b l e  mode i f  TRU's > 10 pCi.g min a r e  - 

removed f i r s t .  

c / ,  Entombment of subsurface f a c i l i t i e s  may be l i m i t e d  by t e c h n i c a l  - 
f e a s i b i l i t y .  

d/ Not inc:uding s i t e s  c o n t a i n i n g  14c from r e a c t o r  sources. - 

LEGEND: Feas ib le  Mode X 

C o n d i t i o n a l l y  Feas ib le  Mode v' 
I n f e a s i b l e  Mode 0  



These items must be derived fo r  the f u l l  s e t  of feas ib le  D&D modes 

applicable to  each f a c i l i t y  to  allow f u l l  planning f l e x i b i l i t y .  The 

existance of several feas ib le  D&D modes fo r  each of a large number of 

f a c i l i t i e s  mandate the use of mathematical models, where possible, to 

obtain the needed information. Individual estimates are  used only for  

model ca l ibra t ion ,  and fo r  very complex or  one-of-a-kind f a c i l i t i e s .  

The general modeling approach ident i f ies  se t s  of similar f a c i l i t i e s  

( f a c i l i t y  classes)  and se lec ts  a representative f a c i l i t y  within the f ac i l  i t y  

c lass  for  characterizing D&D a c t i v i t i e s .  Conceptual engineering procedures 

are  then prepared for  D&D of the representative f a c i l i t y ,  using each of the 

feasible  modes. Based on these conc:eptual procedures detailed estimates 

of the e f fec ts  of each D&D mode a re  made. Models are  then constructed to  

predict costs ,  project duration, waste volume generation and other ac t iv i ty  

characterization information, based on the charac ter i s t ics  of the f a c i l i t i e s  

in the class.  Physical and radiologi'cal charac ter i s t ics  fo r  individual 

f a c i l i t i e s  are  supplied d i rec t ly  off  the computer-based information system. 

Unit costs  and other model variables a re  derived from the detailed estimate 

f o r  the representative f a c i l i t y .  As a r e su l t ,  the completed model i s  cap- 

able of characterizing D&D a c t i v i t i e s  for  each f a c i l i t y  in the class .  

Scenario Development 

Potential future scenarios f o r  the Hanford Reservation are  now being 

ident i f ied.  Scenarios will be based on objectives ci ted i n  the Hanford 

Waste Management Environmental Impact ~taternent;' ') the Hanford Master Planning 

~ u i d e , ' ~ )  and the Hanford Radioactive Waste Management ~ 1 a n . s ' ~ )  plus input 



Headquarters Off ic ia l s .  

Three scenarios which have been se lected f o r  prelimi~nary inves t i -  

gation include t he ,un re s t r i c t ed  use scenario,  the  cur ren t  trend scenario,  

and the  minimum level  of e f f o r t  scenario.  

Unrestricted Use Scenario: This scenari.0 i s  based upon achieving 

unres t r i c ted  use of the e n t i r e  Reservation, 'except f o r  a centra l  waste 

reposi tory  and s i t e s  presently occupied by ac t i ve  o r  standby f a c i l i t i e s .  

This iand use object ive  would be accomplished by dismantling a l l  presently 

• inac t ive  f ac i  1 i t i e s .  Two cons t ra in t s  a r e  being examined: (1 ) zchieving 

the  desired object ive  w i t h i n  100 years  ( a  1980-2080 program) and ( 2 )  fun- 

ding the  program a t  $1 0,000,000 (constant  value do1 l a r s )  annually. 

Current Trend Scenari.~: This scenario i s  based on a continuation of 

current  trends in  preparation f o r  f a c i l i t y  decommissioning. The general 

object ives  would be t o  achieve unres t r i c ted  use f o r  the  r i v e r  shorel ine  

areas and condit ional  use f o r  - the 200 areas  (except f o r  a cen t ra l  waste 

reposi tory  and s i t e s  of cur ren t ly  'active. and standby f ac i  1 i t i e s ) .  A 

20 year completion period (1980-2000) has been se lected f o r  t h i s  scenario. 

