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RIVER-RAD: A COMptTTER CODE FOR SIMULATING 
THE TRANSFWRT OF RADIONUUIDEXS IN RlvERS 

D. M. Hetrick, L M. McDowell-Boyer, k L. Sjoreen 
D. J. "home, and M. R. Patterson 

A screening-level model, RIVER-RAD, has been developed to assess the potential fate 
of radionuclides released to rivers. The model is simplified in nature and is intended to 
provide guidance in determining the potential importance of the surface water pathway, 
relevant transport mechanisms, and key radionuclides in estimating radiological dose to man. 
The purpose of this report is to provide a description of the model and a user's manual for 
the FORTRAN computer code. 

1. INTRODUCT'ION 

A screening-level model for simulating the transport of radionuclides in rivers has been 
developed to assist in determining the importance of this pathway in estimating radiological 
dose to man. The purpose of the present report is to provide a description of the model 
RIVER-RAD - a computer program that combines the river portion of the screening-level 
multimedia model TOX-SCREEN (Mchwell-Boyer and Hetrick, 1982; Hetrick and 
McDowell-Boyer, 1984) and the radioactive decay and daughter buildup algorithms from the 
MLSOIL model (Sjoreen et al., 1984). In addition, a sediment bed compartment has been 
included in the modeL RnrER-RAD was devetoped to provide guidance in determining the 
importance of the surface water pathway, relevant transport mechanisms, and key 
radionuclides through screening-level calculations. 

The RIVER-RAD computer code is written in FORTRAN. The program reads two 
data files provided by the user - WATER-IN and RADIO.IN - and outputs results in two 
files - 0UTPUT.USR and 0UTPUT.RIV (these file names are in OPEN statements in the 
code and thus can be changed easily). The code is not interactive in that it does not prompt 
the user for information during execution, but reads all data from the two input files. 

A complete description of the model and the assumptions used are given in Sect. 2 of 
this document. The structure of the program and subprogram descriptions are given in Sect. 
3. Section 4 describes how to use RTVER-RAD and gives a complete description of the 
input data. A description of the code output is given in Sect. 5. A discussion is included in 
Sect. 6. A listing of the program is given in Appendix A, and Appendix B provides a table 
of important parameters that are used frequently in the program and their definitions, to 
allow the user quick access to this information. Example input data are given in Appendix 
C, and the corresponding output from RIVER-RAD is provided in Appendix D. Appendix 
E compares model results to analytical calculations, 
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2 RIVER-RAD - MODEL DESCRIPTION 

- 

ADSORPTION - DESORPTION kd 

SEDIMENTATION W, 

Radionuclides are transported through a river system in RTVER-RAE) via a 
compartmental linear transfer model (see Fig. 1). The river is divided into reaches 
(compartments) of equal size, each with a sediment compartment below it. The movement 
of radionuclides is represented by a series of transfers between the reaches, and between the 
water and sediment compartments of each reach. Within each reach (for both the water and 
sediment compartments), the radionuclides are assumed to be uniformly mixed. Upward 
volatilization is allowed from the water compartment, and the transfer of radionuclides 
between the reaches is determined by the flow rate of the river. Settling and resuspension 
velocities determine the transfer of adsorbed radionuclides between the water and sediment 
compartments. Radioactive decay and decay-product buildup are incorporated into all 
transport calculations for all radionuclide chains specified by the user. Each nuclide may have 
unique input and removal rates. Volatilization and radiological decay are considered as linear 
rate constants in the model. 

H2 

OHNL -DWG 92M- 12378 

LOADING Pi (t) 

VOLATILIZATION 
V - - REACH I - 1  

I OUTFLOW 

INFLOW , i 
Qt -1 WATER COLUMN REACTIONS k, 

i ADSORPTION - DESORPTION kd 
I 

V I  
I 

I SETTLING RESUSPENSION I I 

I I 
I Wa I 

t//// / ///// 1 

Fig. 1. River system in RIVER-RAD. See page 7 for parameter definitions. 

2 



21 RADIONUCLIDE TRANSPORT IN A RTVER REACH 

The rate of change of activity of radionuclide i (i= 1 for parent and i=2,n for daughters) 
in the water column of a river reach is given by 

where 

Ai = 
Ai = 

Bi = 
Bj = 
HI = 
H2 = 
kl = 
k, = 
Pi(t) = 
Qf = 
v =  
wa = 

wm = 

ws = 
S l w  = 
oca = 
a& = 
Ai = 

- bjj - 
activity of nuclide i in the water column (Ci), 
activity of j  (jci), a parent of daughter i, in the water column (Ci), 
radioactive branching ratio from nuclide j to nuclide i (j<i), 
activity of nuclide i in the sediment column (Ci), 
activity o f j  (j<i), a parent of daughter i, in the sediment column (Ci), 
depth of the water column (m), 
depth of the sediment layer (m), 

first-order volatilization rate constant (s-’), 
the rate at which radionuclide i enters the reach (Ciis), 
river flow rate (m3/s), 
volume of reach (m3), 
settling velocity of adsorbing particles from the water column to the sediment 
layer ( d s ) ,  
resuspension velocity of the adsorbing particles from the sediment layer to the 
water column (ds), 
sedimentation velocity or rate of burial (m/s). 
fraction of radionuclide in dissohed phase in the water column (see Sect. 2.2), 
fraction of radionuclide in particulate phase in the sediment layer (see Sect. 2.2), 
fraction of radionuclide in particulate phase in the water column (see Sect. 2.2), 
first-order radiological decay constant, nuclide i (s-’). 

QfW f %A ( s - 9 9  

The activity of all radionuclides in a reach at time f are obtained by solving the set of 
simultaneous equations represented by Eqs. (1) and (2). In RIVER-RAD the initial activities 
of the radionuclides are assumed to be zero. In the first reach of the river, a source, Pip) ,  
can be input €or the parent radionuclides only. However, more than one radionuclide chain 
can be handled in one simulation. Thus, a parent €or one chain can be a daughter in another 
chain that is input to the code. Subsequent river reaches receive input sources for both 
parent and daughter radionuclides from the p r e d i n g  reaches. 

3 



The system of equations given by Eqs. (1) and (2) can be expressed as a vector-matrix 
differential equation. The matrix operator method of Lee (1976) is used for solving the 
system in RIVER-RAD. This method has been described in detail for MLSOIL, a model of 
radionuclide transport through soil (Sjoreen et al., 1984), and thus will not be discussed here. 

22 THE DETERMINATION OF DISSOLVED AND SORBED RADIONUCLIDES 

Some elements in the lanthanide and actinide series have high distribution coefficients 
and thus a high affinity for adsorption to sediments. Radionuclide interactions with sediment 
are modeled by use of the distribution coefficient, Kd, defined as 

atams of radicgluclide addled / g soil Kd = 
atans of radimuclide dissolved / mL water 

It follows that the fractions of the radionuclide activity in the dissolved (a,,,,) and sorbed 
(ab) forms of the water column are 

and 
Kd*S 

azw = 
1 + Kd*S ’ 

and in the dissolved (at,) and sorbed (a t )  forms of the sediment layer, are 

1 
1 +Kd*Sb 

ab = 

and 

where 

S = suspended sediment concentration in the river (g/mL)p 
‘b = sediment. concentration in the sediment bed (g/mL). 

(4) 

The RIVER-RAD model gives the user the option of either entering or calculating S. The 
sediment concentration S (g/mL) can be calculated as follows: 
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0.001 *F s =  - 
c loo-IF' - + -  

where 

7s = the sediment density (kg/m3), 
Y = water density (loo0 kg/m3), 

and the following formula from Laursen (1958) can be used to compute c' : 

where 

mean sediment concentration (wt % ), 
median sediment particle diameter (m) of size class i, 
Laursen's function, 
acceleration of gravity (m/s2), 
water depth (m), 
sediment size class, 
fraction of bed material of diameter dj, 
slope of the river (dm) ,  
fall velocity for di (ds), 
boundary shear associated with sediment particles (kg/m2), 
critical tractive force (kghn2). 

The boundary shear (r,,') is estimated from 

where 

V = the flow velocity ( i d s ) .  

The constant 590.0928 (I&*) is provided in Laursen's work (1958). The critical tractive 
force zc is expressed as 

r e  = M Y ,  - Y ) 4  Y 

where 

4 = the Shields factor (Lausen, 1958). 
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This latter force represenb the limit below which particles of size class i will not move. In 
RIVER-RAD, values for the parameters w, and 4 are computed by use of cubic splines that 
were fit to curves given in Fields (1976) and Bagnold (1966), respectively. (The user can 
input an overriding value for w, if so desired.) Laursen’s function f is also computed by use 
of a cubic spline that was fit to the curve given in Laursen (1958). Only one size sediment 
class i is allowed by the model. Thus, the only parameters required by RIVER-RAD to use 
Laursen’s formula to calculate sediment concentration are di, s, and y,. Typical values for 
these parameters can be found in McDowell-Boyer and Hetrick (1982). All other parameters 
needed, such as water depth, H,, and river velocity, v, are always input to RIVER-RAD 
whether or not Laursen’s formula is used. 

3. STRUClTJREi OF THE RIVER-RAD PROGRAM 

This section presents the overall structure of the RIVER-RAD computer program and 
summarizes each routine in the code. The listing of the program can be found in Appendix 
A. 

