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ABSTRACT 

This report describes the methodology and computer program used by NRC to 
evaluate radiological impacts associated with petitions to have specific 
slightly contaminated radioactive waste streams designated as "below regulatory 
concern." 
are not licensed for low-level radioactive waste management. 

The IMPACTS-BRC computer program is implemented on IBM-PC microcomputers using 
the FORTRAN programming language. Radiological impacts (doses) are estimated 
for several pathways including direct gamma radiation exposure, worker inhala- 
tion and exposure, offsite atmospheric and water releases, and intruder exposures. 
Annual impacts are calculated for the maximum individual, critical groups, and 
general population. 
tion, incineration at municipal and hazardous waste facilities, and disposal at 
sanitary landfills and hazardoup waste landfills. Modifications to the program 
(from Volume 1) are primarily for microcomputer compatibility and to provide 
information needed to evaluate the petitions. 

These wastes could be treated and disposed of at facilities which 

The treatment and disposal options include onsite incinera- 

Default environmental and facility parameters are developed representing 
conservative assumptions about site selection and operational procedures. In 
particular, the parameters of the groundwater pathway model are modified to 
represent more conservative assumptions than the original model (Volume 1). . 

i i i  
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1 INTRODUCTION 

1.1 Purpose 

AND SUMMARY 

The purpose o f  h i s  repo r t  i s  t o  document tlle Nuclear Regulatory Commission's 
technica l  c a p a b i l i t y  t o  perform rad io log ica l  assessments f o r  the  evaluat ion 
of p e t i t i o n s  t o  have s p e c i f i c  rad ioact ive waste streams designated as below 
regulatory  concern (BRC). Section 10 o f  the  Low-Level Radioactive Waste Po l icy  
Amendments Act o f  1985 mandated the  NRC t o  develop t h i s  technica l  capab i l i t y .  
I n  compliance w i t h  t h i s  mandate, a computer program, IMPACTS-BRC, was developed 
from p r i o r  NRC technology. This program calcu lates impacts ( rad io log ica l  doses) 
r e s u l t i n g  from disposal o f  very low-level waste, using a v a r i e t y  o f  non-licensed 
treatment and disposal options. 

This repo r t  a lso serves t o  provide po ten t i a l  p e t i t i o n e r s  w i t h  the means t o  
evaluate t h e i r  proposed a c t i v i t i e s  by the same methods the  NRC w i l l  use i n  , 

consider ing t h e i r  pe t i t i ons .  These evaluations are requi red o f  p e t i t i o n e r s  i f  
the NRC i s  t o  respond expedi t ious ly  t o  t h e i r  p e t i t i o n s .  Pet i t ioners  are a lso  
being asked t o  provide the  NRC w i t h  the  i npu t  data needed t o  proper ly  execute 
IMPACTS-BRC i n  order f o r  the  NRC t o  ac t  expedi t ious ly .  

1.2 scope I 

The IMPACTS-BRC methodology i s  a mod i f i ca t ion  o f  the  technology developed by 
NRC contractor  Dames 81 Moore, reported by 0.1. Oztunal i  and G.W. Roles i n  
Volume 1 o f  NUREGKR-3585 , "De Minimis Waste Impacts Analysis Methodology. 'I 
Most o f  the technical  assumptions and ca l cu la t i ona l  methodology have remained 
the  same. The aim o f  t h i s  repor t  (Volume 2) i s  t o  describe only  the changes 
made t o  the De Minimis methodology and t o  provide a user guide f o r  IMPACTS-BRC. 
In format ion regarding the  assumptions, techniques, and ca lcu la t iona l  method- 
ologies which remain unchanged can be obtained from Volume 1. 
corresponds t o  Version 1.0 o f  IMPACTS-BRC. 

This repo r t  

1.3 Summary 

This repor t  i s  d iv ided i n t o  two parts.  
o f  IMPACTS-BRC, Version 1.0. 
input ,  options, and output, and describes program implementation. 
example problems t o  help f a m i l i a r i z e  the user w i t h  the program and t o  v e r i f y  
proper execution. 

The FORTRAN source code and an executable module o f  IMPACTS-BRC, along w i t h  the 
de fau l t  BRC input  decks and data f o r  the example problems, are supplied on a 5% 
inch f loppy computer d iske t te .  This d i ske t te  i s  ava i lab le  from the Nat ional  
Energy Software Center (NESC), Argonne National Laboratory, 9700 South Cass Ave. , 
Argonne, I l l i n o i s  60439. The contents and use o f  t h i s  d i ske t te  i s  a lso described 
i n  Par t  I. 

Part  I 1  o f  t h i s  repor t  (Volume 2) describes the d i f ferences between IMPACTS-BRC 
and the computer code publ ished i n  Volume 1. 
the procedures and assumptions, inc lud ing  de fau l t  i npu t  data, between the  De 
Minimis methodology (Volume 1) and the BRC methodology. 

Par t  I i s  the  user 's  guide t o  operat ion 
It provides an overview o f  the program, def ines 

It includes 

It also describes d i f ferences ' in  

1 



The computer program published i n  Volume 1 was programmed i n  FORTRAN f o r  a 
mainframe computer, s p e c i f i c a l l y  a VAX 11/780. 
were requi red t o  implement i t  on an IBM-PC microcomputer. These changes 
involved i nput/output procedures and use of c e r t a i n  compi 1 e r  commands t o  
optimize storage. 
program on the IBM-PC, and i t  i s  c l e a r  t h a t  a thorough re-programming, w i t h  the 
IBM-PC app l i ca t ion  i n  mind, would improve operation. 

Several other changes have been made i n  developing IMPACTS-'BRC which were no t  
requi red f o r  compatibi 1 i ty. Groundwater d ispers ion has been dropped f rom the  
model o f  groundwater t ranspor t  because the long-term hea l th  impacts are no t  
sens i t i ve  t o  t h i s  parameter, and because the computational e f f o r t  was high f o r  
t h i s  term. Nucl ide-speci f ic  accounting has been added i n  a new output f i l e .  
The f a c i l i t y  types have been modif ied t o  correspond t o  options l i k e l y  t o  be 
considered under NRC's BRC po l  icy .  

The de fau l t  environmental and f a c i l i t y  data have been modi f ied f rom the example 
presented i n  the De Minimis NUREG/CR-3585, Volume 1. 
conservative. and r e s u l t  i n  higher ca lcu lated impacts. Most o f  the data changes 
have been i n  parameters o f  t he  groundwater pathway. A non-defaul t environmental 
dataset has been developed f o r  use i n  est imat ing maximum i n d i v i d u a l  exposures. 
The three regional s i t e  environmental datasets are used t o  estimate c k i  t i c a l  
group and cumulative popul a t i  on impacts. 

Several changes i n  IMPACTS-BRC 

No attempt was made t o  optimize ove ra l l  performance o f  the  

I < 

The changes are more ' 

. .  

. .  . . .- 

I 

. .. 

. .  . .  
:. , 

. .  
. .  

. .  
. .  

. . . .  . .  

. .  . .  

2 L 



PART I -, IMPACTS-BRC USER'S GUIDE 638 P - .  
,:,;- ': . .  . . . . . . . . . . . . .  

.. , . . . . . . . . . .  . . . .  . . . . .  . . .  9 , . .  . ,  . , 
.~ . .  

- .I . .  
... ....... . . . . . .  * .. ;.; .:I . .  ... 2 OVERVIEW 

. . .  
. a  . 1 , . :, < *;_'. '- . .  

. .  
c 

. ,  . . .  . .  

IMPACTS-BRC- is a computer .program which'calcul.ates.the impacts .(r 
doses). from the handling, ,recycling, incineration, and/or .disposal., of ve.ry'- '. .;, 
low-level radioactive waste a t  faci .Ji t ies.  which :are n p t  .1 icensed- for  low-level 
radioactive waste management. 
location., disposal. f a c i l i t y ,  and waste treatment options; Pathways for  which:.: 
the impacts .are calcu1ated.include .transpor%tation, operations,.,,a.ir 'and .water :,., 
t ranspor t , to  of fs i te . receptors ,  and i n t r u s i o n  into disposed.waste., These . : : ,  -:, 

calculated impacts are used t o  -support NRC, rulemaking on petit-iqns t o  designate 
specif ic  waste streams as below regulatory c.oncern which wou1.d allow the i r  . . 

The program includes a number of regional 

treatment and disposal a t  fac i l  ( t i e s  tha t  are not ~ 1 i.censed .for.  low-level 
radioactive waste management. > . ' .  ' . .  

. .'. ; ... 

. :. --.. . .  , ,  
. .  . .  

IMPACTS-BRC is  intended ..to be .  a ''dynamjc" program, 4 n that , .  j t can be: easi.ly F" 

adapted t o  very specif ic .  s i tuat ions from the gen.e,ric::form ,in,,.whi.ch .it .i.s.-suppljed. 
Because generi,c -faci 1 i ty  , environmenta.1,. and radionuclide data ;are supp:l i.ed..: . i  

w i t h  the program, ,the user may estimate radiologic.al impacts simply by .choos.i.ng 
the:.desi red treatment and disposal options and, supply-ing thet~charact,ez~istics,.-of 
the waste stream. Or; the user may make , the prqgram a.s s,~tuati-o,n-~spec~i.~.ic as;,. 
desired, simply by changing any or a l l .  of- the.  generic data . to  .refl'ect a .  specjfic 
s e t  of circumstances. 

2 .1  Computer Requirements 

IMPACTS-BRC i s  written i n  IBM-PC FORTRAN Version 2.00 and runs on 640K IBM-PC 
and compatible computers. 
and should be ful ly  upward compatible. 
useful option, b u t  is n o t  required for  program operation. 
a1 so provides certain operational advantages, b u t  i s  n o t  required. 
runs in a batch mode using three input data f i l e s  and generating two output 
data f i l e s .  
a pr inter  w i t h  the capacity t o  handle l ines of this w i d t h  is also needed. 

2:2 Input 

The f i r s t  i n p u t  f i l e ,  TAPEl.DAT, contains nuclide specif ic  data for each of 85 
radionuclides. 
under the most specific of circumstances. 
contains data on the reference environments and f a c i l i t i e s  used by IMPACTS-BRC. 
T h i s  f i l e  may require user edit ing for  certain si tuations.  
f i l e ,  TAPE5, contains.data for  the waste stream and chosen treatment and 
disposal options. 
specific waste stream(s) and f a c i l i t i e s  t o  be considered. 

The program has been r u n  under IBM-DOS Version 2.10 
An 8087 math co-processing chip i s  a 

A harddisk system 
The program 

Because por t ions  of the o u t p u t  are printed on 128 character l ines ,  

Generally, t h i s  f i l e  will n o t  require user edit ing,  except 
The second input f i l e ,  TAPEZ.DAT, 

The third input 

This f i l e  mus t  be edited o r  created by the user f o r  the 

. 2.3 O u t p u t  

The f i r s t  output f i l e ,  TAPEG.OUT, contains the calculated doses f o r  each pathway 
for the en t i re  waste stream, indicating the doses from a l l  radionuclides combined. 
The second output f i l e ,  TAPElO.OUT,  contains ICRP doses f o r  most pathways f o r  
each individual nuclide i n  the waste stream, indicating t h e i r  re la t ive 
contributions to  the to ta l  dose. 

3 
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3 DESCRIPTION OF INPUT DECKS AND MODIFICATION PROCEDURES 

IMPACTS-BRC uses three i npu t  f i l e s ,  described here i n  the order i n  which they 
may requ i re  user modif icat ion.  
t o ,  o r  e n t i r e l y  new f i l e s  created, using a f i l e  e d i t i n g  program such as EDLIN, 
suppl ied w i t h  IBM-DOS. When c rea t ing  o r  e d i t i n g  any o f  these f i l e s ,  i t  should 
be noted t h a t  data must be r i g h t  j u s t i f i e d  w i t h i n  the data f i e l d s .  

Data w i t h i n  these f i l e s  can be changed o r  added 

Tables are used t o  describe the  contents o f  each o f  the  i npu t  f i l e s ,  on a card 
by card basis. 
f i l e ,  corresponding t o  a physical  computer card. 
f i l e ,  these tab les  provide the fo l lowing:  

I n  t h i s  repor t ,  the  term "card" re fers  t o  a l i n e  i n  the  i npu t  
For each card type w i t h i n  a 

(1) the  input  format f o r  the  requi red data, 

(2)' a schematic i l l u s t r a t i o n  o f  the locat ions f o r  each var iab le ,  

(3)  a l i s t  and descr ip t ion  o f  the  input  var iables.  

Fol lowing the card type tab les f o r  each inpu t  deck i s  a f i g u r e  i l l u s t r a t i n g  the 
sequence o f  card types w i t h i n  t h a t  deck. 

3 .1  TAPE5 

This i npu t  f i l e  contains the cha rac te r i s t i cs  o f  the waste stream and the opt ions 
under which i t s  impacts are t o  be calculated. 
f o r  the  spec i f  i'c waste stream(s) and treatment/disposal opt ions t o  be considered. 

It must be created by the user 

Two var iab les w i t h i n  TAPE5 requ i re  explanat ion beyond t h a t  contained i n  the  card 

o r  3, a number o f  non-default f a c i l i t y  parameters must be added t o  TAPE2.DAT by 
the user f o r  the  program t o  operate. 
requi red when IDAT i s  spec i f ied  as 2 o r  3, have been provided i n  TAPE2.DAT on 
the  suppl ied d isket te .  For the  BRC methodology, these parameters correspond t o  
a conservative s i t e  used t o  estimate maximum indiv idua' l  exposures. 

. type tables.  On Card Type 1, i f  the  user spec i f ies  the data index ( IDAT)  as 1 

The non-default s i t e  environment parameters, 

On Card Type 3 ,  the *sor t ing  opt ions f o r  the  processing index ( I P  = 3 ,  4, o r  5) 
should on ly  be used when the  disposal f a c i l i t y  i s  a san i ta ry  l a n d f i l l  (IQ = 2 
on Card Type 1). These " s o r t i n g  options" a l low the considerat ion o f  three 
waste treatment processes t h a t  might take place a t  a municipal inc inera tor :  

o 
' 

Sor t ing Option 1 - The waste i s  reduced i n  s ize  (by such equipment as 
hammermills), inc inerated,  and the residue bur ied  a t  the  l a n d f i l l .  

o Sort ing Option 2 - The waste i s  reduced i n  s i re ,  separated i n t o  
combustible and non-combustible f rac t ions ,  the combustible f r a c t i o n  
i s  incinerated, and the  residue and non-combustible f r a c t i o n  are 
bur ied a t  the l a n d f i l l .  

I 
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o Sorting Option 3 - The waste i s  reduced i n  s ize ,  separated i n t o .  
combustible and non-combustible fractions,  and the combustible 
fraction is  incinerated. Recyclable materials (metal and glass) a re  
recovered from the non-combustible fraction+ and recycled. Incinera- 
t i o n  residue and non-recyclable materials are buried a t  the landf i l l .  

Tables 1 through 4 describe the four card types used i n  TAPES, and Figure 1 
depicts the sequential structure of the f i l e .  
of the TAPES (EXAMPLE5.DAT) that  appears on the supplied diskette.  
data used for  the example problems, which are  discussed in Section 6. 

'3.2 TAPE2. DAT 

This i n p u t  f i l e  contains data on the reference environments and f a c i l i t i e s  used 
by IMPACTS-BRC. I t  requires editing when the user o p t s  t o  supply s i te-specif ic  
f a c i l i t y  data for  use i n  the impact calculations (IDAT = 1 or 3 i n  TAPE5). I n  
this case, the user must inser t  the s i te-specif ic  f a c i l i t y  data into the f i l e ,  
according t o  Card Types 8 and 9. 

Portions of the generic BRC data i n  TAPE2.DAT are different  from tha t  used i n  
the De Minimis methodology. 
of IMPACTS-BRC (see Part 11). 
supplied in TAPE2.'DAT according t o  data obtained for the specif ic  s i tuat ion t o  
be modeled. If such changes are used in the preparation of a pet i t ion for  BRC 
rulemaking, they should be documented and jus t i f ied  within the pet i t ion.  

Tables 5 through 14 describe the .ten card types used i 'n TAPE2.DAT. 
' %shows the sequential structure of.the f i l e ,  including where Card Types 8 and 9 

would be inserted. 
on the supplied diskette. 

Appendix D contains a hardcopy 
T h i s  is the 

These changes were made t o  increase the conservatism 
The user i s  encouraged t o  a l t e r  the generic data 

Figure 2 

Appendix C contains a hardcopy of TAPE2.DAT as i t  appears 

3: 3 TAPE1. DAT 

This i n p u t  f i l e  contains nuclide specific data for  the 85 radionuclides 
recognized by IMPACTS-BRC, which are l i s t ed  in Table 15. T h i s  f i le-does not 
require any editing. However, the user may e l ec t  t o  change the provided data 
(such as the retardation coefficients) in order t o  re f lec t  a specif ic  s e t  of 
circumstances. Information for other nuclides, not currently included, could 
alternatively be input in th i s  f i l e .  These changes should be documented and 
jus t i f ied  i f  they are used in the preparation of a peti t ion f o r  BRC rulemaking. 

Tables 17 through 19 describe the f ive card types used within T A P E L D A T ,  and 
Figure 3 i l l u s t r a t e s  the sequential structure of the f i l e .  
TAPE1.DAT as i t  appears on the suppl'ied disket te  i s  contained in Appendix B.  

A hardcopy of 
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TABLE 1 

DATA INPUT FORMAT FOR CARD TYPE 1, TAPES 

IR 

Card Type 1 

Format (813) ' . 

IDAT IQ NSTRD IPOP ILFE IINS IOFL 

1 - 3  IR Region index 

4 - 6  JDPT Data index 

Disposal facility 
index 

7 - 9  IC 

10 - 12 NSTRD Number of waste 

13 - 15 IPOP Facility environment 

streams 

index 

1 
2 
3 

0 
1 
2 .  
3 

1 
2 
3 
4 
5 

1 
2 

Humid, low permeable soil (Northeast) 
Humid, moderately permeable soil (Southeast) 
Semi -arid (Southwest ) 

Use default parameters for chosen region 
Use non-defaul t faci 1 i ty parameters* 
Use non-defaul t environment parameters** 
Use both 1 and 2 

Onsi te incinerator/sani tary landf i 1 1 
Municipal incinerator/sani tary landf i l l  
Onsite incineratorlhatardous waste landfill XI 
Hatardous waste incinerator/landfill I 
Hazardous waste inclnerztor/landfill I1 (more conservative) 

Number of waste streams to be modeled 
under the same disposal options (Card Type 1) 

Rural envlronment 
Urban environment (for populatlon exposure calculatlons) 

16 - 18 ILFE Disposal facil i ty Length of time that the disposal facility - 

19 - 21 IINS Institutional control Length of time between closure of the facilit 

22 - 24 IOFL Overf 1 ow i ndexL 0 No leachate overflow impacts calculated 
1 

life I s  operational (yrs) 

period and loss of active institutional control (yrsf 

Impacts of leachate overflow are calculated 

* User must provide, see Card Types 8 and 9 in TAPE2.DAT. 
** Provided for the maximum fndividual site, see Card Type 10 in TAPE2.DAT. 
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BASN B A S ( 1 , l )  BAS(1 ,Z)  

Columns Variable Description 

1 - 10 BASN Waste stream name (up to 10 characters) 

Total mass of the waste stream [metric tons (MT = 2.2 tons)] 11 - 20 

21 - 30 BAS(1,Z)  Density of the waste stream (MT/m or g/cm ) 

31 - 40 

BAS( 1 ,I ) 
3 3 

3 BAS( 1,3) Volume of the waste stream (m ) 

RPS(1,3)  

8 



TABLE 3 

DATA INPUT FORMAT FOR CARD T Y P E . 3 ,  TAPE5 . 

ID IA 

Card Type 3 

Format (515, lox, 815) 

IKl IKP IP 1x1 1x2 1x3 1x4 IC1 IC2 IC3 IC4 

Columns 

1 - 5  

6 - 10 
11 - i5 

16 - 20 
21 - 25 

26 - 35 
36 - 40 
41 - 45 
46 - 50 
51 - 55 
56 - 60 
61 - 65 
66 - 70 
71 - 75 

Variable 

ID 

IA 

IK1 

I K2 

IP 

blank 

?X1 

1x2 

I X? 

I X4 

IC1 

I c2 

I C3 

IC4 

Index 
Parameter Values Description 

Dispersability 0 
1 
2 Moderate - trash, dewatered resins 
3 

Near zero - waste i s  solidified in vinyl ester styrene, etc. 
Slight to moderate - waste is solidified in cement 
Severe - dewatered sludge, ash, dirt, powders 

index 

Accessabi 1 i ty 1 Ord i nary waste 
index 2 Activated metals 

First packaging 0 Not packaged 
index 1 Metal containers 

2 -  Other containers 

Second packaging 0-100 Percent o f  mete1 packages recycled - used 
index when IK1 = 1 

index 2 Incineration and disposal 
Processing 1 Disposal 

3 Sorting option 1 
4 
5 Sorting option 3 

Sorting option 2 3 Use only i f  IQ = 2 

Distribution index 1 . Number of shipping vehicles 

Distribution index 2 0-100 Percent of vehicle load which is de minimis waste 

Cistribution index 3 

Distribution index 4 Number of disposal facilities 

Number of processing facilities 

Composition index 1 0-100 

Composition index 2 0-100 

Composition index 3 0-100 

Composition index 4 0-100 

Weight percent of combustible component of waste 

Weight percent of metal Component of waste 

Weight percent of glass component of waste 

Weight percent of other components of waste 

Note: All of the variables on Card Type 3 are stored in array ISPC(1, J), J = 1 - 5, 8 
Composition indices are only used when a sorting option is specified (IP> 2), 

15. 
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TABLE 4 

NUCD 

DATA INPUT FORMAT FOR CARD TYPE 4, TAPE5 

S COND Same for 2nd nuclide Same for  3rd nuclide Same for  4th nuclide Same for 5th nuclide 

Card Type 4 

Format (5(A6, l X ,  A l ,  E10.3, 2x1)  

- 
Columns Variable Description 

1 - 6  NUCD( 1) Nuclide name (must be from Table 15) 

7 blank 

8 S = SOLD(1) Solubility class - *, D, W ,  or Y 

9 - 18 COND( 1) Nuclide concentration (mCl/g) 

19 - 20 blank . 

21 - 40 Repeat above for second nuclide: NllCD(2), etc. 

41 - 60 

61 - 80 

81 -100 for f i f t h  nuclide 

for third nuclide 

for fourth nuclide 

Note: Card Type 4 i s  repeated as many times as necessary t o  i n p u t  a l l  radionuclides present i n  the 
If the l a s t  radionuclide i n p u t  is waste stream. The l a s t  nuclide f ie ld  read must be blank. 

a t  the end of a l ine,  a b lank  l ine must follow. 

. 
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Card 
Type 
1 
2 
3 
4 
2 
3 
4 
1 
2 
3 
4 

- Disposal options. 

Multiple waste streams (up to  NSTRD) to  be modeled 
under the same disposal options. 3 
Any number of additional disposal options 
which may also have multiple waste streams. t 

11 

Figure 1. Structure of TAPE5 



TABLE 5 

PRC TSC DTTM I TTM(1) 

DATA 'INPUT FORMAT FOR CARD TYPE 1, TAPE2.DAT 

. TTM(2) TTM(3) DTPC TPC( 1) TPC( 2) TPC(3) 

Card Type 1 

Format (10E10.3) 

Columns Vari ab1 e Description 

1 - 10 PRC(IR, IQ) 

11 - 20 TSC(IP, IO) 

Annual potential infiltration into the disposal cells (m/.w) 

Contact time fraction between waste and percolation (dimensionless) 

21 -.30 OTTM(IR, IQ) Incremental groundwater travel time ,between sectors o'f the facility (yrs) 

Groundwater travel times from the facility 
to each receptor (yrs) l- 31 - 40 TTM(IR, 1, IQ) Intruder well 

41 - 50 TTMIIR, 2, IQ) Population we1 1 

51 - 60 TTM(IR, 3, IQ) Surface water 

61 - 70 DTPC(IR, IQ) Incremental Peclet number* between sectors oc the facility (dimensionless) 

Peclet numbers* from the facility 
tc each receptor (dimensionless) ?- 71 - 80 TPC(IR, 1, IQ) , Intruder well 

81 - 90 TPC(IR, 2, IQ) Population we1 1 

91 -100 TPC(IR, 3, IQ) Surface water 

Note: I R  is the region index, 1 - 3, and IQ is the facility index, 1 - 5. 
See Figure 2 for the structure of TAPE2.DAT. 

* Peclet numbers are not used by IMPACTS-BRC, but may be re-activated within the 'code. 
, 

\ 
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, 
TABLE 6 

DATA INPUT FORMAT FOR CARD TYPE 2, TAPE2.DAT 

Card Type 2 

Format (10E10.3) 

1 10 20 

Columns 

1 - 10 

11 - 20 

21 - 30 

31 - 40 

41 - 50 

51 - 60 
61 - 70 

71 - 80 

81 - 90 

91 -100 

Variable 

FSCf 1P; 

FSA( IR) 

QFC(IR, 1) 

CFC(IR, 2 )  

QFC(IR, 3) 

POP( IR) 

POPE(IR) 

POPW( IR)  

TPOP ( I R) 

TDOZ( IR) 

Note: I R  is the region index, 1 - 3 .  

Descr iptl on 

Sol 1 -to-ai r transfer factor, intruder construction (dlmenslonless) 

Soil-to-air transfer factor, intruder agriculture (dimensionless) 

3 

3 

Intruder we1 1 

Populatlon we1 1 

Surface water 

Population factor for airborne exposed waste, operations/lntrusion (person-yr/m ) 

Pcpu?ation factor for airborne exposed waste, erosion (person-yr/m ) 

Minimum dilution factors for each receptor (m 3 /yr) 

I l- 
Site selection factor for waterborne exposed waste, erosion/intrusion (yrlm 3 ) 

Population density around transportation route (persons/mi 2 ) 

Distance dependent dose factor for tfanseortation 
population exposure calculations (mi /ft ) 

I 

1, i ' 

, 
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TAB LE-":7 

WVEL AXOQ 

DATA INPUT F O W T ' F O R  CARD TYPE '3, TAPE2.DAT 

....... . .  , . . , 1 . . . . . . . . . . . . . . . . . . . . .  EREC .._. -_ . 
EERO 

+ - 2  
EFAC 

Card Type 3. 

Columns Variable Descri pt 1 on 
., 

Average wind speed at the site (m/sec) 

Accident ~ atmospheric dispersion factor (.vr/m ) 

Dust mobili7ation rate for hazardous waste facility operations (g/m -set) 

Dust mobilization rate for erosion exposed waste (g/m -sec) 

Dust mobilization rate for intruder exposed waste (g/m -sec) 

* 
3 

1 - 10 WVEL I R) 

11 - 70 AXCQ( IR) 

21 - 30 EFAC ( I R) 

31 - 40 EERO( IR) 

41 - 50 EREC( I R) 

2 

2 

2 

Note: IR i s  the region index, 1 - 3 .  



TABLE 8 -  
\ 

DATA INPUT -FORMAT' FOR.. CARD 'TYPE. 4, TACEL. DAT 

. . .  Card Type 4 

Format (15) I . . 

. .  

. .. s .  

NRET - .  
. .  1 . , . .  

1 5  

. .  Index . .  , . 

. .  - Descrl ptlon Columns Varlabl e Values 

1'- 5 Retardatlon index for solls I n  the disposal slte vlcinity - 
values correspondlng to 1 and 4 are Input. from TAPE1 for each 
nuclide, values corresponding to 2, 3, and 5 are calculated 

. .. 

: , . . internal1y.frm 1-and 4. , ' ' 

1 - 5  NRET( I R )  . 

. .  Note: IR is the reglon Index, 1 - 3. . .  .. 
. .  . .  . .  . .  

. .  . .  . . .  . .  - .; . r  . .  
.: . , .  , .  

. .  

. .  

. .  

. . .  

6 3 8  P 

15. 



TABLE 9 

DATA INPUT FORMAT FOR CARD TYPE 5 ,  TAPE2.DAT 

41 - 5C ECFI( IO) Exposure duration factor, incineration (dimension1 ess) I 

51 - 60 DENl( IQ) 

61 - 70 . VANN(1Q) Annual volume of non-BRC waste disposed (m /yr) 

71 - 80 XCQ@( IQ) 

81 - 90 EDFO( 10) 

91 -100 DEN2( IQ) 

Average density of waste during shipment and incineration (g/cm31 
3 

Offsite atmospheric dispersion, ground level release (yr/m'?) 

Exposure duration factor, disposal facility operations (dimensionless) 

Averaae density of waste during disposal (g/cm ) 3 

Note: IQ is the facility index, 1 - 5: 

. .  
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T W I ( 1 )  

. .  

17 

RMI  X TWI(2) TWI(3) TWO(1)  TWO(2) TWO(3) A D A Y ( 1 )  A D A Y ( 2 )  A D A Y ( 3 )  



TABLE 11 

DATA INPUT FORMAT FOR' CARD TYPE 7, TAPEZDAT 

Card Type 7 

. .  
Format ( 10E10.3) 

* SEFF GERO OSWR OSDL EMP EFF I 
20 30 40 50 6C 1 10 

Columns Varlable Descrl ptlon 

1 - 10 EMP(IQ) Haste mp1 ecement eff Ic lency ( dimensl on1 ess ) 
3 2  11 - ?@ EFF( 19) Volumetric disposal efficiency (m /m 

21 - 30 SEFF(1Q) - , Surface ut11 izatlon efflclency (dlmenslonless) ' 

31 - 40 GERO( IQ) Delay time for erosion (yrs) 

41 - 50 OSWR( IQ)* 

51 - 60 OSDL( IQ)* 

Onsite fnclnerator uelght reductlon factor (dimensionless, -2faul t = 2.0) 

.' Onsite operational dust loading (g/n3!. 

Note: 

If these two varlahles are not user speclfied, default values are used. 

IQ is the facillty index, 1 - 5. 

, 
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6381" 
TABLE ;12 

DATA INPUT FORMAT FOR CARD TYPE.8, TAPE2.DAT 

Card Type 8 

Format (10E10.3) 

I 

Columns - .  Variable. Description ' .  . . .  

1 - 10 DSP(I  j " . ,: Distance t o  the 'center of the population r i n g  (m) . .  

11 - 20 PDS( I )  . . Popul'at'ion . w i t h i n  .the population ring (persons) . 

L .  
'Average w i n d .  spee>d, for Stabil i ty Class A (mlsec) 

Fraction' of the'year that ' .wind is .  i n  S tab i l i ty  .Class A (dimensionless) 

W S P ( I )  .. :; . : 21 - 30 

31 - 40 STB( I )  

Note: Card Type.8 i s  repeated G times .(I = 1 - 6) t o  enter da ta  for.6' population rings and Stabil i ty 
. .  * :  . .  I s  ~. . .. . ' ? .  '. . .  ' .  '. . .  , ., -i ! 1 .. 

Classes A - F. This card i s  'us'eed when IDAT = L o r  3;: 'The supplied TAPE2.DAT does not contaln this card. 

. .  
. .  1 , : ,:. * ::. . . .  

. .  . . .  ... ... 
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TABLE 13 

DATA INPUT FORMAT FOR CARD TYPE 9,  TAPE2.DAT 

CIYTI HYTO DISTI OISTO EDFIO 

Card Type 9 

Format (10E10.3) 

EDFOD 

1 10 20 30 ' 40 50 6@ 

Columns Variable Description 

1-- 10 HYTI Incineration release height (m) 

11 - 20 HYTO Disposal operations release height (m) 

21 - 30 DISTI Distance to off-site individual, incineration (m) 

31 - 40 D I STO Distance to off-site individual, disposal operations (m) 

41 - 50 EDFID Exposure duration factor, off-site individual, 
incineration (dimension1 ess) . 

. .  

51 - 60 EDFOD Exposure duratlon factor, off-site individual, 
disposal operations (dimensionless) 

Note: This card is used when IDAT = 1 or 3. The supplied TAPE2.DAT dces not contain this card. 