Minimwn Level of Effort Scenario: This scenario p ro jec t s  minimum expen- 

di tu res  f o r  D&D i n  the  near fu tu re .  To achieve t h i s  ob jec t ive ,  a l l  cur- 

r en t l y  inac t ive  f a c i l i t i e s  would be placed i n to  layaway. This would 

require  r e s t r i c t e d  land use of the  Reservation fo r  the  period encompassed 

by the  program. The ant ic ipated ,useful l i f e t ime  of layaway modifications 



i s  20 years,  consequently a 20 year project period (1980-2000) was 

selected for  t h i s  scenario. Additional decommissioning action - fo r  

f a c i l i t i e s  placed into layaway 'in year 1980 would be required by the 

year 2000. 

As noted above these three scenarios a re  s t r i c t l y  preliminary attempts 

a t  defining potential goals for  future use of the Hanford Reservation, and 

i t  i s  expected tha t  many scenarios will be explored pr ior  to  arriving a t  a 

f ina l  future scenario f o r  Hanford. A computer-based interact ive planning 

system, described in the following section, was designed to  rapidly develop 

plans to achieve a l te rna t ive  future scenarios and to  provide an assessment 

of the e f fec ts  of these plans. 

Integrated Planninq and Plan Assessment 

Preparation of a s ingle  plan t o  achieve an ident i f ied future sce- 

nario a t  Hanford may require selecting a D&D mode for  each of the 600 

or  more f a c i l i t i e s  from as many as 2400 a1 ternat ives  (4  potential modes 

fo r  each f a c i l i t y ) .  These a c t i v i t i e s  must then be scheduled over lengthy 

time periods (100 years fo r  one case of the unrestricted use scenario). 

To reduce t h i s  problem t o  manageable proportions and permit rapid 

assessment of many a l te rna t ive  D&D plans, an interact ive computer-based 

planning system has been developed. Basic planning assumptions are  user- 

specified. These include: (1)  ident i f icat ion of f a c i l i t i e s  to  be decom- 

missioned, ( 2 )  estimates of inf la t ion ,  ( 3 )  land use objectives,  (4)  time 

or budget constraints;  and ( 5 )  D&D mode selection. The system then com- 

p i les  a schedule of D&D a c t i v i t i e s  fo r  the ident i f ied f a c i l i t i e s  over the 



r e q u i  r e d  t i m e  per iod .  Fac i  1 i t y  o r d e r i n g  i s based upon assigned p r i  o r i  t i e s  

f o r  D&D. Annual budget requi rements a r e  computed i n  b o t h  cons tan t  and 

i n f l a t e d  d o l l a r s .  Th i s  process i s  i l l u s t r a t e d  i n  Appendix A f o r  a  hypo- 

t h e t i c a l  scena r io  f o r  an example group o f  f a c i l i t i e s .  

A t  present ,  t h e  system i s  capable o f  comp i l i ng  schedule and budget 

in format ion,  as descr ibed above. However, when f u l l y  developed t h e  

sys tem w i  11 be capable o f  producing a comprehensive assessment o f  ma jor  
. . 

q u a n t i f i a b l e  e f f e c t s  o f  p lan  implementat ion. These w i l l  i n c l u d e  annual 

c o s t s  o f  mainten,ance and s u r v e i l l a n c e ,  l a b o r  requirements, waste volumes, 

and es t imates  of occupat iona l  exposure. Th i s  i n f o r m a t i o n  w i l l  f a c i l i t a t e  

e v a l u a t i o n  o f  a l t e r n a t i v e  f u t u r e  scenar ios a t  Hanford and p lans  f o r  

ach iev ing  these scenarios. 
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AN EXAMPLE APPLICATION OF THE HANFORD D&D INTERACTIVE PLANNING SYSTEM 

For purposes o f  t h i s  d i scuss ion  we w i l l  assume t h a t  a  f u t u r e  scenar io  

has been es tab l i shed  f o r  t he  100-F Product ion  Reactor Complex r e q u i r i n g  

achievement of a  c o n d i t i o n a l  l and  use by t h e  year 1990. The Hanford D&D 

I n t e r a c t i v e  Planning System (IPS) i s  used t o  develop and assess t h e  impact 

o f  a l t e r n a t i v e  D&D p lans  f o r  ach iev ing  t h i s  scenario. 