3.1 SUBROUTINE STRUCTURE 

RIVER-RAD consists of 17 routines in all, 10 that were adapted from the TOX- 
SCREEN model (Hetrick and McDowell-Boyer, 1984) and 7 that were modified from the 
MLSOIL model (Sjoreen et al., 1984). The logical structure oE RIVER-RAD is diagrammed 
in Fig. 2. The MAIN program calls subroutine READTN to read the input data, initializes 
variables needed later, and calls subroutine EXEC to begin execution. If the settling velocity 
is not known and left as blank or 0.0 in the input data, READIN will call subroutine WALL 
to compute it, given the median sediment diameter in the river bed. EXEC first determines 
if the suspended sediment concentrations for the river are input or calculated using Laursen’s 
formula. If the sediment concentrations have not been input, EXEC calls SEDCON, which 
in turn calls ELMLAU and SPLEVA, to compute them. Subroutine ALPHA is called by 
EXEC to compute the dissolved and adsorbed fractions for each radionuclide for both the 
water column and the sediment layer in the river [see. Eqs. (3)-(6)]. EXEC then calls the 
WATER routine, which passes the source, the initial conditions, the removal rates, and the 
time step to the DECSRC subroutine, which makes calls to MATACT and its functions 
(ADDEPS, CPROD, PRODUC, VPRDUC, and CVPRD) to calculate radiologic decay and 
buildup. These calculations are done for one river reach at a time. Each decay chain is also 
done separately @e., one system of equations). However, results for the same nuclides from 
different decay chains are added together in the model. The resulting activities of each 
nuclide in each river reach (for both the water column and sediment layer) are stored in 
COMMON and the EXEC subroutine calls OUTPUT to write out the results. 

The system of equations [Eqs. (1) and (2)] is formulated on a monthly basis, that is, the 
source terms for the parent radionuclides and the water velocity of the river are input as 
monthly values. All other input parameters are constant. However, since the equations of 
the model are whitten with an explicit time step, a l d a y  time step is used in the model to 
increase accuracy. The output of the model contains end-of-the-month values of radionuclide 
activities in dissolved, adsorbed, and total form for both the water and sediment compartments 
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for each reach of the river. The monthly results for volatilization represent the summation 
of results of the lday time steps. More details on the output are given in Sect. 5. 

MAIN 

lnitialtzes variables 
and coordinates 
activities 

ORNL-DWG 92M-12379 

READIN I VFALL 

reads and wntes - comwtes settling - 
input parameters velocity ot 

particles 

+ 

x m 
-0 

E 5 & R fi 

L 

EXEC 

coordinates 
acnwttes 

computes sediment 
concentrations computes function 

evaluates a 
cubic spline 

I 

solves system 
of eauations 

+I Dasses source. C, I * E ~ R c  I 

outputs results 

perform 

scaler I 
multiplications j 

performs 
additions 

Fig. 2. Structure of RIVER-RAD program. 
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3 2  SUBPROGRAM DESCRIPTIONS 

The RIVER-RAD subroutines are discussed below (in alphabetical order after the 
MAIN program). If the user desires more details about the code, Appendix B provides a list 
and description of important parameters in the code, in alphabetical order. 

The MAIN program of RIVER-RAD calls the subroutine READIN to read the input 
data. Parameters needed by the model are initialized to 0.0 and stored in COMMON to be 
passed to other subroutines. Then MAIN calls subroutine EXEC to start the simulation. 

3 2 2  subroutine ALPHA 

Subroutine ALPHA computes the fractions in the dissolved (alw and a,) and sorbed 
(ab and a%) forms of each radionuclide [see Eqs. (3)-(6)]. ALPHA computes and stores 
these fractions separately for each parent radionuclide and its daughters. 

3 2 3  Submutine DECSRC 

DECSRC organizes the decay data and removal rates into a matrix array that is passed 
to subroutine MATACT to solve the system of differential equations described by Eqs. (1) 
and (2). The resulting activities for ail radionuclides and daughters are stored for both the 
water and sediment compartments. The results are summed by nuclide, regardless of the 
chains to which they belong. This subroutine was adapted for RIVER-RAD from the 
MLSOIL computer code (Sjoreen et al., 1984). 

3 2 4  submutine EXEC 

EXEC is the main connecting link between the major routines SEDCON, ALPHA, 
WATER, and OUTPUT. The number of time steps (NSEPS) per month used by the model 
is set in this subroutine. In the present version, NSTEPS is 30, implying 1-day time steps. 
If monthly sediment concentrations for the river are not input by the user, subroutine 
SEDCON is called to compute them. EXEC then calls ALPHA (once per month) to 
compute the fractions for the dissolved and sorbed forms of each radionuclide for the water 
and sediment compartments. Subroutine WATER is called every time step to compute the 
activities for the radionuclides in each reach of the river, again for both the water and 
sediment compartments. Finally, subroutine OUTPUT is called at the end of EXEC (once 
per month) to write end of the month results to an output file. 

3.25 submutine FUNLAU 

This subprogram is used to compute Eaursen’s function and other parameters needed 
for computing sediment concentration in the river by Laursen’s formula. The Shields factor, 
4, is computed based on the sediment particle diameter, d. This factor is computed by 
SPLEVA (see Sect. 3.2.10), which performs a cubic spline interpolation. The curve used for 
4 is from Bagnold (1%). The coefficients of the cubic spline were computed separately for 
the curve and appear in DATA statements in FUNLAU. In other words, FUNLAU passes 
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d and the appropriate coefficients to FUNCTION SPLEVA, and Q, is computed. The critical 
tractive force [ma (lo)] is then computed using Q,, the water density, the sediment density, 
and d. The independent variable needed for Laursen’s function PEq. (S)] is computed using 
the settling velocity wo (see subroutine WALL below), the acceleration of gravity, and input 
parameters for water depth and river slope. Finally, Laursen’s function is computed by use 
of a cubic spline that was fit to the curve given by Laursen (1958). These results are passed 
back to subroutine SEDCON, where the sediment concentration is computed. 

3.26 Subroutine MATAiX 

MATACT solves the system of linear ordinary differential equations defined in Eqs. (1) 
and (2) using matrix methods to obtain the activity of each nuclide. The solution is based on 
the method described in Sjoreen et al. (1984). Four subroutines, CPROD, PRODUC, 
VPRDUC, and CVPRD, are called by MATACI’ to perform matrix and scalar multiplication 
of matrices and vectors. Function ADDEPS is used to perform additions; an addition is set 
to zero if it is less than machine epsilon to prevent loss of significance errors. 

3.27 Subroutine OUTPUT 

The sole purpose of subroutine OUTPUT is to write out results from the RIVER-RAD 
calculations to a file named 0UTPUT.FUV. More details about the output are given in Sects. 
4 and 5. 

3.2.8 Subroutine READIN 

The READIN subroutine reads the input data for the RIVER-RAD model from two 
files: RADI0.m and WATER-IN. These input data are discussed thoroughly in the next 
section. After reading the data, READIN outputs the data into the file OUTPUT.USR. 
This helps the user determine whether the data were input correctly. Where appropriate, 
various warning messages are written into this file if the program can recognize that the data 
are incorrect or illogical. See Sect. 5 on output for further discussion of this Ne. 

READIN has the option to call subroutine WALL if the settling velocity (parameter 
SETVEL) is not known and is left blank or set to 0.0 by the user in input file WATER.IN. 
READIN calls WALL to compute the settling velocity given the median sediment diameter. 

3-39 Subroutine SEDCON 

This subroutine is an optional routine that can be used to compute suspended sediment 
concentrations for the river if these vaiues are unknown. Values for the median sediment 
diameter of the river bed, sediment density, water density, average depth, and slope of the 
river must be input in READIN to use SEDCON. SEDCON will call FTJNLAIJ (see Sect. 
3.2.5) to assist in computing the sediment concentration of the river using Laursen’s formula 
(Laursen, 1958). 
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3210 Function SPLEVA 

The sole purpose of SPLEVA is to evaluate a cubic spline function using Homer's rule 
(Forsythe et al., 1977). SPLEVA is used by both subroutine SEDCON and FUNLAU. 

32.11 Submutine WALL 

This subroutine is used to compute the sediment fall or settling velocity, w,, based on 
the median sediment diameter d. A cubic spline interpolation is performed by SPLEVA in 
this computation. The curve used for the fall velocity is from Fields (1976). The coefficients 
of the cubic spline were computed separately for the curve and appear in DATA statements 
in WALL @e., WALL passes d and the cubic spline coefficients for the curve to 
mJNCIlON SPLEVA, and w, is calculated). 

3-211 Submuthe WATER 

This subprogram passes the radionuclide source term (parent radionuclides into first 
reach of river only), the removal rates for each radionuclide from one reach to the next plus 
the volatilization rate, the removal rate of each radionuclide from the water compartment due 
to settling, the removal rate from the sediment compartment due to resuspension and 
sedimentation, and the initial activities of the nuclides for each reach (for each time step one 
reach at a time) to subroutine DECSRC, where the decay and daughter ingrowth are 
calculated. Upon return from DECSRC, the activities for each reach are stored to be used 
as the initial activities for the next time step and for flow from reach to reach. Likewise, the 
activities of the radionuclides in the sediment compartment below each reach are stored. Also, 
the volatilization from the river is summed from all reaches for each month and stored. 

4. RIVER-- OPERATION 

This section presents the necessary information on how to run the RIVER-RAD 
computer code. A complete discussion of input data is included. While reading this section, 
it will be helpful to refer to Appendix C, which contains sample input data. 

4.1 MODE OF OPEW'ATION 

Before the execution of RIVER-RAD is possible, the user must first prepare two input 
data files: RADIO.IN and WATER.IN. These files are requested by OPEN statements 
within the code. RADIO.IN contains the listing of the parent radionuclides and their 
daughters, as well as their decay matrices (see Appendix C). This file is provided to the user 
with the code, but instructions will be given here so that the user can modify RADIO.IN if 
necessary. WATER.IN includes information, such as the number of years the user wants the 
simulation to run, the names and source terms of the parent nuclides, the river water velocity, 
the dimensions for the reaches, the volatilization rates and distribution coefficients Kd for the 
radionuclides, and the sediment parameters (see Appendix C). These files are described in 
detail below. 
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During execution, RIVER-RAD writes results into two files: 0UTPUT.USR and 
OUTPUT-RN (these files are also specified by OPEN statements in the code). These 
output files are discussed further in Sect. 5. 