20 



D 

FSC 

Card Type 10 

WVEL AXOQ E FAC FSA OFC(1) QFC(?) QFC(3) 

TA I IP 

. TABLE 14 

IT FORMAT FOR CARD TYPE' lO,-TAPEE.DAT 

Format (10E10.3) 

Variable Desc ri p t i on Columns -. 
1 - 10 

11 - 20 
21 - 30 

' 31 - 40 
41 - 50 
51 - 60 
61 -' 70 

71 - 80 

FSC 

FSA 

QFC(1) 

QFC( 2) 

QFC(3 ' 

WVEL 

AXOQ 

EFAC 

S o i  1 -to-a ir trsnsfer factor, intruder construction (dimensionless) 

Soil -to-air transfer factor, intruder apriculture (dimensionless) 

Intruder we1 1 

Population we1 1 

Surface water 

Average wind speed at the site (m/secg 

Accident atmospheric dispersion factor (yr, 

Minimum dilutiop ' 'F for each receptor (m 3 /yr) 

f .  

1 .  

3 
\ 

Dust mobilization rate for hazardous waste facility operations (g/m 2 -sec) 

Note: This card is used when IDAT = 2 or 3. 
calculating impacts to the maximum individual. 

The supplied TPPE2.DAT contains these data for 
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Card 
Type 
1 - IQ1 
1 - IQ2 : 
1 - IQ3 
1 - IQ4 
1 - IQ5 
2 
3 
4 
i - IQ1 
1 - IQ2 
1 - IQ3 
1 - IQ4 
1 - IQ5 
2 
3 i 

4 
1 - IQ1 
1 - IQ2 
1 - IQ3 
1 - IQ4 
1 - IQ!) 
2 
3 
4 

Northeast site (IR = 1) 
I 

Southeast site (IR = 2) 

Southwest site (IR = 3) 

5 
6 
7 
5 
6 
7 
5 
6 

- 7 . .  
5 
6 
7 
5 
6 
7 
1 
10 
4 

Onsi te i nci nerator/sani tary 1 andf i 1 1 3 IQ1 
3 IQ2 
3 *IQ3 

Municipal i nci nerator/sani tary 1 andf i 1 1  

Onsi te i nci nerator/hazardous waste 1 andf i 1 1  I1 
? 

3 IQ4 
3 IQ5 

Hazardous waste i nci nerator/l andf i 1 1 I 

Hazardous waste incinerator/landfill I1 

Non-defaul t environmental parameters, 
used when IDAT = 2 or 3. 

+ Card Types 8 and 9 must be inserted here if IDAT = 1 or 3. 

.. . 

Figure 2. Structure of TAPE2.DAT. 



TABLE 15 

RADIONUCLIDES CONSIDERED BY IMPACTS-BRC 

Defau l t  Hal f- 1 i f e  Defau l t  Hal f -  1 i f e  Defau l t  Hal f-1 i f e  
Isotope Sol. (years) Isotope Sol. (years) Isotope Sol. (years) 

H- 3 
C- 14 
Na-22 
P- 32 
P- 33 
s-35 
C1-36 
Ca-45 
Sc-46 
Cr-51 
Mn- 54 
Fe-55 
Fe-59 
Co-57 
Co-58 
Co-60 
Ni-59 
Ni-63 
Zn-65 
Se-75 

Sr-85 
Sr-89 

' Sr-90 
Zr-95 
Nb-94 
Nb-95 
Mo- 99 
Tc-99 

Rb-86 

* 
* 
D 
W 
W 
W 
W 
W 
Y 
Y 
W 
Y 
Y 
Y 
Y 
Y 
w 
W 
Y 
W 
D 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
W 

12.3 Tc- 99m 
5.730 Ru-103 
2.62 Ru-106 
3.91E-2 Ag-108m 
6.68E-2 Ag-llOm 
2.41E-1 Cd-109 
3.08E+5 Sn-113 
4.52E-1 Sn-126 
2.30E-1 Sb-124 
7.62E-2 . Sb-125 
8.30E-1 1-125 
2.60 1-129 
1.25E-1 1-131 
7.40E-1 Cs-134 
1.95E-1 Cs-135 
5.26 Cs-136 
8.OE+4 CS-137 
92 Ba- 140 
6.71E-1 La-140 
3.30E-1 Ce-141 
5.11E- 2 Ce- 144 
1.75E-1 , Eu-152 
1.44E-1 Eu-154 
28.1 Yb-169 
1.79E-1 Pb-210 
2.OE+4 . Po-210 
9.59E-2 Rn-222 
7.61E-3 Ra-228 
2.12E+5 Ra-226 

W 
Y 
Y 
Y 
Y 
Y 
W 
w .  
W 
W 
D 
D 
0 
D 
D 
D 
'D 
W 
Y 
Y 
Y 
W 
W 
Y 
W 
W 

W 
W 

* 

6.91E-4 
1.08E-1 
1.01 
5 
6.69E-1 
1.24 
3.15E-1 
1.OE+5 
1.65W-1 
2.71 
1.65E-1 
1.17€+7 
2.21E-2 
2.046 
3.OE+6 
3.75E-2 
30.0 
3.51E-2 
4.59E-3 
8.90E-2 
7.78E-1 
12.7 
16 
8.71E-2 
20.4 
3.79E-1 
1.05E-2 
6.7 
1,602 

AC-227 
Th-228 
Th-229 
Th-230 
Th-232 
PU-231 
U-232 
U-233 
U- 234 
U-235 
U-236 
U- 238 
Np-237 
PU-236 
PU-238 
PU-239 
PU- 240 
PU-241 
PU-242 
Pu-244 . 

Am- 241 
Am- 243 
Cm- 242 
Cm-244 
Cm- 243 
Cm-248 
Cf-252 

. Y  
. Y  

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

21.6 
1.19 
7,340 
8.OE+4 
1.41E+10 
3.25E+4 
72 
1.62E+5 
2.47E+5 
7.1E+8 
2.39E+7 
4.51E+9 
2.14E+6 
2.85 
86.4 
2.44E+4 
6,580 
13.2 
3.79E+5 
7.6E+7 
458 
7,950 
4.45E-1 
17.6 
32 

2.646 
4.75E+5 

Sol. = sol ubi1 i ty c lass 
* = no s o l u b i l i t y  c lass 
D = days I 

W = weeks 
Y = years 

Element s o l u b i l i t y  classes are l i s t e d  i n  Table 16. 

. .  
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TABLE 16 

ELEMENTAL SOLUBILITY CLASSES CONSIDERED BY IMPACTS-BRC 

Sol ubi 1 i t y  
Element Class Compounds 

H 
C '  
Na 
P 

S 

c1 

Ca 
sc ' ' 

C r  

Mn 

Fe 

co 

N i  

Zn 

Se 

Rb 
S r  

Z r  

Nb 

Mo 

Tc 

Ru 

Cd 

* 
* 
D 
W 
D 
W 
D 
W 
D 
W 
Y 
Y 
D 
W 
D 
W 
D 
Y 
W 
W 

D 
Y 

W 
D 
W 
D 
D 
Y 
W 
Y 
W 
D 
Y 
W 
Y 

D 
W 
D 
Y 
W 
D 
Y 
W 
D 

- 

A1 1 compounds 
A1 1 compounds 
A1 1 compounds 
Some phosphates 
Most phosphorous compounds 
Elemental sulphur 
In format ion not provided 
In format ion not provided 
In format ion not provided 
A1 1 compounds 
In format ion not provided 
Oxides and hydroxi des 
A l l  o ther  compounds 
Oxides, hydroxides, ha1 ides and n i t r a t e s  
A l l  other compounds 
Oxides, hydroxides and hal ides 
A l l  o ther compounds 
Oxides, hydroxides, ha l ides and n i t r a t e s  
A l l  other compounds 
Oxides, hydroxides, ha l ides,  n i t r a t e s ,  

A l l  other compounds 
Oxides, hydroxides, phosphates and 

Halides and sulphides 
Sul phates 
Elemental selenium, oxides, and hydroxides 
A l l  o ther compounds 
A1 1 compounds 
S t r o n t i  um ti tanate 
A l l  o ther compounds 
Z i  rconi  um carbide 
Oxides, hydroxides, ha l ides  and n i t r a t e s  
A l l  o ther compounds 
Oxides and hydroxides 
A l l  other compounds 
Molybdenum, sulphide, oxides and 

A l l  o ther  compounds 
Oxides, hydroxides, ha l ides and n i t r a t e s  
A l l  other compounds 
Oxides and hydroxi des 
Hal ides 
A l l  o ther  compounds 
Oxides and hydroxides 
Sulphides, ha1 ides and n i t r a t e s  
A l l  o ther compounds 

and carbides 

n i t r a t e s  

hydroxides 
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TABLE 16 (Continued) 

ELEMENTAL SOLUBILITY CLASSES CONSIDERED BY IMPACTS-BRC 

Sol ubi 1 i ty , 
Element Class Compounds 

Ag 

Sn 

Sb 

I 
Cs 
Ba 
La 

Ce 

Eu 

Yb 

Pb 
Po 

Rn 
Ra 
Ac 
Th 

Pa 
U 

NP 
Pu 

Am 
Cm . 
C f  

Y 
W 
D 
W 

D 
W 

\ 

D 
D 
D 
D 
Y 
W 
Y 
W 
Y 
W 
Y 
W 
D 
W 
D 

w -  
W 
Y '  
W 
W 
D 
W 
Y 
W 
Y 
W 
W 
W 
Y 
W 

* 

Oxides and hydroxi des 
Ni t ra tes and sulphides 
S i l ver  metal and a l l  other compounds 
Sulphides, oxides, hydroxides, halides, 

A l l  other compounds 
Oxides, hydroxides, sulphides, sulphates, 

A l l  other compounds 
A1 1 compounds 
A l l  compounds 
A1 1 compounds 
Oxides, hydroxides and f lour ides 
A l l  other compounds 
Oxides, hydroxides and f luor ides 
A l l  other compounds 
Oxides, hydroxides, carbides and f luor ides 
A l l  other compounds 
Oxides, hydroxides, carbides and f luor ides 
A l l  other compounds 
A1 1 compounds 
Oxides, hydroxides and n i t ra tes  
A l l  other compounds 
A1 1 compounds 
A1 1 compounds 
AJ 1 compounds 
Oxi des and hydroxi des 
A l l  other compounds 
A1 1 compounds 
Most hexavalent urani um compounds 
Most te t ravalent  uranium compounds 
UO and U 0 
AI? compodnis 
Plutonium dioxide 
A l l  other compounds 
A1 1 compounds 
A1 1 compounds 
Oxides and hydroxides 
A l l  other compounds 

n i t r a t e s  and stannic compounds 

carbonates, n i t ra tes,  and hal ides 
I 

* = no s o l u b i l i t y  class 

W = weeks 
Y = years 

D = days \ 
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TABLE 17 

DATA INPUT FORMAT FOR CARD TYPE 1, TAPE1.DAT 

NUC JJ S DCF3 FF(1) FF(2) FF(3) FF(4) FF(5) AL 

Card Type 1 

Format (A6, 1X. 11, Al, 10E9.2) 

FM F I RET(1) I RET(4) 

/ 

Columns Vari ab1 e Descr i p t i on 

1 - 6  NUC (N) Nuclide name 

7 blank 

8 JJ(N) 1 Number of solubility classes for the nuclide 

9 s = SOLB(N) Default solubility class for the nuclide 
3 

10 - 18 DCF3( t i ) .  Ground contamination fundamental dose conversion factor (mremlyr per pCi/m ) 

1 19 - 27 FF(N, 1) . 

28 - 36 FF(N, 2)  
1 

37 - 45 FF(N, 3) 

46 - 54 FF(N, 4) 

55 - 63 FF(N, 5) 

Fundamental dose conversion factors (various units) 

64 - 72 AL(N) Decay constant (yrs’] ) 

73 - 81 FMF( N) Waste-to-leachate partition ratio (dimensionless) 

82 - 90 RET(N, 1) 

91 - 99 RET(N, 4) 

- 

7- Retardation coefficients (dimensionless) 

Note: N is the nuclide index, 1 - 85. 

. .  
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TABLE 18 

DATA INPUT FORMAT FOR CARD TYPES. 2 ,  3 ,  5 ,  TAPE1. DAT 

DCFn(1) DCFn(2) DCFn(3) OCFn(4) DCFn(5) DCFnf6) DCFn(7) DCFn(8) DCFn(9) DCFn(l0) 

Note: N is the nuclide index, 1 - 85. 
* These indices refer to the following body organs: . 

1 - lung 
2 - stomach wall 7 - red marrow 
3 - large lower intestine wall 
4 - total body 9 - thyroid 
5 - kidneys ' - 10 - ICRP total body dose 

6 - liver 
8 - bone surface 
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_ ~ ~ _ _ _  

TABLE 19 

DATA INPUT FORMAT FOR CARD TYPE 4,  TAPE1.DAT 

Card Type 4 

Format (8X, Al, lOE9.2) 
, 

Columns Variable 

1 - 8  blank 

Description 

9 S = SOLT(N, JJ) Solubility class 

10 - 99 DCFlfN, JJ, 1-lo*) Ingestion fundamental dose conversion factors (mrem/pCi) 

Note: Card Types 4 and 5 are repeated for each solubility class (JJ times) o f  the radionuclide. 

Card Types 1 - 5 are repeated for each of the 85 (N = 1 - 85) radionuclides. 
* For corresponding body organs, refer to Card Types 2, 3, 5. 

. .  . .  

. . . ' .  
. .  , . . .  . , s  1 . . . .  . . .  

28 



Card 
Type Nucl i de 

5 ‘-1 H-3 
4 
5 

4 5 ‘-1 C-14 

5 

(33 = 1) 

1 

4 5 --I NA-22 

5 

(33 = 2) 
5 
4 1 
5 .  

CR-51 (33 = 3) 

Figure 3. Structure o f  TAPE1. DAT. 
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638 B 
4 DESCRIPTION OF OUTPUT DECKS 

IMPACTS-BRC generates two output f i l e s  containing resul ts  of the impact 
calculations. 
sections. 
the resul ts  of the example problems discussed i n  section 6. 

The contents of these f i l e s  are described in the following 
Appendices E and F contain examples of the o u t p u t  f i l e s ,  which are  

4 .1 TAPE6. OUT 

T h i s  output f i l e  receives the calculated doses for  each pathway for  the en t i re  
waste stream, indicating the total  impacts. When multiple waste streams are  
modeled under the same disposal options, the impacts of each are  presented, 
followed by the i r  combined impacts. 

For each s e t  of disposal options, the f a c i l i t y  chosen and a number of selected 
parameters are l i s t ed  f i r s t .  
parameters : 

The following abbreviations are used for  the 

LIFE - disposal f a c i l i t y  l i f e  (ILFE) 
REGN - regional index (IR) 
IPOP - f a c i l i t y  environment index (IPOP)  
OVFL - overflow index (IOFL) 
DATA - disposal/treatment environment index (IDAT) 
INST - inst i tut ional  control period (IINS) 
NSTR - number of waste streams (NSTRD) 

Any non-generic parameters used i n  the modeling are  l i s t ed  next, using the same 
variable names defined for  TAPE2.DAT. For each waste stream modeled under a 
s e t  of options, the waste stream name, weight, density, and selected parameters 
are  l i s ted .  These parameters are l i s t ed  under the same variable names defined 
under TAPEl.DAT, w i t h  the exception of the word "PROCESS", which refers  t o  the 
waste processing index (IP), 

Following this information, the calculated radiological impacts for  each of the 
scenarios (SCN) -considered are presented. 
scenarios, only total  body doses are calculated. 
impacts are  calculated for  nine-body organs and the ICRP total  body dose. 
Table 20 defines the impact scenarios and units of dose measurement tha t  may 
appear in TAPE6.0UT. 
problems discussed in section 6. 

( 

For recycling and transportation 
For the remaining scenarios, 

Appendix E contains the TAPE6.0UT output for  the example 

4.2 TAPElO. OUT 

T h i s  output f i l e  receives ICRP doses for most pathways for each individual 
nuclide i n  the waste stream. I t s  purpose is t o  break down the total  doses 
presented i n  TAPE6.OUT by nuclide, so tha t  important nuclides contributing t o  
to ta l  dose can be recognized. For some impact scenarios, doses i n  TAPE1O.OUT 
are n o t  normalized by the number of f a c i l i t i e s ,  and therefore do n o t  add up t o  
the total  doses presented i n  TAPE6.OUT. T h i s  i s  indicated on the output from 
TAPE1O.OUT. Individual nuclide doses can be normalized for  these scenarios by 
the method described under section 6.3. Appendix F contains the TAPE1O.OUT ' 

output for  the example problems discussed i n  section 6. 
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TABLE 20 

DEFINITION OF TAPEG. OUT ABBREVIATIONS 

Impact Scenario Uni ts*  , De f  i n i  ti on 

Metal package recycle: 
MAX I ND a 
POPULN C 

Metal materi  a1 recycle: 
MAXIND a 
POPULN C 

Glass mater ia l  recycle: 
MAXIND a 
POPULN c* , 

Transportat ion: 
TR-MAX a 
TR-OCC b 
TR-POP b 

I ntruder  : 
I NT- CO 
I NT- AG 

a .  
a 

Exposed waste: 
I N - A I R  b 
ER-AIR b 
IN-WAT a 
ER-WAT a '  

I nc ine ra t i on  and operation: 
I C -  POP b 
I C -  I N D  a 

IC-WOR b 
IC-MWR a 
OP- I ND a 

OP-WOR ' b  

OP-MWR . a 

Leachate accumulation: 
LA-OPS a 

LA- PVF a 
LA-AIR b 

impacts t o  maxi mum i ndi v i'duai 
populat ion impacts 

impacts tp maximum ind i v idua l  
populat ion impacts 

impacts t o  maximum ind i v idua l  
populat ion impacts 

impacts t o  maximum t ranspor t  worker 
t o t a l  impacts t o  t ranspor t  workers 
impacts t o  populat ion along t ranspor t  

route 

in t ruder-const ruct ion scenario impacts 
in t ruder -agr icu l  t u r e  scenario impacts 

i n t r u d e r - i n i t i a t e d  a i rborne impacts 
e ros ion - in i t i a ted  a i rborne impacts 
i nt ruder - i  n i  t i a t e d  waterborne impacts 

' e ros ion - in i t i a ted  waterborne impacts 

populat ion impacts from inc ine ra t i on  
o f f - s i t e  i nd i v idua l  impacts from 

t o t a l  worker impacts a t  i nc ine ra to r  
maximum worker impacts a t  i nc ine ra to r  
o f f - s i t e  i nd i v idua l  impacts from 

t o t a l  worker impacts at  disposal 

maximum worker impacts a t  disposal 

i nc ine ra t i on  

disposal operations 

f a c i l i t y  

f a c i  1 i t y  

operat ional  1 eachate d i  scharge 

leachate overf low impacts t o  i nd i v idua l  
populat'ion airborne impacts due t o  

impacts t o  i n d i v i d u a l  

evaporator operat ions 

*a = mrem/yr, b = person-mrem/yr, c = person-mrem/30 y rs .  
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638 B 
5 IMPLEMENTATION OF IMPACTS-BRC 

5.1 Descr ipt ion o f  Supplied Computer Disk 

A 5% inch  f loppy computer d i ske t te  containing IMPACTS-BRC i s  ava i l ab le  from the  
National Energy Software Center (NESC) , Argonne National Laboratory, 9700 South 
Cass Ave., Argonne, I l l i n o i s  60439. 
should appear as fol lows: 

A l i s t i n g  o f  t he  d i rec to ry  o f  t h i s  d i s k  

Volume i n  d r i v e  B has no l abe l  
D i rec to ry  o f  B: 

IMPACTSB FOR 14679 7-15-86 2:42p 
IMPCOMM FOR 1067 5-20-86 12:17p 
READ1 FOR 3691 5-16-86. 3:41p 
READ2 FOR 9513 6-09-86 7:18a 
READ5 FOR 9267 5-16-86 3 3 4 7 ~  
UPTAKE FOR 5249 6-09-86 7:19a 
SPLICE FOR 8857 5-16-86 3:50p 
RECYCL FOR 11727 6-09-86 7:19a 
I N C I M P  FOR 11973 5-16-86 3:58p 
INTIMP FOR 6232 7-14-86 l l : 4 1 a  
EXPWAS FOR 7134 7-14-86 l l : 4 2 a  
OPSIMP FOR 13858 7-14-86 2 3 5 5 ~  
OVRFLO FOR 6068 7-14-86 l l : 4 2 a  
GWATER FOR 9102 7-14-86 l l : 43a  
D I V V Y  FOR 10743 5-19-86 12:31p 
CHNS FOR 4593 5-19-86 l l : 4 5 a  
CALI FOR 2953 5-19-86 l l : 4 9 a  
CALE FOR 2707 5-19-86 l l : 47a  
UTILS FOR 7463 5-19-86 l l : 5 1 a  
IMPACTSB EXE 105912 7-15-86 2:49p 
TAPE1 DAT 59350 4-25-86 10:51a 
TAPE2 DAT 3475 6-12-86 2:36p 
EXAMPLE5 DAT 2759 5-19-86 12:03p 

23 F i le (s )  32768 bytes f ree  

5.2 Backup and Working Copies 

A f t e r  v e r i f y i n g  the contents o f  t he  supplied d isk ,  i t  i s  suggested t h a t  a 
backup copy be created i n  case o f  subsequent damage t o  the o r i g i n a l .  
a lso necessary t o  create a working d i s k  containing the  operating system (no t  
supplied), t he  executable program f i l e  IMPACTSB.EXE, and data f i l e s  TAPEl.DAT, 
TAPE2.DAT, and EXAMPLE5. DAT (a working subdirectory containing’ these fou r  f i l e s  
should be created f o r  harddisk systems). 
same d i s k  (subdirectory) f o r  the  program t o  execute. 
f i l e s  from the working d i s k  leaves storage space f o r  the generated output f i l e s  
and any add i t iona l  TAPE5 inpu t  f i l e s .  I ns t ruc t i ons  f o r  c rea t ing  the  backup and 
working copies are contained i n  Appendix G. 

It i s  

These fou r  f i l e s  must res ide  on the  
Omit t ing the  FORTRAN 
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5.; Execution o f  the Example Problems 

IMPACTS-BRC can be executed when the  workllig d i sk  (subdirectory) 
de fau l t  d r ive ,  by enter ing the command "IMPACTSB, (name o f  TAPE5)" a f t e r  the  
system prompt (do not  inc lude the quotat ion marks)., 
the  example problems i s  contained i n  f i l e  EXAMPLE5.DAT on the  suppl ied d isk,  
the  command "IMPACTSB, EXAMPLE5.DAT" entered a t  the system prompt w i l l  s t a r t  
the  sample run-. 

Run t i m e  f o r  the example problems should be about 5 minutes ( longer i f  an 8087 
math ch ip  i s  not  i ns ta l l ed ) .  
"NORMAL TERMINATION" i s  di'splayed, fo l lowed by the system prompt. The program 
should run proper ly  on the  suppl ied data i f  the preceeding i n s t r u c t i o n s  are 
followed., 

A f t e r  the  program run i s  completed, output f i l e s  TAPE6.0UT and TAPE1O.OUJ' should 
be pr in ted ,  
d isk) ,  o r  by engaging t h e ' p r i n t e r  w i t h  the  C t r l  and PrtSc keys, then us ing the 
TYPE command. 
the  p r i n t e r  should be se t  up t o  handle l i n e s  o f  t h i s  w id th  before pr int ing,  

i n  the  

Since the  TAPE5 data f o r  

I f  the program runs w i thout  e r r o r ,  the  message 

This can be done using the PRINT command (w i th  a harddisk o r  DOS 

Since por t ions  o f  the  output are p r i n t e d  on 128 character l i n e s ,  

5.4 Program V e r i f i c a t i o n  
r 

The p r i n t e d  output from execution o f  the example problems should be compared t o  
the  l i s t i n g s  i n  Appendices E and F t o  v e r i f y  proper program operation. 
outputs should be i den t i ca l .  

The 

5.5 Flow Chart f o r  Implementation 

STEP 1. Construct TAPE5 

This step i s  required, unless a, run i s  being repeated w i t h  no changes. A new 
TAPE5 can be created e i t h e r - b y  e d i t i n g  the  e x i s t i n g  f i l e  (EXAMPLE5.DAT) o r  by 
b u i l d i n g  a new f i l e  f rom scratch. This can be done us ing a f i l e  e d i t i n g  
program such as EDLIN, suppl ied w i t h  IBM-DOS. I f  EXAMPLE5.DAT i s  t o  be edi ted,  
i t  i s  advisable t o  save a copy o f  the  o r i g i n a l  f o r  use i n  f u t u r e  program 
v e r i f i c a t i o n s .  
statement, these f i l e s  can be given a name t h a t  r e f l e c t s  the  nature of the  data 
they contain, e.g. , EXAMPLE5.DAT, OIL.DAT, TRASH.DAT. 

STEP 2. E d i t  TAPE2.DAT 

Because the f i l e  t o  be read as TAPE5 i s  designated i n  the  run 

This step i s  usual ly  not  required. 
TAPES, Card Types 8 and 9 must be included i n  TAPE2.DAT. 
option i s  encouraged), the  de fau l t  data suppl ied i n  TAPE2.DAT may a lso  be 
ed i ted  t o  r e f l e c t  spec i f i c  circumstances. 
advisable t o  r e t a i n  a copy o f  the o r i g i n a l  f i l e .  

However, i f  IDAT i s  se t  equal t o  1 o r  3 i n  

If TAPEE.DAT i s  edi ted,  i t  i s  

Opt iona l l y  ( t h i s  

STEP 3. E d i t  T A P E L D A T  

This step i s  opt ional .  The user may e l e c t  t o  e d i t  the  d e f a u l t  rad ionuc l ide  
data, such as decay ra tes  and re ta rda t i on  coe f f i c i en ts ,  to .  r e f l e c t  spec i f i c  
circumstances o r  t o  input  data f o r  a l t e r n a t i v e  radionucl ides.  I f  TAPE1.DAT i s  
t o  be edi ted,  i t  i s  advisable t o  r e t a i n  a copy o f  the  o r i g i n a l  f i l e .  
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STEP 4. Run IMPACTS-BRC 

. This step i s  required. Before running the  program, any previous versions o f ,  
TAPE6.0UT and TAPE1O.OUT which need t o  be saved should be copied t o  another 
d i sk  ( o r  renamed i n  the  subdirectory). Otherwise, they w i l l  be overwr i t ten  
dur ing program execution. It i s  also necessary t o  have enough space ava i l ab le  
on the  working d i s k  t o  s to re  the generated output f i l e s .  

To run the program, the working d i sk  (subdirectory) conta in ing the  executable 
program f i 1 e (IMPACTSB. EXE) and the data f i 1 es (TAPE1. DAT, TAPE2. DAT, and 
TAPE5) must res ide i n  the  de fau l t  dr ive.  The program i s  executed by en ter ing  
the command "IMPACTSB, (name o f  TAPE5)" a t  the  system prompt. 
the program vary depending upon the number and s i ze  o f  the waste streams being 
considered, bu t  t y p i c a l l y  are on the order o f  f i v e  minutes. 
runs wi thout  e r ro r ,  the message "NORMAL TERMINATION" i s  displayed, fo l lowed by 
the system prompt. 

& E r r o r  messages w i q l  be displayed when the  program does not run as expected. 
These er ro rs  are usua l ly  associated w i t h  i nco r rec t  i npu t  i n  TAPE5, o r  i nco r rec t  
e d i t i n g  o f  the  other two input  tapes. I f  an e r r o r  occurs, r e t u r n  t o  STEP 1 and 
use the o r i g i n a l  i npu t  f i l e s  as templates t o  he lp detect  i npu t  format e r ro rs .  
STEP 5 can a lso be performed t o  help diagnose errors .  

Run t i m e s  f o r  

I f  the program 

, STEP 5. P r i n t  output and inpu t  f i l e s  

This step i s  requi red t o  obta in  a hardcopy o f  the  program run resu l ts .  Since 
por t ions  o f  the output are p r in ted  on 128 character l i nes ,  the p r i n t e r  should 
be set  up t o  handle l i n e s  o f  t h i s  width before p r i n t i n g .  

F i l e s  can be p r i n t e d  using the PRINT command (w i th  harddisk o r  DOS d isk) ,  o r  by 
engaging the p r i n t e r  w i t h  the C t r l  and PrtScr keys, then using the TYPE command. 
Along w i t h  the output f i l e s ,  TAPE5 and any ed i ted  versions o f  TAPE1.DAT and 
TAPE2.DAT should be p r i n t e d  t o  v e r i f y  cor rec t  input.  

.. 
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6 EXAMPLE PROBLEMS 

Three'example problems have been included i n  EXAMPLE5.DAT on the  suppl ied 
d iske t te .  These problems are presented t o  g ive  the  user a fee l  f o r  actual  
appl icat ions o f  IMPACTS-BRC. 
as the  example problems given i n  Volume 1. 
an actual  p e t i t i o n  received by NRC i n  request f o r  BRC rulemaking. 

The f i r s t  two examples use the  same TAPE5 inpu t  
The t h i r d  problem was suggested by 

6 .1  Reactor Resins t o  Hazardous Waste L a n d f i l l  

This exampl e i nvol ves the  disposal o f  pressur ized water reactor  secondary 
coolant system ion  exchange res ins  a t  hazardous waste l a n d f i l l s .  
t h a t  80 MT of these reactor  res ins,  having an average densi ty  o f  1 gm/cm3, are 
generated annually. 
the Northeast (IR=l), using de fau l t  environmental parameters (IDAT=O) , a t  
conservative performance hazardous waste 1 andf i 11 s I 1  (IQ=5). The d i  sposal 
f a c i l i t i e s  are assumed t o  be located i n  r u r a l  areas (IPOP=l) ,  have 20-year 
operat ional  l i f e t i m e s  (ILFE=20), and 30-year i n s t i t u t i o n a l  con t ro l  periods 
(IINS=30). Leachate accumulation impacts are ca lcu la ted  (IOFL=l). 

The waste stream i t s e l f  i s  moderately d ispers ib le  (ID=2), contains no ac t iva ted  
metals ( I A = l ) ,  and i s  packaged i n  metal containers ( I K = l ) ,  50% o f  which are 
recycled (IK2=50). 
disposal only op t ion  i s  chosen, IP=1) therefore there are no processing f a c i l -  
i t i e s  (IX3=0). Ten vehic les (IX1=10) shipping only  res ins  (IX2=100) t ranspor t  
the  waste t o  f i v e  disposal f a c i l i t i e s  (IX4=5). The waste i s  composed e n t i r e l y  
o f  non-combustible mater ia l ,  and contains no metal o r  glass (IC's=O, 0, 0, 100). 
The waste stream contains 32 r a d i  onucl ides, whose concentrat ions are given i n 
u n i t s  o f  pCi/g. 

A summary o f  the r e s u l t s  o f  t h i s  example problem are contained i n  Table 21. 
Impacts f o r  most o f  the scenarios considered are f a i r l y  low. 
s i g n i f i c a n t  ind iv idua l  dose (when compared t o  a maximum ind i v idua l  guide1 ine o f  
1 mrem/yr) appears t o  be associated w i t h  waste t ranspor tat ion.  The whole body 
impact t o  the maximum exposed t ranspor ta t ion  worker i s  ca lcu lated t o  be 
approximately 5 mrem/yr, due e n t i r e l y  t o  d i r e c t  (external )  gamma rad ia t ion .  

The r e s u l t s  o f  t h i s  problem are the same f o r  both the  BRC and De Minimis 
methodologies f o r  most pathways. Leachate accumulation impacts, however, have 
increased i n  the  BRC resu l ts ,  due t o  the more conservative contact  times (TSC's) 
used (see Section 9.4). Groundwater impacts are a lso  higher i n  the BRC resu l t s ,  
due t o  the shor ter  groundwater t rave l  times and lower re ta rda t i on  c o e f f i c i e n t s  
used (see Sections 9.2 and 9 . 3 ) .  
impacts. 