I P S  resi 'des on a  D i g i t a l  Equipment Corpora t ion  PDP 11/35. A Vector . 

General v ideo d i s p l a y  scope w i t h  l i g h t  pen attachment i s  p rov ided f o r  

in fo rmat io 'n  d i s p l a y  and i n t e r a c t i v e  i npu.t, and a  Goul d  4800 e l e c t r o s t a t i c  

p r i n t e r  f o r  hard-copy output .  O v e r a l l  system c o n t r o l  i s  p rov ided by a  

a/ dec i  r i o n  t r e e  p r o c e s s o r  especia 1  l y  created '  f o r  t h i  s  system. 

A p lann ing  session begins w i t h  t h e  s e l e c t i o n  o f  a  subse t t i ng  scheme 

f o r  i d e n t i f y f n g  t h e  f a c i l i t i e s  on which a  p l a n  i s  t o  be developed. Three 

a l t e r n a t i v e s  a re  ava i l ab le .  These a re  d i sp layed  on the  screen and the  user 

i s  asked t o  p i c k  one w i t h  the  l i g h t  pen: 

.. Geographic Area . Faci  1  i t y  C l  ass 

Compl ex 

For  t h i s  example t h e  100-F area i s  of i n t e r e s t  and the  f a c i l i t i e s  

i n  t he  area can be i d e n t i f i e d  by geographical  area. When "Geographical 

Area" i s  se lected,  a  map of t h e  Hanford P r o j e c t  i s  d i sp layed  on t h e  

a/ A  program t h a t  e l i c i t s  f rom t h e  user  t he  necessary dec is ions  a t  each - 
node i n  a  p lann ing  d e c i s i o n  t ree .  



Vector  General and the  user  i s  requested t o  i d e n t i f y  on t h i s  map t h e  

areas of i n t e r e s t .  Using t h e  l i g h t  pen, t h e  user can o u t l i n e  area's on 

t h i s  map and enlarge them t o  i d e n t i f y  s p e c i f i c  contaminated f a c i l i t i e s .  

An enlargement o f  t he  100-F Area i s  shown i n  F igu re  A-1. When the  des i red  

p lann ing  u n i t  has been de l ineated,  as i n  F igure  A-l. ,  f a c i l i t i e s  w i t h i n  

t h e  u n i t  a r e  en tered i n t o  t h e  p lann ing  system by use o f  a ' l i g h t  pen. 

A f t e r  t he  p lann ing  u n i t  has been i d e n t i f i e d ,  a r e p o r t  on each f a c i l i t y  

i n  t h e  p lann ing  u n i t  can be requested (Table A-1 ) . 

The nex t  s tep  i s  t o  s e l e c t  t h e  des i red  l and  use o b j e c t i v e  f o r  the  

0 p lann ing  u n i t .  Three a l t e r n a t i v e s  a r e  ava i l ab le .  

R e s t r i c t e d  Use . Condi t iona l  Use 

U n r e s t r i c t e d  Use 

With the  l i g h t  pen we s e l e c t  t h e  c o n d i t i o n a l  l and  use o b j e c t i v e  t o  

be c o n s i s t e n t  w i t h  our  assumed scenario. Because t h i s  l a n d  use objec-  

t i v e  l i m i t s  t h e  f e a s i b l e  D&D modes f o r  each f a c i l i t y  c l a s s  i n  t h e  p lann ing  

u n i t ,  a  m a t r i x  o f  acceptable modes f o r  D&D o f  each f a c i l i t y  c l a s s  i n  t h e  

p lann ing  u n i t  i s  then d i sp layed  on the  screen (Table A-2). The use-r s e l e c t s  

the  p r e f e r r e d  mode w i t h  t h e  l i g h t  pen. When a  p re fe r red  mode i s  se lected,  

IPS changes t h e  dash ( - )  t o  an "X" .  