RIVER-RAD has been run on several different computers, including IBM compatible 
PC’s (286,386, and a), an IBM RISC 6oO0, and a VMS VAX 8600. The following section 
discusses in detail how the input data should be constructed by the user. 

4 2  INPUT DATA 

Tables 1 and 2 will aid the user in preparing the input files WATERXU and 
RADIO-IN, respectively. Three types of standard FORTRAN format codes appear in Tables 
1 and 2 the A, E, and I formats. The A format code is used in transmitting data that are 
in character format, the E format code is used in transmitting real data, and the I format d e  
is for integer data. For the E and I formats, leading, embedded, and trailing blanks in a field 
of the input card are interpreted as zeros. In E format, if thedecimal point is present, its 
position overrides the position indicated by the d portion of the format field descriptor 
(Ew.d), and the number of positions specified by the w portion of this field must include a 
place for it. For E formats, the E may be omitted from the exponent if the exponent is 
signed @e., l.OE+l may be typed 1.0+1). 

Table 1 is used to prepare file WATERJN. N a e  that the names of the parent 
radionuclides (parameter NUC, card set 3, Table 1) in file WATER.IN must be read exactly 
as they appear in file RADIO.IN (see parameter DAUGHTER, card 2, Table 2). The code 
reads the parent nuclide name NUC from file WATERJN, then searches file RADIO.IN for 
the same name in order to retrieve names of the daughters as we11 as the decay data. In the 
example files given in Appendix C, the names of the radionuclides are left justified in the 
field of character format As. The nuclide names are given as isotope symbols (e.g., SR-90, 
Y-90, etc.). Also, in file WATER-IN, the first 20 columns of each line are reserved for 
comments, such as the name(s) of the parameter(s) that is(are) included on that line (e-g., 
see the file in Appendix C). 

For the volatilization rate, k, , and the soil-water distribution coefficient, kd (Table 1, 
card set 8), the values of the parent are given first, followed by values for each of the 
daughters given in the order that they are read (see Table 2, card 2). -If more than one 
parent is desired in a simulation, then values fork, and k,, are given for parent number 1 (see 
Table 1, card set 3) and its daughters fmt, followed by parent number 2 and its daughters, 
etc. Values are always given for each daughter, even if a daughter had appeared previously 
for another parent. Note that data for k, and kd are not given for short-lived daughters. 

The user has the option of either entering the settling velocity wa (Table 1, card set 11) 
or leaving it blank or 0.0 and the code wiil compute it via subroutine WALL. In either case, 
the parameter (SEI’VEL) is written to file 0UTPUT.W.  
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Table 1. Water parameters input sequence (file WATER-IN) 

card P- cdumn 
.et FalIUt - T y p e  paition Unit. andarnment. 

1 (BXW JYRS Integer 29-30 (-) Number of years to be 
(Right justified) simulated; limited to 10 

due to dimensioning 

2 (28X,I2) NNUC Integer 29-30 (-) Number of parent radio- 
nuclides to be simulated; 
limited to 10 due to 
dimensioninn 

(Right justified) 

3 ( 2 0 M )  NUCO Chamcta 21-28 (-) Radionuclide name ob 
( I=k  "uc) parent nuclide I=l.  Enter 

NNUC lines 

4 ( a ~ , 6 ~ 1 0 3 )  WQINR R ~ I  21-30 I=~ ,MON=I , IYR=~ 
(line 1) (I,MON,IYR) 31-40 1=1,MON=2,IYR-l 

71-80 I~l,MON=6,IYR=l 

7180 I=l,hfON=12,IYR=l 

5 (20X,6E10.3) WVELR Real 21-30 for MON=l,IYR=l 
(line 1) (MON,IYR) 31-40 for MON=2,IYR=l 

71-80 for MON=6,IYR=1 

5 (20X6E10.3) WVELR Real 21-30 for MON=7, IYR=l 
(iine 2) (MON,IYR) 

71-80 for MON=12JYR=l 

6 M U )  NFt Integer 29-30 
(Right justified) 

Radionuclide source rate 
into reach 1 of the river 
for parent 1, month MON 
and year IYR. MON=l 
signifies the month 
October 

The average water velocity 
of the river for month 
MON and year IYR. 
Repeat Set 5 for each year 
for JYRS years 

(-) Number of reaches that 
river is broken into; 
limited to 20 due to 
dimensioning 
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Table 1 (continued) 

7 (20WE10.3) WLENR Real 21-30 m Length of each river reach 
(all reaches have same 
dimensions) 

W I D R  Real 31 40 m Average width of the river 

\NDEPR Real 41 -50 m Average depth of the river 

8 (U)X,2F,103) WKVR Real 21-30 s-' VOlatilizatiw rate constant 
(J, 9 

I = l ,  " U C  
J=1, SIZE (I) 
(scc Table 2 
for definition details 

for daughter J of parent I 
(J=l is parent and J-2, 
SIZE (I) are daughters). 
See Sect. 4.2 for more 

of SIZE) 

SWKDR Real 31 40 (atoms/& / Soil-water distribution 

(JJ) 

J = l ,  SIZE (1) 

(atclmslmL) mefiicient for parent I, 

uplanation for WKVR) 
I = l ,  NNUC daughter J (see 

9 (26X,A4) SEDRIV Character 27-30 (-) If total suspended 
(Right justified) sediment concentration in 

the river is known, type 
YES in columns 2S-30, 
othenvise, type NO in 
columns 29-30 

71-80 for MON=12, IYR=1 
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Table 1 (continued) 

card Parameter Type Column Definitions 
set Format name postion Units and comments 

10 (ZOX,3E103) DENSDR Real 21 -30 glm3 Sediment density in river 

DENWR Real 31 -40 g/m3 Water density 

S U P E R  Real 41-50 (-) Slope of river bed 

11 (ZOX,6E103) D M B R  Real 21 -30 mm 

SEDCS Real 31 40 w m '  

SDEPR Rea1 41 -50 m 

RESVEL Real 51-60 mmlyr 

SEDVEL Real 61 -70 mmlyr 

SETVEL Real 7180 

Median sediment diameter 

Solids concentation in 
sediment layer 

Depth of sediment layer 

Sediment resuspension 
velocity 

Sedimentation velocity 
from bottom of sediment 
layer 

The settling velocity (if 
left blank or 0.0, WALL 
subroutine used lo 
compute it) 
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Table 2 Nuclides Decay Data Parameters Input Sequence (file RADIO-IN) 

SIWI) Integer 1 -3 (-) The length of the 
(Right justified) radionuclide chain. 

1 (213) 

Includes the p r e n t  plus 
the number of daughters. 
I is the i n d a  for the chain 

Integer 4-6 (-) The number of short-lived 
(Rqht justified) daughters for chain I 

2 (lX,S(M,Ur)) DAUGH- character 2-9 for J = l  (-) The names of parent and 
TER 10-17 for J=2 its daughters. I is the 
( J 7 9  16-25 for 5-3 i n d a  for the chain; J = l  is 

J=l,  SIZE (I) CtC. the index for the parent 
and 552 lo SIZE (1) arc 
indices for daughters 

3 (AB,I3) EXNAME Character 1-8 
(JJ) 

NEXTRA(I1 
J-1, 

PARNUM Integer 9-11 
(Right justified) 

4 (8E103) DECAY Real 1-10 for J=l,K=l 
11-20 for J=l ,K=2 

etc. for SIzE(1) J=l,SIzE(I) 
K=l,SIZE(I) lims of matrix 

Ou4 

(-) Name of short-lived 
daughter for chain I. If 
NEXTRA 7 1, nart line 
would contain name of 
zwmld short-lived 
daughter, etc. 

Number of the index in 
parameter DAUGHTER 
rhal is parent for  short- 
lived daughter 
EXNAMYJJ) 

Decay matrix for chain I 
(see Sect. 4.2). There are 
SEE(1) lines in this set 

(-) 

is 



The decay matrix (Table 2, card set 4) is defined as follows: 

4 1  = - A, 3 

where 

Ai 
b, 

= 
= 

the decay constant for nuclide i in s-'. The decay constant = ln(2)half-life. 
the branching fraction from nuclidej to nuclide i (unitless). 

The matrix is lower triangular. Decay data for short-lived daughters are omitted from the 
decay matrices because their activity is set equal to that computed for their parent (see card 
set 3 of Table 2). 

5. DESCRIPTION OF CODE OUTPUT 

This section gives a detailed description of what is written into the two output fdes 
0UTPUT.USR and 0 U T P U T . W .  The reader is referred to Appendix D, which contains 
the RIVER-RAD output that was written during execution of the code using the sample 
input C. .:a from Appendix C. 

The input data to RIVER-RAD are written to file 0UTPUT.USR so that the user can 
determine if they were input correctly. The input parameter names, the definitions, the units, 
and the values for the parameters are listed in this file. The file includes a listing of the 
daughters for the parent nuclides (the parent names come from file WATER.IN, and the 
daughters of the parents are read from RADIO.IN). The model flag (SEDRW) that the user 
inputs to determine whether the suspended sediment concentrations of the river are either 
input directly or are calculated in the model is listed, and the option chosen is explained. 
Following the definitions of the parameters, a table is printed showing the monthly 

- magnitudes of the source terms for each of the parent nuclides. - 

Where feasible, the RIVER-RAD computer code checks the input data, and if an error 
(an obviously illogical value or choice) is detected, a message is printed into file 
0UTPUT.USR and execution stops. For example, if the parameter NUC(1) (Table 1, card 
set 3) is not input correctly so that it will match the parameter DAUGHTER( 1,I) (Table 2, 

STOP", where is the name that the user typed for parameter NUC in WATER-IN. 
Numerous other checks such as this one can be found in the computer program. Also, some 
checks are made during actual execution of RIVER-RAD (Le-, after the input data are read). 
If errors are detected, messages will be written into this file. Thus, the user should always 
check file 0UTPUT.USR carefully, especially if execution stops prematurely. 

card 2), the following message will appear: "NUCLIDE NOT IN DATABASE - 

16 



5 2  RESULTS wIuTJxN To 0uTPuT.w 

The calculated monthly radionuclide activities and media interaction terms are printed 
into a file named 0UTPUT.RIV. The contaminated surface area of the river is printed first. 
Thereafter, for each month, the activity (Ci) for each radionuclide (in the dissolved or neutral 
form, the adsorbed form, and the total form) is printed for each river reach for both the water 
and sediment compartments. Also, the media interaction rates in Ci/mon are printed for each 
radionuclide. Note that volatilization is the only interaction term considered in the RIVER- 
RAD model at present. All the other media interaction rates (deposition on water, surface 
runoff, groundwater runoff, and washload) are assumed to be 0.0 in the present model and 
are printed as such in 0UTPUT.RIV. See Appendix D for examples. 