Care should be taken i n  comparing groundwater migra t ion  and leachate accumulation 
impacts, s ince one o r  the  other  would probably occur, b u t  no t  both. I f ,  f o r  
example, a disposal f a c i l i t y  i s  located i n  a humid area having h igh ly  impermeable 
s o i l s ,  o r  i s  equipped w i t h  a func t iona l  l i n e r ,  leachate accumulation impacts 
may be more l i k e l y .  On the other hand, i f  a disposal f a c i l i t y  i s  located i n  a 
humid area having moderately permeabTe s o i l s  and i s  no t  equipped w i t h  a l i n e r ,  
groundwater.impacts may be more l i k e l y .  For t h i s  problem, both groundwater 
impacts and leachate accumulation impacts are qu i te  low.  

It i s  assumed 

This s ing le  waste stream (NSTRD=l) i s  t o  be disposed o f  i n  
. 

The res ins  are not  inc inerated p r i o r  t o  disposal ( the 

However, a 

Both o f  these pathways s t i l l  have very low 

. 
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TABLE 21  

. .  SUMMARY .OF RADIOLOGICAL D.OSES FOR 
REACTOR RESINS 'TO HAZARDOUS WASTE LANDFILL EXAMPLE' 

, e  
.. . .  

Impact Scenarios :,- Units* IMPACTS-BRC DE M I N I M I S  . 

Metal Package Recycle: 
Maxi mum i ndi  v i  dual 
Population 

Transportation: 
Maximum worker 
A1 1 workers 
Population along rou te  

In t ruder :  
Construct i on s cena r i o 
Agr icu l tu re  scenario 

Exposed Waste: 
I n t rude r  water 
In t rude r  airborne 
Erosion water 
Erosion airborne 

Disposal ' F a c i l i t y  Operation: 
O f f - s i t e  i nd i v idua l  
O f f - s i t e  populat ion 
Maximum worker 
A1 1 workers 

Leachate Accumulation: 
Leachate treatment 
Overf 1 ow 
Evaporation 

In t rude r  we l l  
Population we1 1 
Surface water 

. .  

. _  

Ground Water: 

a 5.7 E-4 5.7 E-4 
C 4.8 E+1 4.8 E+1 

a 
b 
.b 

a 
.a  

4.7 E+O 
9.4 E + 1  
6.4 E+2 

1.2 E-2 
2.4 E-2 

4.7 E+O 
9.4 E+1 
6.4 E+2 

1.2 E-2 
2.4 E-2 

a 7.1 E-7 7 .1  E-7 
b 1.6 E-4 1.6 E-4 
a 3.2 E-5 3.2 E-5 
b 3.3 E-2. 3.3 E-2 

a 4.5 E-12 4.5 E-12 
b 
a 2.8 E - 1  2.8 E - 1  
b 4.0  E+1 4.8 E+1 

** ** 

a 2.6 E-4 6.2 E-7 
a 1.4 E-4 1.2 E-4 
b 2.9 E-2 1.8 E-2 

i . 7  E-4 9.0 E-9 
3.4 E-5 1.3 E-9 , a 

a 
a 6.4 E-7 3.5 E - 1 1  

I 

*a = mrem/yr, b = person-mrem/yr, c = person-mrem/30 y rs .  . 

* *Of fs i te  populat ion exposures are not  ca lcu la ted  f o r  packaged waste 
disposed a t  hazardous waste l a n d f i l l s  (see Volume 1, p. 5-30). 

A l l  doses are f o r  t he  t o t a l  body. 
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IMPACTS-BRC calculated doses are  the same or higher than those calculated by 
DeMinimis. This i s  a resu l t  of the increased conservatism of the IMPACTS-BRC 
methodology. These ,changes. are  discussed more fulbly i n  Part I1 of this report. 

I ,  
. o  

6.2 Trash and Soil t o  Mun'icipal Incinerator and Sanitary Landfill 

In t h i s  example, two waste-streams (NSTRD=2) are  considered under the same 
disposal scenario. The two streams, one combustible trash and the other 
"contaminated" s o i l ,  are t o  be disposed of i n  the Southeast (IR=2), using 
default  environmental parameters (IDAT=O), a t  sanitary landf i l l s  (IQ=2). 
disposal f a c i l i t i e s  are assumed t o  be located i n  urban areas (IPOP=2), have 
20-year operational l ifetimes (ILFE=20), and have negligible insti tutional 
control (IINS=O). Leachate accumulation impacts are cal cul ated ( IOFL=l ) .  

The trash waste stream has an average density of 0.5 g/cm3, and 100 MT/yr are  
assumed t o  be generated. The trash i s  moderately dispersable (ID=2) ordinary 
waste (IA=l) that  i s  not packaged (IKl=O, IK2=0). The waste is  sorted by 
Option 3 a t  the incinerator so tha t  recyclable materials may be recovered 
(IP=5). 
the waste t o  four incinerators and the residue to  16 landf i l l s  (IX's=32, 10, 4 ,  
16). 
and 10% other materials (IC's=50, 20, 20, 10). 
radionuclides. J 

The "contaminated" soi l  waste stream has an average density of 1 .6  g/cm3 and i s  
assumed t o  be generated a t  a ra te  of 500 MT/yr. 
composed ent i re ly  of d i r t  (IA=l, IC's=O, 0,  0 ,  l o o ) ,  and i s  not packaged 
(IKl=O, IK2=0). The soi l  i s  not incinerated (IP=l,  IX3=0). I t  i s  transported 
by three vehicles (IX1=3) carrying only soi l  (IX2=100) t o  a single landfi l l  
'(IX4=1). This waste stream contains 13 radionuclides which naturally occur i n  
s o i l s ,  w i t h  concentrations tha t  are  typically found i n  natural soi ls .  
purpose of using natural radionuclides and concentrations i s  t o  t e s t  the 
conservatism of the program. 

A summary of the doses calculated for  each of these two waste streams and the 
total  impacts are presented i n  Table 22. 
reported for  a similar problem using.De Minimis (Table 23). 
are  due i n  par t  to  the more conservative assumptions used in IMPACTS-BRC, which 
a f fec t  leachate and groundwater impacts, b u t  are  also due to  a change i n  
disposal f a c i l i t y  (from open dump t o  sanitary l andf i l l ) ,  as open dump is  not a 
disposal option available i n  IMPACTS-BRC. 
are  affected by an increase i n  the default transportation distance to  the 
sanitary landfi l l  from 10 miles i n  De Minimis t o  100 miles i n  IMPACTS-BRC. 

Significant impacts (when compared t o  a maximum individual guideline of 1 mrem/yr) 
from the trash waste stream appear t o  be associated w i t h  glass material recycle 

approximately 3 and 1 mrem/yr, respectively. Other scenarios had f a i r l y  low 
impacts. 

There are no significant (1 mrem/yr) individual impacts associated w i t h  the 
"contaminated" soi  1 waste stream, as would be expected from naturally occurring 
so i l .  
none of the total  individual impacts calculated are  greater than 1 mrem/yr. 

The 

Thirty-two vehicles, with 10% of the i r  load being t h i s  t rash,  deliver 

The/composition of the trash is  50% combustible, 20% metal, 20% glass,  
T h i s  waste stream contains 32 ' 

I t  i s  highly dispersible (ID=3), 

The 

These resu l t s  d i f f e r  from those 
The differences 

Population transportation impacts 

. and transportation. Maximum individual exposures for  these scenarios are  

Impacts from both the trash and soi l  waste streams are  low enough tha t  
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TABLE 22 

SUMMARY OF RADIOLOGICAL DOSES FOR TRASH AND SOIL TO MUNICIPAL 
INCINERATOR AND SANITARY LANDFILL--IMPACTS-BRC EXAMPLE 

Waste Stream 
Impact Scenarios Units* Trash Cont. Soil Total 

Recycle: 
Metal - max. ind .  a 
Metal - population C 
Glass - max. i n d .  a 
Glass - population C 

Transportation: 
Maximum worker a 

' All workers b 
Population along route b 

I n t  ruder: 
Construction scenario a 
Agriculture scenario a 

Exposed Waste: 
Intruder water 
Intruder airborne 
Erosion water 
Erosion airborne 

Incinerator Operation: 
Off-site individual 
Off - si t e  popul a t  i on 
Maximum worker 
All workers 

Disposal Faci l i ty  Operation: 
Off-si t e  individual a 
Of f - s i  t e  population b 
Maximum worker a 
A1 1 workers b 

Leachate Accumulation: 
Leachate treatment a 
Overf 1 ow a 
Evaporation b 

3.2 E-1 

3.3 E+O 
2 . 2  E+4 

9.5 E+3 

.1.2 E+O ' 7.0 E-2 
7.3 E + 1  4.2 E - 1  
4.8 E+2 2.7 E+O 

4.6 E-2 1.5 E-2 
1.3  E - 1  1 .6  E - 1  

1.8 E-6 5.8 E-6 
2.9 E-3 1.6 E-3 
3.5 E-6 6.'9 E-4 
1.1 E-3 3.5 E-3 

- -  8.7 E-5 
1 . 2  E + 1  
3.9 E - 1  
5.8 E + 1  

- -  
- -  
- -  

. 3.5 E-5 3.0 E-4 
3.2 .E-2 1.7' E-2 
9.5 .E-2 3.0 E-2 
1 .5  E+O 3.0 E-2 

1 .4  E-5 5.6 E-3 
1.4 E-5 5.6 E-3 
4.0 E-2 9.9 E-3 

Ground Water: 
Intruder well a -  . 1 . 2  E-4 1 .3  E-2 
Population we1 1 a 5.9 E-6 3.1 E-4 
Surface water a 4.7 E-8 1.8 E-6 

6 .1  E-2 
.3.0 E - 1  

7.6 E-6 
4.5 E-3 
7.0 E-4 
4.6 E-3 

8.7 E-5 

3.9 E - 1  
1.2'E+1 

5.8 E + 1  

3.4 E-4 
5.0 E-2 
1.3 E - 1  
1.6 E+O 

5.6 E-3 
5.6 E-3 
5.0 E-2 . 

1.3 E-2 
3.1 E-4 
1.8 E-6 

*a = mrernLyr, b = person-mrem/yr, c = person-mrem/30 yrs .  
All doses are fo r  the to ta l  body. 

1 

Cont. = contaminated 
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TABLE .23 

SUMMARY OF RADIOLOGICAL DOSES FOR TRASH A N D  SOIL 
TO MINICIPAL INCINERATOR AND OPEN DUMP--DE MINIMIS EXAMPLE 

Waste Stream 
Impact Scenarios Units* Trash Cont. Soil Total 

Recyc 1 e : 
Metal - max. ind. a 
Metal - population C 
Glass - max. ind.  a 
Glass - population . c  

Transportation: 
. Maximum worker a 

A1 1 workers b 
Population along route b 

Intruder: 
Construction scenario a 
Agriculture scenario a 

a 
b Intruder airborne 

Erosion water a 
Erosion airborne b 

Off-site individual a 
Off-site population b 
Maximum worker a 
A1 1 workers b 

-ter 

Incinerator Operation: 

Disposal Faci 1 i ty  Operation: 
Off-site individual a 
Off-site population b 
Maximum worker a 
A 1  1 workers b 

Leachate treatment a 
Leachate Accumulation: 

Overf 1 ow 
Evaporation 

a 
b 

Ground Water: 
Intruder well a 
Population we1 1 a 
Surface water a 

3.2 E - 1  
2.2 E+4 

. 3.3 E+O 
9.5 E+3 

1.2 E+O 
7.3 E + 1  
4.8 E + 1  

4.7 E-2 
2.0 E - 1  

2.7 E-6 
4.4 E-3 
1 . 2  E-5 
2.8 E-3 

8.7 E-5 

3.9 E - 1  
1.2 E + 1  

5.8 E + 1  

2.0 E-2 
5.1 E + 1  
1.8 E - 1  
2.9 E+O 

3.5 E-7 
2.7 E-5 
7.8 E-2 

. 3.6 E-7 
1.0 E-8 
5.2 E-10 

7.0 E-2 
4.2 E - 1  
2:7 E - 1  

1 .5  E-2 
1.8 E - 1  

8.6 E-6 
2.4 E-3 
6.9 E-4 
3.5 EA3 

- -  
- -  
- -  
- -  

1.3 E - 1  

5.6 E-2 
5.6 E-2 

1 .5  E-4 

2.0 E-2 

1 .6  E-4 
8.0 E-6 
4.7 E-8 

2 . 1  E+1 

1.1 .E-2 

6.2 E-2 
3.8 E - 1  

1.1 E-5 
6.8 E-3 
7 .1  E-4 
6.3 E-3 

8.7 E-5 

3.9 E - 1  
5.8 E + 1  

1.2 E + 1  

1 .5  E - 1  

2.4 E - 1  
7.3 E + 1  

3.0 E+O 

1.5 E-4 
1.1 E-2 
9.8 E-2 

1.6 E-4 
8.0 E-6 
4.7 E-8 

jka = mrem/yr, b = person-mrem/yr, c = person-mrem/30 yrs.  

All doses are for  the to t a l  body. 
\ 
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6'.3 Waste Oil to Onsite Incinerator and Sanitary Landfill 

The following example is derived from a petition submitted to the NRC by the 
Edison Electric Institute and the Utility Nuclear Waste Management Group (EEI 
and UNWMG 1985). This petition is a request to allow waste oil from nuclear 
power plants to be treated and disposed of at facilities not licensed for LLW 
treatment or disposal. 
to the NRC's official finding on this petition; this problem is presented only 
to demonstrate the functioning of IMPACTS-BRC. 

In this example, waste oil from a power plant is incinerated onsite with 
nonradiological waste, and the ashes are shipped to a sanitary landfill for 
disposal (IP=2, IQ=l). The petitioner indicates that the waste oil could also 
be burned in electric power boilers, which is not considered here. Only one 
waste stream is considered (NSTR=l) and the non-default site characteristics 
are used to calculate maximum individual exposures (IDAT=E). 
specifier (IR=1) indicates that other parameters will be taken from the north- 
east dataset. The disposal facility is assumed to be located in an urban set- 
ting (IPOP=P) and leachate accumulation impacts are calculated (IOFL=l) for the 
disposal scenario. 

The waste stream consists o f  oil contaminated during operations at nuclear power 
plants (EEI and UNWMG 1985). 
volume of waste oil generated annually by all reactors in the U.S. is estimated 
to be 800 m3. 
slightly dispersable (ID=l) , and is composed of combustible'material con- 
taining no activated metals (IA=l) nor any contaminated metal or glass (IC's = 

The waste oil is burned at 30 onsite incinerators (IX3=30) and transported to a 
single sanitary landfill (IX4=1), using 30 vehicles (IX1=30) containing only 
the ash from the onsite incinerator(IX2=100). 
in a volume reduction factor of 100 (OSWR=100.0). 
sanitary landfill in metal drums ( IKl=l ) ,  half of which are recycled (IK2=50). 

The results presented below are not necessarily related 

The region site 

The disposal facility is assumed to operate for 20 years 
. (ILFE=20) and to have a 5-year institutional control period (IINS=5). 

Based on information in the petition, the total 

The density is assumed to be 1 gm/cm3. The waste stream is 

100, 0 ,  0 ,  0). 

Incineration is assumed to result 
The ash is transported to the 

Concentrations for the 20 radionuclides i n  the waste oil are limit concentra- 
tions from the petition submitted to NRC (EEI and UNWMG, 1985). 
developed the limit for each radionuclide assuming that it was the only radio- 
nuclide in the waste stream and that the resultant dose was 1 mrem/yr'. 
the dose from a waste stream containing all 20 radionuclides at their limit 
concentrations is expected to be higher than 1 mredyr. 

The petitioner 

Thus, 

The results of the IMPACTS-BRC run for this example are summarized in Table 24. 
Unlike the two examples above, most of the results presented ;here are for the 
weighted whole body dose equivalent (ICRP 1978). The recycle and transporta- 
tion impacts are for the whole body. 
Appendices E and F. 

The complete results are given in 

Impacts for several pathways are relatively low. Assuming that 50 percent o f  
the metal drums are recycled, maximum individual impacts from the recycle path- 
way are estimated to be less than 1 mrem/yr. The exposed waste impacts are 
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6381 "- 
TABLE 24 

SUMMARY OF I C R P  DOSES FOR WASTE OIL TO 
ONSITE INCINERATOR AYD SANITAqY LANDFILL EXAMPLE 

I 

Impact Scenarios Units* '  . IMPACTS-BRC 

Metal Package Recycle**: 

. Population 
Maximum ind i v idua l  

Transportation**: 
Maximum worker 
A1 1 workers 
Population along' route 

Intruder:  
Construction scenario 
Agr icu l ture scenario 

ExDosed Waste: 
I n t rude r  water 
In t ruder  airborne 
Erosion water 
Erosion airborne 

Inc inerator  Operati on: 
O f  f - s i  t e  i ndi v idual  
O f f - s i  t e  populat ion 
Maxi mum worker 
A1 1 workers 

Disposal F a c i l i t y  Operation: 
O f f - s i t e  i nd i v idua l  
O f f - s i t e  populat ion 
Maximum worker 
A l l  workers 

Leachate Accumulation: 
Leachate treatment 
Overf 1 ow 
Evaporation 

Ground Water: 
I n t rude r  wel l  . 
Population ,we1 1 
Surface water 

a 
C 

a 
b 
'b 

a 
a 

a 
b 
a 
b 

a 
b 
a 
b 

a 
b 
a 
b 

a 
a 
b 

a 
a 
a 

9.6 E - 1  
3.8 E+3 

1.4 E+3 
8.3 E+4 
2.0 E+6 

1.1 E+l  
3.5 E+l  

9.4 E-4 
2.1 E - 1  
1.2 E-5 
3.1 E-3 

4.4 E+O 
2.2 E+4 
6.9' E+2 
5.7 E+5 

9.6 E-2 
1.6 E+ l  
4.3 E+3 
4.3 E+3 

2.2 E+ l  '. 

1.5 E+O 
4.7 E+O 

9.7 E+O ' 

6.6 E-. l  
2.8 E-2 

*a = mrem/yr, b = person-mrem/yr, c = person-mrem/30 yrs .  
**These doses are fo r  the t o t a l  body. 

A l l  other doses are I C R P  e f f e c t i v e  whole body,doses. 
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also very low. 
the wa'ste o i l  i s  est imated t o  be about 4 mrem/yr. 
groundwater pathway impacts are very low. 

The above impacts are calculated'assuming a l l  the  rad ionucl ide concentrat ions 
i n  the waste o i l  are a t  the l i m i t  concentrat ion. 
not  used,for t h i s  problem. 
the sum o f  t h e  r a t i o s  o f  the. rad ionucl ide concentrat ion t o  the  l i m i t  concentra- 
t i o n  f o r  t h a t  radionucl ide,  must be less than 1. 
vidual  l i m i t  concentrat ions are appropriate, the output from TAPE1O.OUT must be 
used. TAPE1O.OUT contains the I C R P  doses f o r  most pathways by radionucl ide.  
However, due t o  the  program st ructure o f  IMPACTS-BRC, some o f  these doses are 
no t  normalized by the  number o f  treatment o r  disposal f a c i l i t i e s .  
headings on TAPE1O.OUT ind ica te  which p r i n t e d  doses are n o t  normalized. 

The maximum o f f s i t e  i n d i v i d u a l  exposure from i n c i n e r a t i o n  o f  
Except f o r  the  i n t r u d e r  w e l l ,  

Expected concentrat ions were 
Using thee * r a t i o  method proposed by the  p e t i t i o n e r ,  

To determine i f  these i n d i -  

The pathway 

To i l l u s t r a t e  how the output i s  in te rpre ted  when the i n p u t  concentrat ions are 
separate 1 i m i t  concentrations, the maximum o f f s i t e  i n d i v i d u a l  exposures' from 
inc inera t ion  are invest igated. 
inc inerated a t  30 f a c i l i t i e s  i s  4.41 mrem/yr. The t o t a l  non-normalized dose 
f o r  t h i s  pathway on TAPE1O.OUT i s ' 1 3 2  mrem/yr, o r  4.41 mremlyr m u l t i p l i e d  by 30. 
The dose f o r  each nuc l ide on TAPE1O.OUT should be d iv ided by 30 t o  represent 
the dose from t h a t  radionucl ide,  assuming the waste i s  inc inera ted  a t  30 
d i f f e r e n t  f a c i l i t i e s .  For t h i s  pathway, i t  i s  observed t h a t  the doses f o r  a l l  
b u t  t w o  radionucl ides are less than 30 mrem/yr on TAPElO.OUT, corresponding t o  
1 mrem/yr f o r  30 f a c i l i t i e s .  The impacts f o r  Ru-103 and Ru-106 are 49 mrem/yr 
and 37 mrem/yr, respect ive ly ,  corresponding t o  maximum i n d i v i d u a l  doses from 
inc inera t ion  o f  waste o i l  6 f  1.6 mrem/yr and 1.2 mrem/yr, respect ive ly .  

I f  these 1 i m i t  concentrat ions were used w i t h  the  p e t i t i o n e r ' s  proposed r a t i o  
method t o  determine waste o i l  su i tab le  Tor inc inera t ion ,  based on a 1 mrem/yr 
impact, on ly  the l i m i t s  f o r  Ru-103 and Ru-106 requi re s l i g h t  reduct ions.  
conclusion.is based, o f  course, on the v a l i d i t y  o f  a l l  o ther  assumptions. 

The I C R P  dose f o r  the e n t i r e  waste stream 

This 
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6381 
PART I 1  - MODIFICATIONS TO DE M I N I M I S  METHODOLOGY FOR BRC 

7 MODIFICATIONS FOR IBM-PC COMPATIBILITY 

IMPACTS-BRC i s  implemented i n  standard .subset FORTRAN-77 using the IBM-PC 
FORTRAN Compiler Version 2.00. 
The executable module w i  11 u t i  1 i z e  the 8087 ,co-processor, i f present. 

The operat ing system i s  IBM-DOS Version 2.10. 

I 7.1 1/0 Modif icat ions 

The De Minimis version o f  IMPACTS spec i f i ed  the values o f  the NUC array i n  the 
main program, through a DATA statement. This array contains the names o f  the 85 
nucl ides considered by the model. 
these values are read i n  from TAPE1.DAT along w i t h  other nuc l ide-speci f ic  data. 
Changes are i n  the main program (IMPACTS), and the subroutine which reads i n  the 
nucl ide s p e c i f i c  data (READ1). The changes t o  READ1 also a f f e c t  the s t ruc tu re  
o f  the TAPE1.DAT data f i l e .  Subroutine READ1:was o r i g i n a l l y  a p a r t  o f  Subroutine 
UPTAKE. 

For the current  IBM-PC version o f  IMPACTS-BRC, 

Standard subset FORTRAN-77 and IBM-PC FORTRAN do no t  al low the  values o f  an 
array which i s  contained i n  COMMON t o  be spec i f i ed  i n  a DATA statement. Also, 
the BLOCK DATA subprogram i s  not  allowed. A previous IBM-PC version (not  the 
De Minimis version) had speci f ied the arrays below i n  a, BLOCK DATA subprogram. 
A new subroutine, BLOCKD, has been added t o  IMPACTS-BRC which spec i f i es  the 
values o f  the fo l l ow ing  arrays: 

considered 
NXUC(85) - indicates nucl ides f o r  which daughter impacts are 

ICH(8,lO) - nucl ide decay chains 
LCH(10) - length o f  decay chains 
FK(21) 
FRACT(85,3) - f r a c t i o n  of. nuc l ide released t o  a i r  from inc ine ra to r ,  

- constant parameters f o r  dose conversion fac to rs  

values f o r  85 nucl ides a t  3 types o f  i nc ine ra to rs  

7.2 Compiler Metacommands 

IBM-PC FORTRAN supports several compi 1 e r  "metacommands" which can be used t o  
optimize program performance. The "$STORAGE: 2" metacommand i s  u t i 1  i zed  i n  
IMPACTS-BRC. T k i s  command was no t  included i n  the De Minimis version o f  the 
code. This command causes a l l  in teger  and l o g i c a l  var iables t o  occupy 2 bytes, 
instead o f  the de fau l t  4 bytes, s i g n i f i c a n t l y  reducing the storage requirements 
fo r  large i n tege r  arrays. 
compile using the IBM-PC FORTRAN compiler wi thout  i nc lus ion  o f  t h i s  metacommand. 
This problem was detected i n  the second compile step, FOR2. 
has no e f f e c t  on program calcu lat ions as long as the in teger  absolute values 
are less than 32767. This metacommand i s  no t  a standard FORTRAN statement and 
may cause an e r r o r  wi th  other compilers. 
the supplied d i s k  w i l l  run regardless o f  the compiler brand normally used. 

A previous IBM-PC version o f  IMPACTS-BRC used the "$LARGE" metacommmand t o  
optimize storage space. 
and has been commented out. 

Several o f  the subroutines i n  IMPACTS-BRC would not 

This metacommand 

However, the executable module on 

This metacommand i s  no t  avai lab le i n  IBM-PC FORTRAN 
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8 CALCULATIONAL MODIFICATIONS 

8.1 Deletion of Groundwater Dispersion Calculation 

The De Minimis version of IMPACTS included longitudinal dispersion in the 
groundwater transport calculations. This caused a spreading of radionuclide 
concentrations at the front and tail end of the release pulse. For the assump- 
tions in IMPACTS-BRC, the release pulse is a square wave which is advected to 
the receptor locations. Dispersion is not included and there is no spreading 
of the front or tail end of the pulse. Several tests were run with and without 
dispersion and, for the example dispersivity values used in the De Minimis 
methodology (5 and 10 cm), the differences in long-term impacts were negligible. 
Dispersion is not included because the calculated doses are insensitive to it, 
and because the computational effort required is large. The FORTRAN commands, 
including 2 FUNCTION subprograms, are commented out of the program, although 
they'can easily be re-activated, if desired. Also, the groundwater transport 
begins at the end of the operational period, not at the end of the institutional 
control period. 

8.2  Nucl ide-Specific Accounting - 
Although the ultimate interest in an application of IMPACTS-BRC is the total 
impact, it is often useful to evaluate the relative contributions of each of 
the various radionuclides in a given waste stream to the total impacts. Output 
commands to create a new file, TAPElO.OUT, have been added to several subroutines 
in IMPACTS-BRC. 
radionuclide included in the waste stream. 
because the program structure of subroutine OPSIMP is not readily amenable to 
nuclide-specific accounting. These doses are not normalized by the number of 
facilities, and thus do not necessarily add up to the total dose printed in 
TAPE6.0UT. However, the relative contributions of each radionuclide to the 
total dose are evident from this output. The data from TAPE1O.OUT help deter- 
mine important radionuclides in the waste stream. These doses can be normalized 
by dividing by the number of treatment or disposal facilities, as appropriate. 
The nuclide-specific doses .are printed for each individual waste stream; 
cumulative doses are not printed on TAPE1O.OUT. 

Except for changes to Subroutine GWATER, the modifications are simple WRITE 
statements for the computed impacts. ' 

groundwater impacts, the array SCN has been added to the call statement in 
IMPACTSB, the main program, and to the subroutine statement in GWATER. This 
change also required addition o f  a dimension statement. 
routines, temporary arrays have been added to store calculated terms for each 
radi onucl i de. 

8.3 Changes in Facility Types (IQ) 

. 

This file contains ICRP doses for most of the pathways for each 
Operational impacts are not included 

J 

To print the time headings for the 

In some other sub- 

The De Minimis methodology considered 5 facility types corresponding to values 
1-5 of the decision index IQ. 
municipal incinerator and sanitary landfill; municipal incinerator and open 
dump; hazardous waste incinerator and landfill; and a second hazardous waste 
incinerator and landfill. The current IMPACTS-BRC program and input data on 
TAPE2.DAT correspond to 5 facility types but do not include onsite disposal or 
open dump disposal . The treatment and disposal faci 1 i ty types correspondi ng to 

The facility types were: onsite generator; 
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I F 1  and 3 have been changed t o  onsite incineration and sanitary l a n d f i l l ,  and 
onsite incineration and hazardous waste l andf i l l ,  respectively. T h i s  modifica- 
t ion has resulted in changes t o  several subrouti nes including R E A D 2 ,  INCIMP, 
and OPSIMP, and t o  IMPACTS, the 'main program. For onsite disposal,  the 
TAPE2.DAT values for  IQ=1 or 3 should be edited direct ly .  
should be changed t o  values corresponding to  the onsite disposal system. 

The default  values 

The current IMPACTS-BRC treatment and disposal f a c i l i t y  scenarios are l i s t ed  i n  
Table 25. 

TABLE 25 

. TREATMENT AND DISPOSAL FACILITY TYPES 

I!? Treatment faci 1 i ty.  '. Disposal faci  1 i t y  

1 onsite incinerator sanitary landf i l l  
2 municipal incinerator sanitary 1 andf i 1 1 
3 onsl t e  i nci nerator hazardous waste 1 andf i 1 1 I I 
4 hazardous waste incinerator hazardous waste landf i l l  I 
5 hazardous waste incinerator hazardous waste landf i l l  I1 

The hazardous waste landfi 11 specified by I F 4  represents average performance 
and s i t e  envi ronmental charactersi t i  cs. 
represents more conservative assumptions about performance and environmental 
character is t ics .  

The 1 andf i 11 speci f i ed by IQ=5 

The De Minimis version of IMPACTS required non-default data t o  be i n p u t  when 
the onsite disposal f a c i l i t y  was used (IQ=l). These data were read from the 
end of' TAPE2.DAT i n  Subroutine READ2. These data are not read a t  the end of 
TAPE2.DAT irr IMPACTS-BRC; i f  non-default or s i te-specif ic  data are  t o  be used, 
the existing values i n  TAPE2.DAT should be direct ly  changed. The values for  
IQ=1 or 3 should be changed i f  onsite disposal i s  simulated. 

I n  the De Minimis version, two parameters were read only i f  non-default 
fac i l i ty -spec i f ic  data were i n p u t  for  the onsite incinerator. The f i r s t  is 
OSWR, the waste weight reduction r a t io  for  onsite incineration. 
OSDL, the d u s t  loading factor for  operational impacts from onsi te  disposal. 
These two parameters have been added t o  the default dataset  and are  read fo r  
each of the 5 f a c i l i t y  types. If  t-hese parameters a re  not included i n  the 
i n p u t  f i l e ,  the default values hardwired in the code are  used. 
parameters can be specified for  both onsite incineration options (IQ=l o r  3), 
as  well as for  the o f f s i t e  incineration options, i f  desired. 

The second i s  

T h u s ,  the 
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9 MODIFICATIONS TO INPUT DECKS 

Environmental and f a c i l i t y  data for the IMPACTS-BRC code a re  supplied w i t h  the 
program, 
values should be changed i f  more appropriate or r e a l i s t i c  values are  available. 
The supplied values are  very conservative., b u t  may be appropriate when the 
uncertainty i n  more r ea l i s t i c  values i s  very high. 

9 . 1  Env-ironmental Parameters for  Maximum Individual Impacts 

The example data presented i n  the De Minimis NUREGAR-3585 represent 3 regional 
s i t e s  and 5 f a c i l i t y  types. 
developed for  the BRC methodology which represents a very conservative (poor 
performance) s i t e  for  waste disposal. T h i s  set of parameters is  used t o  compute 
maximum individual impacts and i s  specified by the i n p u t  parameter IDAT=2, 
non-default environmental data, and IR=l. The 3 regional s i te  parameters, which 
have also been modified from the example in the De Minimis methodology, a re  used 
t o  compute c r i t i ca l  group and general population impacts. The values a re  the 
most conservative values from the three sites i n  the De Minimis methodology. 
The minimum dilution factor for  the intruder well is  based on minimum require- 
ments for  a rural well supplying one person (Solley e t  a l . ,  1983). 

Table 26 indicates the environmental parameters used t o  calculate maximum 
individual exposures which are not discussed i n  following sections. 

These data serve as default-parameters for  the BRC methodology. These 

A new s e t  of environmental parameters has been 

9.2 Groundwater Travel Times I- 
The supplied groundwater travel times are  shorter than the corresponding times 
presented as an example i n  the De Minimis methodology. 
conservatism. The ranges of groundwater veloci t ies  used have been observed i n  
actual f ie ld  cases a t  LLW and other waste disposal f a c i l i t i e s .  Also, the 
groundwater pathway i s  assumed t o  occur a t  the end of the operational period, 
n o t  a f t e r  the inst i tut ional  control period.. 