The nex t  s tep  i s  t o  s e l e c t  t h e  des i red  schedul ing c o n s t r a i n t .  The. 



FIGURE A-1. 100-F Area and Assoc ia ted  F a c i l i t i e s  En la rged  
f o r  D i s p l a y  on t h e  Vec to r  General Video U n i t  
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[]ATE 3:=fiIJ13::7-' I I 

FACIL ITY FACIL ITY 
DES I GHATOR NAME COMPLEII CLASS 

---a&----------- --.. --------- 4--- - - - - -- - - ----- 

-141- 

I F'E 

PRO3 REACTOR '! TRENCH 
?I TRENCH 
'4 TRENIZH 
':r CRIE: 
!, CRIB 
It! TREFdC:H 
V IJPlPL EELS-- 
RETENT I OH I N  
EFFlrUEFdT L I  HE 
OlJTFALL STE:IJI:T 
ELIR 1 AL GF:I:II-I~~~B 
BCIRIAL GRi~ljbiD . 
EURIAL QROUND 

RCTR 
C:R I ti55 
C:R I 
CRIE:S5 
CRIE:S5 
CR 11355 
CW I ti55 
CR I ES5 
RTEIBS 
Rj-bdES 
!Ti.dES 
51.105 
SLsjD5 
5 181 [:I 5 
SL.iD5 
S1,JDZ 
Si-jDS 

SCIRPLCIS 
SURPLUS 
SijRPLUS 
'XIRPLCIS 
S i - i ~ ~ ~ i i j ~  
SijRpPijS 
SURF'LUS 
51-IRpLiiS -. . - - . . . - 
= o U K ~ L I - ~ S  
SilRpii-iS -. . - - . - ~81-1~1'~-1-1~~ 
Si-iRpLijS 
Si-iRpLi-iS 
SCIRPLi-IS 
SURPLUS 
SIJF:PLUS 
Si-iEpLiis 

TABLE A-1. L i s t i n g  o f  A l l  F a c i l i t i e s  i n  t h e  P lann ing  U n i t  



HCCEPTABLE UE+D MODES FUR 
CUNU I T  I UNHL SURUE I LLANCE 

~ 

f iCT PRUDIJCT C R I B S  i: 7 )  
MFP'TRU SWD S I T E S  1 1  

A C T  PRUUUCT SWD S I T E S  5 )  
EETEt.iT1OI.I BSN . F A C I L I T I E S i :  3 )  
REACTORS . 1 > 

LAYAWAY PRUT- 

( - 1  D&D Modes Cons is tent  w i t h  Condi t iona l  Land Use 

( X )  D&D Modes S e l e c t e d  f o r  t h i s  Example ( O r i g i n a l l y  ( - ) )  

TABLE A-2. M a t r i x  D i s p l a y  o f  Acceptable D&U Modes 



. Time Const ra in t ,  and . Budget Const ra in t .  

By s e l e c t i n g  a  t ime c o n s t r a i n t  the  user  can spec i fy  the  t ime p e r i o d  f o r  

D&D. I P S  w i l l  then schedule each f a c i l i t y  and feed back the  r e q u i r e d  

y e a r l y  budget t o  accomplish t h e  plan. I f  a  budget c o n s t r a i n t  i s  se lected,  

t he  user  can spec i fy  a maximum y e a r l y  expend i tu re  f o r  D&D i n  cons tant  

(non - in f l a ted )  d o l l a r s .  I P S  w i l l  then schedule each f a c i l i t y  f o r  D&D 

and feed back t h e  t ime r e q u i r e d  t o  c a r r y  o u t  the  D&D plan. 