6. DISCUSSION 

This report has provided a description and subroutine structure of the RIVER-RAD 
model, input requirements and format, and description of output from the RIVER-RAD 
computer code. The RIVER-RAD model is a combination of the river portion of the TOX- 
SCREEN program (Hetrick and McDoweU-Boyer, 1984), modified to include a sediment 
compartment, and the routines used to compute radioactive decay and buildup from the 
MLSOIL model (Sjoreen et al., 1984). Thus, proven routines have been used in the 
development of RIVER-RAD. All the subprograms of RTVER-RAD have been tested by 
doing preliminary stand-alone computer runs for each routine. For example, the results 
computed by subroutine SEDCON were checked by writing a driver routine that supplied 
SEDCON with the appropriate parameters. Where possible, these results were compared 
with hand computations. 

Once the subroutines were assembled to form RIVER-RAD, numerous additional 
checks were made to ensure the results were correct. For example, the results for RIVER- 
RAD were compared with TOX-SCREEN results (using the river portion only) for isotopes 
that had no daughters. The results from the two models matched very closely; note that the 
solution techniques differ between the two models, To check results for daughters, a 
"regular" run was performed for an isotope and its daughters, using three river reaches and 
assuming there was no settling to the sediment compartment (Case 1). The RNER-RAD 
program was modified temporarily to take the results for the parent and daughters from Case 
1 for the first reach and input these results to the first reach (Case 2). The results for the 
first reach from Case 2 were found to equal the results from the second reach in Case 1. 
Also, the model was run to steady state using a constant source term and constant river water 
velocity. The steady-state results compared closely with the analytical solutions for both the 
water and sediment compartments. Thus, much effort was put forth in checking and 
rechecking code calculations. 

RIVER-RAD results from the first reach of a river are compared with an analytical 
equation for ingrowth of activity of a radioactive daughter in Appendix E. The d e  was 
temporarily modified not to allow any settling to the sediment compartment for these results. 
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The equation cannot be compared with model results for downstream reaches below the first 
reach because these reaches receive daughters. 

At present, RIVER-RAD does not include media interaction rates, such as deposition 
on water, surface runoff, groundwater runoff, and washload. Thus, the only way to input such 
rates is to include them in the input source term. RIVER-RAD has the capability to easily 
add media interaction terms if needed. 

The input data in Appendix C used for the sample computer runs that produced the 
output in Appendix D were hypothetical. It was the authors’ intent to show the capabilities 
of the model through use of these examples, not to show an actual application. It is hoped 
that R m R - R A D  can be used as a screening device in identifying radionuclides that are 
highly unlikely to pose a problem even under conservative assumptions. 
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APPE3JDDC A 

C 
C 
C 
C 
C 
C 
C. 
C 
C 
C 

C 
C -  
C 

LISTING OF RIVER-RAD 

The MAKN program is given first, followed by the subprograms in alphabetical order. 

RIVEB-RAD 
RIVER SCRE~IIG-LEVEL HODEL FOR RADIONUCLIDES 
D.H. BETRZCK, L.M. KDOWELL-BOYER, A.L. SJOREEN, 

D.J. TBDRNE, AMI M.R. PATTERSON 
OAK RIDGE NATIONAL JABIXATCXY 

JUNE. 1982 
DEVELOPED TO ASSESS TEE KITERTIAL FOR EllVIRoNHeffFAL ACCUMUWTIOII OF 
RADIOl?tJCLIDES EELEASED TO SURFACE WATER (RIVERS). 

PARMETER ( N D A U = l O , N D A U 2 ~ 2 O , W " U C A L L 1 2 0 0 , ~ 2 O )  
~ / M E D U / A W a I l R ,  WMoUR(NUwLL ,HREAc", 

coH93I1/WPARR/WVELR( 12,wyRsl ,wOI#R(NNUCL, 12,wYRs). 
s SWQIHR, SbQOUR. SURROF ,GRwRDF 

s W N R I v ( N D b U 2 , ~ , N R E A c B ~ , ~ ~ ~ ~ U , ~ c L ~ ,  
s HR. WWfDR, WLEAR, WDEPR, WMLR. AREAR 
REAL*8 ~ L D , W M U v  

-- READ DATA 
CALL READIM 

C 
c --- INITIALIZE VARIABLES (VOLATILIZAIION T m ,  
c --- RUl?OFF TERMS, ETC.) 
C 

DO 30 K-1,NR 
DO 20 J-1,"UCL 
w 20 I=l,rnU 
CO#OLD(I.J)ID.O 
CONRIV(I,J,K)=O.O 

20 WNRIV(I+NDAU,J,K)-0.0 
30 CONTINUE 

suRRoFIo. 0 
GRWROF=O. 0 

C 
c --- cALLRouT1m PCIRMECUTIONLEVEL 
C 

CALL M E C  
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SUBROUTINE ALPHA 
PARAMETER (M)AU=1O,NNUCL=1O,NYRS=10) 
CCtm)N/SDPARR/SEDCR(12,NYRS),DIASDR,DENSDR,DENWR,SLOPEX, 

CCtm)N/EQUIL/SWI;DR(NDAU.NNUCL) 
CU+KIN/FWGS/SEDRIV 
CU+KIN/ALPHAS/AlR(NDAU, NNUCL) , A2R (NDAU, NNUCL ) , A1S (NDAU , "UCL 1, 

CcFMoN/NUM/NNUC, "EW, SIZE (NNUCL 1, NEXTRA(NNUCL 1, P A R "  2, "UCL 
INTEGER SIZE.PAR" 
DATA EPS/l.OE-5/ 
IWl2 

S SEDCS,SDEPR,SETVEL,RESVEL.SEDVEL,CONSDR 

s AZS(NDAU,"UCL) 

C 
C 
C CONSDR IS IN KG/M**3, NEED G/ML, SO MULTIPLY BY .001 
C CDMPUTE ADSORPTION TERM (ADSORB) AND DENMINATOR (DENOM) 
C 

Do 20 I=l,NNUC 
DO 20 J-l.SIZE(1) 
ADSORB=SWKOR(J,I)*CONSDR*.OOl 
DENWl.O+ADSORB 
ADSORBS=S~R(J,I)*SEDCS*.OOl 
DENCMS=l.O+ADSORBS 

C 
C COMPUTE ALPBA 1 6. 2 FOR RIVER (WATER 6r SEDIMENT). 

AlR(J,I)=l.O/DENCM 
AZR(J,I)=ADSOREJ/DENOM 
AlS(J.I)=l.O/DEN~ 
AZS(J,I)=ADSORBS/DENCMS 
IF((AlR(J,I)+AZR(J,I)-l.O).LT.EPS.AND. 

$ (A1S(J.I)+AZS(J.I)-l.O).LT.EPS)GO TO 20 
C 
C WRITE ERROR MESSAGE 
L. 

WRITECIWP, 10) 
FORMAT(U(,'ERROR IN ALPBA ROUTINE, ALPHAS FOR PIVER DO NOT ADD UP 
ST0 1.0') 
STOP 

20 CONTINUE 

10 

C 
RETURN 
END 

SllBROUTINE CPROD(A,B,C,M,N) 
REAL*8 A(M,M),B,C(M,M) 
DO 10 111.N 
DO 10 J-1,N 

10 A(I,J)=B*C(I,J) 
RETURH 
END 

SUBROUTINE CVPRD(A,B,C,M,N) 
REAL*8 A(H) ,C(M) ,B 
DO 10 I-l,N 

RETURN 
END 

10 A(I)=B*C(I) 
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subroutine DECSRC(l,k,AO,P,TIME,IAM1,ISTEP,NSTEPS,A) 
C****"********************~**********************~****************** 

C DECSRC 
C Computes decay of source term; uses GG Killough's algorithm 
C for Lee's method for solving the decay matrices 
C 
C AL Sjoreen 
C 
C Oak Rice National Laboratory 
C P.O. Box 2008 
C Oak Ridge, TN 37831 
C 
C Created: October, 1989 
C Updated: 3/15/90 
C H3DIFIED: 4/14/92 BY D.H. "RICK FOR USE IN RIVER-RAD 
C 
C Makos calls to: HATACT and it6 functions 

c NOTE!! this subroutine assmnes that all source nuclide names rill be 
c found in the data base. 
C 
C*****n***************************************~******~***~***~~*** 

PARAMETER (~CL=10,RDAU~lO,NDAU2~ZO,NUCAU~2OO,NREACRZO) 
CCM3)A/ALPIUS/A1R(t,~~),~(NDAU,"VCL),AlS(HDAU,#WUCL), 

CC"/WRAl'ES/WKVR(NDAU, "UCL 1 
~ / N u I I / " u c , w N E w , s x ~ ~ ~ ~ , K M T R A ~ ~ L ~ , P h R F I u M ~ 2 . ~ )  
~ / D E C / D E C A Y ( H , N D A U , ~ ) . D E C A Y S R C ( W O C A U )  
~ / C B A R / H U C ( H ) , D A ~ ~ ( ~ A U , # # U C L ) , ~ ( I , ~ )  
C ~ / O u T / w v o L A R ~ R u c A u ~ , A c T R 1 ~ ~ L , ~ C E ~ ,  

C~N/MEDIA/U9INR,UAPOUI1(WUCALL,IPREACB). 