T h i s  primarily re f lec ts  

. The travel time from the disposal u n i t  t o  the receptor is  the summation of the 
travel times i n  the unsaturated zone (above the water table) and i n  the saturated 
zone. For the NE and SE s i t e s ,  the travel time through the unsaturated zone 
is assumed to  be 1 year. T h i s  value is also used fo r  the maximum individual 
exposure calculations. 
SW s i t e . i s  conservatively assumed t o  be 10 years. 

The travel time through the unsaturated zone a t  the I 
The groundwater veJoci t ies (not discharges) i n  the saturated zone, and result ing 
groundwater travel times are shown i n  Table 27. The distance between sectors 
is  34 m for  the sanitary landfi l l  and 9 1  m for  the hazardous waste landf i l l .  
The distance t o  the intruder well, from the closest  sector,  i s  half this value. 
For the NE and SE s i t e s ,  and for maximum individual calculations, the popula- 
tion well i s  1 km away and the stream i s  2 km away. The population well a t  the 
SW s i t e  i s  3 km from the disposal u n i t s .  
impacts due to  water supply from the stream are  not considered for  the SW s i t e .  

As i n  the De Minimis methodology, . 
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TABLE 26 I .  . 

ENVIRONMENTAL PARAMETERS USED FOR.. THE MAXIMUM INDIVIDUAL . . .  
t .  

. .  . .  , .  

. -. 

. .  Value - .  .Parameter.. . -Definition ,K 1 -t: : :. C 
. I . .  

Infi I t ra t ing  percolation 0.18 m/yr 
soi 1 -to-ai r t r n s f r  f c t r  ( i  ntru-const) 2.64E- 10 

'PRC 
.FSC 
FSA Soi 1 -to-ai r.:trnsf r ' f c t r  (i ntru-agri j . ' ' 8. .06E- l l  .. 

. . .  . .  .. 

. .  Minimum intruder well dilution factor . iio 
' ..l 

. .  QFC( 1) . .  

WEL Average wfn 'd  velocity,  . .  

.QFC(Z) . , 'Minimum popuiation, well dilution factor  2.OE+5. 
Minimum .stream ,:di'Tufion factor  4.5€+6 ' . "  

6.67 m/sec 
1.4E-10 yr/m3 Accident . . X/Q '. 

I .  ' . .  
QFC(3) : . ,  

AXOQ 

. .  
, ' > .  . 

. .  . .  . . .  . 
.' . EFAC'. ' . .  ' . , . D u s t  mobi'l i.zation' factor 7.95E-6 

, .  

TABLE 27 \ *  
4 

GROUNDWATER TRAVEL TIMES 

' Max individual NE SE sw 

Saturated zone velocity (m/yr) 20 1 5 i o  
I ,  

Travel time between sectors (yr) 
sanitary 1 andf i 11 1.7 34 6 . 8  3 .4  

hazardous waste 1 andf i 1 1 1.7 9 1  18.2 9 . 1  

Travel time t o  intruder well (yr)  
sanitary 1 andf i 1 1 $ 1.85 18 4 .4  11.7 

hazardous waste landfi l l  1.05 46.5 10.1 14.5 

Travel time t o  population well (yr) 1 

sanitary l a n d f i l l .  , . 25 500 100 300 
hazardous waste' 1 andf i 1 1 25 500 100 300 

50 ' I .  

Travel time, t o  .stream (yr) 
sanj tary 1 a'ndf i 11 
hazardous: w a s t e  '1 and.f i l l  ' , :: . .  

. . .  . ' 't., 

_ .  . ., .50 

1000 200 

1000 200 

. .  . .  
I. . .. . .  

000053 
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9.3 Retardation Coe f f i c i en ts  

The supplied re ta rda t i on  c o e f f i c i e n t s  are lower than the example values 
presented i n  the De Minimis documentation, r e f l e c t i n g  conservatism and poten- 
t i a l  disposal wi th mob i l i z i ng  agents such as. organics and other complexants. 
Table 28 ind icates De Minimis methodology values,, values ca lcu lated from d r a f t  
EPA BRC rulemaking documents, and the values suppl ied i n  TAPE2:DAT. 

9.4 Contact Time F rac t i on  

The source term f o r  groundwater contamination problems i s  no t  c u r r e n t l y  w e l l  
understood. The concentrat ion o f  radionucl ides i n  leachate passing through the 
disposal u n i t  var ies widely i n  actual f i e l d  s i t ua t i ons .  This v a r i a t i o n  i s  due, 
i n  pa r t ,  t o  s i t e - s p e c i f i c  geochemical and moisture condi t ions,  v a r i a t i o n  i n  
waste packaging and processing p r i o r  t o  disposal , and d i f f e r e n t  rad ionucl ide 
inventories. I n  d r a f t  EPA technical  repor ts  % t o  support standards f o r  LLW 
management, the performance assessment model used includes f i v e  d i f f e r e n t  
methods f o r  est imat ing the  source term. 

I n  the De Minimis methodology, source term concentrat ions were estimated using 
a r a t i o  method based on actual  data from the Maxey F l a t s  and West Val ley LLW 
s i tes .  For a given radionucl ide, the leachate concentrat ion i n  a t rench sump 
was d iv ided by the average concentrat ion o f  t h a t  radionucl ide i n  the waste. 
average r a t i o  f o r  each radionucl ide was ca l cu la ted  from the r a t i o s  f o r  several 
trenches. Because the trenches. a t  Maxey F l a t s  and' West Val ley were saturated 
w i t h  water, and the disposal u n i t s  a t  a san i ta ry  o r  hazardous waste l a n d f i l l  
are no t  expected t o  be saturated, a correct ion f a c t o r  was introduced t o  reduce 
the leachate concentration. This co r rec t i on  f a c t o r  assumed t h a t  t he  t r a n s f e r  
o f  radionucl ide from the waste t o  the leachate was c o n t r o l l e d  by the extent  o f  
water saturat ion and the amount of t ime the pe rco la t i ng  water was i n  contact  
w i t h  the waste. The r e s u l t i n g  Contact Time, Fract ions reduced concentrations 
f o r  the groundwater and leachate treatment pathways by a f a c t o r  ranging from 
3.6E-5 t o  1.3E-2. 

The Contact Time Fract ions i n  the supplied TAPEE.DAT are a l l  equal t o  un i t y .  
Thus, the average r a t i o s  determined from the s i t e s  are used t o  ca l cu la te  
leachate concentrations based so le l y  on the average radionucl ide concentrat ions 
i n  the waste. Data from some leaching experiments and f i e l d  measurements 
i nd i ca te  t h a t  leachate concentrations may no t  be d i r e c t l y  a f fected by the 
contact t ime o f  the waste and water, o r  by the extent  o f  water saturat ion (e.g. 
S isk ind e t  a l .  1986; Arora and Dayal 1983; Essington e t  a l .  1986). Even w i t h  
t h i s  assumption, the mass o f  a radionucl ide leav ing the disposal u n i t  w i l l  be 
reduced a t  lower saturat ion because the volume o f  water p'ercolat ing through the 
u n i t  i s  lower. This conservative assumption, t h a t  the leachate concentrat ion 
r a t i o s  are the same as Maxey F l a t s  and West Val ley data, i s  required because o f  
the uncer ta in ty  i n  est imat ing the source term wi thout  knowledge o f  the site-. 
spec i f i c  leaching and waste composition. 

The release f r a c t i o n  f o r  C-14 used i n  the De Minimis methodology was determined 
i n  a manner d i f f e r e n t  from t h a t  used f o r  most o f  the other  radionucl ides, 
inc lud ing H-3 and CO-60. 
concentrations from the West.Valley t rench sumps and the trench inventor ies from 
the Maxey F la ts  s i t e .  
r a t i o s  for  H-3, Co-60, and Am-241, using both concentrat ions and inventor ies 

An 

The f r a c t i o n  f o r  C-l4,was determined using the leachate 

The r e s u l t i n g  r a t i o  f o r  C-14 was 5.76E-3, whi le the 
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- TABLE 28 . 

MINIMUM RETARDATION COEFFICIENTS FOR SELECTED ELEMENTS 

Element B RC De Minimis EPA R* 

H 1 1 1.05 

C 1 10 1.05 
P 1 43 
S 1 9 
Mn 10 43 766 
Fe 1 630 7651 
N i  1 420 766 
co 1 420 20 5 
Zn 1 9 
Sr 1 9 103 

Tc 1 2 1.17 
Cd 1 9 
I 1 2 1.05 

- 
- 

- 

- 

c s  1 .  85 1276 
Ce 100 840 5611 

- Th l o o  840 
Pu 10 840 9181 

300 23971 Am 100 

X EPA R - 1.0 + 5.1 * (EPA's Kd) 

. 
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from Maxey Flats, were 1.15, 1.48E-2, and 4.11E-3, respectively. Given the 
typical geochemical behavior of C-14 relative to other radionuclides, it is 
unreasonable to assume that the C-14 release ratio is lower than the ratio for  

Furthermore, it was assumed for the De Minimis methodology, and the BRC 
methodology, that the 1-129 and.Tc-99 ratios were one order of magnitude lower 
than the ratio for H-3. For consistency, the,C-14 ratio for the BRC methodology 
is also assumed to be one order of magnitude lower than the H-3 value, or 0.115. 
This is a more conservative assumption and is geochemically more consistent with 
the other ratios used. 

9.5 Peclet Numbers 

Peclet numbers are not needed because they only affect the groundwater dispersion 
calculations, which have been dropped from IMPACTS-BRC. However, for consistency 
and ease of modification, IMPACTS-BRC still reads the Peclet number values from 
TAPEZ. 

. Co-60. 

, 
. .  
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APPENDIX A 

IMPACTS-BRC FORTRAN SOURCE CODE L I S T I N G  



L 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

CBRC IMPB 10 
*$STORAGE:2 IMPB 20 

PROGRAM IMPACTSB IMPB 30 
C IMPB 40 

IMPB 50 ...................................................................... 
C IMPB 60 
C PROGRAM T I T L E :  IMPACTS-BRC VERSION 1.0 IMPB 70 
C IMPB 80 
C DEVELOPED FOR: U. S .  NUCLEAR REGULATORY COMMISSION IMPB 90 
C OFFICE OF NUCLEAR MATERIAL SAFETY AND SAFEGUARDS IMPB 100 
C D I V I S I O N  OF WASTE MANAGEMENT IMPB 110 
C IMPB 120 
C DATE: MAY 1986 IMPB 130 
C IMPB 140 
C NRC CONTACT: CHIEF, GEOTECHNICAL BRANCH PHONE: (301) 492-7000 IMPB 150 
C D I V I S I O N  OF WASTE MANAGEMENT IMPB 160 
C IMPB 170 
C CODE DEVELOPER: DR. 0.1. OZTUNALI, EBASCO SERVICES INC. IMPB 180 
C WITH MODIFICATIONS BY DANIEL J. GOODE, NRC IMPB 190 
C IMPB 200 
C T I T L E S  OF ASSOCIATED DOCUMENTATION AND NUREG NUMBERS: IMPB 210 
C IMPB 220 
C OZTUNALI, O . I . ,  AND G.W. ROLES, DE M I N I M I S  WASTE IMPACTS ANALYSIS IMPB 230 
C METHODOLOGY, VOL 1, NUREG/CR-3585, 1984. IMPB 240 
C IMPB 250 
C FORSTROM, J.M., AND 0.3. GOODE, DE M I N I M I S  WASTE IMPACTS ANALYSIS IMPB 260 
C METHODOLOGY, VOL 2, IMPACTS-BRC USER'S GUIDE AND METHODOLOGY FOR IMPB 270 
C RADIOACTIVE WASTE BELOW REGULATORY CONCERN, NUREG/CR-3585, 1986. IMPB 280 
C IMPB 290 
C T H I S  PROGRAM WAS PREPARED FOR AN AGENCY OF THE UNITED STATES IMPB 300 
C GOVERNMENT. NEITHER THE UNITED STATES GOVERNMENT NOR ANY AGENCY IMPB 3 1 0  
C THEREOF, NOR ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESSED IMPB 320 
C OR IMPLIED, OR ASSUMES ANY LEGAL L I A B I L I T Y  OR RESPONSIBILITY FOR IMPB 330 
C IMPB 340 
C OF T H I S  PROGRAM OR REPRESENTS THAT I T S  USE BY SUCH THIRD PARTY IMPB 350 
C WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS. IMPB 360 
C IMPB 370 

ANY THIRD PARTY'S USE, OR THE RESULTS OF SUCH USE, OF ANY PORTION 

P**** * * * * * * * * *RR**** * * * * * * * * * * *R*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * IMpB 380 
IMPB 3 9 0  

T H I S  CODE REPRESENTS AN ANALYSIS METHODOLOGY FOR DETERMINING THE IMPB 400 
RADIOLOGICAL IMPACTS ASSOCIATED WITH THE DISPOSAL OF DE M I N I M I S  IMPB 410 
WASTE. IMPB 420 
INCLUDING THOSE INVOLVED WITH: TRANSPORTATION OF THE WASTE; IMPB 430 
SORT1 NG/I  NC I NERAT ION/RECY C L E  OF THE WASTE ; AND F I N A L  TREATMENT/ IMPB 440 
DISPOSAL CONSIDERATIONS. IMPB 450 

IMPB 460 
THE INPUT/OUTPUT F I L E S  ARE I D E N T I F I E D  AS FOLLOWS: IMPB 470 

IMPB 480 
IMPB 490 

NUCLIDE NAMES, GROUNDWATER RETARDATION COEFFICIENTS, ETC. IMPB 500 
IMPB 510 
IMPB 520 

TREATMENT, AND DISPOSAL PARAMETERS USED I N  T H I S  ANALYSIS. IMPB 530 
ALSO CONTAINS NON-DEFAULT F A C I L I T Y  AND ENVIRONMENT DATA. IMPB 540 

IMPB 550 
TAPE5= INPUT F I L E  CONTAINING THE WASTE STREAM CHARACTERISTICS IMPB 560 

PERTAINING TO A SPECIFIC APPLICATION. T H I S  F I L E  WILL IMPB 570 
MOST L IKELY CHANGE WITH EACH CASE UNDER CONSIDERATION. IMPB 580 

I T  CALCULATES THE IMPACTS UNDER A NUMBER OF SCENARIOS, 

TAPEl= INPUT F I L E  CONTAINING THE BASIC DOSE CONVERSION FACTORS, 

T A P E P  INPUT F I L E  CONTAINING THE DEFAULT ENVIRONMENTAL, 
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IMPB 590 C 
C IMPB 600 
C IMPB 610 
C IMPB 620 
C (MOST PATHWAYS) IMPB 630 
r IMPB 6 4 0  

TAPE6= OUTPUT F I L E  CONTAINING THEaMAIN RESULTS OF THE ANALYSIS 

TAPE10= OUTPUT FILE CONTAINING ICRP DOSES FOR EACH NUCLIDE 

- 
C 
C 

MODIFICATIONS TO THE ORIGINAL IBM-PC VERSION ARE NOTED BY "CBRC" IMPB 650 
IMPB 660 .~ 

C***R*X***R***RR****************************************************** IMPB 670 
C IMPB 680 

IMPB 690 CBRC $LARGE 
CHARACTER ORG( 10)*9,SCN( 36)*6,FAS( 5)*20,NUCT*6,SOLT"l IMPB 700 

$INCLUDE: ' IMPCOMM. FOR' IMPB 710 
COMMON/CHYN/NXUC(85), ICH(8, lO)  ,L)CH( l o )  ,ACT(8) ,BCT(8,2)/UPTK/FK(Zl)IMPB 720 
COMMON/DCFS/FF(85,5) ,DCFl(  159 , lO)  ,DCF2( 1 5 9 , l O )  ,DCF3(85), IMPB 730 

+ DCF4(85,10),DCF5(85,lO),NUCT( 159),SOLT( 159) IMPB 7 4 0  
DIMENSION TYMD(16),BIMPT(lO,65) IMPB 7 5 0  
DATA ORG/' LUNGS I ,  ' S.WALL ' , ' LLI  WALL' , ' T. BODY ' , IMPB 760 

' KIDNEYS I , '  L IVER ' ' RED MAR ' , I  BONE I ,  IMPB 770 
' THYROID ' ' ICRP ' i  IMPB 780 

' IC-POP' , ' IC- IND '  , ' IC-WOR' , ' IC-MWR' , 'OP-POP' , 'OP-IND' , IMPB 800 
'OP-WOR' , 'OP-MWR' , ' 20YR' , ' 40YR', ' 60YR' , ' 80YR'  , IMPB 810 
' lOOYR', '  120YR ' , '  160YR' , '  ZOOYR',' 400YR' , '  600YR ' ,  IMPB 820 
' 800YR'  , I  1 K  YR' , ' 2K YR' , ' 5K YR' , ' 1 0 K  YR' , ' 2 0 K  YR' , IMPB 830 
'TR-MAX','TR-OCC' 'TR-POP' , ' L4 -0PS8  ,'LA-OVF' , ' L A - A I R ' /  IMPB 840 

CBRC ' CHANGES TO FACILITY NAMES IMPB 850 
DATA FAS/'ONSITE INC,  S .  LANDF' , 'SANITARY LANDFILL I ,  IMPB 860 

'ONSITE INC, H. LANDF' , 'HAZARDOUS WASTE I ' , IMPB 870 
' HAZARDOUS WASTE I I ' / IMPB 880 

IMPB 890 
IMPB 900 

DATA TYMD/20.,40.,60.,80.,100.,120.,160.,200.,400.,600., 

DATA NTYM/16/ IMPB 910 
101 FORMAT( 813) IMPB 920 

CBRC 102 FORMAT( lH1/2X,A20//2X'LIFE='I3,2X'OVFL=' 13,2X1NSTR='13/ IMPB 930 
CBRC MODIFY F I R S T  L I N E  BECAUSE HEADER ADDED BELOW IMPB 940 

102 FORMAT( //2X ,A20//2X ' LIFE='  I3,2X 'OVFL=' 13,ZX' NSTR=' I 3 /  IMPB 9 5 0  
IMPB 960 

103 FORMAT( 1H1) IMPB 970 
104 FORMAT(/2X1TRANSPORTATION IMPACTS'lOX,A6' = ' l P E 9 . 2 '  MREM/YR' IMPB 980 

*/34X ,A6" = ' E 9 . 2 '  PERSON-MREM/YR1/34X ,A6'  = 'E9.2 '  PERSON-MREM/YR' ) IMPB 990 
CBRC */34X ,A6' =I  E 9 . 2 '  MREM/YEAR'/34X ,A6' =I E9.2' ,PERSON-MREM/Y R '  ) IMPBlOOO 

106 FORMAT( 1H1/2X1CUMULATIVE IMPACTS'/) I M P B l O l O  
DO 10 I=1,3 IMPB1020  

IMPB1030  
CBRC T H I S  REPLACES BLOCK DATA SUBPROGRAM IMPB1040  

CALL BLOCKD IMPB1050  
CALL READ1 IMPB1060  

C IMPB1070  
C START OF A GIVEN CASE - ONE F A C I L I T Y  AND ANY NUMBER OF I MPB1080 
C WASTE STREAMS WITH GIVEN CHARACTERISTICS IMPB1090  
C I M P B l l O O  
CBRC CHANGES TO OPEN STATEMENTS FOR NAMING TAPE5 AND CREATING TAPE6 I M P B l l l O  

OPEN(5,FILE=' I )  I M P B l l 2 O  
OPEN(6;FILE='TAPE6.OUT',STATUS='NEW1) IMPB1130  

CBRC TAPE10 I S  USED FOR NUCLIDE SPECIF IC  OUTPUT AND DEBUGGING I M P B l l 4 O  
OPEN( lO,FILE='TAPElO.OUT' ,STATUS='NEW' ) IMPB115O 

CBRC WRITE HEADER ON TAPES 6 AND 10 IMPB1160  
WRITE( 6,1000) IMPB1170  
WRITE( 10,1000) I M P B l l 8 0  

1000 FORMAT( l H l / '  IMPACTS-BRC' , lox, 'VERSION 1.0') I M P B l 1 9 0  
CBRC END IMPB1200  

'DATA SCN/'INT-COI , ~ T - A G ~  ,'IN-AIRI ,'ER-AIRI ,'IN-WATI ,'ER-WATI, IMPB 790 

800., 1000. ,2000. ,5000. ,10000. ,20000./ 

* 2 X '  REGN=' I3 ,2X  ' DATA=' I 3 / 2 X  I IPOP=' I3,2X' INST=' 13) 

10 FRACT( 7, I)=FRACT( 29, I) 
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20 READ( 5,101, END=50) I R ,  IDAT, IQ,NSTRD, IPOP, I L F E ,  I INS, I O F L  
WRITE( 6,102) FAS( I Q )  , I L F E ,  IOFL,NSTRD, I R ,  IDAT,  IPOP, I I N S  . .  WRITE SCENARIO HEADER ON TAPE1O.OUT CBRC 

1 0 0 2  
CBRC 

C 
C 
C 

CBRC 

CBRC 

CBRC 
C 
C 
C 

' CBRC 
CBRC 
CBRC 

CBRC 

C '  

30 
40 

WRITE( 10,1002) FAS( I Q )  
FORMAT(//EX ,AZO) 

CALL READ2 
CALL ZERO( BIMPT ,650) 
DO 4 0  ISTRB1,NSTRD 
CALL ZERO( BIMP ,650) 
I F (  1STRD.NE. l )WRITE(6,103)  

END 

, .  . .  . .  CALCULATE IMPACTS. 

CALL READ5 
. .  

. .  . .  
.. 

! .  SAVE DI SPOSALI I NC I NERATION~~ORT I NG OPTION 
INCIN=ISPC( 1 , 5 )  .. . . .  

CALL SPLICE ' ,  . 
CALL INT IMP 
CALL EXPWAS 
CALL OPSIMP 
I F (  1OFL.NE.O)CALL OVRFLO ' 

CALL GWATER( NTYM,TYMD,SCN) ' 

NORMALIZE INDIV IDUAL IMPACTS. WITH NUMBER OF F A C I L I T I E S  

CALL DIVVY( 1,1,2)  
CALL DIVVY( 1,5,6)  
CALL DIVVY(2,8,8)  
CALL DIVVY( 2 ,10 ,10 )  

I F ( I N C I N . N E . 1 )  CALL. DIVVY(2,8,8) 

. . ,  

ADD SCN TO GWATER CALL TO PRINT'TIMES ON T A P E ~ O  

. .  
' 2  

_ .  . .  

NORMALIZE INCINERATOR IMPACTS ONLY IF INCINERATION OCCURS 

I F (  1NCIN.NE. 1) CALL DIVVY(E, lO, 10) , . I . .  

END 
CALL DIVVY( 1,12,12) 
CALL DIVVY( 1 ,14 ,14 )  
CALL DIVVY(1,15,64)  

WRITE(6.,104) (SC.N(1+26),BAS(l,I),I=5,7) 
CALL PRNTE( ORG, SCN , BIMP) 
DO 30 I=1,10 
DO 3 0  J=1,65 . .  
BIMPT( I ,J)=BIMPT( I ,J)+BIMP( I ,J) 
CONTINUE 

. 1 '  
.. . 

. .  '. 

IF(NSTRD.EQ.1)GO TO 20 
WRITE( 6 ,106 )  
CALL PRNTE( ORG, SCN , BIMPT) 
GO TO 20 

END OF A GIVEN CASE, GO TO 20 FOR NEW CASE 
C 
C 
C 

50 CLOSE ( 5 )  
CLOSE (6)  s 

CBRC CLOSE TAPE10 
CLOSE( 10) 
STOP 'NORMAL TERMINATION' 
END 

* A-3 . 

I M P B l i l O  
IMPB1220'  
IMPB1230 
I MPBl240  
IMPB1250 
IMPB1260 
IMPB1270 
I MPB 1280 
IMPB1290 
IMPB1300 

. IMPB1310 
IMPB1320 
IMPB1330 
IMPB1340 
IMPB1350 
IMPB1360 
IMPB1370 
IMPB1380 
IMPB1390 
IMPB1400 
IMPB1410 
IMPB1420 
IMPB1430 
IMPB1440 
IMPB1450 
IMPB1460 
IMPB1470 
I M P B l 4 8 0  
IMPB1490 
IMPB1500 
I M P B l 5 l O  
IMPB1520 
IMPB1530 
IMPB1540 
IMPB 1 5 5 0  
IMPB1560 
IMPB1570 
I M P B l 5 8 0  
IMPB1590 
I MPBl600  
IMPB1610 
IMPB1620 
IMPB1630 
IMPB1640 
IMPB1650 
IMPB1660 
IMPB1670 
IMPB1680 
IMPB1690 
IMPB1700 
IMPB1710 
IMPB1720 
IMPB1730 
IMPB1740 
IMPB1750 
IMPB1760 
IMPB1770 
IMPB1780 
IMPB1790 



CHARACTER I3ASN*lO,NUC*6,SOL*l ,SOLB*l  
COMMON/BAST/BAS( 2,92), BIMP( 10,65), ISPC( 2,15), PDCF( 85,10,7)  

+ /CHRC/BASN( 2) ,NUC( 85), SOL( 85) ,SOLB( 8 5 )  
+ /DTNX/IR,IDAT,IQ,IPOP,ILFE,IINS,IOFL,NSTR 
+ /NUCS/AL( 8 5 ) ,  FMF( 85 ) ,  RET( 85,5), FRACT( 85,3)  ,NUX( 8 5 )  
+ /DRPl/FSC( 3),  FSA( 3), PRC( 3,5)  ,TSC( 3,5)  ,QFC( 3,3), 
+ DTTM( 3,5) ,TTM( 3,3,5) ,DTPC( 3,5) ,TPC( 3,3,5) ,NRET( 3) 
+ /DRP2/TPOP( 3) ,TDOZ( 3) ,WVEL( 3) ,EFAC( 3), POP( 3), 
+ POPE( 3), POPW( 3) ,AXOQ( 3), EERO( 5 ) ,  EREC( 5 )  
+ /FACP/TDIS( 5) ,TVEL( 5 )  ,VINC( 5 )  ,XOQI( 5 )  ,EDFI( 5 ) ,  
+ DEN1(5),VANN(5),XOQO(5),EDF0(5),DEN2(5), 
+ 
+ 

TWI( 5,3) ,TWO( 5,3) ,ADAY( 5,3),  RMIX( 5), 
EMP(5) ,EFF(5) ,SEFF( 5) ,GERO(5) ,OSWR 

CBRC 
$STORAGE : 2 

C 
SUBROUTINE READ1 

ICOM 10 
, ICOM 20 

ICOM 30 
ICOM 4 0  
ICOM 50 
ICOM 60 
ICOM 70 
ICOM 80 
ICOM 90 
ICOM 100 
ICOM 110 
ICOM 120 
ICOM 130 

REDl  10 
REOl 20 
REDl  30 
REDl  4 0  C*******************R*RRR**RRR******R******************************************* RED1 50 

C T H I S  SUBROUTINE READS I N  THE FUNDAMENTAL DCF FROM TAPE1. * REDl  60 
C UPTAKE USES THESE TO COMPUTE THE PDCFS AS NEEDED. * REDl  70 

REDl  90 
REDl  100 

C 
CBRC $LARGE 

CHARACTER BASN*lO,NUC*6,NUCT*6,SOL*1,SOLB*1,SOLT*l REDl  110 
COMMON/CHRC/BASN( 2), NUC( 8 5 ) ,  SOL( 8 5 ) ,  SOLB( 8 5 )  REDl  120 

+ /NUCS/AL( 85 ) ,  FMF( 8 5 ) ,  RET( 85,5) ,  FRACT( 85 ,3 ) ,  NUX( 8 5 )  REDl  130' 
COMMON/DCFS/FF(85,5) ,DCFl(  159 , lO)  ,DCF2( 1 5 9 , l O )  ,DCF3(85), REDl  1 4 0  

+ DCF4(85,10),DCF5(85,lO),NUCT( 159),SOLT( 1 5 9 )  REDl  1 5 0  
CBRC 101 FORMAT(A6,1X,Il,Al,12E9.2) REDl 160 
CBRC NEW FORMAT TO DROP A 1  AND A2  WHICH ARE NOT USED REDl  170 

101 FORMAT(A6,lX , I 1  ,A1 ,10E9.2) REDl  180 
102 FORMAT(9X,lOE9.2) REDl  190 
103 FORMAT( 8X ,A1 ,10E9.2/9X, 10E9 .2 )  REDl  200 

OPEN( 1, F ILE= 'TAPEl  .OAT')  REDl  210 
INCT=O REDl  220 
DO 30 INUC=1,85 REDl  230 
READ(1, lOl )  NUC(INUC),JJ,SOLB(INUC),DCF3(INUC),(FF(INUC,I),I=l,5),REDl 2 4 0  

AL(INUC),FMF(INUC),RET(INUC,l),RET(INUC,4) REDl  2 5 0  
CBRC * . AL(INlJC),FMF(INUC),RET(INUC,l),RET(INUC,4),Al,A2 REDl  260 

\A2=RET( INUC ,4) REDl  270 
Al=(AE/RET( INUC, 1))**0.334 REOl 2 8 0  
RET( INUC, 5)=A2*A1 REDl  290 

REDl  300 
REDl  310 

RET( INUC ,3)=A2/A1 
RET( INUC ,2)=RET( INUC, l ) * A l  
READ(1,lOZ) (DCF4(INUC,I),I=l,lO),(DCF5( INUC,I ) , I=1,10)  REDl  320 
INCT=INCT+l REDl  330 . 
NUCT( INCT)=NUC( INUC) REDl  340 
READ(1,103) SOLT(INCT),(DCF1(INCT,I),I=l,lO),(DCF2(INCT,I),I=l,lO)REDl 350 
IF(JJ.EQ.1)GO TO 30 REDl  360 
DO 20 IJ=2,JJ REDl  370 
INCT=INCT+l  REDl  380 
NUCT(INCT)=NUC(INUC) REDl  390 
READ( 1,103) SOLT( INCT) , (DCF l (  INCT,  I), 1=1 , l o ) ,  (DCF2( INCT, I), 1=1 ,10)RED1 4 0 0  

20 CONTINUE REDl  410 
30 CONTINUE REDl  420 

CLOSE (1) REDl  430 
RETURN REDl  440 
END REDl  450 

C R R * * * * X * X X * X * * * * * * * R * * * * * R * * * * * R R R R R * R R * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  RED1 80 

* 
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KED2 10 CBRC 
$STORAGE: 2 RED2 20 

SUBROUTINE READ2 . RED2 30 
C RED2 40 

C T H I S  SUBROUTINE READS I N  THE TREATMENT/DISPOSAL S I T E  * RE02 60 \ 

C ENVIRONMENTAL CHARACTERISTICS AND ' TREATMENT/DISPOSAL * RED2 70 
C TECHNOLOGY CHARACTERISTICS FROM TAPE2. * RED2 80 

C RE02 100 
CBRC $LARGE RE02 110 
$INCLUDE: ' IMPCOMM. FOR' RED2 120 

RE02 130 
RED2 140 102 FORMAT( l O E l O .  3) 

104 FORMAT( 1515) RE02 150 
202 FORMAT(/2X'OPTIONAL XOQ PARAMS1/(2X,1P,4E10.3)) RED2 160 
203 FORMAT( 2X, 1P ,6E10.3) RED2 170 
204 FORMAT(/PX'OPTIONAL ENVIRONMENTAL PARAMETERS'/EX'PRC = ' l P E 9 . 2 ,  RED2 180 

2X'TXC ='E9.2,2X1QFC = '3E9.2 /2X8FSC ='E9.2,2X1DTTM='E9.2, RED2 190 
2X'TTM = ' 3 E 9 . 2 / 2 X 1  FSA = I  E9.2.2X1DTPC=' E9.2.2X'TPC = '3E9.2 /  RED2 200 

' b  

,C**********R*R***********************R******************************** RED2 50 

C**R******************R***R*********************************************** RED2 90 

DIMENSION PDS(6) ,WSP(6),STB(6),OSP(6) 