I n  t he  example, i t  was des i red  t o  achieve a  c o n d i t i o n a l  l and  use f o r  

t he  100-F Area by t h e  year  1990. A  t ime  c o n s t r a i n t  i s  t he re fo re  spec i f i ed .  

The 100-F D&D program would commence i n  1980 and be complete by 1990. 

To i l l u s t r a t e ' t h e  e f f e c t s  o f  i n f l a t i o n  on t h e  D&D plan, the  user  i s  

asked t o  p rov ide  an es t ima te  o f  t h e  average r a t e  of i n f l a t i o n  over  t he  

p lann ing  per iod .  For t h i s  example we have assumed t h a t  i n f l a t i o n  w i l l  be 

about 5% pe r  year  f o r  t h e  p e r i o d  1980-1990. S u f f i c i e n t  i n f o r m a t i o n  i s  

now ava i  lab1 e  t o  p e r m i t  a  p l a n  f o r  D&D o f  100-F ~ r e a  t o  be developed. 

Three ou tpu t  r e p o r t s  a r e  a v a i l a b l e  from IPS.  The f i r s t  i s  a  GANTT 

c h a r t  ( F i g c r e  A-2) i l l u s t r a t i n g  the  schedule f o r  t h e  proposed D&D program. 

A second repo r t ,  shown i n  Table A-3, i s  a  d e t a i l e d  account ing of t h e  D.&D 

a c t i v i t i e s  a t  each f a c i l i t y .  T h i s  r e p o r t  i n d i c a t e s  the  se lec ted  D&C mode, 

cons tant  and i n f l a t e d  costs,  and t h e  scheduled s t a r t i n g  and ending dates 

f o r  D&D o f  each f a c i l i t y .  Th i s  r e p o r t  a l s o  shows t h a t  a  budget o f  $2.6 

m i l l i o n / y e a r  i n  cons tant  va lue  (1977) d o l l a r s  w i l l  be r e q u i r e d  t o  c a r r y  o u t  
. , 



PRELIM [NARY P L A N  - COP4DITIONAL LAND USE BY 1936 FOR 188°F AREA 
' 040 SFAN I N  YEARS 

-I___--_____--_-- 

COPTI T T U  F H C I L I T Y  8 8 33 
NAME 5 81 

. . 
X 
XXXX 
X 

F IGURE A-2. GANTT Cha r t  o f  D&D Schedule 
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TABLE A-3. DAD Activities at Each Facility 



t h i s  plan. The total  cost of t h i s  e f f o r t  will be $24.1 million in con- 

s t an t  value (1977) dol lars  and $29.7 million assuming 5% annual inf lat ion.  

The third output report  i s  shown in Figures A-3A and A-3B. Here, 

annual expenditures are plotted in both constant and current ( in f l a t ed )  

dol lars .  I t  i s  important to note the e f f ec t s  of inf la t ion  on the yearly 

budget requirements. The constant dol la r  budget i s  approximately $2.6 

mil l ionlyear while the inf lated budget ranges from $2.6 mi 1 lion/year in 

1980 to  approximately $3.7  mi 11 ion/year in 1987. Expenditures in subse- 

quent years decrease as disposit ion of the remaining f a c i l i t i e s  i s  com- 

pleted. Since Congressional budget a l locat ions are  i n  current dol la rs ,  

i t  i s  important tha t  D&D planners ant ic ipate  possible cost escalations . 

over the long time period needed fo r  D&D. 

A t  present, the system i s  capable of compiling schedule and budget 

information, as described above. However, when f u l l y  developed the 

system will be capable of producing a comprehensive assessment of major 

quantifiable e f f ec t s  of plan implementation. These will include annual 

costs of maintenance and survei 1 lance, 1 abor requirements, waste volumes, 

and estimate's of occupational exposure. This information will fac i l  i t a t e  

evaluation of a l te rna t ive  future scenarios a t  Hanford and plans fo r  

achi.eving these scenari 0s. 
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FIGURE A-3A. D%D Budget and Expenditures i n  Constant (1977) D o l l a r s  