CEARACTER*8 NUC,DAUGEITER,EXtWSE 
REALf6 M(HDAU2),TIME 

REAL*B C (NDAU2, NDAU2 ,A0 ("DAW2 ) , P(HDAUZ ) .A(NDAU2 ) ,AI (ADAUP ) 
inteqer size,actwt(NUCALL),parnum 

C 

s Azs ~IPMU, IwUcL) 

S AcTR2(#ucALL,-) ,ToTAcR(mALL,-B) 

s SWPINR, SwQOvR, SuRRaf ,GWROF 

C REAL intdscsr(#UCALL) 

c time is in seconds 

c i is the index of the source nuclide 
c 

C 

mew is the total number of source nuclides plus daughters 
C 

actout(1) = i 
C 
c check if any wmbsrs of this chain are already present in another chain 

do 40 1mu=2,size(i) 
do 35 n=l,nnew 
if(nuc(n).eq.daughter(mp,i)) then 
actout(m) - n 
80 to 40 

endif 
35 con t inue 

Me?a = mrerrtl 
nuc(nnerr) = daughter(mp,i) 
actout(nui) = mew 

40 continua 
if(nextra(i).le.O)go to 52 

C 
c nextra(i) i s  the number of short-lived dmu&htrrs for chain 1 
C 

do 50 ou4,nextra(i) 
do 45 n=l,nnew 

if(nuc(n).eq.exname(~,il) then 
actout(esize(i)) - n 
80 to 50 

endif 
45 continue 
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nnew = nnew+l 
nuc(nnew) = exname(w,i) 
actout(dsize(i)) = nnew 

50 continue 
52 continue 

C 

c set data for solution subroutine call 
C 

do 60 rmr.l,size(i) 
mnpsiz.-onm+size(i) 
a(w) - O.dO 
ai(mn) = O.dO 
a(mnpsizPO.Od0 
ai(mnpsiz)=O.OdO 
do 55 n-l,size(i) 

55 c(n,mn) = decay(mn,n,i) 
c(n+size(i) ,mnpsiz)=decay(m,n, i) 

c(~siz,mnpsiz)~c(rrmpsiz,~siz)-lamr~~psiz) 
60 C(mn,mm) - c(m,m) - lamr(m) 

nsiz2=size(i)*2 
call matact(C,AO,P,nda~,nsizZ,time,A,AI) 

do 65 n=l,size(i) 
c integrated result is in Citor Bq)-yr 

C intdecsr(actout(n)) = intdecsr(actout(n)) + ai(n)/secYr 
decaysrc(actout(n)) Q decaysrc(actout(n)) + a(n) 
decaysrc(actout(n)+nnew) = decaysrc(actout(n)+nnaw) + 

> n(n+s. -a(i) 1 
waqour ( actout (n) , k )=*aqour (actou, rr 1 ,k )+ 

> a(n)*rpkvr(n.-..alr(n,i) 
if(istep.lt.nsteps)Bo to 65 
actrl(actout(n),k)=actrl(actout ’ i.k)+a(n)*alr(n.i) 
actr2(actout~n),k)=actr2(actout!n) , l )+a(n~*a2r~n, i~ 
actrl(actout(n)+nnew,k)=actrl(actout(n)+nnew,k)+ 

> a(n+size(i))*als(n,i) 
actr2(actout(n~+nnew,k~=actr2(actout~n~~e~,k~+ 

> a(n+size(i))*a2s(n,i) 
totacr(actout(n),k)=decaysrc(actout(n)) 
totacr(actout(n)+nnew,k)=docaysrc(actout(n)+nnm) 

65 continue 
c store results for short-lived daughters 

C 
C 

> 

5 

> 

> 

> 

> 

70 

if(nextra(i).le.O)roturn 
do 70 n=l,nextra(i) 
nn = n+size(i) 

intdacsr(actout(nn)) = intdecrr(actout(nn)) + 
ai(pamum(n))/secyr 

decaysrc(actout(nn)) = decaysrc(actout(nn)) + a(parnurn(n,i)) 
decaysrc(actout(nn)+nnen)decaysrc(actout(m)+nnew)+ 

waqour(actout(nn),k)IPraqour(actout(nn).k)+a(parnum(n,i))* 

if(istep.lt.nsteps)&o to 70 
actrl (actout(nn) ,k )=actrl( actout(nn) , k )+a( parnumcn, i ) )* 

actr2(actout(nn),k)=actr2~actout(nn~,k)+a~parnum~n,i~~* 

totacr(actout(nn),k)decaysrc(actout(nn)) 
actrl(actout(nn)+nner,k)=actrl(actout(nn)+ew,k)+ 

actr2(actout(nn~+nnsv.L)=actr2(actout(nn)+w,k)+ 

totacr(actout(rm)+nnew,k)decaysrc(actout(nn)+rmsrt) 
continua 

a(parnum(n,i)+size(i)) 

wkvr(parnum(n, i) , i )*alr(parnum(n, i 1, i 1 

rlr(pamum(n,i),i) 

n2r (pamudn, i) , i 1 

a(pamum(n, i )+size(i 1 )*als(pamum(n, i 1. i 1 

a(pamum(n,i)+size(i))*a2s(pam~(n,i),i) 

return 
end 
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SUBROUTINE EXEC 
C 
C 

PARAMETER (NUCALL-;20O,NYRSP;lO,HREACB=ZO) 
COMYON /MI JYRS 
C ~ N I M E D I A / A ~ I N R , ~ ~ ~ ( ~ ~ L , R R E A C H l ,  

C~N/SDPARR/SEDCR(lZ,NYS~,DIASDR,DENSDR.DENWR.SLOP€R, 
$ SW2INR,~UR,SURROF,GRWROF 

s SEDCS,SDEPII..SE~,REmU,SEDVEL,C~SDR 
MEMON/FLAGS/SEDRIV 
REALNO 
DATA NO/4H NO/,YES/rlE YES/ 

RUN FOR JYRS 

TIME SEIP IS 1 DAY, NSTEE'S IS NUMBER OF STEPS PER mNTH 

DT=l.O*24.0*3600.0 
NSTF2S-30 
Do 20 1 - 1 . m  

w 20 n431,12 

FIFlD SEDIMENT COKENTMTION 

IF(SEDRIV.EQ.YES) CONSDR-SEDCR(IMD,I) 
IF(SEDRrV.EQ.NO) CAU SEDCON(IMOo,I) 
CALL ALm 

DO MONTHLY RADIONUCLIDE CYCLE SIMULATION 

Do 10 ISTEPe1,RSTEPS 

C CALCULATE SOIL TO UATW RATE 
C 

C 
C 
C CALL WATER SUBROUTINE FOR CALCULATION OF WATER ACTIVITIES 
C 6. INTERACTION TERMS BETWEEN WATW 61 AIR 
C 

~ U R - ( S L R R O W G R H R O F ~  

CALL WAIW(IM3,I,DT,ISTEP,NSTEPS) 
10 CONTINUE 

C 
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SUBROUTINE FUNLAU(DIASED,DENSED.DENWAT,WDEPTE,SLOPE,TCRIT, 

PARAMETER (HYRS-10) 
Ca310N/SDPARR/SEDCR(12,NYRS),DIASDR,DENSDR,DENWR,SLOPER, 

DIMENSION SVFL(26).F(26).BFLlNC(26),CFUNC(26),DFUNC(26),DIATHE(22), 

$ FUNC,TOPFAC,RATIO) 

$ SEDCS,SDEPR,SETVEL,RESVEL,SEDVEL,CONSDR 

$ SHIELD(22) ,BTHETA(Z2) .CTEETA(ZZ) ,DTHETA(IZ) 
C 
C DIATHE, SHIELD, BTBETA, CTEETA. 6 DTHETA ARE PARAMETERS 
C NEEDED IN SPLINE CALCULATION OF SHIELDS FACTOR (THETA) BELOW. 
C 

DATA DIATHE/.01,.015,.02..03,.04,.06,.08,.1,.15,.2,.3,.4,.6,.8, 

DATA SHIELD/1.0,.60..43..275..20,.17..12,.085,.06,.05,.038,.034, 

DATA BTBETA/-112.5423,-51.66603,-22.79358,-10.40648,-4.580516, 

$ 1.0.1.5,2.0,3.0,4.0,6.0,8.0,10.0/ 

$ .032,.033,.034..04,.045,.053,.056,.059,.06..06/ 

$ -1.203952,-2.603676,-1.131346,-.1963915,-.1830883, 
S -.06868714,-.02216312,,0003529924,.005751148,.006642417, 
$ .01262521,.008856734,.005609170,.001706586,.001042143, 
S .0001248412,-.00004150783/ 

S -124.421,54.43484,19.18166.-.4825736,.7486376,.3953741, 
$ .06986621,.04271434,-.01572356,.02017991,-.008214317, 
$ .0006773615,-.003924926,.00002234224,-.0003545637, 
3-.0001040873,.00002091275/ 

$ 2980.931,-587.553,-131.0949,8.208074,-1.177545, 
S -1.085026,-.04525312.-.0973965,.05983912,-.01892948, 
S .005927786.-.001534096,.001315756,-.00006281766, 
$ .00004174608,.00002083333..00002083333/ 