2X'WVEL=' E 9 . 2  ,2X'AWOQ='E9. 2 ,ZX '  EFAC=' E9.2)  
CBRC 205 FORMAT(/2X'OPTIONAL F A C I L I T Y  PARAMETERS'/2X'VINC=' 1PE9.2, 
CBRC . 2X'VANN=' E9.2, 2X'ADAYS=' 3E9.2 /2Xt  EMP =I  E9.2,2X1 EFF = I  E9.2, 
CBRC .2X' SEFF=' E 9 . 2  ,2X1DENl='E9.2,2X'  DEN2=' E 9 . 2 /  
CBRC .2X' RMIX=' E 9 . 2  ,2X'GERO=' E9.2,2X10SWR=' E9.2,2X10SDL=' E9.2) 
CBRC .2X' RMIX=' E9.2,2X'OSWR=' E9.2,2X10SDL=' E9.2)  
C -  
C READ DEFAULT S I T E  ENVIRONMENTAL PARAMETER VALUES 
C '  

OPEN(2, F I L E = '  TAPE2. DAT' ) 
DO 10 I=1,3 
READ( 2,102) (PRC( I ,J) ,TSC( I ,J) ,DTTM( I ,J) ,( TTM( I ,K,J) ,K=l,3), 

READ( 2,102) FSC( I), FSA( I) ,(QFC( I ,J), J=1,3) ,POP( I) ,POPE( I), 

READ( 2,104) NRET( I) 

* DTPC( I, J) , (TPC( I ,K, J) , K=l,3),  J=1,5) 

POPW( I) ,TPOP( I) ,TDOZ( I) ,WVEL( I) ,AXOQ( I) ,EFAC( I), * 
* EERO( I) ,EREC( I) 

10 CONTINUE 
C 
C READ DEFAULT F A C I L I T Y  PARAMETER VALUES 
C 

DO 12 I=1,5 
READ(2,102) TDIS(  I) ,TVEL( I) ,VINC( I) ,XOQI( I) ,EDFI( I) ,DENl( I), * 

* 
* 

VANN( I) ,XOQO( I) ,EDFO( I) ,DEN2( I) ,(TWI( I ,J),J=1,3), 
(TWO( I ,J) ,J=1,3) ,( AOAY( I, J) , J=1,3) ,RMIX( I), 
EMP( I) ,EFF( I) ,SEFF( I) ,GERO( I) ,OSWR,OSDL 

CBRC * 
CBRC 

EMP( I) ,EFF( I) ,SEFF( I) ,GERO( I) 
COMPUTE SPECIAL DUST LOADING I F  OSDL INPUT (ORIGINALLY I Q = l )  

IF(OSDL.GT.0.) TWO(I,3)=OSDL*l.E-6/DEN2(1) 
12 CONTINUE 

C 
C START READING OPTIONAL PARAMETER VALUES 
C 
CBRC 
CBRC IF (  I Q .  EQ. 1 .AND. IDAT.  EQ. 0) IDAT=2 
CBRC IF(IQ.EQ.l.AND.IDAT.EQ.l)IDAT=3 

IF(1DAT.EQ.O)GO TO 22 
IF(IDAT.EQ.2)GO TO 20 

C 

IF1 DOES NOT REQUIRE NON-DEFAULT INPUT 

RED2 210 
RED2 220 
RE02 230 
RED2 2 4 0  
RED2 250 
RED2 260 
RED2 270 
RED2 280 
RED2 290 
RED2 300 
RED2 3 1 0  
RED2 320 
RED2 330 
RED2 340 
RED2 350 
RED2 360 
RED2 370 
RED2 380 
RED2 390 
RED2 400 
RED2 410 
RED2 420 
RED2 430 
RED2 440 
RED2 450 
RED2 460 
RED2 470 
RED2 480 
RED2 490 
RED2 500 
RED2 510 
RED2 520 
RED2 530 
RED2 540 
RED2 550 
RED2 560 
RED2 570 
RED2 580 
RED2 590 
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' c  SITE%PECIFIC POP AND XOQ OPTION RED2 600 
' "RED2 610 

* RED2 620 
RED2 630 
RED2 640 
RED2 650 
RED2 660 
RED2 670 
RED2 680 
RED2 690 
RED2.700 
RED2 710 
.RED2 720 
RED2 .'730 
RED2 740 
RED2 750 
RED2' 760 
RED2 770 

' ' ' .RED2 780 
RED2 790 ' 

RED2 800 
R'ED2 810 

RED2 830 
RED2 8 4 0  
RED2 850 

RED2 870 
RED2 880 

(TTM( I R ,  3, !Q), J=1,3) ,DTPC(,IR, IQ.) , (TPC( I R ,  J ,'IQ) , J=1,3), RED2 890 
FSC( I R )  ,FSA( I R )  ,(QFC( IR,J) ,3=1,3),WVEL( IR);AXOQ( I R )  ,EFAC( I R )  RED2 900 

c _ '  

. .  DO 14-1=1,6 
14 READ(2,102) DSP(I);PDS(I),WSP(I),STB(I) 

, .  WRITE(6,202) (DSP( I) ,PDS( I) ,WSP( I) ,STB( I) ,I=l,6) . .  ' . .  
READ( 2,102) H Y T I  ,HYTO,DISTI ,DISTO,EDFID, EDFOD 
WRITE( 6,203) H Y T I  , HYTO , DI 'STI  , D I  STO , EDFJ D , EDFOD . 
A1=0. 
A2=0. 

Al=Al+STB( I l ) *XOQFC(HYTI  , O I S T I  ,WSP( 11) ,I1) 
A2=A2+STB( Il)*XOQFC(HYTO,DISTO,WSP(Il) ,I1) , . 

' 

. .  
. I  

I ' .  . .  

. ' DO 16 I*1=1,6 

. .  16 CONTINUE 
. XOQI( I Q ) = A l  . .  

XOQO( IQ)=A2 . .  

EDFI (  IQ)=EDFID . .  . .  
' EDFO( IQ)=EDFOD 

A1=0. 
DO 18 I1=1,6 
DO 18 I2=1,6 

.Al=Al+PDS( I l ) * S T B (  I2)*XOQFC( H Y T I  ,DSP( 11) ,WSP(.IL), 12) 
18 CONTINUE. * 

POP( I R ) = A l  
POPE( IR)=3. * A 1  

, .  . 

REDZ 820 

\ 

20 IF(IDAT.EQ.1)GO TO 22 

. RED2 860 
c . '  

C SITE-SPECIFIC ENVIRONMENTAL PARAMETERS 
. c  

READ(2,lOZ) PRC( I R ,  I Q )  ,TSC( I R , I Q )  ,DTTM( I R , I Q ) ,  . 
+ 
+ 

READ( 2,104) NRET( I R )  
WRITE(6,204) PRC(.IR,IQ);TSC( IR,IQ),(QFC( IR',J) ,J=1,.3), 

*FSC( I R )  ,DTTM( I R ,  I Q )  , (TTM( IR,J ,  I Q )  , J=1,3), FSA( I R )  ,DTPC( I R ,  I Q )  , 
*(TPC(IR,J,IQ),J=1,3),WVEL( IR),AXOQ(IR),;EFAC( PR) 

CBRC 22 IF(IQ.NE.1)GO TO 24 , 
22 CONTINUE 

C 
C SITE-SPECIFIC TREATMENT/DISPOSAL PARAMETERS 
C 
CBRC NOT UStD I N  IMPACTS-BRC 
CBRC READ( 2,102) VINC( 1) ,VANN( 1) ,(ADAY( 1 ,J) ,J=1,3) ,EMP( 1) ,EFF( 1), 
CBRC + 
CBRC TWO( 1,3)=0SDL*1. E-6/DEN2( 1) 
CBRC WRITE(6,205)VINC( 1) ,VANN( 1) ,(ADAY( 1 ,J) ,J=1,3) ,EMP( 1) ,EFF( 1), 
CBRC + 
CBRC i 

C '  
C MODIFY POP FOR URBAN ENVIRONMENT 
C 

SEFF( 1)  ,DENl( 1) ,DEN2( 1) ,RMIX( 1) ,GERO( 1) ,OSWR,OSDL , 

SEFF( 1) ,DENl( 1) ,DENE( 1) ,RMIX( 1) ,GERO( 1) ,OSWR,OSDL 

24 IF(IPOP.EQ.l.OR.IDAT.EQ.1.OR.IDAT.EQ.3)GO TO 28 

DO 26 I=1,3 
POPE( I)=POPE( I ) * l O .  

26 POP( I)=POP( I)*10. 
- 28 CLOSE (2 )  

RETURN 
END 

RED2 910 
RED2 920 
RED2 930 
RED2 940 
RED2 950 
RED2 960 

, RED2 970 
RED2 980 
RED2 990 
RED2 1000 
RED21010 
RED21020 
RED21030 
RED2 1040 
RED2 1050 
RED21060 
RED2 1070 
RED21080 
RED21090 
RED21100 
RED21110 
RED21120 
RED21 130 
RED21140 
RED2 11 50 
RED2 1 160 

A- 6 



CBRC 
$STORAGE : 2 

C i 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C T H I S  SUBROUTINE READS I N  THE WASTE STREAM CHARACTERISTICS * 
C FROM TAPES. I T  ALSO CALLS SUBROUTINE "UPTAKE" TO COMPUTE * 
C THE PATHWAY DOSE CONVERSION FACTORS AND THEN CALCULATES THE * 
C TRANSPORTATION EXPOSURES. * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
CBRC $LARGE 

$INCLUDE: ' IMPCOMM. FOR' 

SUBROUTINE READ5 

CHARACTER NUCD*6,SOLD*1,BLANKR6 

DIMENSION NUCD( 5) ,SOLD( 5) ,COND( 5 )  
DATA BLANK/' ' /  

101 FORMAT(A10,3E10.3) 
102 FORMAT( 1 5 1 5 )  

104 FORMAT(/2X'WASTE: 'A10,PX'WEIGHT: '1PE9.2 '  MT DENSITY: ' 
E 9 . 2 '  MT/M3' //2X ' ID= '  12.2X'  IA= '  12.2X ' I K l = '  I2.2X 

. 103 FORMAT(5(A6,1X,Al,ElO.3,2X)) 
* 
* 

I I K 2 = '  13,2X'PROCESS=' I2/2X'  I X S = ' 4 1 4 / 2 X '  I C S = ' 4 1 4 )  
NSTR=l 
CALL ZERO( BAS, 1 8 4 )  
DO 10 I=1,85 
SOL( I)=SOLB( I) 

10 NUX(I)=O 
c .  
C START READING WASTE STREAM CHARACTERISTICS 
C i 

READ( 5,101 ) BASN( 1 ) , BAS( 1 , 1 ) , BAS( 1,2) , BAS( 1 ,3) 
READ( 5,102) ( ISPC(  1 ,J) ,J=1,15) 
WRITE(6,104) BASN( 1) ,BAS( 1,l) ,BAS( 1,2) ,( ISPC(  l,J) ,J=1,5), 

WRITE( 10,1004) BASN( 1) 

* ( ISPC(  1 ,J) ,J=8,15) 
CBRC WRITE WASTE STREAM HEADER ON TAPE10 

1 0 0 4  FORMAT( //2X ,A10) 
CBRC END 

12 READ(5,103,END=20) (NUCD( I),SOLD( I),COND( 1),1=1,5) , 
IF(NUCD(l).EQ.BLANK)GO TO 20 
DO 18 J=1,5 

I 

DO 14 I=1,85 
I F (  NUCD( J) . EQ.NUC( 1))GO TO 16 

I F (  NUCD( J) . EQ. BLANK)GO TO 20 
STOP 'CANT FIND NUCLIDE NAME READ5' 

SOL( I)=SOLO(J) 
BAS( 1, I+7)=COND( 3) 

18 CONTINUE 
GO TO 12 

20 CALL UPTAKE 

14 CONTINUE 

16 N U X ( I ) = l  

C 

CBRC I Q = 1  NO LONGER REFERS TO ONSITE DISPOSAL 
CBRC I F (  I Q .  EQ. 1)RETURN 
C 

A-7  . 

RED5 10 
RED5 20 
RED5 30 
RED5 40 
RED5 50 
RED5 60 
RED5 70 
RED5 80 
RED5 90 . 
RED5 100 
RED5 110 
RED5 120 
RED5 130 
RED5 140 
RED5 150 
RE05 160 
RE05 170 
RED5 180 
RED5 190 
RED5 200 
RED5 210 
RED5 220 
RED5 230 
RED5 2 4 0  
RED5 250 
RED5 260 
RED5 2 7 0  
RED5 280 
RED5 290 
RED5 300 
RE05 310 
RED5 320 

, RE05 330 
RED5 3 4 0  
RED5 3 5 0  
RED5 3 6 0  
RED5 370 
RED5 380 
RED5 3 9 0  
RED5 400 
RED5 4 1 0  
RED5 420 
RED5 430 
RED5 440 
RED5 4 5 0  
RED5 460 
RED5 470 
RED5 480 
RED5 490 
RED5 500 
RED5 510 
RED5 520 
RED5 530 
RED5 540 
RED5 550 
RED5 560 



C TRANSPORTATION SECTION 
C 
C 
C 
C BAS(7) - POPULATION IMPACTS 
C 

BAS(5) - MAXIMUM DRIVER IMPACTS 
BAS(6) - TOTAL DRIVERS IMPACTS 

Al=ISPC( 1,9)/100. 
DGA=O . 
DO 2 2  I=1 ,85  
IF(NUX(I).EQ.l)DGA=DGA+PDCF(I,4,5)*BAS(l,1+7) 

DGA=DGA*BAS( 1 ,2 ) / (A l *BAS(  1,2)+DEN1( IQ)*( 1 . - A l ) )  
CBRC ADD FACTORS FOR NUCLIDE SPECIFIC ACCOUNTING 

FAC=BAS( 1 ,2 ) / (A l *BAS(  l ,E)+DENl(  I C ) ) * (  1 . - A l ) )  
FAC3=A1 

A3=BAS( 1 , 1 ) / 4 . 5 3 4  
IF(ISPC(1,3).NE.O)A3=A3/0.75 
A4=A3/( ISPC( 1 ,8 ) *A1)  
IF(IQ.GT.3)GO TO 2 4  
A2=(COFF(1.,2.)*2.+COFF(1.,4.)*0.5)/8760. 
IF(A4.GT.750.)BAS(1,5)=DGA*Al*A2*1.6*750. 
IF(A4.LE.75O.)BAS(1,5)=DGA*Al*A2*1.6*A4 

CBRC SAVE FACTOR FOR NUCLIDE-SPEC1 F I C  CALCULATIONS 
FAC2=750. 
I F( A4. LE. 7 5 0 )  FAC2=A4 

GO TO 2 6  
2 4  A2=(COFF(1.,2.)*5.+COFF(1.,4.)*0.5)/8760. 

IF(A4.GT.25O.)BAS(1,5)=DGA*Al*A2*1.6*250. 
IF(A4.LE.250.)BAS(l,5)=DGA*Al*A2*1.6*A4 

FAC2=250. 
I F (  A4. LE. 250 .  ) FAC2=A4 , 

22 CONTINUE t 

CBRC END 

CBRC END e ,  

CBRC SAVE FACTOR FOR NUCLIDE-SPECIFIC, CALCULATIONS . 

CBRC END 
2 6  BAS( 1,6)=2. *DGARA2*1.6*A3 

Al=TPOP( I R ) * T D I S (  IQ)*TDOZ( IR)I/TVEL( IQ) 
BAS( 1,7)=A1*100.*DGA*A3*1.6*COFF( 1. ,4 . ) /8760 .  

WRITE( 10,7010) 

FAC4=FAC* FACE* FAC 3*A2 * 1 .. 6 

DO 3 0  I=1,85 
I F ( N U X ( I ) . N E . l )  GOT0 30. 
DOST=FAC4*PDCF( I, 4,5)*BAS( 1,1+7) 
WRITE( 10,7020)  NUC( I) ,OOST 

' 

CBRC COMPUTE AND PRINT TRANSPORTATION IMPACTS BY NUCLI.DE 

. 7010 FORMXT(.//EX, 'TRANSPORTATION ICRP IMPACTS BY 'NUCLIDE (MREM/YR) ' / / * 2X,'NUC MAX I N D I V I D U A L ' / )  

. .  
' TRNTOT=O . 0 

' 

7020 FORMAT( 2X ,A6,4X, 1PE12 .3 )  
' , TRNTOT=TRNTOT+DOST 1 

3 0  CONTINUE 
. I  WRITE( 10,7030)  TRNTOT..'; 

1PE12.3)  
7 0 3 0  FORMAT( /2X, 'TOTAL TRANSPORTATION IMPACTS =' , * . .  

. .  CBRC END 
RETURN" . ' : 
EN0 , . :  , 

, .  

. 

KEDS 510 
RED5 580 
RED5 590 
RED5 600 
RED5 610 
RED5 620 
RED5 630 
RED5 640 
RED5 650 
RED5 660 
RED5 670 
RED5 680 
RED5 690 
RED5 700 
RED5 710 
REDS 720 
RED5 730 
RED5 740 
RED5 750 
RED5 760 
RED5 770 
RED5 780 
RED5 7 9 0  
RED5 800 
RED5 810 
REDS 820 
REDS 8 3 0  
RED5 840 
RED5 850 
RED5 860 
RED5 870 
RED5 880 
REDS 890 
RED5 900 
REDS 910 
REDS 920 
RED5 9 3 0  
RED5 940 
RED5 950 
RED5 960 
RED5 970 
RED5 980 
RED5 990 
RED51000 
RED51010 
RED51020 
RED51030 
RED51040 
RED51050 
RED51060 
RED51070 
RED5 1080 
RED51090 
RED51 100 
RED51110 
RED51120 
RED51 130 

A- 8 



CBRC 
$STORAGE: 2 

C C********************************************************************* 
C T H I S  SUBROUTINE READS I N  (TAPE1) THE FUNDAMENTAL DOSE * 
C CONVERSION FACTORS AND RELATED NUCLIDE-SPECIFIC PARAMETERS * 

AND UPTAKE FACTORS, AND CALCULATES THE PATHWAY DOSE CONVERSION * 
C FACTORS USED I N  DETERMINING THE IMPACTS I N  THE REMAINDER OF * 
C T H I S  CODE. INCORPORATED ARE 8 5  RADIONUCLIDES, 10 BODY ORGANS * 
C C********************************************************************* 
C 
CBRC $LARGE 

SUBROUTINE UPTAKE 

. c  

AND 7 MAJOR EXPOSURE PATHWAYS. SEE APPENDIX D OF VOLUME 1. * 
I 

CHARACTER BASN*lO,NUC*6,SOL*1 ,SOLB*l,IPA9*6,IPA1*6,IPA5*6, 

COMMON/BAST/BASCOM(834) ,ISPC(2,15),PDCF(85,10,7) 
* NUCT*6, SOLT* l  

+ 
. +  

+ 

+ 

/CHRC/BASN( 2) , NUC( 85), SOL( 85), SOLB( 85) 
/NUCS/AL( 85 ) ,  FMF( 8 5 ) ,  RET( 85,5),  FRACT( 85,3) ,  NUX( 85) 

COMMON/DCFS/FF( 8 5 , 5 ) ,  DCF1( 159,  l o ) ,  DCFE( 159,  lo ) ,  DCF3( 8 5 ) ,  

COMMON/UPTK/Vl ,V2 ,S1 ,S2 ,Z, R I  ,R ,CY ,D, F2, F3, F5, F7, 

DATA I P A 9 , 1 P A l , I P A 5 / ' 1 - 1 2 9  ' , ' I - 1 3 1  ' ,'1-125 '/ 
DO 80 INUC=1,85 
DO 10 I J = 1 , 1 5 9  
I NCT= IJ 
IF(NUCT(INCT).EQ.NUC(INUC))GO TO 20 

STOP 'CANT F IND NUCLIDE NAME I N  NUCT' 

INCT=INCT+l  
I F (  NUCT( INCT) .NE.NUC( 1NUC))GO TO 40 
GO TO 20 

DCF4(85,10) ,DCF5(85,10) ,NUCT( 159)  ,SOLT( 159) 

F8, F8P, F11,  F13, F13P, F14,F15, F18  

10 CONTINUE 

20 I F (  SOLT( INCT).  EQ.SOL( INUC)), GO TO 5 0  

40 WRITE( 6,101) NUC( INUC) ,SOL( INUC) ,NUCT( INCT) ,SOLT( INCT) 

50 PTP=F2+F3*( FF( INUC,2)*FS+FF( INUC,3)*F7*365.)  

101 FORMAT(//2X ,2(A6,2X ,A l ,2X) )  
STOP 'CANT F IND SOLUBIL IT IES FOR NUCT' 

PT=PTP*FF( INUC, 1.) 
FT=F8* FF( I NUC ,2) * F5+F8PR FF( I NUC ,3) * F7*365 .  +F11 
F12N=FF( INUC ,4)*F13+FF( INUC ,5)*F13P 
v=v 1 
I F (  NUC( INUC). EQ. IPA9)V=V2 
IF(NUC(INVC).EQ.IPAl)V=V2 
IF(NUC(INUC).EQ.IPA5)V=V2 
D1=86400. *V/( S2*Z) 
D2=86400.*R*V/Sl  
W l = R I / (  S2*Z) 
WZ=R*RI/Sl 
DO 70 *10=1,10 
A l=F18* (  F14*( F15*DCF2( INCT, IO)+D 

PDCF( INUC,I0,2)=F15*DCF2(INCT.I0 
f PDCF( INUC,IO, l )=F15*DCF2( INCT, IO 

UPTK 10 
UPTK 20 
UPTK 30 
UPTK 4 0  
UPTK 5 0  
UPTK 60 
UPTK 7 0  
UPTK 80 
UPTK 9 0  
UPTK 100 
UPTK 110 
UPTK 120 
UPTK 1 3 0  
UPTK 1 4 0  
UPTK 1 5 0  
UPTK 1 6 0  
UPTK 1 7 0  
UPTK 180 
UPTK 1 9 0  
UPTK 2 0 0  
UPTK 2 1 0  
UPTK 2 2 0  
UPTK 2 3 0  
UPTK 2 4 0  
UPTK 2 5 0  
UPTK 2 6 0  
UPTK 2 7 0  
UPTK 2 8 0  
UPTK 2 9 0  
UPTK 3 0 0  
UPTK 3 1 0  
UPTK 3 2 0  
UPTK 3 3 0  
UPTK 3 4 0  
UPTK 3 5 0  
UPTK 3 6 0  
UPTK 3 7 0  
UPTK 3 8 0  
UPTK 3 9 0  
UPTK 4 0 0  
UPTK 4 1 0  
UPTK 4 2 0  
UPTK 4 3 0  
UPTK 4 4 0  
UPTK 4 5 0  
UPTK 4 6 0  
UPTK 4 7 0  
UPTK 4 8 0  
UPTK 4 9 0  
UPTK 5 0 0  

F5( NUC, IO))+DCF4( INUC, I O ) )  UPTK 5 1 0  
+DCFS(INUC,IO)+Al*Dl UPTK 5 2 0  
+DCF5( INUC, IO)+O. 2 4 2 * A l * D l  UPTK 5 3 0  

PDCF( INUC,I0,3)=PDCF( INUC,IO, l )+ Dl*PT+(DZ/CY)*PTP)*DCFl( INCT, IO)  UPTK 5 4 0  
PDCF(INUC,10,4)=(PT/D)*DCFl(INCT,IO) UPTK 5 5 0  
PDCF( INUC, IO ,  5)=DCF3( INUC) UPTK 5 6 0  
PDCF( INUC,I0,6)=(W1*PT+(W2/CY)*PTP+FT/lOOO.)*DCFl( INCT, IO)+Wl *A l  UPTK 5 7 0  
PDCF( INUC, IO,7)=PDCF( INUC, I0,6)+( F12N/lOOO.)*DCFl( INCT,  I O )  UPTK 5 8 0  

UPTK 5 9 0  DO 60 J=1,7 
UPTK 6 0 0  60 PDCF( INUC , IO,  J)=PDCF( INUC , IO, 3)*1. E+12 

70 CONTINUE UPTK 610 
UPTK 620 80 CONTINUE 
UPTK' 6 3 0  RETURN 

END UPTK 6 4 0  A- 9 
d ,  

Q(mm3- 



CBRC SPLC 10 
$STORAGE : 2 SPLC 20 

SPLC 30 
SPLC 40 C 

C****XRR**********R******R**R******************************************* . s p ~ c  50 
C T H I S  SUBROUTINE ACCOUNTS FOR THE POSSIBLE D I V I S I O N  OF A WASTE * SPLC 60 
C STREAM INTO SUB-STREAMS (MAXIMUM OF 3)  BASED ON SELECTED WASTE * SPLC 70 
C SORTING OPTIONS AT A MUNICIPAL WASTE INCINERATOR. I T  ALSO * SPLC 80 

SUBROUTINE SPLICE 

C CALLS SUBROUTINES TO CALCULATE INCINERATION AND SORTING/ * SPLC 90 
C RECOVERY IMPACTS, AND ANY IMPACTS ASSOCIATED WITH RECYCLED * SPCC 100 
...................................................................... SpLC 110 

SPLC 120 
SPLC 130 

C 
CBRC $LARGE 
$INCLUDE: ' IMPCOMM. FOR' 

C 
.C 
C 

20 

. C  
C 
C 

CBRC 
CBRC 

24 

C 
C 
C 

ISTR=1 

DO METAL PACKAGE RECYCLING 

IF(ISPC(ISTR,3).NE.1.OR.ISPC(ISTR,4).EQ.O)GO TO 20 
CALL RECYCL( ISTR,O. ,O. ,0.*,1) 
I l = I Q  
I2= ISPC(  ISTR,  5) 
IF( I2 .EQ. l )RETURN 
I6=ISPC(  ISTR,12)  
I7= ISPC(  ISTR,  13) 
I8= ISPC(  ISTR,14) 
I9= ISPC(  I S T R ,  1 5 )  
I F ( I 2 . G T . 3 ) G O  TO 30 t ,  

SECTION BELOW FOR INCINERATE/DISPOSE AND SORTING OPTION 1 

CALL I N C I M P ( I l , I E , I S T R )  
WRF=2.0 
I F (  I Q .  EQ. 1) WRF=OSWR 

I F (  OSWR. GT . 0 . ) WRF=OSWR 
BAS( ISTR, l)=BAS( ISTR, 1)/WRF 
BAS( ISTR,2)=0.89 
BAS( ISTR,3)=BAS( ISTR,l) /BAS( ISTR,2) 
DO 2 4  J*8,92 
BAS( ISTR,J)=BAS( ISTR,J)*WRF 
ISPC( ISTR,1)=3 
I SPC( I STR', 2)=1 
ISPC( ISTR,3)=0 
ISPC( ISTR,5)=1 
RETURN 

USE OSWR FOR VOLUME REDUCTION I F  INPUT (ORIGINALLY I Q = l )  

SECTION BELOW FOR SORTING OPTION 2 

30 A l=(  0.95*16+0.05*17+0.05*18+0.10*19)/100. \ 
I A2=( 0.05*16+0.05*17+0.10*18+0.90*19)/100. 
I 

A3=BAS( ISTR,  1) 
NSTR=NSTR+l 
DO 32 J=1,92 

32 BAS(NSTR,J)=BAS( ISTR,J) 
DO 34 J=1,15 

34 ISPC(NSTR,J)=ISPC( ISTR,J) 
BASN( NSTR)=BASN( ISTR)  

C 

A-10 

SPLC 140 
SPLC 150 
SPLC 160 
SPLC 170 
SPLC 180 
SPLC 190 
SPLC 200 
SPLC 210 
SPLC 220 
SPLC 230 
SPLC 240 
SPLC 250 
SPLC 260 
SPLC 270 
SPLC 280 
SPLC 290 
SPLC 300 
SPLC 310 
SPLC 320 
SPLC 330 
SPLC 340 
SPLC 350 
SPLC 360 
SPLC 370 
SPLC 380 
SPLC 390 
SPLC 400 
SPLC 410 
SFLC 420 
SPLC 430 
SPLC 440 
SPLC 450 
SPLC 460 
SPLC 470 
SPLC 480 

' SPLC 490 
SPLC 500 
SPLC 510 
SPLC 520 
SPLC 530 
SPLC 540 
SPLC 550 
SPLC 560 
SPLC 570 
SPLC 580 
SPLC 590 

\ 



638 1 

:c RESIDUE SECTION c i '  

' BAS( ISTR,l)=BAS( ISTR,1) /9 .40  
.BAS( ISTR,2)=.89 . .. . 

BAS( ISTR,3)=BAS( ISTR,l) /BAS( ISTR,Z) . . 
DO 36 J.=8,92". . 

' .  36 BAS( ISTR,J)=BAS( ISTR,J,)*Al*9140 ' 
. .  CALL. I N C I M P ( I l , I 2 , I S T R ) .  . 

.ISPC(ISTR,1)=3,- '_ ' .  '... '. .. . . . 1 : 
ISPC(ISTR,Z)=l.  . , : , : -  , . '  

* ISPC( ISTR,3)=O 
ISPC( ISTR, 5)=1 
I F ( I 2 . E Q . 5 )  GO TO 40 

C. 
C DISCARD MATERIAL SECTION 
C ' .  . ' 

' BAS(NSTR,l)=BAS(NSTR,l)*cl . - A l )  
BAS( NSTR, 2)=0.62 
BAS( NSTR, 3)=BAS( NSTR, 1 )/BAS( NSTR, 2) 
BAS( NSTR, 6)=0. 
BAS( NSTR, 7)=0. 
ISPC(NSTR, 1)=1 

. . -  ISPC(NSTR,2)=2 
. .  ISPC(NSTR,3)=O 

ISPC( NSTR,5)=1 
RETURN 

, .  

c .  
c ' SECTION BELOW FOR SORTING OPTION 3 
c 

40, BAS(NSTR, ~)=BAs(NsTR, i ) * ~ ' 2  
' BAS(NSTR,2)=0.84 

. BAS(NSTR,6)=O. 
' , BAS(NSTR,7)=0.; .* . . 

, . ISPC( NSTR,2)=2 
: ISPC( NSTR,3)=O 

ISPC(NSTR,5)=1 

. BAS(NSTR,3)=BAS( NSTR, l ) /BAS(  NSTR,2)' 

. . ISPC(NSTR,I)=I - ' . ' I 

c 
C 
c <  

RECYCLE OF SCRAP .METAL AND GLASS 

I F (  17. EQ. C .AND. 18. EQ. 0)RETURN 

A5=.9*17+.85*18. 
WT1=.9*A4*17/A5 
WT2zA4-WTl 

A4=A3*( 1. -A l -A2)  , .  

CALL RECYCL(ISTR,WTl,WT2,A3,2) 
RETURN . 
END 

A - 1 1  

, 

. .  