DATA C111ETAA/7350.127,4825.127,949.3631,289.3469,293.2492, 

DATA D~TA/-168333.3,-258384.3,-22000.54,130.0753.-6961.17, 

C 
C SVFL, F, BFUNC. CFUNC. DFUNC ARE PARAMETERS NEEDED IN SPLINE CALCULATION 
C OF LAURSEN’S FLlNCTION (FUNC) BELOW. 
C 

DATA svFL/-4.60517.-3.91202,-3.21887,-2.81341,-2.52573.-2.30258, 
$ -1.60944,-.91629,-.51083,-.22314,0.,.69315,1.38629,1.79176, 
$ 2.07944.2.30258,2.99573.3.68088,4.09434,4.38203,4.60517,5.29832, 
$ 5.99146,6.39693,6.68461,6.90776/ 
DATA F/1.253,1.411.1.569,1.668,1.758,1.792~1.960,2.197,2.398, 

$ 2.565,2.773,3.496,4.867,5.768,6.397,6.667,8.455,9.245,9.904, 
$ 10.127,10.275,10.545,10.692,10.799,10.878,10.933J 

S .2907453,.4489659..4939646,.7892218,.9613132,1.469371,2.224274, 
$ 2.227120,2.096494,2.233934,1.642620,1.487729,1.199163,~6293903~ 
$ .6281968,.2352389..2356600,.2792161,.2636840,.2254239J 
DATA CFuIpC/-.007068473..01006856,-.03320577,.2827604,-.5995552, 

$ .2229258,-.006787031,.2350501,-.1240681,1.150371,-.3791451, 
$ 1.112114,-.02300823,.03002671,-.4840906,1.100025,-1.953107, 
$ 1.729647,-2.441297..4607183,-.466067,-.1008493,.1014569, 
$ .005964327,-.05995511,-.1114997/ 

$ -.1104696,.1162986,-.2952353.1.476635,-2.20~838,.7171412, 
$ -.5458842,.04359956,-.5957051,2.366401,-1.46024,1.771023, 
S -3.428981,3.362434,-1.384460,.1756319,.09728969,-.07850358, 
$ -.07638051,-.0769955.-.0769955/ 

DATA BFUNC/.2288849..2309644..2149268,.3161113,.2249758,.1409309, 

DATA D~C/.008241137,-.02081047,.2597594,-1.022335,1.228592, 

IwP-12 
C 
C DIASED IS SEDIMENT kEDIM DIAMETER IN m. 

DU-DIASED 
IF(DIASED.GE.DUTBE(l).Atll).DIASED.LE.DIA1E(22))GO TO 20 
IF(DIASED.LT.DIATEE(l))DIA=DIATEE(l) 
IF(DIASED.GT.DIA~(22))DIA=DIATEE(22) 
WRITE( IWP, 10 1 

10 FORMAT(lX,’WARNIRG IN FUNLAU: TEE SEDIHENT DIAMETER IS OUTSIDE TEE 

20 THETAISPLFVA(22,DIA,DUTHE,SHIUD,BFBETA.CTEETA.DTETA) 
$ 3OUNDS OF THE ’./.lX.’SAIELDS FACTOR CURVE; CODE USED ENDPOINT’) 

C 
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C DIASDM IS SEDIMENT MEDIAN DIAMETER IN M. 
C 

C 
C CONVERT DENSITY OF SEDIMENT (DENSED) AND DENSITY OF WATER 
C (DENWAT) FROH G/CM**3 TO HGlU**3. 
C 

DIASLX+0.001*DIASED 

DE1PSED-DENSED*1000.0 
DENWAT=DENWAT*lOOO.O 

C 
C CALCUUTE CRITICAL TRACTIVE FORCE FOR BEGINNING OF 
c S E D I r n  TRANSPORT. 
C 

TCRIT=TBETA*(DE1PSED-DEIIWAT)*DIASDH 
DIADTH=DIASDM/WDEPTE 

C 
C COMPUTE FACTOR (TOPFAC) USED IN BOUNDARY S E A R  EQUATION IN SEDCON. 
C 

C 
C CALCULATE RATIO OF SEDIMEHT DIAHETER TO WATER DEPTB RAISm 
C TO TBE 7/6  WWER (TO BE USED IN LAVRSEH’S lW@fULA BELOW). 
C 

C 
C CdLCuLATE SQ. RtXYI OF BOl.MDARY SgwR (SHWR) USED IN LAWEN’S 
C F0RWI.A B-. 
C 

C 
C CALCULATE FUNCTIQN NEEDED IN LAWEN’S FORMULA. LOG’S USED FOX ACCURACY. 
C 

TOPFAC~D~T*~DIADTB)**(1./3.)/590.0Q28 

RATI~DIADTE**(7.0/6.0~ 

SHEAR=~T(WDE~*$LOPEIB.806651 

SHeVFL-ALM(SHEAR/SETVEL) 
IF(S~.GE.svFL(l).A#D.SBEVn.LE.mFL(26))Go TO 60 
IF(SHFVFL.LT.mFL(l))saEvn~.svFL(l) 
IF(S~.GT.svFL(26))SflEvntsVn(26) 
bIRITE(IWP, 5 0 )  

50 FORMAT(lX,’WARNIHG IN PUHLAU: TEE BOTMM SHEAR VELOCITY DIVIDED BY 
S TEE FALL VELOCITY II’./,lX.’LAuRsENS FUNCTION IS OUTSIDE THE NUN 
SDS OF LhuRsEnS CURVE; CODE USED EBDWINT’) 

60 ~ S P t E V A ( 2 6 , S I , ~ , F , ~ , ~ ~ C , D ~ C )  
F”C-EXP(FUAC) 
RETuRFl 
END 
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SUBROUTINE MATACT(C.AO,P.M,N,DT,A,AI) 
PARAMETER (MTEST=14,Ml=ZO) 
m * 8  C ( M , M ~ , A O ~ M ~ , P ~ M ~ . H ~ M 1 , M 1 ~ . D ~ M 1 , M 1 ~ . R I A T 1 ~ M ~ . M 1 ~  ,DT. - WTZ (M1 ,M1) , A(M) ,AI (M) ,CSuM.PZ, TWCl (M1) , TWCZ(M1) , D ~ , ~ D E ~  
INTEGER Q 
C S W O  .DO 
DO 20 I-1.N 
DO 10 J-1.N 
C(I,J)=DT*C(I,J) 
DUM = C(I,J)*C(I,J) 
CSUM=ADDEPS(CSUH,DU) 

10 D(I,J)=O.DO 
20 D(I,I)=l.DO 

Q = 2.DO + ( DLOG(DSQRT(CSUM)) / DLOG(Z.DO) 1 
IF (Q.LT.O.DO) TEEN 
Q = 0.DO 
92 = 1.DO 

Q = Q+l 
Q2 - l.DO/(Z.DO**Q) 

ELSE 

ENDIF 

CALL CPROD (H , QZ , C , H. N) 
DO 30 Kl=l,MTEST 
K=MTEST+Z-Kl 
X L L  PRODUC (TMAT1, H , D .M, N 1 
92-1. DO/K 
CUL CPROD(D,QZ,TMAT1.M.K 
DO 30 111.N 

C 

30 D(I.I)=ADDEPS(D(I,I),1.DO) 
CALL CPROD(0, .5DO,E,M,N) 
DO 50 K-l.Q 
CALL CPROD(B,Z.DO,B.M.N) 
CALL PRODUC(TMAT1,0.D.H,N) 
CALL CPRDD(TMATl..SDO,RIAT1,M,N) 
DO 40  I=l,N 

CALL PRODUC ( MAT2 , D , TMATl ,H , N 1 
DO 50 111.N 

40 ~T1(1,1)=ADDEPS(TMAT1(1.1).1.D0) 

DO 50 J=l,N 
50 D(I,J)-TMATP(I,J) 

C 
CALL PRODUC (TMhT2.6, D ,M, N) 
W 60 1~1.N 

60 RIATZ(I,I)-~DEPS(RIATZ(I,I),l.DO) 
CALL VPRDUC(A1,TMATl.AO.M.N) 
CALL VPRDUC ( m 1 ,  D , P .M , N) 
CAU CVPRD ( TVEC1, DT , TVECl .H, N) 
DO 70 I-1.N 

70 A(I)=ADDEPS(AI(I),TVECl(I)) 
C DO 80 I4,N 
C 80 TMAT1(1,I)~ADDEPS(D(I,I),-l.DO) 
C CAU VPRDUC ( TVECl , TMATl , P , M, N 1 
C CALL VPRDUC(TVECZ,C,TVECl,M,N) 
C CALL VPRDUC(TVECl.D.AO.M,N) 
C 
C DO SO I-l,N 
C go AI(I)-ADDEPS(AI(I). ADDEPS(TVECZ(I),1VECl(I)) 1 

RETURN 
END 

CAU CVPRD (TVEZ1, DT , TVEC1 .H , N 
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SUBROUTINE OUTPUT(MON.IYR) 
PARAMETER (NUCALL=2OO,NNUCL=1O,NDAU=1O,NDAU2=2O,NREACH=2O.NYRS61O) 
CHARACTER*4 AM(1Z) 
C~N/WPARR/WVELR(12,NYRS).WQINR(N~CL,12,NYRS), 

s COMIV(MIAUZ,~GL.HREhCB),CONOLD(HDAU,NNUCL), 
s NR, W D R ,  WLENR, WDEPR, WVOLR. AREAR 
CCN#N/FLAGS/SEIlRIV 
CaM33N/NIJM/"Vc, "EW , SIZE (NNUCL) , NMTRA( NNUCL ) , PARNUM( 2, "UCL ) 
CCN#N/CHAR/WC(IL),DAUG~(ADAU,H#VCL),EXRAME(Z,"UCL) 
C ~ / O U T /WVOLAR(NUCALL),~l(NU~L.NRWCH). 

REAL+8 coHoLD.collRIV 
CHARACTERIB NUC,DAUGHTER,EXNAME 
INTEGER SIZE,PABWIIM 
DATA AMO/' OCT',' NOV',' DEC',' JAN',' FEB'.' M'. 