SPLC 600 
SPLC 610 
SPLC 620 
SPLC 630 
SPLC 640 
SPLC 650 
SPLC 660 
SPLC 670 
SPLC 680 
SPLC 690 
SPLC 700 
SPLC 710 
SPLC 720 
SPLC 730 
SPLC 740 
SPLC 750 
SPLC 760 

. SPLC 770 
SPLC 780 
SPLC 790 
SPLC 800 
SPLC 810 
SPLC 820 . 
SPLC 830 
SPLC 8 4 0  
SPLC 850 
SPLC 860 
SPLC 870 
SPLC 880 
SPLC 890 
SPLC 900 
SPLC 910 
SPLC 920 
SPLC 930 
SPLC 9 4 0  
SPLC 950 
SPLC 960 
SPLC 9 7 0  
SPLC 980 
SPLC 990 
SP LC 1000 
SPLC 10 10 
SPLC1020 
SP LC 1030 
SP LC 1040 
SP LC 1050 
SPLC1060 
SPLC1070 
SP LC 1080 



CBRC RECY 10 
$STORAGE : 2 RECY 20 

SUBROUTINE RECYCL( ISTR,WTl  ,WT2 ,WTOT,NX) RECY 30 
C RECY 40 

RECY 50 ...................................................................... 
C T H I S  SUBROUTINE CALCULATES IMPACTS RESULTING FROM RECYCLE * RECY 60 
C OF CONTAMINATED MATERIALS. THERE ARE AT PRESENT-3 RECYCLE * RECY 70 
C SCENARIOS CONSIDERED: RECYCLE OF METAL CONTAINERS; RECYCLE * RECY 80 
C OF THE METAL FRACTION OF THE WASTE STREAM COMPOSITION; AND * RECY 90 
C RECYCLE OF THE GLASS FRACTION. * RECY 100 

C RECY 120 
CBRC $LARGE RECY 130 
$INCLUDE: ' IMPCOMM. FOR' RECY 140 

DIMENSION R I (  85), RP( 85) RECY 150 
CBRC ARRAY TO SAVE METAL RECYCLE IMPACTS RECY 160 

DIMENSION BRC3(85) RECY 170 
DATA RI/2.13E-05,3.41E-07,7.15E-02,1.96E-03,2.85E-O4,1.92E-O4, RECY 180 

+ 8.17E-04,2.95E-04,6.57E-02,1.07E-01,2.20E-02,7.30E-07, RECY 190 
+ 2.60E-02,3.95E-03,1.80E-02,8.20E-02,1.53E-06,3.80E-06, RECY 200 
+ 1.40E-02,1.22E-02,2.03E-03,1.71E-02,1.15E-O4,6.25E-O4, R E C Y 2 1 0  
+ 5.60E-02,5.10E-02,1.83E-04,1.26E-03,4.63E-O7,4.08E-O3, RECY 220 
+ .  8.50E-03,6.10E-03,4.8OE-OZ,8.89E-02,8.98E-O4,8.36E-O3, RECY 230 
+ 6.50E-02,5.91E-02,3.51E-04,1.4OE-O3,9.80E-O5,6.56E-O4, RECY 240 
+ 4.60E-02,2.40E-04,7.02E-02,1.9OE-O2,8.81E-O4,7.38E-O2, RECY 2 5 0  
+ 5.47E-04,1.54E-03,1.91E-03,3.72E-O2,l.OlE-O2,8.24E-O3, RECY 260 
+ 1.13E-01,6.56E+00,2.59E-02,2.99E+OO,l.34E+OO,5.89E+OO, RECY 270 
+ 8.92E-01,9.97E-02,8.54E-02,1.57E-01,1.13E-01,1.03E-01, RECY 280 
+ 8.80E-04,2.71E-03,9.57E-02,1.62E-03,9.17E-Ol,l.23E-O1, RECY 290 
+ 1.17E-01,1.10E-01,1.lOE-Ol,l.l9E-06,l.O4E-Ol,l.O9E+OO, RECY 300 
+ 9.00E-02,9.21E-01,1.30E-01,4.92E-01,1.24E-01,1.08E-01, RECY 310 
+ 4.58E-03/ RECY 320 

DATA RP/2.95E+00,7.80E-01,1.23E+03,1.83E+Ol,2.66E+OO,l.89E+OO, RECY 330 
2.26E+02,3.52E+00,2.77E+02,4.27E+OO,l.31E+O2,5.69E-O1, R E C Y 3 4 0  
6.93E+00,2.61E+Ol,l.00E+01,2.61E+03,4.66E+00,1.04E-01, RECY 350 
6.52E+01,5.59E+01,1.89E+Ol,6.98E+Ol,6.39E-O2,1.25E+O2, RECY 360 

C * * * R * * * X * * * * * * R R * * * * * * * * * * * * * * R R R * * X R * R * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  RECY 110 

2.48E+01,6.13E+03,1.71E+OO,l.l8E+Ol,l.87E+OO,l.64E+Ol, RECY 370 
2.22E+00,4.38E+01,1.46E+03,5.67E+02,8.42E+OO,3.77E+Ol, RECY 380 
7.81E+03,2.41E+02,1.45E+Ol,5.71E+OO,l.l8E+Ol,6.llE+OO, RECY 390 
6.01E+02,6.50E+01,2.82E+02,2.lOE+03,8.21E+OO,2.96E+O2, RECY 400 
5.08E+00,1.11E+01,2.7OE+O2,2.57E+03,4.05E+Ol,8.l5E+OO, RECY 410 

1.38E+03,9.35E+00,8.OOE+OO,2.42E+02,9.25E+OO,9.59E+OO, R E C Y 4 3 0  
6.24E+00,9.44E+02,8.95E+OO,2.32E+02,1.54E+O3,1.77E+OO, RECY 440 
9.81E+00,1.03E+Ol,l.O3E+Ol,9.51E-04,9.68E+OO,l.68E+O3, RECY 450 
1.36E+02,1.42E+03,3.67E-Ol,5.65E+O2,6.94E+OO,9.96E+OO, RECY 460 
1.02E+00/ RECY 470 

RECY 480 
WMET,WGLS/857.,90./ RECY 490 

101 FORMAT(/EX'METAL PACKAGE RECYCLE IMPACTS'3X'MAXIND =I RECY 500 
*1PE9.2'  MREM/YR'/34X'POPULN = ' E 9 . 2 '  PERSON-MREM/30YRS1 ) RECY 510 

102 FORMAT(/ZX'METAL MATERIAL RECYCLE IMPACTS'EX'MAXIND = I  RECY 520 
" l P E 9 . 2 '  MREM/YR'/34X' POPULN z ' E 9 . 2 '  PERSON-MREM/30YRS1) RECY 530 

103 FORMAT(/2X'GLASS MATERIAL RECYCLE IMPACTS'EX'MAXIND = I  RECY 540 
" l P E 9 . 2 '  MREM/YR'/34X'POPULN z ' E 9 . 2 '  PERSON-MREM/30YRS1) RECY 550 

IF(NX.NE.1)GO TO 20 RECY 560 
C RECY 570 

4.21E-01,3.38E+02,3.97E+Ol,l.5OE+O3,1.35E+O3,9.96E+O2, RECY 420 

DATA PAKF, F IND,  FPOP,DISF/l.  E-3 ,O. 33 ,O. 46,0.9738/, * 
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C METAL PACKAGE RECYCLE HECY 580 
RECY 590 
RECY 600 

C 
IP=ISPC( ISTR, 5) 
I F (  I P .  NE. 1) FCORR=l . / IsPC(  ISTR, 10) RECY 610 
I F (  I P .  EQ. 1) FCORR=l . / IsPC(  ISTR,  11) RECY 620 
A1=0. RECY 630 
A2=0. RECY 640 

CBRC PRINT HEADER FOR TAPElO OUTPUT RECY 650 
WRITE( 10,7000) RECY 660 

RECY 670 7000 FORMAT( //2X, 'METAL PACKAGE RECYCLE ICRP IMPACTS BY ' , 
* 'NUCLIDE (MREM/YR)'// RECY 680 
* 2X, 'NUC DOSIND'/) RECY 690 

BRCTOT=O.O I RECY 710 
BRCl=O.Ol*ISPC( ISTR,4)*PAKF*BAS( ISTR,  1)/0.0009*FIND*FCORR RECY 700 

CBRC END RECY 720 
* DO 10 I=1,85 RECY 7 3 0  

IF(NUX(I).EQ.O)GO TO 10 RECY 7 4 0  
Al=Al+BAS( ISTR,  1+7)*RI( I) RECY 750 
A2=A2+BAS( ISTR,I+7)*RP( I) RECY 760 

CBRC PRINT IMPACT FOR EACH NUCLIDE RECY 7 7 0  
BRC2=BRCl*BAS( I STR, 1+7)*RI( I ) RECY 780 
WRITE(10,7010) NUC(I),BRCE RECY 790 

7010 FORMAT(ZX,A6,3X,lPE12.3) RECY 800 
BRCTOT=BRCTOT+BRCZ RECY a i 0  

CBRC END RECY azo 
10 CONTINUE RECY a30 

CBRC PRINT TOTAL IMPACT RECY a 4 0  

7015 FORMAT(/EX,'TOTAL RECYCLE IMPACT = ' , l P E 1 2 . 3 )  RECY a60 

A3=0.01*ISPC( ISTR,4)*PAKF*BAS( ISTR,  1)/0.0009 RECY a80 
A1=FINDXFCORR*A3*A1 RECY ago 

WRITE( 10,7015) BRCTOT RECY 8 5 0  

CBRC END RECY 870 

A2= FPOP"A3 *A2 RECY 900 
WRITE(6 , lO l )  A l , A 2  RECY 910 
RETURN RECY 920 

C RECY 9 3 0  
C METAL FRACTION RECYCLE RECY 9 4 0  
C RECY 9 5 0  

20 A1=0. RECY 960 
A2=0. RECY 9 7 0  

CBRC PRINT HEADER FOR TAPElO OUTPUT RECY 980 
WRITE( 10,7020) RECY 99C 

RECY 1000 
* 2X, I * * * *  IMPACTS ARE NOT NORMALIZED BY NUMBER OF I ,  RECY 1010 
* ' F A C I L I T I E S  ****I// RECY 1020 
* 2X, ' NUC METAL I N D  GLASS I N D ' / )  RECY 1030 

BRCl=FIND*WTl/( 0.0009*ISPC( 1 , lO) )  RECY 1 0 4 0  
CBRC END RECY 1050 

DO 3 0  I=1,85 RECY 1060 
IF(NUX(I).EQ.O)GO TO 30 RECY 1 0 7 0  
Al=Al+BAS(NSTR, 1+7)*RI (  I) RECY1080, 
AZ=A2+BAS(NSTR, 1+7)*RP( I) RECY 1090 

CBRC SAVE METAL RECYCLE IMPACT FOR T H I S  NUCLIDE - RECYllOO 
BRC3( I)=BRCl*BAS(NSTR, 1+7)*RI(  I) RECY 11 10 

30 CONTINUE RECY 1120 
Al=FIND*WTl*A l / (  O.O009*ISPC( 1 , lO) )  RECY 1130 
A2=FPOP*WTl*A2/0.0009 RECY 1 1 4 0  
WRITE( 6,102) A 1  ,A2 RECY 1150 

C RECY 1160 

7 0 2 0  FORMAT( //2X, 'METAL AND GLASS RECYCLE ICRP IMPACTS BY NUCLIDE'//  



C GLASS FRACTION RECYCLE RECY.i l70 
'.C , , . .  . .  . .  , . RECYi-180 . 

FCORR=WTE/( ISPC(  1,lO)"WGLS) . . . ' " . ' R E c Y ~ ~ ~ o  
_ _  RECY1200 

RECY 1 2 1 0  
' RECY 1 2 2 0  

' RECY 1 2 3 0  
' RECY 1 2 4 0  

RECY1250 
RECY 1 2 6 0  
RECY1270 

' RECY 1'280 ' 
. . RECY1290 
, RECY1300 

RECY13lO 
CBRC PRINT METAL AND GLASS IMPACTS BY NUCLIDE . RECY 1 3 2 0  

RECY1340 
I .  .RECY 1 3 5 0  

. RECY 1 3 6 0  
. ' ' RECY1370 

, RECY1380 
. . 'RECY1390 

RECY 1 4 0 0  
I - -RECY1410.  . 

.RECY1420 
. ' RECY1430 

.A1=0 i 
' A3=0.' ' 

BRCl=FCORR*O. 3.*DI:SF*l~6.*0.6936*0.0228 

IF(NUX(I) .EQ.O)GO TO 40 
A l=A l+BAS(  NSTR, I+7)*PDCF( I ,4,5)  

X=EXM( AL( I )*30 .  ) 

I F ( Y  .NE. 1. ) Z=( 1 . -X) / (  3 0 . * (  1 .-Y).) 
A3=A3+Z*BAS(NSTR,I+7)*PDCF( I ,4,5)  

BRC2=BRCl*BAS(NSTR, 1+7)*PDCF( I ,4,5)  
WRITE( 10 ,7030) .  NUC( I.'), BRC3( I) ,BRCE 

. .  . .  ' 
CBRC ' .  FACTOR FOR.GLASS 'IMPACTS . ' 

DO 4 0  1=1,85 

, ' . Y=EXM(AL( I)) 

, z = 1 . 0  
. .  

. ' 

RECY1330 

. 7 0 3 0  FGRMAT(2X,A6,3X,lP2E12.3) 
. .  , CBRC END 

4 0  CONTINUE 
A 2 = 0 . 3 * D I S F * 1 . 6 * . 6 9 3 6  

, , Al=FCORR*A2*Al*.  0228 
A3=FCORR*AZRA3*ISPC( 1 , 1 0 ) * 5 2 .  
WRITE(6,103)  A1 ,A3 
RETURN 
EN0 

. .  

. .. 
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CBRC . I N C I  10 
$STORAGE : 2 I N C I  20 

SUBROUTINE INCIMP( I l , I E , I S T R )  I N C I  30 
C '  I N C I  40 

I N C I  50 ...................................................................... 
C T H I S  SUBROUTINE CALCULATES THE IMPACTS ASSOCIATED WITH THE * I N C I  60 
C INCINERATION OF WASTE STREAMS. IMPACTS ARE CALCULATED FOR * I N C I  70 
C BOTH F A C I L I T Y  WORKERS AND MEMBERS OF THE SURROUNDING * I N C I  80 
C POPULATION. * I N C I  90 

I N C I  100 ...................................................................... 
C I N C I  110 
CBRC $LARGE I N C I  120 
$INCLUDE: ' IMPCOMM. FOR' I N C I  130 

DIMENSION QT1( 10) ,QT3( 10) ,QT5( 10) I N C I  1 4 0  
CBRC ADD DOSNUC ARRAY FOR NUCLIDE CALCULATIONS I N C I  150 

DIMENSION DOSNUC( 3,85) * I N C I  160 
C I N C I  1 7 0  
C BIMP(7) - OFFSITE POPULATION - INCINERATION IMPACTS, I N C I  180 
C BIMP(8)  - MAXIMUM I N D I V I D U A L  - INCINERATION IMPACTS I N C I  190 
C BIMP(9)  - A L L  WORKERS - INCINERATION IMPACTS I N C I  200 
C BIMP(10)  - MAXIMUM WORKER - INCINERATION IMPACTS I N C I  210 
C I N C I  220 

I F( 12. EQ . 1 )RETURN I N C I  230 
I4=ISPC(  I S T R , l )  I N C I  2 4 0  
FDS=1 .O I N C I  250 
I F (  14. LT. 3)FDS=10. **( 14-3) I N C I  260 
14=ISPC(ISTR,2) I N C I  2 7 0  
FAC=1 .O I N C I  280 
I F (  14.GT. l )FAC=lO. **( 1-14) I N C I  290 

C I N C I  300 
C SUM THE GENERIC IMPACT CONSTANTS I N C I  310 
C I N C I  320 

CALL ZERO( QT1, lO)  I N C I  3 3 0  
CALL ZERO( QT3, lO) I N C I  340 
CALL ZERO( QT5, lO) I N C I  3 5 0  ' 

CBRC CLEAR ARRAY OF NUCLIDE-SPECIFIC DOSES I N C I  360 
CALL ZERO( DOSNUC ,255) I N C I  370 
DO 14 J=1,85 I N C I  380 
IF(NUX(J).EQ.O)GO TO 14 I N C I  3 9 0  
Al=FRACT( J ,2) I N C I  400 
I F (  11. EQ. 1 .OR. I 1  .GT. 3)Al=FRACT( J , 1) I N C I  410 
I F (  11. EQ. 1 .OR. il. EQ.3) Al=FRACT(J, 1) I N C I  420 
I F (  I 1  .GT. 3) Al=FRACT( J,3) I N C I  430 

CBRC END . I N C I  440 
10 DO 12 I=1,10 I N C I  4 5 0  

I N C I  460 
I N C I  470 
I N C I  480 

CBRC RETAIN ICRP IMPACT FOR EACH NUCLIDE I N C I  490 
BASNUC=BAS( ISTR, J+7) I N C I  500 
DOSNUC(l,J)=BASNUC*PDCF(J,lO,l) I N C I  510 

I N C I  520 
I N C I  530 

DOSNUC( 2, J)=BASNUC*PDCF( J , 10,3)*A1 
DOSNUC( 3, J)=BASNUC*PDCF( J , l o ,  5) 

CBRC END I N C I  540 
C I N C I  5 5 0  

CBRC 

QT1( I )=QTl( I )+BAS( I STR , J+7) *PDCF( J , I , 1 ) 
QT3( I)=QT3( I)+BAS( ISTR,J+7)*PDCF(J, I ,3)*A1 

12 QT5( I)=QT5( I)+BAS( ISTR,J+7)*PDCF(J, I ,5) 

, .  
. .  

I 

. .  
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, 

C SUBSTRACT AIRBORNE RELEASE FRACTION 
C 

BAS( ISTR,J+7)=BAS( ISTR,J+7)*( 1 . - A l )  
14 CONTINUE 

CBRC WRITE HEADER ON TAPE10 
WRITE( 10,7000) 

7000 FORMAT( //2X, I INCINERATION ICRP IMPACTS BY NUCLIDE (MREM/YR) I / /  * 2X, I**** IMPACTS NOT NORMALIZED BY NUMBER OF I ,  

* 'PROCESSING F A C I L I T I E S  ****I //2x, 
"'NUC MAXIMUM OFF-SITE ' I N D I V I D U A L  I / )  

CBRC END 
C 
C START OFF-SITE IMPACT CALCULATIONS 
C 

DO 20 I=1,10 
Al=QT3( I ) *BAS(  I S T R , l )  
BIMP( I ,7)=BIMP( I ,7)+Al*POP( I R )  

20 BIMP( I ,8)=BIMP( I ,8)+Al*XOQI( I l ) * E D F I (  11) 
CBRC COMPUTE AND PRINT ICRP IMPACTS BY NUCLIDE 

FACMAS=BAS( ISTR, l ) *XOQI(  I l ) * E D F I (  11) 
DOST=O. 0 
DO 21  J=1,85 
IF(NUX(J).EQ.O) GOT0 21 
DOS8=DOSNUC(2,J)*FACMAS 
WRITE( 10,7010) NUC(J) ,DOS8 

DOST=DOST+DOS8 

WRITE( 10 ,7015)  DOST 

- 

7010 FORMAT( 2X ,A6,4X, 1PE10.3) 

21 CONTINUE 

7015 FORMAT(/2X,'TOTAL NON-NORMALIZED INCINERATOR IMPACT = ' , l P l E 1 2 . 3 )  
END 
WORKER IMPACTS ARE COMPUTED FOR ONSITE INCINERATION 

CBRC 
CBRC 

' CBRC 
C 

. c  
C 

C 

I F( 11. EQ. 1)RETURN 

START WORKER IMPACT CALCULATIONS 

A1=0.237*BAS( ISTR, l ) /V INC(  11) 
A D S L = A l * T W I ( I l , l ) * F D S  
ADSM=Al*TWI( I1 ,2 ) *FDS 
ADSHRH=Al*TWI( I 1 , 3 )  
ADSHML=Al*TWI( 11 ,3) *0 .5* (  1 .+FDS) 
A l = A l *  FAC* 1.6/DEN1( 11) 
ADGL=Al*DOFF( 30. ) 
ADGM=Al*DOFF( 10. ) 
ADGH=Al*DOFF( 1. ) 
DO 30 I=1,10 
A l = Q T l (  I ) *ADSL+QTS( I ) *ADGL 
A2=QT1( I )*ADSL+QT5( I )*ADGM 
A3=QT 1 ( I ) *ADSM+QT5( I ) "ADGM 
A4=QT 1 ( I ) *ADSM+QT5( I ) "ADGH 
A5=QT1( I )*ADSHRH?QTS( I )*ADGH 
A6=QT1( I )*AOSHML+QT5( I )*ADGH 
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I N C l  560 
I N C I  570 
I N C I  580 
I N C I  590 
I N C I  600 
I N C I  610 
I N C I  620 
I N C I  630 
I N C I  640 
I N C I  650 
I N C I  660 
I N C I  670 
I N C I  680 
I N C I  690 
I N C I  700 
I N C I  710 
I N C I  720 
I N C I  730 
I N C I  740 
I N C I  750 
I N C I  760 
I N C I  770 
I N C I  780 
I N C I  790 
I N C I  800 
I N C I  810 
I N C I  820 
I N C I  830 
I N C I  8 4 0  
I N C I  850 
I N C I  860 
I N C I  870 
I N C I  880 
I N C I  890 

' I N C I  900 
I N C I  910 
I N C I  920 
I N C I  930 
I N C I  940 
I N C I  9 5 0  
I N C I  960 
I N C I  970 
I N C I  980 
I N C I  990 
I N C I  1000 
I N C I l O l O  
I N C I 1 0 2 0  
I N C I  1030 
I N C I  1040 
I N C I 1 0 5 0  
I N C I 1 0 6 0  
I N C 1 1 0 7 0  ' 

I N C I 1 0 8 0  



C SELE.CT THE MAXIMUM WORKER 
C 

A7=AMAX1( A1 ,A2 ,A3 ,A4 ,A5 ,A6) 
IF(A7.GT.BIMP( I ,10))BIMP( I ,10)=A7 

CBRC GO TO (30,22,22,24,24),11 
GO TO (22,22,24,24,24),11 

IF(IZ.EQ.3)DUM=DUM+Z.*A3+A4 
IF( 12. EQ .4) DUM=DUM+3. *A3+A4+A6 
IF( 12. EQ. 5)DUM=DUM+2. *A2+4. *A3+2. *A4+2. *A6 
GO TO 26 

22 DUM=E. *A1+2. *A2+8. *A3+6. *A4+4. *A5+8. *A6 

24 DUM=6.*A1+2.*A2+4.*A3+2.*A4+2.*A5+2.*A6 
26 BIMP( I ,9)=BIMP( I ,9)+DUM 
30 CONTINUE 

CBRC ICRP IMPACTS BY NUCLIDE FOR WORKERS 
WRITE( 10.7020) 

7020 FORMAT(/~~X, 'WORKER INCINERATION ICRP IMPACTS BY NUCLIDE 1 , 
' *'(MREM/YR)'//ZX,'**** IMPACTS ARE NOT NORMALIZED BY ' ,  * 'NUMBER OF PROCESSING FACILITIES * * * * I  // 

* 2X, 'NUC RESIDUE HANDLERS MAINTENANCE'/) 
A5T=0.0 
A6T=0.0 
DO 40 J=1,85 
IF(NUX(J).EQ.O) GOT0 40 
Dl=DOSNUC( 1, J) 
D3=DOSNUC( 3,J) 
A5=Dl*ADSHRH+D3*ADGH 
A6=Dl*ADSHML+D3*ADGH 
WRITE( 10,7030) NUC( 3) ,A5 ,A6 

7030 FORMAT(2X,A6,3X,lP2E12.3) 
A5T=A5T+A5 
A6T=A6T+A6 

WRITE( 10,7035) A5T .A6T 
40 CONTINUE 

7035 FORMAT(/2X, 'TOTAL NON-NORMALIZED WORKER IMPACTS'/llX, 1P2E12.3) 
CBRC END / 

RETURN 
END 

INCI1090 
INCIllOO 
INCIlllO 
INCI 1120 
INCI 1130 
INC I1 140 
INCI 1150 
INCI 1160 
INCI 1170 
INCI 1180 
INCI 1190 
I NC I1 200 
INCIlElO 
I NC I1220 
INCI1230 
INC I 1240 
INCI 1250 
INCI 1260 
INCI1270 
INC I1280 
INCI 1290 
INCI 1300 
INCI 1310 
INCI1320 
INC I1 330 
I NC 11340 
INCI 1350 
INCI 1360 
INCI1370 
INCI1380 
INCI 1390 
INCI1400 
INCI 1410 
INCI 1420 
IN€I1430 
INCI1440 
INCI1450 
INCI1460 

. 
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CBRC 
$STORAGE: 2 

C 

C T H I S  SUBROUTINE CALCULATES THE INADVERTANT INTRUGER IMPACTS * 
C 

C 
CBRC $LARGE 
$INCLUDE: ' IMPCOMM. FOR' 

C 
C BIMP(1)  - INTRUDER-CONSTRUCTION IMPACTS 
C BIMP(2)  - INTRUDER-AGRICULTURE IMPACTS 
C 
CBRC EACH STREAM HANDLED SEPARATELY 
CBRC DO 60 ISTR=l,NSTR 

SUBROUTINE I N T I M P  

...................................................................... 

...................................................................... 
*' FOR THE CONSTRUCTION AND AGRICULTURE SCENARIOS. 

DATA CONST/2. 51E-5/ 

ISTR=1 
FDS=EMP( IQ)*BAS( ISTR,  l) /VANN( I Q )  

A9=1.0 
I F (  ISPC( ISTR , 2 )  .GT. 1) A9=0.1 
GDEL=IINS 

WRITE( 1 0 , 7 0 0 0 )  

CBRC I-F( 1Q.EQ. l)FDS=FDS*SEFF( I Q )  

CBRC PRINT HEADER FOR TAPE10 FOR NUCLIDE IMPACT OUTPUT 

7000 FORMAT(//2X,'INTRUDER ICRP IMPACTS BY NUCLIDE (MREM/YR)'// * 2X, ' * * * *  IMPACTS ARE NOT NORMALIZED BY NUMBER ' , 
* 'OF DISPOSAL F A C I L I T I E S  * * * * I  // 
* 2X, 'NUC CONSTRUCTION AGRICULTURE' /) 

CONTOT=O.O 
AGRTOT=O .O 

DO 50 INUC=1,85 
1 F( NUX( INUC) . EQ. 0)GO TO 50 
Al=FDS*A9*BAS(ISTR,INUC+7) 
CALL CHNS( INUC,GDEL,IEN,IBG,NCH) 
DO 40 I=1,10 
CALL C A L I (  INUC, I , C 1  ,C2 ,C3 ,C4, IEN,  IBG,NCH) 
A2=C 1 
BS=RMIi( IQ)*Al*AZ*O. 27 
B2=AlRA2*0.057 
B l=A l *FSC(  IR)*C2 
B3=RMIX( IQ)*A l *FSA(  IR)*C3 
B4=RMIX( IQ)*O.S*Al*C4 
BIMP( I, l)=BIMP( I, l ) + B l + B 2  

40 BIMP( I ,2)=BIMP( I ,2)+B3+B4+B5 

CONINT=Bl+B2 
AGRINT=B3+B4+B5 
WRITE( 10,7010) NUC( INUC) ,CONINT,AGRINT 

7010 FORMAT(2X,A6,3X,lP2E12.3) 
CONTOT=CONTOT+CONINT 
AGRTOT=AGRTOT+AGRINT 

CBRC END 

CBRC PRINT ICRP ( I = l O )  IMPACT FOR EACH NUCLIDE > 

CBRC END 

. 

I N T f  10 
I N T I  20 
I N T I  30 
I N T I  40 
I N T I  50 
I N T I  60 
I N T I  70 
I N T I  80 
I N T I  90 
I N T I  100 
I N T I  110 
I N T I  120 
I N T I  130 
I N T I  140 
I N T I  150 
I N T I  160 
I N T I  170 
I N T I  180 
I N T I  190 
I N T I  200 
I N T I  210 
I N T I  220 
I N T I  230 
I N T I  2 4 0  
I N T I  250 
I N T I  260 
I N T I  270 
I N T I  280 
I N T I  290 
I N T I  300 
I N T I  310 
I N T I  320 
I N T I  3 3 0  
I N T I  340 
I N T I  350 
I N T I  360 
I N T I  370 
I N T I  380 
I N T I  390 
I N T I  400 
I N T I  410 , 

I N T I  420 
I N T I  430 
I N T I  440 
I N T I  450 
I N T I  460 
I N T I  470 
I N T I  480 
I N T I  490 
I N T I  500 
I N T I  510 
IN,TI  5 2 0  
I N T I  530 
I N T I  540 
I N T I  550 



INTI 560 
INTI 570 
..INTI 580 

. RAD=BAS( ISTR364)*EXM(A1) INTI 590 
IF(A1 .NE.AP)RAD=RAD+BAS( ISTR,69)*Al*( EXM(Al)-EXM(A2))/(A2-A1) . . INTI -600 

' . .INTI 610 
INTI 620 

RAD=RAD* FDS*CONST 1 

'. INTI 630 
DO 55 I=l,,lO. 

CBRC. PRINT ICRP (I=lO) IMPACT FOR RADON INTI 640 
INTI '650 
INTI 660 
INTI 670 
INTI 680 
INTI 690 

' 7025 FORMAT(/2X, 'TOTAL NON-NORMALIZED 'INTRUDER .IMPACTS'I- INTI 700 
INTI 710 

. .  .INTI '720 
INTI' 730 

50 CONTINUE 
Al=AL( 57)*I INS 
A2=AL( 62)*I INS . .  

,. . . .  : . .. . ,  

. .  i .. 
. .  . .  

. .  

55 BIMP( 1,2)=BIMP(I,2)+RAD*PDCF(56,1,2) 

. . AGRINT=RAD*PDCF(56,10,2) 
WRITE( 10,7020) AGRINT 

AGRTOT=AGRTOT+AGRINT 
7020 FORMAT(2X3'RADON' ,16X,lPE12.3) 

I ,  . . -, WRITE( lO,7025)'CONTOT,AGRTOT . -  . .. 

* 
6 . .  

llX,lP2E12.3). 
CBRC . END 

c 
60 CONTINUE 

. .  .. RETURN 
: '  END . 

I INTI 740 
INTI 750 
INTI 760 

. .  . 
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CBRC 
$STORAGE : 2 

C 

C 
C 

C 
CBRC $LARGE 
$INCLUDE: ' IMPCOMM. FOR' 

C 
C BIMP(3) - INTRUDER-AIR IMPACTS 
C BIMP(4) - EROSION-AIR IMPACTS 
C 
C BIMP(6) - EROSION-WATER IMPACTS 
C 

SUBROUTINE EXPWAS 

C****************************************************?**************** 

c********************************************************************* 
THIS  'SUBROUTINE CALCULATES THE IMPACTS FROM THE INTRUDER- 
I N I T I A T E D  AND EROSION I N I T I A T E D  EXPOSED WASTE SCENARIOS. 