$ ACTR2 (NUCALL, NREACB 1, TOTACRt NUCALL, NRwcH 1 

$' APR', '  M Y ' , '  Jl",' JUL',' AUG',' SEP'j 
C 
C RIVER RESULTS ARE WRITTF3 WfTE UHIT # IWR 
C 

C 

C 
C 

10 

20 

30 

40 

50 
C 
C 

C 
C 

60 

70 

75 

80 

90 

100 
110 
120 

130 

140 

IUR-13 
OPEN(IWR,FILE='OUTPLlT.RIV',STATUS-'U"') 

IF(MoN.GT.l)GO TO 60 

WRITE(IWR.10) 
FCRMT(lSX,'HONTHLY ACTIVITY AND INTERACTION TERMS') 
wRITE(IWR,PO) 
FORMAT(Z8X,'lUTXR BODY IS A RIVER') 
WRITE(IWR.30) 
FORMAT(28X,'IR IS TEE REACE NUMBER') 
WRITE(IWR,4O)AREAR 
F'ORMAT(lIX,'~AMINATED WATER (SURFACE ARW) I1 W * 2  = ', 

WRITE(IWR,SO)IYR 
FORMAT(34X, 'YEAR ' ,121 

SlPElO . 3 )  

CONTINUE 
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150 
160 

C 
C 

C 
C 

RETURN 

ENTJ 

SUBROUTINE PRODUC(A.B.C.M.N) 
REAL*B A(M,M) .B(M,M) .C(M.M) ,DW,ADDEPS 
DO 10 I-l.N 
DO 10 J=l,N 
A(1,J) = O.DO 
DO 10 K4,N 

DUH = B(I,K)*C(K,J) 
10 A(1,J) * ADDEPS(A(I,J),DUM) 

RETURN 
END 

SUBROUTINE W I N  
PARMETER (NDAU=10,NDAU2=20,NwuCL=10,NucAu=200,NREACH=20,NyRs=10~ 
CCMKIN /EX/ JYRS 
CCMKIN/MEDIA/AWPINR,h'AWUR(NUChU, N"), 

coEmN/WPARR/WVELR( 12 ,NYRS) ,wQINR("ucL, 12, m), 
s swQINR,WQOUR,SURROF.GRwROF 

s CONRIV(NTJAU2,NNUCL,NREACH),CONOLD(NDAU,NNUCL), 
s NR, H D R ,  WLENR, WDEPR, WVOLR, AREAR 
CCXMON/FLAGS/SEDRIV 
COW%3N/ALPHAS/AlR(NDAU, NNUCL) ,A2R(NDAU, NNUCL) ,AlS(NDAU, NNUCL) , 

CCWDN/SDPARR/SED(l2,NYRS),DIASDR.DENSDR,DENWR,SLOPER, 

C~N/EQUIL/SWI(DR(NDAU,"UCL) 
C33WX/WRATES/WKVR(NAU,NNUCL) 
CCMDN/NUM/NNUC, NNEh',SIZE("UCL), m ( " L T c L ) ,  p m ( 2 , N N U c L )  
CCXMON/DEC/DECAY(NDAU,NDAU,~CL),DECAYSRC(NUCALL) 
COW%3N/cBAR/NUC( NUCAU ) , DAUGETER(NDAU, NNUCL ) , EXNAME ( 2, NNUCL 1 
CBARACTER*8 NUC,DAUGHTER,EXWME 
CHARACTER*4 1u13(12) 
INTEGER SIZE,PARNun 
REAL*8 CONOLD,CONRIV 
REAL NO 
DATA W / '  OCT',' NOV',' DEC',' JA",' m',' MAR'. 

DATA YES/4H YES/.NOI48 NO/ 

s M.S(NDAU,NNUCL) 

s SEDCS,SDEE'R,SETVEL,R€SWZL,SEDVEL,CONSDR 

si m'; Ju",' JUL',' AUG',' SEP'I 

C 
C IRW UNIT # FOR FILE READING IN WATm PARAMETERS 
C 

C 
C IRD UNIT # FOR READING TEE RADIOLOGICAL MATRICES 
C 

cc 
C IWp UNIT # FUR OUTPUT MESSAGES (ALSO, OUTPUTS INPUT DATA) 
C 

c 
C IWG UNIT # FOR GENERAL OUTPUT FILE 
C 

C 
C 

IRH-10 

1-11 

1-12 

IkG=IWp 
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OPEN(IRW,FILE=’WATER.IN‘,STATUS=’OLD’) 
OF”(IRD,FILE=’RADIO.IN’,STATUS=’OLD’) 
OPEN(IWP,FILE~’OUTPUT.USI’,STAFUS=’UNIC”’) 

C 
C 

WRITE(IWP,lO) 
10 FORMAT(/I14X,’INPlR DATA FOR AND MESSAGES FROM TEE RTVER-RAD HODEL 

WRITE (IWP, 20 ) 

READ(IRh’,30)JYRS 

wRITE(IWP,40)3YRs 
FORMAT (2%, ”UMBER OF YEARS’ ,6X, ’ JYRS’ , QX, ’ ( - ) ’ , la, I3 ) 
READ(IRh’,30)NIWC 
WRITE(IhT,50)l”UC 

” , J )  

20 FORMAT~15X,’DEFINITIO”,20X,’tUPIE’,9X,’UXIT’,6X,’VALUE~S)’,~) 

30 FoE(HAT(28X,I2) 

40 

50 MRPIAT(2ZXX,’NUMBER OF HUnIDES’,6X,’”UC’,9X,’(-)’,12X,I3./) 
DO 220 1=1,mc 
READ(IRw,BO)NUC(I) 

60 F(XWAT(ZOX.A8) 

70 READ(IRD,80,ENDc750)SIa(I),#MTRA(I) 
80 FCRMAT(213) 

90 FORWT(lX,8(Af3,21[)) 

C 

RwD( IRD, 90 ) (DAUGHTER( J, I), J=l ,SIZE (I 1 1 

IF(WWTRA(1) GT.O)TBEN 
DO 100 J-l.NMTRA(1) 

100 READ(IRD,llO)EMilAME(J,I),P~(J,I) 
110 FORNAT(A8,13) 

ENDIF 
DO 120 J-l,SIZE(I) 

120 READ(IRD,130)(DECAY~K,J,I),K=l,SIZE(f)) 
130 FORMAT(8ElO.Z) 

C 
IF(IWC(I).EQ.DAUGBZER(l,I))GO TO 140 
GO TO 70 

140 CONTI#uE 

150 ~T(/,lX,’NUnIDE I: ’,12,’ AND ITS DWGBTERS:’) 

160 WRITECIWP,17O)DAUGBTER(J.I) 
170 FOl?MAT(45X,A8) 

IF(mTRA(I).GT.O)THEWEB 

wRITE(IwP, 150 )I 

DO 160 J=l.SIZE(I) 

WRITE(IWP,180) 
RHMAT(lX, ’SHORT-LIVED DAUGBTERS: ’ ) 
DO 190 J=l,IIEXIBA(I) 

180 

190 HRITE(IhT,170)EXNAME(J,I) 
WDIF 
WRfTE(IWP,200) 

200 FORMAT(lX,’DECAY MATRIX:’) 
W 210 J=l,SIZE(I) 

2 10 WRITE ( IWP ,130 (DECAY (K, J , I 1, K-1 , SIZE ( I ) 1 
220 CONTINUE 

DO 270 I=l,IoHUc 
DO 250 IYR=l,JYRS 
READ(IRW.230) (WQINR(I,~,IYR),~=1,61 

HRI~(IWP,240~I,1YR,~WQINR~I,~,1YR~,MD)I-1,6~ 
230 F’ORMAT(ZOX.6E10.3) 

240 FORM&T(/,2X,’SOURCE, NUCLIDE 1=‘,12,’ HON-1, 6 IYR=’.I2,lX,’WpINR( 
$I,HDW.IYR~’,W,’CI/S’,/,1OX,6~lPE10.3,~~~ 

250 ~ 1 T E ~ I ~ , 2 6 O ~ I Y R , ~ W I ~ ~ I , ~ . I ~ ~ . ~ ~ 7 , 1 Z ~  
260 FORMAT(23X,’HOWEB=7,12 IYR=’,IZ./.10X,6(1PE10.3,lX)./) 
270 WSTINUE 

REM) ( I R W  ,230 ) ( WIlW I ,-, I=) , M = 7  ,12 ) 

Do 290 IYR=l,JYRs 
READ(lXH.230) (WVELR(HwJ, IYR) .WN-1,6) 
wRITE(IWP,28O~IyR,~wvELR~w)Ip.~~~,~~~1,6~ 

280 FiXMAT(4X.’RIVER WATER VELOCITY “L1, 6 IYR=’.I2,2X,’wvELR(~,IY 
SR)’,3X,’N/S’,/,lOX,6(1PE10.3,1X)) 
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290 

300 

310 

320 

330 

C 

READ ( IRW ,230 ) oJVELR(MON, IYR) , m)N=7,12 ) 
WRITE(IWP,260)IYR,(WVELR(MON,IYR),m)N-7,12) 
READ(IRW,30) NR 
WRITE(IWP,300)NR 
FORMAT(23X,”UMBER OF REACRES’,7X,’NR’,lOX,’(-)’.lW.I3) 
READ(IRW,230) WLENR,WIDR,WDEPR 
WRITE(IWP,310)WLENR 
FORMAT(l€?X,’LENGTE OF RIVER RWCH’,6X,’HLENR’,9X.’M’,6X,lPE10.3) 
WRITE(IW.320)WIDR 
FORMT(2OX,’WIDTH OF RIVER REACH’,6X,’WIDR’,9X,’M’,6X,lPEl0.3) 
WRITE( I W ,  330 )WDEPR 
FORMAT(2OX,’DEPTE OF RIVER WCH’,6X,’WDEPR’,9X,’H’,6X,lPE10.3,/) 
WVLR=WLENR*WIDRWDEPR 
AREARWIDRWLENR*FLOAT (NR) 
DO 420 I=l,”UC 
DO 420 J-l,SIZE(I) 
READ(IRW,230) WKVR(J,I),SWKDR(J,I) 