* 
* 

COMMON/CHYN/NXUC( 8 5 ) ,  ICH(  8, l o ) ,  LCH( 10) ,ACT( 8) ,BCT( 8,2) 

BIMP( 5) - INTRUDER-WATER IMPACTS 

GREC=IINS 
GEROD=GERO( IQ) 
AREC=l .8E+3* R M I  X ( I Q) * EMP( IQ) 
I F (  IQ. EQ. l)AREC=AREC*SEFF( IQ) 
AERO=ILFE*VANN( IQ)/( EMP( IQ)*EFF( IQ)) 
FRA=19.75*EREC(IR)*POP(IR)*AREC 
FEA=19.75*EERO(IR)*POPE(IR)*AERO 
FRW=l. 15E-4*POPW( IR)*AREC 
FEW=1.15E-4*POPW(IR)*AERO 

CBRC EACH STREAM HANDLED SEPARATELY 
CBRC 10 DO 40 ISTR=l,NSTR 

CBRC 

10 ISTR=1 
I 9 = I  SPC( ISTR ,2) 
A9=1.0 
I F ( I 9 . G T . 1 )  A9=10.**(1-19) 
A2=BAS( ISTR,  l ) /VANN( I Q )  

CBRC PRINT HEADER'FOR TAPE10 OUTPUT 
WRITE( 10,7000) 

7 0 0 0  FORMAT( //2X, ' EXPOSED WASTE ICRP IMPACTS BY NUCLIDE (MREM/Y R) ' // * 2X, I * * * *  

* // 'OF DISPOSAL F A C I L I T I E S  **** I  * 2X, 'NUC INTRUDER-AI R EROSION-AIR INTRUDER-WATER' , 
* ' EROSION-WATER ' /) 

IMPACTS ARE NOT NORMALIZED BY NUMBER I ,  

ARITOT=O.O 
ARETOT=O.O 
WTITOT=O.O 
WTETOT=O.O 

CBRC END 

A- 20 

EXPW 10 
EXPW 20 
EXPW 30 
EXPW 40 
EXPW 50 
EXPW 60 
EXPW 7 0  
EXPW 80 
EXPW 90 
EXPW 100 
EXPW 110 
EXPW 120 
EXPW 1 3 0  
EXPW 1 4 0  
EXPW 1 5 0  
EXPW 160 
EXPW 1 7 0  
EXPW 180 
EXPW 190 
EXPW 200 
EXPW 210 
EXPW 2 2 0  
EXPW 2 3 0  
EXPW 2 4 0  
EXPW 2 5 0  
EXPW 260 
EXPW 2 7 0  
EXPW 280 
EXPW 290 
EXPW 300 
EXPW 310 
EXPW 320 
EXPW 3 3 0  
EXPW 3 4 0  
EXPW 3 5 0  
EXPW 3 6 0  
EXPW 370 
EXPW 3 8 0  
EXPW 3 9 0  
EXPW 4 0 0  
EXPW 4 1 0  
EXPW 4 2 0  
EXPW 4 3 0  
EXPW 4 4 0  
EXPW 4 5 0  
EXPW 4 6 0  



638 1 

DO 30 INUC=1,85 
IF(NUX(INUC).EQ.O)GO TO 30 
CALL CHNS( INUC,GREC,IEN,IBG,NH) 
DO 12 I=1,8 

12 BCT( I, l)=ACT( I) 
CALL CHNS( INUC,GEROD,IEN,IBG,NCH) 
DO 1 4  I=1,8 

14 BCT( I ,2)=ACT( I) 
A8=BAS( ISTR, INUC+7) 
B1=FRA*AZRA8*A9 
B2=FEA*AzRA8 
B3=FRWRA2*A8*A9 
B4= FEW *A2 *A8  
DO 2 5  IORG=1,10 
CALL CALE( INUC , IORG, C1 ,  C2, C3, C4, IEN, IBG, NCH) 
BIMP( IORG,3)=BIMP( IORG,3)+BlRC1 
BIMP( IORG,4)=BIMP( IORG, 4)+62*C2 
BIMP( IORG, 5)=BIMP( IORG, 5)+63*C3 
BIMP( IORG ,6)=BIMP( IORG ,6)+64*C4 

A I  R I NT=B 1 * C 1 
A I  RERO=B2 *C2 
WAT I NT=B3*C 3 
WATERO=B4*C4 - ( -  

WRITE( 10 ,7010)  NUC( I NUC ) , A I  R I  NT , A I  RERO , WATI NT , WATER0 
7 0 1 0  FORMAT( 2X ,A6,3X, 1P4E12.3)  

ARITOT=ARITOT+AIRINT 1 '  

ARETOT=ARETOT+AIRERO 
WTITOT=WTITOT+WATINT 
WTETOT=WTETOT+WATERO 

2 5  CONTINUE 
CBRC PRINT ICRP (IORG=10) IMPACTS FOR EACH NUCLIDE 

CBRC END 

CBRC PRINT TOTAL IMPACT 
30 CONTINUE 

WRITE( 1 0 , 7 0 1 5 )  ARITOT,ARETOT,WTITOT,WTETOT 
7 0 1 5  FORMAT( /2X, 'TOTAL NON-NORMALIZED EXPOSED WASTE IMPACTS'/ * l l X , l P 4 E 1 2 . 3 )  

CBRC END 
40 CONTINUE 

RETURN 
CND 

EXPW 470 
EXPW 480 
EXPW 490 
EXPW 500 
EXPW 510 
EXPW 5 2 0  
EXPW 530 
EXPW 5 4 0  
EXPW 550 
EXPW 560 
EXPW 5 7 0  

EXPW 5 9 0  
EXPW 600 
EXPW 610 
EXPW 6 2 0  
EXPW 6 3 0  
EXPW 6 4 0  
EXPW 6 5 0  
EXPW 660 
EXPW 6 7 0  

EXPW 6 9 0  
EXPW 700 
EXPW 7 1 0  
EXPW 7 2 0  
EXPW 7 3 0  
EXPW 7 4 0  
EXPW 7 5 0  
EXPW 7 6 0  
EXPW 7 7 0  

EXPW 790 

EXPW 580 

EXPW 680 

EXPW 780  

EXPW aoo 
EXPW a i 0  
EXPW azo 
EXPW a30 
EXPW a40  
EXPW a50  
EXPW a60 
EXPW a70  
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CSRC 
$STORAGE: 2 

C C*******************************************************~************* 
C T H I S  SUBROUTINE-CALCULATES THE ON-SITE AND OFF-SITE IMPACTS . -* 
c ASSOCIATED WITH DISPOSAL OPERATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c 

.CBRC $LARGE 
$INCLUDE: ' IMPCOMM. FOR' 

' . .  . c. 
C, . 
C, 
C 
C 
C 

SUBROUTINE OPSIMP 

* 

, .  
.. s . .  

. .  

BIMP(11)  - OFFSITE POPULATION'- OPERATIONAL IMPACTS 
. B IMP(12)  - MAXIMUM OFFSITE INDIV IDUAL - OPERATIONAL IMPACTS 
. BIMP(13)  - A L L  WORKERS - OPERATIONAL IMPACTS 

BIMP( 1 4 )  - MAXIMUM WORKER - ,OPERATIONAL IMPACTS 

GO TO (20,20,30,30,30)  , IQ . I . , 

, .  

. .  CBRCI'-GO TO (10,20,20,30,30) , IQ ' .  , . 4 .  . 
c 
C 
CBRC ' T H I S  SECTION NOT USED I N  IMPACTS-BRC 
c 
CBRC 10 DIAM=SQRT(ADAY( I Q ,  1 ) /3 .1415927)  
CBRC DO 16 ISTR=l,NSTR 

CBRC FDS=l. 
CBRC I F (  15. LT .  3)FDS=10. **( 15-3)  
CBRC I F (  IQ.EQ.3)FDS=( l .+FDS)/2.  

CBRC A2=AlRBAS( ISTR, 1)*3.15E+7/VANN( 1) 
CBRC DO 14 I=1,10 
CBRC A3=0. 

CBRC . IF(NUX(J) .EQ. l)A3=A3+BAS(ISTR,J+7)*PDCF(J,1,3) 
CBRC 12 CONTINUE 
CBRC BIMP( I, 11)=BIMP( I, ll)+A2*A3*POP( I R )  
CBRC 14 BIMP( I, lE)=BIMP( I, 12)+AZ*A3*XOQO( IQ)*EDFO( 10) ' .  

CBRC 16 CONTINUE 
CBRC RETURN 
CBRC END 
i: 
C . START MUNICIPAL WASTE F A C I L I T Y  IMPACTS 
c . .  

' START CALCULATION OF OFF-SITE RELEASES FROM ON-SITE F A C I L I T Y  

. .  . . CBRC I5=ISPC( I S T R , l )  . .  

:. . 

CBRC Al=FDS*EMP( 1)*0.237*TWO( 1,3)*VVEli( I R ) * 2  ..*DIAM*3. . 

. .  

. CBRC -DO 12 J=1,85 . .  

. I  .: . , . . .  

. .  
..' ' 

. .  . .  

20 DPOP=SQRT(ADAY(IQ,l)/3.1415927) 
. DEQP=SQRT(ADAY( IQ ,2 ) /3 .1415927)  
. DOTH=SQRT(ADAY( 14,3) /3 .1415927)  : .  . 

EBRC EACH .STREAM HANDLED SEPARATELY 
. .  CBRC DO 26 ISTR=l,NSTR 

ISTR=1 
15=ISPC( ISTR, 1) 

' 9 FDS=l. 
I F (  15. LT.  3)FDS=lO. **( 15-3) 
I9=ISPC( ISTR,E) 
FAC=l . 
I F (  19.GT. l )FAC=lO.**(  1-19) 
ASl=FDS*EMP( IQ)*O.237*BAS( ISTR, l)/VANN( I Q )  

' ASZ=ASl*TWO( IQ,3)*WVEL( IR)*Z.*DPOP*9.45E+7 
AGl=ASI*(  FAC/FDS)* l  .6/DEN2( I Q )  

OPSI  10 
OPSI  20 
OPSI  30 
OPSI  40 
OPSI 50 
OPSI  60 
OPSI  70 
OPSI 80 
OPSI  90 
OPSI  100 
OPSI 110 
OPSI  120 
OPSI 130 
OPSI  140 
OPSI 1 5 0  ' 

OPSI 170 
OPSI 180 
OPSI  190 
OPSI 200 
OPSI 210 
OPSI  220 
OPSI 230 
OPSI 240 
OPSI 2 5 0  
OPSI 260 
OPSI 270 
OPSI 2 8 0  
OPSI  290 
OPSI 300 
OPSI  '310 
OPSI 320 
OPSI  330 
OPSI 3 4 0  
OPSI 350 
OPSI 360 
OPSI  370 
OPSI  380 
OPSI 390 
OPSI 400 
OPSI  410 
OPSI 420 
OPSI 4 3 0  
OPSI  440 
OPSI 450 
OPSI  4 6 0  
OPSI  470 
OPSI 480 
OPSI  4 9 0  
OPSI  500 
OPSI  510 
OPSI  520 
OPSI  530 
OPSI  540 
OPSI  550 
OPSI  560 
OPSI  570 
OPSI  580 
OPSI  590 

OP,SI 160 
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DO 24 I=1,10 
A1=0. 
A2=0. 
A3=0. 
A5=0. 
DO 22 J=1,85 
'IF(NUX(J).EQ.O)GO TO 22 
Al=Al+BAS( ISTR,J,+7)*PDCF(J, I, 1) ' ' 

A2=A2+BAS( ISTR,J+7)*PDCF(J, I ,3)*FRACT(J,3) 
A3=A3+BAS( ISTR, J+7)*PDCF( J , I, 3) 
AS=AS+BAS( ISTR,J+7)*PDCF( 3, I ,5) 

22 CONTINUE 
C 
C OFF-SITE RELEASES 
C 

BIMP( I, 11)=BIMP( I ,ll)+AS2*A3*POP( IR) 
CBRC IF( IQ. EQ.3)BIMP( I, 11)=BIMP( I, ll)+BAS( ISTR, l)*AZ*POP( IR) 

BIMP( I, 12)=BIMP( I, 12)+ASZ*A3*XOQO( IQ)*EDFO( IQ) 
CBRC IF(IQ.EQ.3)BIMP(I,12)=BIMP( 1,12)+BAS(ISTR,i)*A2*XOQO( IQ)*. 119 
C 
C WORKER EXPOSURES 
C 

ADSL=AS 1 *TWO( IQ, 1) 
ADSM=ASl*TWO( IQ, 2)  
ADSH=ASl*TWO( IQ, 3) 
ADGL=AGl*DOFF(50. )*COFF( 50. ,DOTH) 
ADGM=AG1*DOFF(30.)*COFF(30.,DOTH) 
ADGH=AGl*DOFF( 1. )*COFF( 1. ,DEQP) 
ACOV=6.26E-Z*AGl 
IF( IQ. EQ. 3)ACOV=O. 25*AGl*DEN2( IQ)/DENE@) 
BZ=Al*ADSL+A5*( ADGM+ACOV) 
B4=AlXADSM+A5*(ADGM+AC0V) 
B6=Al*ADSH+A5*( ADGH+ACOV) 
B7=2.*82+4.*84+2.*B6 I 

CBRC IF( IQ.EQ.2)B7=2.*B2+5.*84+3.*B6 
CBRC 

IF(IQ.EQ.l.OR.IQ.EQ.2) B7=2.*B2+5.*B4+3.*B6 
BIMP( I, 13)=BIMP( I, 13)+87/10. 
BIMP(I,14)=BIMP(I,14)+B7/10., 

24 CONTINUE 
26 CONTINUE 

RETURN 

CBRC 

DISPOSAL WORKERS FOR SANITARY LANDFILL (IQ=l OR 2)  

C 
C 
C 

START HAZARDOUS WASTE FACILITY IMPACTS 

30 DPOP=SQRT(ADAY( IQ, 1)/3.1415927) 
DEQP=SQRT(ADAY( IQ,2)/3.1415927) 
DOTH=SQRT(ADAY( IQ,3)/3.1415927) , ,  

OPSI bo0 
OPSI 610 
OPSI 620 
OPSI 630 
OPSI 640 
OPSI 650 
OPSI 660 
OPSI 670 
OPSI 680 
OPSI 690 
OPSI 700 
OPSI 710 
OPSI 720 
OPSI 730 
'OPSI 740 
OPSI 750 
OPSI 760 
OPSI 770 
OPSI 780 
OPSI 790 
OPSI 800 
OPSI 810 
OPSI 820 
OPSI 830 
OPSI 840 
OPSI 850 
OPSI .860 
OPSI 870 
OPSI 880 
OPSI 890 
OPSI 900 
OPSI ,910 
OPSI 920 
OPSI 930 
OPSI 940 
OPSI 950 
OPSI 960 
OPSI 970 
OPSI 980 
OPSI 990 
OPS I1 000 
OPS I1010 
OPSI1020 
OPSI1030 
OPSI1040 
OPSI1050 
OPSI 1060 
OPSI1070 
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CBRC EACH STREAM HANDLED SEPARATELY 
CBRC DO 38 ISTR=l,NSTR 

ISTR=l -, 
I5=ISPC( I STR, 1) 
FDS=1 . 
IF( 15. LT. 3)FDS=10. **( 15-3) 
I9=ISPC( ISTR,E) 
FAC=1 . 
I F( 19. GT . 1 ) FACZ10. **( 1- 19) 
ASl=FDS*EMP( IQ)*O. 237*BAS( ISTR, l)/VANN( IQ) 
ASE=AS l*EFAC( I R) *ADAY ( IQ , 2 )  *3.15E+1 
AS3=ASl*EFAC( IR)*ADAY( IQ,2)/( 2. *DPOP*3. E+6*WVEL( IR)*DEN2( IQ)) 
AGl=AS 1 * ( FAC/ FDS) * 1 .6/DEN2( IQ) 
AXl=BAS( I STR, 2)*2. 6E-11*FDSRISPC( ISTR, 11) 
AX2=AXl*1.248*AXOQ( IR) 
DO 36 I=1,10 
A1=0. 
A2=0. 
A3=0. 
A5=0. 
00 32 J=1,85 
IF( NUX( J) . EQ. 0)GO TO 32 
Al=Al+BAS( ISTR, J+7)*PDCF( J, I, 1) 
AZ=AZ+BAS( ISTR,J+7)*PDCF(J,I , 2 )  
A3=A3+BAS( ISTR,J+7)*PDCF(J,I ,3) 
A5=A5+BAS( ISTR,J+7)*PDCF( 3, I ,5) 

D I AM=DEQP 
IF(ISPC(ISTR,3).NE.O)DIAM=DOTH 
ADGL=AGl*DOFF( 50.)*COFF( 50. ,DIAM) 
ADGM=AGl*DOFF( 30. )*COFF( 30. , DIAM) 
AOGH=AGl*DOFF( 1. )*COFF( 1. ,DIM) 
ACOV=2.49E-Z"AG1 
IF( ISPC( ISTR,3) .NE.O)GO TO 34 

C 
C SECTION BELOW FOR UNPACKAGED WASTE 
C 

. 

32 CONTINUE 

BIMP( I, 11)=BIMP( I, ll)+ASZ*A3*POP( IR) 
BIMP( I, 12)=BIMP( I, 12)+ASZRA3*X0QO( IQ)*EDFO( IQ) 
ADSL=AS3 
Bl=Al*AOSL+A5*(ADGL+ACOV) 
B2=A1*ADSL+ASh ( ADGM+ACOV) 
B3=AlRADSL+A5*( ADGH+ACOV) 
B4=AMAX 1 ( B1, B2,B3) 
BIMP( I, 13)=BIMP( I, 13)+14. *B1+15. *B2+29. "83 
BIMP( I, 14)=BIMP( I, 14)+B4 
GO TO 36 T 

C 
C SECTION BELOW FOR PACKAGED WASTE 
C 

34 BIMP( I, lP)=BIMP( I, 12)+AX2*A2 
ADS L=AX 1 
Bl=A2*ADS L+A5* ( ADGL+ACOV) 
BZ=AZ*ADSL+A5* ( ADGM+ACOV) 
B3=A2*ADS L+A5* ( ADGH+ACOV) 
B4=AMAXl(Bl,BZ,B3) 
BIMP( I, 13)=BIMP( I, 13)+14. *B1+15. *B2+29. *B3 
BIMP( I, 14)=BIMP( I, 14)+B4 

36 CONTINUE 
38 CONTINUE 

RETURN 
END 

OQ 0.0 8 4 

OPSI 1080 
OPS11090 
OPSI 1100 
OPSI 1110 
OPSI1120 
OPS I1 130 
OPSIll40 
OPSI 1150 
OPSI1160 
OPSI 1170 
OPSI 1180 
OPSI 1190 
OPSI1200 
OPSI 1210 
OPSI1220 
OPSI 1230 
OPS I 1240 
OPS I1 250 
OPSI1260 
OPSI 1270 
OPS I1 280 
OPS I1 290 
OPSI1300 
OPSI1310 
OPS I1 320 
OPSI 1330 
OPSI 1340 
OPS I1 350 
OPSI1360 
OPS11370 
OPS I1 380 
OPS I1 390 
OPS11400 
OPSI 1410 
OPSI1420 
OPSI 1430 
OPSI1440 
OPSI1450 
OPS I 1460 
OPSI1470 
OPSI 1480 
OPSI 1490 
OPSI1500 
OPSI 1510 
OPSI 1520 
OPSI 1530 
OPSI1540 
OPSI1550 
OPSI1560 
OPSI 1570 
OPSI1580 
OPSI1590' 
OPSI1600 
OPSI1610 
OPSI1620 
OPSI1630 
OPSI 1640 
OPSI1650 
OPSI1660 
OPSI 1670 
OPSI1680 
OPSI 1690 
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CBRC . I  

STORAGE: 2 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C . -THIS ROUTINE CALCULATES AND PRINTS RADIOLOGICAL IMPACTS * 
C . FOR THREE SCENARIOS WHICH MAY RESULT FROM LEACHATE ACCUMU- * 
C ,. LATION AT A DISPOSAL F A C I L I T Y :  * 

C I S  REMOVED,.TREATED, AND RELEASED TO A NEARBY STREAM. * 

- C  UP THE DISPOSAL CELLS, OVERFLOW, AND REACH A NEARBY STREAM* 
C 3 )  AFTER CLOSURE, ACCUMULATING LEACHATE I S  REMOVED AND * 
C PROCESSED THROUGH AN EVAPORATOR, THUS IMPACTING THE. LOCAL * 
C PO_PULATION. * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c 
CBRC $LARGE 
$INCLUDE: ' IMPCOMM. FOR' 

, ' SUBROUTINE OVRFLO 

I C . .. 1) DURING -OPERATION OF THE F A C I L I T Y ,  ACCUMULATING LEACHATE * 
C ' , Z )  AFTER.CLOSURE, ACCUMULATING LEACHATE I S  ALLOWED TO FILL * 

DIMENSION F l N (  8 5 ) ,  F2N( 8 5 )  
DATA FlN/85"1. / ,FZN/85*1. /  

. GDEL=IINS 
VTOT= I LFE* VANN('I Q 

A8=ISPC(1,11)*4 .5E6 - .  

VL=PRC( I R ,  IQ)*VTOT/( EMP( IQ) *EFF(  IQ)) ; , . 
I. . 

CBRC EACH STREAM HANDLED SEPARATELY 
CBRC DO 3 0  ISTR=l,NSTR 

ISTR=1 
19=ISPC(ISTR,E) 

A4=A9*BAS(ISTR,, l )*VL/VANN(IQ) 

WRITE( 10 ,7000)  I 

. , [  ). :: ' ,  

A9=1.0 ,< , .- , I F (  19.GT. 1) A9=0.1 . . .  

CBRC PRINT HEADER FOR TAPE10 FOR NUCLIDE IMPACT OUTPUT 

7 0 0 0  FORMAT(//ZX, 'OVERFLOW ICRP IMPACTS BY NUCLIDE (MREM/YR) "// * 2X,'**** IMPACTS ARE NOT NORMALIZED BY NUMBER OF I ,  

* 
* // 'DISPOSAL F A C I L I T I E S  * * * * I  

2X,'NUC TREATMENT ' OVERFLOW EVAPORATOR'/) - 
TRTOT=O.O ' 

OVRTOT=O. 0 
EVPTOT=O.O 

.DO 20 INUC=1,85 
I F (  NUX( INUC) . EQ. 0)GO TO 20 
A7=1. 
A l = I L F E * (  1.-EXM(AL( INUC)))  
I F ( A 1  .GT. 0. )A7=( 1. -EXM(AL( I N U C ) * I L F E ) ) / A l  
A5=A4*A7*BAS(ISTR,INUC+7)*FMF(INUC) 
A6=A5*EXM(AL( INUC)*GDEL) 
A l=A5*F lN(  INUC)*TSC( I R ,  I Q ) / A 8  
A2=A6* F2N ( I NUC ) /A8 
A3=A6*FRACT( INUC, 2)*POP( I R )  
DO 10 I=1,10 
BIMP( I ,63)=BIMP( I, 63)+Al*PDCF( INUC, I, 7) 
BIMP( I ,64)=BIMP( I ,64)+AZ*PDCF( INUC, I ,7) 

10 BIMP( I ,65)=BIMP( I ,65)+A3*PDCF( INUC, I ,3) 

CBRC END 

. .  
. .  

OVRF 10 
OVRF 20 
OVRF 30 
OVRF 40 
OVRF 50 
OVRF 60 
OVRF 70 
OVRF 8 0  
OVRF 90 
OVRF 100 
OVRF 110 
OVRF 120 
OVRF 1 3 0  
OVRF 1 4 0  
OVRF 1 5 0  
OVRF 1 6 0  
OVRF 1 7 0  
OVRF 180 
OVRF 1 9 0  
OVRF 200 
OVRF 210 
OVRF 220 
OVRF 2 3 0  
OVRF 2 4 0  

OVRF 2 6 0  
OVRF 270 
OVRF 2 8 0  . 
OVRF 2 9 0  
OVRF 3 0 0  
OVRF 3 1 0  
OVRF 3 2 0  
OVRF 3 3 0  
OVRF 3 4 0  
OVRF 3 5 0  
OVRF 3 6 0  
OVRF 3 7 0  
OVRF 3110 
OVRF 3 9 0  
OVRF 400 
OVRF 4.10 
OVRF 4 2 0  
OVRF 4 3 0  
OVRF 4 4 0  
OVRF 4 5 0  
OVRF 4 6 0  
OVRF 4 7 0  
OVRF 480  
OVRF 4 9 0  
OVRF 5 0 0  
OVRF 510  
OVRF 5 2 0  
OVRF 5 3 0  
OVRF 5 4 0  
OVRF 5 5 0  
OVRF 5 6 0  

OVRF 250-  
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. . .  

CBRC PRINT ICRP ( I = l O )  IMPACTS FOR EACH NUCLIDE 
TREAT=Al*PDCF( INUC, 10,7) 
OVERF=A2*PDCF( INUC, 10,7) 
EVAPO=A3*PDCF( INUC, 10,3) 
WRITE( 10,7010) #UC( INUC) ,TREAT,OVERF,EVAPO 

T RTOT=T RTOT+T REAT 
7010 FORMAT( 2X ,A6,3X, 1P3E12.3) 

OVRTOT=OVRTOT+OV El? F 
EVPTOT=EVPTOT+EVAPO 

CBRC END 

CBRC PRINT TOTAL IMPACTS 
2 0  CONTINUE 

WRITE( 10 ,7015)  TRTOT ,OVRTOT, EVPTOT 
7 0 1 5  FORMAT( /2X, 'TOTAL NON-NORMALIZED OVERFLOW I M P A C T S ' / l l X ,  1P3E12.3)  

CBRC ' END 
3 0  CONTINUE 

RETURN 
END 

I .  

OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 
OVRF 

5 7 0  
580 
590 
600 
610 
620 
630 
640 
6 5 0  
660 
670 
6 8 0  
690 
700 
710 

OVRF 7 2 0  
OVRF 730 
OVRF 7 4 0  

. . .  
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CBRC' ADD SCN TO CALL 
$STORAGE : 2 

c .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C GROUNDWATER MIGRATION OF RADIOACTIVITY TO THREE BIOTA ACCESS * 
C LOCATIONS (INTRUDER-WELL, POPULATION-WELL AND SURFACE WATER). * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
CBRC $LARGE 
$INCLUDE: I IMPCOMM. FOR' 

CBRC 

SUBROUTINE GWATER(NTYM,TYMD,SCN) 

C ;THIS SUBROUTINE CALCULATES THE IMPACTS RESULTING FROM * 

DIMENSION TYMD( 16),  RES( 16 ,3)  

CHARACTER SCN( 3 6 ) * 6  
DIMENSION ARRAYS FOR TIMES AND NUCLIDE-SPECIFIC DOSES 

DIMENSION DOSNUC( 16) ,DOSSUM( 16,3) 
CBRC END 
CBRC GDEL=IINS 
CBRC BEGIN GW TRANSPORT AT END OF F A C I L I T Y  L I F E  

GDEL=O. 0 
NS EC= 10 
PERC=PRC( IR,IQ)*TSC( I R , I Q )  
TVOL=I LFE*VANN( IQ)*PRC( I R ,  IQ) / (  EMP( IQ)*EFF( I Q ) )  
I F (  TVOL. L T  -7700. )TVOL=7700. 

I F( TVOL . LT . 1 10. ) TVOL= 110. 
NPTH=3 
I F (  IR.EQ.3)NPTH=2 

WRITE(10,7000) (SCN( IT) , IT=15,30)  

CBRC 
CBRC USE LOWER MINIMUM I N D I V I D U A L  WATER PUMPAGE 

CBRC PRINT HEADER FOR GWATER OUTPUT ON TAPE10 

7000 FORMAT(//2X,'GROUNDWATER ICRP IMPACTS BY NUCLIDE (MREM/YR) AT I ,  

IMPACTS ARE NOT NORMALIZED BY NUMBER OF I ,  * 'EACH TIME'/EX, I**** * 
* 
* 
* 
* 

DISPOSAL F A C I L I T I E S  **** I // 
2X, I FIRST ROW I S  INTRUDER WELL'/ 
2X, ' SECOND .ROW I S  POPULATION WELL'/ 
2X, 'THIRD ROW I S  SURFACE WATER'// 
16( 2X ,A6)/) 

CBRC END 
CBRC EACH STREAM HANDLED SEPARATELY 
CBRC DO 90 ISTR=l,NSTR 

I S T R = l  
A9=1.0 
IF(ISPC(ISTR,2).GT.l)A9=0.1 
I l=NRET(  1R)-1 
TDUM=EMP( IQ)*EFF( IQ)*SEFF( IQ) / (  PERC*A9) 
I F (  11. LE. 0 ) I  1=1 

CALL ZERO( DOSSUM, 48) 
DO 80 INUC=1,85 
I F (  NUX( INUC) . EQ.O)GO TO 80 

CBRC ZERO SUMS 

IF(BAS(ISTR,INUC+7).LT.l.E-l4)GO TO 80 
TDUR=TDUM/FMF( INUC) 

CBRC PRINT NUCLIDE NAME 
WRITE(10.7010) NUC(1NUC) 

7010 FORMAT( 2X ,A6) 
CBRC END 
C 

GWTR -10 
GWTR 20 
GWTR 30 
GWTR 40 
GWTR 50 
GWTR 60 
GWTR 70 
GWTR 80 
GWTR 90 
GWTR 100 
GWTR 110 
GWTR 120 
GWTR 130 
GWTR 140 
GWTR 150 
GWTR 160 
GWTR 170 
GWlR 180 
GWTR 190 
GWTR 200 
GWTR 210 
GWTR 220 
GWTR 230 
GWTR 240 
GWTR 250 
GWTR 260 
GWTR 270 
GWTR 280 
GWTR 290 
GWTR 300 
GWTR 310 
GWTR 320 
GWTR 3 3 0  
GWTR 340 
GWTR 350 
GWTR 360 
GWTR 370 
GWTR 380 
GWTR 390 
GWTR 400 
GWTR 410 
GWTR 420 
GWTR 430 
GWTR 440 
GWTR 450 
GWTR 460 
GWTR 470 
GWTR 480 
GWTR 490 
GWTR 500 
GWTR 510 
GWTR 520 
GWTR 530 
GWTR 540 
GWTR 550 
GWTR 560 
GWTR 570 
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CALL ZERO(RES.3*16) 
DO 30 IPTH=l ,3  
Al=RET( INUC , I l ) * T T M (  IR, IPTH,  IQ)+GDEL 
DO 20 ITYM=l.NTYM 
TYM=TYMD( ITYM) 
A2=TYMD( 1TYM)-TDUR 
DO 10 ISEC=1,10 
B3=1 .O/(Al+RET( I N U C , I l ) * (  ISEC-l)*DTTM( I R , I Q ) )  

CBRC IF(TYM*1.1RB3.LT.1.0) GO TO 20 
CBRC REPLACE DISPERSION CALCULATION WITH SQUARE WAVE _ _  - 

I F( TYM*B3. LT.  1.0) GOTO 20 
BRKTHU=l . 0/83 
I F (  TYM. GT . TDUR+BRKTHU) GOTO 20 
A3=1.0 

CBRC B4=TPC(IR,IPTH,IQ)+( ISEC-l)*DTPC(IR,IQ) 
CBRC A3=0.5*ERFS( B3*TYM,B4) 
CBRC IF(AZ.GT.O.O)A3=A3-0.5*ERFS(B3*A2,B4) 
CBRC I F(A3. LT.  O.O)A3=0.0 

. CBRC END 
10 RES( ITYM, IPTH)=RES( ITYM, IPTH)+A3 
20 CONTINUE 
30 CONTINUE 

C 
Bl=BAS( ISTR,  l ) *BAS(  ISTR,  INUC+7)/TDUR 
DO 70 IPTH=l,NPTH 
K=14+( I PTH- 1 )* 16 
BZ=B~~(QFC(I~,IPTH)*NSEC) 
I F (  TVOL.GT. QFC( I R ,  IPTH))B2=BE*QFC( I R ,  IPTH)/TVOL 
I2=6 
I F (  I P T H .  EQ. 3) I2=7 
DO 60 ITYM=l,NTYM 
A3=EXM( AL( INUC)*TYMD( ITYM)) 
DO 50 I=1,10 
A4=A3*RES(ITYM,IPTH)*B2*PDCF(INUC,I,I2) 

1 

50 BIMP( I ,K+ITYM)=BIMP( I ,K+ITYM)+A4 
CBRC SAVE ONLY ICRP DOSE, I=10 

DOSNUC( ITYM)=A4 
DOSSUM(ITYM,IPTH)=DOSSUM(ITYM,IPTH)+A4 

CBRC END 

CBRC 
60 CONTINUE 

PRINT ICRP DOSE FOR T H I S  NUCLIDE AT EACH TIME 
WRITE( 10,7020) (DOSNUC( I T ) ,  IT=1,16) 

7020 FORMAT( 1P16E8.1) 
CBRC END 

70 CONTINUE 
80 CONTINUE 

CBRC PRINT TOTAL IMPACTS 
WRITE(10,7025) ((DOSSUM(IDS,JDS),IDS=l,l6),JDS=1,3) 

7025 FORMAT( /2X, 'TOTAL NON-NORMALIZED GROUNDWATER IMPACTS' ' * 3( /1P16E8.1) )  
CBRC END 

90 CONTINUE 
RETURN 

, END 
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GWTR 580 
GWTR 590 
GWTR 600 
GWTR 610 
GWTR 620 
GWTR 630 
GWTR 640 
GWTR 650 
GWTR 660 
GWTR 670 
GWTR 680 
GWTR 690 
GWTR 700 
GWTR 710 
GWTR 720 
GWTR 730 
GWTR 740 
GWTR 750 
GWTR 760 
GWTR 770 
GWTR 780 
GWTR 790 
GWTR 800 
GWTR 810 
GWTR 820 
GWTR 830 
GWTR 840 
GWTR 850 
GWTR 860 
GWTR 870 
GWTR 880 
GWTR 890 

GWTR 910 
GWTR 920 
GWTR 930 
GWTR 940 
GWTR 950 
GWTR 960 
GWTR 970 
GWTR 980 
GWTR 990 
GWT R 1000 
GWTRlO 10 
GWTR 1020 
GWTR 10 30 
GWTR1040 
GWTR1050 
GWTR1060 
GWTR 1070 
GWTR1080 
GWT R 1090 
GWTRllOO 
G W T R l l l O  

GWTR 900 . 



CBRC D I V Y  10 
$STORAGE:2 D I V Y  20 C****************X**R******R****R**X**R***************************** DIVY 30 
C D I V Y  40 

SUBROUTINE DIVVY(MODE,Nl ,N2) D I V Y  50 
C D I V Y  60 

D I V Y  70 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C T H I S  ROUTINE D I V I D E S  SELECTED IMPACTS BY EITHER THE NUMBER . * D I V Y  80 
C OF DISPOSAL F A C I L I T I E S  OR BY THE NUMBER OF PROCESSING * D I V Y  90 
C F A C I L I T I E S  (DEPENDING ON THE VALUE OF MODE). * D I V Y  100 
CR******************************************************************** D I V Y  110 
C 

COMMON/BAST/BAS(2,92) ,BIMP( 10,65),ISPC(2,15),PDCF(85,10,7) 
I F (  MODE. EQ. 2)GO TO 20 
I F (  ISPC( 1 , l l ) .  EQ.O)WRITE(6,100) 
ADIV=ISPC( 1, l l )  
I F( AD1 V . EQ . 0 . ) AD1 V = l  . 
DO 10 I=1,10 
DO 10 J=Nl ,N2 

10 BIMP( I, J)=BIMP( I, J ) / A D I V  
RETURN 

20 I F (  ISPC(l,lO).EQ.O)WRITE(6,101) 
ADIV=ISPC( 1 , l O )  
I F ( A D I V . E Q . 0 . )  A D I V = l .  
DO 30 I=1,10 
DO 30 J=Nl ,NE 

' 

30 BIMP( I ,  J)=BIMP( I ,J) /ADIV 
100 FORMAT(//ZX'**** NUMBER OF DISPOSAL F A C I L I T I E S  = 1 **** I / / )  

- 101 FORMAT(//ZX'"*** NUMBER OF PROCESSING F A C I L I T I E S  = 1 * * * * I / / )  

RETURN 
END 

. .  , 

D I V Y  120 
D I V Y  130 
D I V Y  140 
D I V Y  150 
D I V Y  160 
OIVY 170 
D I V Y  180 
D I V Y  190 
D I V Y  200 
D I V Y  210 
OIVY 220 
D I V Y  230 
D I V Y  240 
D I V Y  250 
D I V Y  260 
D I V Y  270 
D I V Y  280 
D I V Y  290 
D I V Y  300 
OIVY 310 
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. 

CBRC BLOCK DATA 
CBRC CHANGE BLOCK DATA SUBPROGRAM TO SUBROUTINE BLOCKD 

CBRC 

CBRC 

CBRC 

CBRC****R**R*************R*******R***R*****************************  

SUBROUTINE BLOCKD 

CBRC************R***R***R*RR****R******************************************* 

COMMON/CHYN/NXUC(85), ICH(8 ,10 ) ,  LCH( 10 )  ,ACT(8) ,BCT(8,2) 
/NUCS/ALFR( 5 9 5 ) ,  FRACT( 8 5 , 3 ) ,  NUX( 85)/UPTK/FK( 21)  

DIMENSION NXUC2( 8 5 ) ,  ICH2( 8, lo ) ,  LCH2( lo) ,  FK2( 21) ,  FRACT2( 8 5 , 3 )  

DATA NXUC2/27*0,1,0,1,16*0,1,6*0,1,0,3*1,3*0,24*1/ 
DATA ICH2/85,84,78,75,69,63,58,60,83,75,69,63,58,60, 0, 0, 

+ 

CBRC 

+ 82 ,74 ,68 ,64 ,59 ,  0, 0, 0,81,73,67,62,57,56,54,55, 
+ 8 0 , 7 4 , 6 8 , 6 4 , 5 9 ,  0, 0, 0 ,76 ,79 ,71 ,66 ,61 ,  0, 0; 0, 
+ 77,70,67,62,57,56,54,55,72,65,60, 0, 0, 0 ,  0, 0, 
+ 28 ,30 ,29 ,  0, 0, 0, 0, 0 ,47 ,48 ,  0, 0, 0, 0, 0, O/ 

DATA LCH2/8,6,5,8,5,5,8,3,3,2/ 
DATA FK2/8.E-4,.01,.0483,7.65E-4,240.,.0037,.25,1.,1600., 

DATA FRACT2/.9,.75,26*2.5E-3,4*.01,7*2.5E-3,3*.01,43*2.5E-3, 
+ 190.,50.,95.,.3,50.,60.,370.,6.9,1.,8.5E-9,8000.,16./ 

+ .9,.75,26*5.0E-3,4*,01,7*5.0E-3,3*.01,43*5.0E-3, 
+ .9,.75,26*2.5E-3,4*.01,7*2.5E-3,3*.01,43*2.5E-3/ 

CBRC + .9,.75,26*.019,4*.038,7*.019,3*.038,43*.019/ 
DO 1 0  I = 1 , 8 5  
NXUC( I)=NXUCE( I) 
DO 1 0  J = 1 , 3  
FRACT( I, J)=FRACT2( I, 3 )  

DO 2 0  I = 1 , 1 0  
LCH( I )=LCH2( I) 
DO 20 J=1,8 
I C H ( J , I ) = I C H 2 ( J , I )  

DO 30  I = 1 , 2 1  
FK( I ) = F K 2 (  I) 

30 CONTINUE 

RETURN 
END 

10 CONTINUE . 
CBRC 

20 CONTINUE 
CBRC 

CBRC 

C 

DIVY 3 2 0  
DIVY 3 3 0  
DIVY 3 4 0  
DIVY 3 5 0  
DIVY 3 6 0  
DIVY 3 7 0  
DIVY 3 8 0  
DIVY 3 9 0  
D I V Y  4 0 0  
D I V Y  4 1 0  
DIVY 4 2 0  
D I V Y  4 3 0  
D I V Y  4 4 0  
D I V Y  4 5 0  
DIVY 460 
D I V Y  4 7 0  
D I V Y  4 8 0  
DIVY 4 9 0  
DIVY 500 
DIVY 510 
D I V Y  520 
D I V Y  530 
DIVY 540 
D I V Y  550 
D I V Y  5 6 0  
D I V Y  570 
D I V Y  5 8 0  
D I V Y  5 9 0  
DIVY 6 0 0  - 
DIVY 6 1 0  - 
D I V Y  6 2 0  

' D I V Y  6 3 0  
DIVY 6 4 0  
DIVY 6 5 0  
D I V Y  6 6 0  
DIVY 6 7 0  
DIVY 6 8 0  
D I V Y  6 9 0  
D I V Y  7 0 0  
D I V Y  7 1 0  
DIVY 7 2 0  
DIVY 7 3 0  
DIVY 7 4 0  

I .  

. .  , 
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6381 " 
CX*******R**************R******X****************************************** D I V Y  760 
C D I V Y  770 

D I V Y  780 
C D I V Y  790 

D I V Y  800 ...................................................................... 
C T H I S  ROUTINE PRINTS OUT MOST OF THE F I N A L  IMPACT RESULTS * D I V Y  810 
C TO TAPE6. * D I V Y  820 

D I V Y  830 ...................................................................... 

SUBROUTINE PRNTE( ORG, SCN ,BI) 

C 
CBRC $LARGE 

CHARACTER ORG( 10)*9 ,SCN( 36)*6 
DIMENSION B I (  10,65) 
WRITE( 6,107) 
WRITE( 6,105) ORG 
WRITE( 6,103) (SCN( J) , ( B I (  I ,J) ,I=l , l o )  ,J=1,2) 

, WRITE( 6,108) 
WRITE( 6,105) ORG 
WRITE( 6,103) (SCN(J) ,( B I (  I ,J) , I=l, 10) ,J=3,6) 
WRITE( 6,109) 

WRITE( 6,103) (SCN(J) ,( B I (  I ,J) , I=l, l o ) ,  J=7,14)  
WRITE( 6,114) 
WRITE( 6,105) ORG 
WRITE( 6,103) (SCN(J-29),  ( B I (  I ,J) , I=l, 10) ,J=63,65) 
W R I T E ( 6 , l l O )  
W R I T E ( 6 , l l l )  
WRITE(6,104) ORG 
WRITE(6,103) (SCN(J) ,( B I (  I ,J), I=l, 10) ,J=15,30) 
WRITE( 6,112) 
WRITE( 6,104) ORG 
WRITE(6,103) (SCN(J-16) , ( B I (  1 ,J), I=l, 10) ,J=31,46) 
WRITE( 6,113) 
WRITE( 6,104) ORG 
WRITE( 6,103) (SCN( 5-32), ( B I (  I, J) , I=l , l o ) ,  J=47,62) 

- WRITE( 6,105) ORG 
' 

C 
103 FORMAT( 2X ,A6, l P ,  1 0 E 9 . 2 )  
104 FORMAT( 4X, ' T I M E '  ,10A9) 
105 FORMAT( 4X, ' SCN ' ,10A9) 

CBRC 107 FORMAT(/2X'INTRUDER IMPACTS: ' / )  
CBRC 108 FORMAT(/2X'EXPOSED WASTE IMPACTS:'/)  
CBRC 139 FORMAT(/2X' INCINERATION AND OPERATIONAL IMPACTS: I / )  

CBRC 110 FORMAT(1H1/2XtGROUND WATER IMPACTS: ' )  
107 FORMAT(/2X' INTRUDER IMPACTS (MREM/YR): I / )  

108 FORMAT( /2X ' EXPOSED WASTE IMPACTS (MREM/Y R) : ' /) 
109 FORMAT(/EX' INCINERATION AND OPERATIONAL IMPACTS: I ,  * ' 

*49X, ' IC-POP, IC-WOR,OP-POP,OP-WOR - (PERSON-MREM/YR) ' / )  
UNITS : IC- IND,  IC-MWR ,OP-IND ,OP-MWR - (MREM/Y R)  ' / 

110 FORMAT(1H1/2X1GROUND WATER IMPACTS (MREM/YR):') 
111 FORMAT(/2X'INTRUDER-WELL1) 
112 FORMAT(/ZX'POPULATION-WELL') 
113 FORMAT(/2X'POPULATION-SURFACE WATER') 

114 FORMAT(/ZX'LEACHATE ACCUMULATION IMPACTS (MREM/YR):'/) 
CBRC 114 FORMAT(/ZX'LEACHATE ACCUMULATION IMPACTS: ' / )  

RETURN 
END 

C 

D I V Y  840 
D I V Y  850 
D I V Y  860 
D I V Y  870 
D I V Y  880 
D I V Y  890 
D I V Y  900 
D I V Y  910 
D I V Y  920 
D I V Y  9 3 0  
D I V Y  9 4 0  
D I V Y  950 
D I V Y  960 
D I V Y  9 7 0  
DIVY 980 
DIVY 990 
DIVYlOOO 
D I V Y l O l O  
D I V Y 1 0 2 0  
D I V Y 1 0 3 0  
DIVY1040 
D I  VY 1050 
D I V Y 1 0 6 0  
D I V Y  1070 

'DIVY1080 
D I V Y 1 0 9 0  ' 

D I  VY 11 00 
D I V Y  11 10 
DIVY 1120 
D I  VY 1130 
DIVY 1 1 4 0  
DIVY 1150 
D I  VY 1160 
D I V Y  1170 
D I V Y  1180 
D I  VY 1 190 
D I  VY 1200 
D I V Y 1 2 1 0  
DIVY 1220 
DIVY1230 
DIVY1240 
D I  VY 1250 
DIVY1260 
D I  VY 1270 
D I  VY 1280 
DIVY 1290 
DIVY 1300 
DIVY1310 

e 
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CBRC 
$STORAGE : 2 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C T H I S  ROUTINE I S  IDENTICAL I N  LOGIC WITH THE ACTDR SUBROUTINE * 
C OF THE MILDOS CODE. FIRST, THE CHAIN MEMBERS ARE DETERMINED, * 
C THEN THE ACTDR CALCULATIONS ARE APPLIED. HOWEVER, HERE, DUE * 
C TO SUBSTRACTIONS BETWEEN A LARGE AND A SMALL NUMBER, DOUBLE * 
C PRECISION I S  USED TO INCREASE THE ACCURACY OF THE RESULTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUBROUTINE CHNS( INUC ,GDEL, I E N  , I B G  , NCH) 

* 

C 
CBRC $LARGE 

+ 
COMMON/CHYN/NXUC(85), ICH(8 , lO)  ,LCH( 10) ,ACT(8) ,BCT(8,2) 

REAL"8 Y , Z , DACT( 8), HLM( 8), EHLM( 8) 
CALL ZERO( ACT, 8) 

/NUCS/AL( 8 5 ) ,  FMF( 8 5 ) ,  RET( 85 , 5)  , FRACT( 8 5  , 3) , NUX( 85) 

IF(NXUC(INUC).NE.O)GO TO 1 2  
10 ACT( l)=EXM(AL( INUC)*GDEL) 

RETURN 
1 2  DO 16 NCH=1,10 

IEN=LCH( NCH) 
DO 1 4  I B G = l , I E N  
IF(INUC.EQ.ICH(IBG,NCH))GO TO 18 

1 4  CONTINUE 
1 6  CONTINUE 

STOP 'CANT F IND NUCLIDE I N  CHAINS' 
18 - IF ( IBG.EQ. IEN)GO TO 10 

IENDZIEN-IBG+1 
DO 2 0  I = l , I E N D  
J=ICH(IBG+I-1,NCH) 
HLM( I ) = A L ( J )  
Y=H LM( I ) *GDEL 
z=o. 
I F (  Y.  LT . 8 5 .  )Z=DEXP( -Y) 

DACT( l)=EHLM( 1) . 
DO 6 0  I=2, IENO 
Y=1.0 
DO 3 0  J=2,I 

30 Y=Y*HLM(J) 
DACT( I )=0 . 
DO 5 0  K = l , I  
Z=EHLM( K) 
DO 4 0  J=l, I  
I F (  K.NE.J)Z=Z/(HLM(J)-HLM(K)) 

DACT( I )=DACT( I )+Z 

DACT( I )=DACT( I ) *Y 
IF(DACT( I ) .LT.O.)DACT( I ) = O .  

DO 7 0  I = l , I E N D  
7 0  ACT( I)=DACT( I) 

RETURN 
END 

2 0  EHLM(I)=Z 

4 0  CONTINUE 

5 0  CONTINUE 

D 60 CONTINUE 
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CHNS 10 
CHNS. 20 
CHNS 30 
CHNS 40 
CHNS 50 
CHNS 60 
CHNS 7 0  . 
CHNS 80 
CHNS 90 
CHNS 100 
CHNS 110 
CHNS 120 
CHNS 1 3 0  
CHNS 1 4 0  
CHNS 1 5 0  
CHNS 160 
CHNS 170 
CHNS 180 
CHNS 190 
CHNS 200 
CHNS 210' 
CHNS 220 
CHNS 230 
CHNS 2 4 0  
CHNS 2 5 0  
CHNS 260 
CHNS 2 7 0  
.CHNS 280 
CHNS 290 
CHNS 300 
CHNS 310 
CHNS 320 
CHNS 3 3 0  
CHNS 3 4 0  
CHNS 3 5 0  
CHNS 360 
CHNS 3 7 0  
CHNS 3 8 0  
CHNS 390 
CHNS 400 
CHNS 4 1 0  
CHNS 420 
CHNS 4 3 0  
CHNS 4 4 0  
CHNS 4 5 0  
CHNS 460 
CHNS 470 
CHNS 4 8 0  
CHNS 490 
CHNS 500 
CHNS 510 
CHNS 5 2 0  
CHNS 530 
CHNS 5 4 0  
CHNS 5 5 0  
CHNS 560 



6381 - 

CBRC 
$STORAGE : 2 

C ...................................................................... 
C T H I S  ROUTINE OBTAINS THE Cl,CZ,C3,C4 COEFFICIENTS USED I N  
C THE INTRUDER IMPACT CALCULATIONS. I F  INUC I S  NOT A MEMBER 
C OF A CHAIN, THEN THE SECTION BEFORE STATEMENT 1 5  I S  USED. 
C OTHERWISE THE SECTION AFTER STATEMENT 15 I S  USED. ...................................................................... 
C 
CBRC $LARGE 

+ 
+ 

SUBROUTINE CALI (  INUC, IP ,C1  ,C2,C3 ,C4, IEN,  IBG,NCH) 
. 

* 
* 
* 
* 

COMMON/BAST/BASCOM( 8 3 4 ) ,  ISPC( 2 ,15 ) ,  PDCF( 85 ,10 ,7 )  
/CHYN/NXUC(85), ICH(8 , lO)  ,LCH( 10) ,ACT(8) ,BCT(8,2) 
/NUCS/AL( 8 5 ) ,  FMF( 8 5 )  ,-RET( 8 5 , 5 ) ,  FRACT( 85,3), NUX( 8 5 )  

I F (  NXUC( INUC) .NE. 0)GO TO 1 5  

Cl=Al*PDCF(INUC,IP,5)  
CZ=Al*PDCF( INUC,IP,E) 
C3=Al*PDCF( INUC,IP,3) 
C4=Al*PDCF(INUC,IP,4)*FMF(INUC) 
RETURN 

c1=0. 
c2=0. 
C3=0. 
C4=0. 
DO 20 I = l , I E N D  
NN=ICH(IBG+I-1,NCH) 
Cl=Cl+ACT( I )*PDCF( NN, I P ,  5 )  
CZ=CZ+ACT( I ) * P DC F( NN , I P ,2) 
C3=C3+ACT( I)*PDCF(NN, I P , 3 )  
C4=C4+ACT(I)*PDCF(NN,IP,4)*FMF(NN) 

20 CONTINUE 
RETURN 
END 

10 A l = A C T ( l )  

1 5  IEND=IEN-IBG+1 

C A L I  10 
C A L I  20 
C A L I  3 0  
C A L I  4 0  
C A L I  5 0  
C A L I  60 
C A L I  70 
C A L I  80 
C A L I  90 
C A L I  100 
C A L I  110 
C A L I  120 
C A L I  1 3 0  
C A L I  1 4 0  
C A L I  1 5 0  
CAL I  1 6 0  
C A L I  170 
C A L I  180 
C A L I  1 9 0  
C A L I  200 
C A L I  210 
CALI  220 
CALI  2 3 0  
CAL I  2 4 0  
CAL I  2 5 0  
CAL I  2 6 0  
CAL I  270 
C A L I  2 8 0  
CAL I  290 
C A L I  3 0 0  
C A L I  3 1 0  
CAL I  3 2 0  
C A L I  3 3 0  
CAL I  3 4 0  
CAL I  3 5 0  
C A L I  3 6 0  
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CBRC CALE 10 
$STORAGE: 2 CALE 20 

CALE 30 
C CALE 40 

CALE 50 ...................................................................... 
C T H I S  ROUTINE PERFORMS THE SAME FUNCTION AS SUBROUTINE "CALI " ,  * CALE 60 
C ONLY NOW FOR SUBROUTINE "EXPWAS" RATHER THAN "INTIMP". CHAIN * CALE 70 
C EFFECTS FOR INTRUDER- AND EROSION-INITIATED EXPOSED WASTE * CALE 80 
C SCENARIOS ARE CALCULATED I N  T H I S  ROUTINE. * CALE 90 

C CALE 110 
CBRC $LARGE CALE 120 

COMMON/BAST/BASCOM( 834), ISPC( 2,15), PDCF( 85 ,10 ,7)  CALE 130 
/CHYN/NXUC(85), ICH(8 ,  l o ) ,  LCH( 10) ,ACT(8) - ,BCT(8,2) CALE 140 

IF(NXUC(INUC).NE.O)GO TO 15 CALE 150 
Cl=BCT( 1 , l)*PDCF( INUC , I P  ,3) CALE 160 

CALE 170 
CALE 180 

CZ=BCT(l,Z)*PDCF(INUC,IP,3) 
C3=BCT( 1,1)*PDCF( INUC, IP ,7)  
C4=BCT( 1,2) *PDC F( I NUC , I P ,7) CALE 190 
RETURN CALE 200 

15 IEND=IEN-IBG+1 CALE 210 
CALE 220 
CALE 230 

c1=0. 
c2=0. 
C3=0. CALE 240 
C4=0. CALE 250 
DO 20 I = l , I E N D  CALE 260 
NN=ICH( I B G + I - 1  ,NCH) CALE 270 
Cl=Cl+BCT( I ,l)*PDCF(NN,IP,3) CALE 280 
C2=C2+BCT( I ,2)*PDCF( NN, I P , 3 )  CALE 290 
C3=C3+BCT( I ,l)*PDCF(NN,IP,7) CALE 300 

20 C4=C4+BCT( I ,2)*PDCF(NN,IP,7) CALE 310 
RETURN CALE 320 
END CALE 330 

SUBROUTINE CALE( INUC , I P  ,C1 ,C2, C3, C4, I EN, IBG, NCH) 

C*X*RR***RR**R*RRX*RRRR*******R******************************************** CALE 100 

* 



CBRC U T I L  10 
$STORAGE : 2 U T I L  20 

SUBROUTINE ZERO(A,N) U T I L  3 0  
U T I L  4 0  
U T I L  5 0  

DIMENSION A( N) 

U T I L  60 
DO 10 I = l , N  

10 A( I)=O. 
U T I L  7 0  
U T I L  80 

RETURN 

. U T I L  90 
END 

C 
CBRC SUBPROGRAMS FOR GROUNDWATER DISPERSION CALCULATIONS NOT USED U T I L  100 
CBRC FUNCTION ERFS( A 1  ,A2) U T I L  110 

U T I L  1 2 0  
U T I L  1 3 0  

CBRC ' A3=0.5*SQRT(AZ/AI)  
CBRC A4=A3*( 1. - A l l  

. .  

CBRC A5=A3*( 1. + A l )  
CBRC IF(A4.GT.O)GO TO 10 
CBRC ERFS=Z.+EXM(A4*A4)*( POLY(AS)-POLY(-A4)) 
CBRC RETURN 
CBRC 10 ERFS=EXM(A4*A4)*( POLY(A4)+POLY(A5)) 
CBRC RETURN 
CBRC END 
C 
CBRC FUNCTION POLY( X 1 )  
CBRC DATA Al,A2,A3,A4,A5,P/.254829592,-.284496736,1.421413741, 
CBRC * -1.453152027,1.061405429, .3275911/  
CBRC T l = l . / ( l . + P * X l )  
CBRC POLY=Tl*( A l + T l *  (A2+T1*( A3+T 1 *( A4+T l *A5)  ) ) ) 
CBRC RETURN 
CBRC END 

FUNCTION EXM(A1) 
A2=0.0 
I F ( A 1 .  LT.85.)AZ=EXP(-AI)  
EXM=AE 
RETURN 
END 

FUNCTION COFF( X ,R) 
DATA U/ .0097/ 
A l = E l (  U*X) 
Rl=SQRT( R*R+X*X) 
COFF=(Al -El (  U * R l ) ) / A l  
RETURN 
END 

FUNCTION DOFF( X )  
DATA U/.  0 0 9 7 /  
A1=1.+.95*U+.35*U*U 
AE=EXM( U)*( 1. -U*EXP( U ) * E l (  U))  
Y=U*X 
DOFF=( 1 .+.95*Y+. 35*Y*Y)*EXM(Y)*( 1 . -Y"EXP(Y)*El(Y)) / (Al*A2) 
RETURN 
END 

U T I L  1 4 0  
U T I L  1 5 0  
U T I L  1 6 0  
U T I L  170 
U T I L  180 
U T I L  1 9 0  
U T I L  200 
U T I L  2 1 0  
U T I L  2 2 0  
U T I L  2 3 0  
U T I L  2 4 0  
U T I L  2 5 0  
U T I L  2 6 0  
U T I L  2 7 0  
U T I L  2 8 0  
U T I L  2 9 0  
U T I L  3 0 0  
U T I L  3 1 0  
U T I L  3 2 0  
U T I L  3 3 0  
U T I L  3 4 0  
U T I L  3 5 0  
U T I L  3 6 0  
U T I L  3 7 0  
U T I L  3 8 0  
U T I L  3 9 0  
U T I L  4 0 0  
U T I L  4 1 0  
U T I L  4 2 0  
U T I L  4 3 0  
U T I L  4 4 0  
U T I L  4 5 0  
U T I L  4 6 0  
U T I L  4 7 0  
U T I L  4 8 0  
U T I L  4 9 0  
U T I L  5 0 0  
U T I L  5 1 0  
U T I L  5 2 0  
U T I L  5 3 0  
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FUNCTION XOQFC( H , R , V , I S )  
DIMENSION A( 6 )  ,B( 6 )  ,C( 6 )  
DATA A/. 2,. 12 ,  .08,:06, .03,  . 016 / ,B /2 *0 .  , .0002, .0015,2*  . 0 0 0 3 / ,  

SIGZ=A( IS)*R/(  (1 .+B( IS)*R)**C( I S ) )  
XOQFCz2 .032*EXP(-O. 5*(H/SIGZ)*(H/SIGZ))/(V*R*SIGZ) 
RETURN 
END 

FUNCTION E l (  X )  
DIMENSION A( 5 )  ,AT( 4 )  ,BT( 4 )  
DATA AO,A/-.57721566,.99999193,-.24991055,.05519968, 

DATA AT/8.5733287401,18.0590169730,8.6347608925 ,O. 2 6 7 7 7 3 7 3 4 3 /  
DATA BT/9.5733223454,25.6329561486,21.0996530827,3.9584969228/ 
IF (X.GT.O. .AND.X.LE. l . )  GO TO 1 0  
I F ( X . G T . l . )  GO TO 30 
STOP ' E l  ARGUMENT NEGATIVE' 

XP=1. 
DO 20 I = 1 , 5  
XP=XP*X 

20 E=E+A( I ) * X P  
E l= (  E+AO)-ALOG( X )  
RETURN 

30 ET=O. 
EB=O. 
XP=1. 
DO 40 1=1 ,4  
XP=XP*X 
I F ( I . E Q . 4 )  GO TO 50 
J = 4 -  I 
ET=ET+AT( J)*XP 

40 EB=EB+BT( J)*XP 
50 E=(XP+ET+AT(4))/(XP+EB+BT(4)) 

El=E/(  X*EXP( X ) )  
RETURN 
END 

* C / 2 * 0 .  ,2* .  5 ,2 *1 . /  

C 

+ - .00976004 ,  . 0 0 1 0 7 8 5 7 /  

1 0  E=O. 

i 

U T I L  540  
U T I L  550  
U T I L  5 6 0  
U T I L  570  
U T I L  580  
U T I L  590  
U T I L  6 0 0  
U T I L  6 1 0  
U T I L  6 2 0  
U T I L  6 3 0  
U T I L  640  
U T I L  650  
U T I L  6 6 0  
U T I L  6 7 0  
U T I L  6 8 0  
U T I L  6 9 0  
U T I L  700  
U T I L  7 1 0  
U T I L  720  
U T I L  730  
U T I L  740  
U T I L  750  
U T I L  760  
U T I L  770  
U T I L  780  
U T I L  790  
U T I L  8 0 0  
U T I L  8 1 0  
U T I L  8 2 0  
U T I L  8 3 0  
U T I L  8 4 0  
U T I L  8 5 0  
U T I L  8 6 0  
U T I L  8 7 0  
U T I L .  8 8 0  
U T I L  8 9 0  
U T I L  9 0 0  
U T I L  9 1 0  

I 
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APPENDIX 8 

TAPE1.DAT - NUCLIDE S P E C I F I C  DATA 
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Backup Copy 

I I t i s  a d v i s a b l e  t o  d u p l i c a t e  t h e  s u p p l i e d  d i s k e t t e  and t o  keep t h e  o r g i n a l  as  a 
backup copy. T h i s  can be accompl ished on a d u a l  d r i v e  pe rsona l  computer (PC) 

t h e  f o l l o w i n g  procedure :  by u s i n g  

1. 

2 .  

3 .  

4 .  

5. 

6. 

7 .  

S t a r t  t h e  PC w i th  t h e  DOS d i s k e t t e  i n  d r i v e  A. 

I n s e r t  a b l a n k  d i s k e t t e  t h a t  w i l l  become t h e  d u p l i c a t e  d i s k e t t e  i n t o  
d r i v e  B. 

A t  t h e  A> prompt t y p e :  2 

FORMAT B: 

T h i s  w i l l  f o r m a t  t h e  d u p l i c a t e  d i s k e t t e .  

When t h e  d i s k e t t e  i n  d r i v e  B i s  f o rma t ted ,  a message w i l l  appear on 
t h e  screen say ing  FORMAT COMPLETE, and # b y t e s  (on  d i s k e t t e  and 
a v a i  1 ab1 e).  

Remove t h e  DOS d i s k e t t e  f r o m  d r i v e  A and i n s e r t  t h e  o r i g i n a l  
d i s k e t t e ,  w i t h  w r i t e  p r o t e c t  t a b  i n  p lace ,  i n t o  d r i v e  A. 

Leave t h e  newly f o r m a t t e d  d i s k e t t e  i n  d r i v e  B. 

A t  t h e  A> prompt t y p e :  

COPY *.* B: 

T h i s  w i l l  copy a l l  t h e  f i l e s  f r o m  t h e  o r i g i n a l  d i s k e t t e  t o  t h e  
d u p l i c a t e  d i s k e t t e .  ..The names o f  t h e  f i l e s  w i l l  appear on t h e  screen 
as  each f i l e  i s  cop ied .  
t h e  copy ing  i s  complete.  

Be su re  t h e  r e d  l i g h t  i s  o u t  on b o t h  d r i v e s ,  t h e n  remove t h e  o r i g i n a l  
d i s \ k e t t e  f rom d r i v e  A and p u t  i t  away f o r  s a f e  keep ing .  

When t h e  A> prompt appears on t h e  screen, 

. G-1 



Worki'ng D i s k e t t e  

To execute IMPACTS-BRC, i t  i s  necessary t o  c r e a t e  a boo tab le  work ing d i s k e t t e  
c o n t a i n i n g  DOS, t h e  executable program f i l e ,  and t h e  i n p u t  d a t a  f i l e s .  
FORTRAN f i l e s  a r e  o m i t t e d  f rom t h e  work ing d i s k e t t e  t o  l eave  s torage space f o r  
t h e  generated o u t p u t  f i l e s .  
s tep 7: 

8. 

The 

The work ing d i s k  i s  c r e a t e d  by c o n t i n u i n g  f rom 

Remove t h e  new d u p l i c a t e  d i s k e t t e  f rom d r i v e  6.  

9. I n s e r t  t h e  DOS d i s k e t t e  i n t o  d r i v e  A. 

10. I n s e r t  a b l a n k  d i s k e t t e  t h a t  w i l l  become t h e  work ing d i s k  i n t o  d r i v e  
B. 

11. A t  t h e  A> prompt type: 

FORMAT B:/S 

T h i s  w i l l  format  the work ing d i s k e t t e  and i n s t a l l  DOS so t h a t  t h e  
d i  sk w i  11 be boo tab l  e. 

Remove t h e  DOS d i s k e t t e  f rom d r i v e  A and i n s e r t  t h e  d u p l i c a t e  
d i s k e t t e .  

12. 
Leave t h e  newly f o r m a t t e d  work ing d i s k e t t e  i n  d r i v e  B. 

13.  A t  t h e  A> prompt type:  

COPY 1MPACTSB.EXE B: 

T h i s  w i l l  copy t h e  executable program f i l e  t o  t h e  work ing d i s k e t t e .  
When t h e  A> prompt appears on t h e  screen again,  t ype :  

/ 

COPY *.DAT B: \ 

T h i s  w i l l  copy t h e  3 da ta  f i l e s  TAPEl.DAT, TAPEZ.DAT, and 
EXAMPLE5.DAT, t o  t h e  work ing d i s k e t t e .  
appear on t h e  screen as i t  i s  copied.  
on t h e  screen, copying i s  complete. 

The names o f  each f i l e ' w i l l  
When t h e  A> prompt reappears 

By removing t h e  d u p l i c a t e  d i s k  f rom d r i v e  A and moving t h e  work ing  d i s k  f rom 
d r i v e  B t o  A, t h e  example probelems f o r  IMPACTS-BRC can now be executed 
acco rd ing  t o  t h e  d i r e c t i o n s  g i ven  i n  s e c t i o n  5.3. 

I 
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