C WRITE VOLATILIZATION AND KD ONLY ONCE FOR EACH RADIONUCLIDE (I.E.. 
C IF TWO PARENTS HAVE THE W DAUGETERS, WRITE TEE INFORMATION ONCE). 
C 

IF(I.EQ.1)GO TO 360 
IM1-1-1 
DO 350 L=l,IMl 
DO 340 K=l,SIZE(L) 
LL=L 
KK-K 
;F(DAUGETER(J - LZ.DAUGHTER(K,L))GO TO 390 

34: -3NTINUE 
350 COKINUE 
360 CONTINUE 

370 FOFM&T(8X.’VOLATILIUTION RATE FOR ’.AB.GX.’WKVR‘,8X,’S**-1’.4X. 
WRITE:(IWP,37O)DAUGHTER(J,I),WKVR(J,I) 

SlPElO , 

WRITE(TWP.J8O)DAUGBTER(J,I),SWICDR(J,I) 
380 FORMAT(W,’DISTRIBUTION COEFF. KD FOR ’.A8,6X.’SWKDR’ 

S,4X.’AM/G/ARI/ML’.lPE10.3) 

390 

400 

4 10 

420 
C 
C 
430 

440 

450 
e 
C 

460 

470 

GO TO 420 
CONTINUE 
IF(WKVR(J.I).NE.WKVR(KK,LL))TEN 
WRITE(IWP,400)I,J,LL,lCK 
FORM&T(/,lX,’ERROR - V0U’~TiIWTION FOR NUCLIDE ’,12,’ DAUGHTER ’, 
rI2,’ SHOULD BE BUT IS NOT THE’./.UI,’SIU.IE AS FOR NUCLIDE l.12,’ DA 
>uGHTER *,1a 
STOP 
ENDIF 
IF(SWKDR(J,I).NE.SWKOR(~,U))THEA 
WRIW(IWP,41O)I,J,LL,KK 
FORHAT(/,lX,’ERROR - W FOR NUCLIDE ’,12,‘ DAUGHTER ’,IZ,’ SHOULD 
>BE BUT IS NOT THE SAME AS FOR’,/,UI,’NUCLIDE ’,12,’ DAUGETW ’,12) 
STOP 
ENDIF 
CONTINUE 

FlXUMT(26X,A4) 
READ(IRW,43O)SEDRIV 
WRITE(IWP, 440) 
FOFM&T(//18X,’kS3DEL FLAG TEAT DETERMINES WBAT USER INPUTS’,/) 
WRITE(IWE’, 450 1 
FlXUMT(W,’OPTION cBoSE”,Gx.’NAME’,21x,’~ING’,/) 

IF(SEDR’fV.EP.~.OR.SEDRIV.Ea.100)GO TO 470 
WRITE(IWP,460)SEDRIV 
KIRHAT(lX,’ERROR IN DATA: SEDRIV DOES NOT EQUAL YES OR NO, BUT - ’ 

S, A41 
STOP 
CONTINUE 
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480 

490 

500 
510 

520 
530 

550 

560 

570 

580 

590 

60 0 
610 

611 

6 12 

613 

C 

SF(SEDRIV.EQ.NO)GO TO 500 
WRITE(IWE‘,480) 
FORMAT(lW,’YES’,5X,’SEDRIV’,5X.’SIGNIFIES THAT SEDIMENT CONCENTRA 
STIONS FOR TEE’) 
WRITE ( IWP, 490 ) 
FORMAT(3ZX,’RIVER ARE INPUT (SEE BELOW]’,/) 
GO TO 530 
uRITE(IwP.510) 
FORMAT(13X,’”0°,M,’S~RIV’,5X,’SL~XFIES THAT SEDIMENT PARAMETERS 
s (FOR LAURSEIOS’) 
WRITE(IWP,520) 
FORMAT(32X,‘FCRMULA) FOR TEE RIVER ARE INWT (SE BELOW)’,/) 
CONTINUE 
IF(SEDRIV.EQ.YES) 00 ”0 580 
READ(IRW,230)DE#SDFt,DENWR,SLOPER 
WRI’pE( IWP, 550 )DEN= 
FORM&T(l5X,’SEDIMENT DENSITY IN RNER’,U(,’DENSDRJ,711,’G/~*3’, 

WRIzE(IWP.560)DEIPwR 
FCW4AT(lBx,’m DZNSITY IN RIvER’,6x,’DEMJR’.7x,’G/cEI**3‘,W, 

WRITE(IHP,570)SLOPER 
FORMAT(26X,’SLOPE OF RIV]ER’,M,’SLOPER‘,8X,’(-)‘,5X,lPE10.3) 
Go TO 610 
Do 600 IYR*l,JYRS 
READ(IRW.230) (SEDCR(HON,IYR),ED1Pll,6) 
WRITE( Iwp, 590 1 IYR. (SEDCR(Kw, IYR) ,MON-l. 6 1 
FOBWIT(2X,’SEDZWNT CONC. (RIVER1 -91, 6 IYR-’,I2,2X, 

READ( fRw ,230 ) (SmcR(&DN, IYR) ,MmL7,12) 
~1~(IwP,260~1yR,(S~~M3N,IyR~.~N=7,12) 
m1m 
BEAD(IRW,230)DIASDR,SEDCS,SDEPR,RESVEL,SEWeL,SElVn 
WRIl’E(IWP,61l)DIASDR 
FDIIMAt(7X,’MEDIA# SEDp(EIpT DIAMETER II RIVER’,M,’DIASDR’,gX,’M4’, 

cJRITE(IuP.612)SEDCS 
FORM,4T(P(,’SOLIDS COflCENTRATION IN SEDIMENT UYEX’,6X,’SEDCS’.7X, 
S’KG/W*3’ , W, lPE10.3 1 
WRITE(IWP.613)SDEPR 
F(EMAT(17X,’DEPTE OF SEDIMENT UYW’,6X,’SDEPR’.lOX,’M’.SX. 

If(SEIVEL..NE.O.)QO K, 614 

SZX,lPE10.3) 

SlPElO .3 ) 

S’SEDcR~pIwI.IyR~‘,2x,’KG/H**3’,/,1OX,6~1pE1O.3.1x~~ 

SUI,lPE10.3) 

SlPEl0.3) 

C CALL WALL €ERE “0 COMPUTE THE SETTLING WKICITY OF SEDIMENT PARTICLES 
C IN THE STREAM (WRITE OUT THE RESULTS - SETVEL) 
C 

CALL VFALL(DUSDR) 
614 WRITE(IWP.615)SETVEL 
615 FOWAT(l4X,’SEDl”T SETTLING VELOCSTY’,5X,’SENEL’,9X,’M/S’,4X, 

SlPElO .3 ) - WRITE (IWP, 617 >RESVEL 
617 nlRHAT(lOX,’SEDI~ BESUSPENSION VELOCITY’,at.’RESvU’,8X,’M4/YR’ 

S,3X.lF’E10.3) 
HRITE(IWP,619)SEDVEL 

619 F C @ l i % T ( l 8 X , ’ S E D ~ T I O N  VELDCIn’.UI,’SEDYEL’,8X.’~/YR’,3X, 
SlPElO .3) 

C 
c C O ~ T  RESVEL br SEDVEL m MIS mux WYR) 
C 

C 
C 

620 

RESVEL=RESVEI./3.1536ElO 
SEDVEL-SEDVEL/J. 1536ElO 
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630 

640 

650 

660 
670 

C 
C 

660 

690 

700 

710 

720 

730 
740 

750 
760 

IF(WQINR(I,M3N,IYR).NE.O.O~GO TO 650 
HRITE(IWG.640) 
FOWT(lX,3lX,’RIVER (NO SOURCE)‘) 
GO TO 670 
IRIV-1 
WRITE(IWG.660) 
FORMAT(lX,3lX,’RIVER (BAS SOURCE)’) 
CONTINUE 

WRITE(IWG,660) 
FORMAT(//,29X,’MAGNITUDE OF SOuRcE(S)’./) 
WRITE(1wG. 690 1 ( W ( I  ),Ial, 12) 
MRMAT(1X,6X,6(6X,A4)./.7X,6(6X,A4)./) 
IF(IRIV.NE.1)RETURN 
WRITE(IWG.700) 
FORMAT ( / , lX , ’RIVER’ ) 
WRITE(IWG.710) 
FORMAT(lX,’(CI/SEC)’) 
DO 730 I-1,”UC 
WRITE(IWG,720)1 
FORMAT(lX.”UCLIDE t ’,I21 
DO 730 IYR=l,JYRS 
WRITE ( IwG, 740 IYR, (WQINR( I ,mN, I n )  ,mNL1 I 12 1 
FORMAT(2X. ’YEAR ’ ,12,W,6( lPE9.2,IX). / ,llX.6(1PE9.2,1X)) 
RETURN 
wRITE(IWP,76O)NuC(I) 
FORMAT(lX.”UCLIDE ’ , A B , ’  NOT IN DATABASE - STOP’) 
STOP 
EHD 
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SUBROUTINE SEDCON(IM).N,IYR) 
PARAMETER (HDAU-10.NDAU2=ZO,NNUCL~lO,NREACE~20.NYRS-10~ 
C o M . K I N / I s p A R R / ~ L ~ 1 Z , H y R s ~ , w Q I M L ~ " u n . l 2 . w S ~ ,  
S CONRIV(NDAU2,"UCL,NREACH),CONOLD(NDAULU.NNUCL), 
$ IPR,WIDR,WZENR. WDE!?R,WVOLR,AREAR 
ON/FLAGS/SEDRIV 
~N/SDPARR/SEDCR(lZ,NYRS),DIASDR.DENSDR,DEHWR,SLOPER, 

REAL*8 COHOLD,CONRIV 
DATA IWP/12/ 
MolpIIMDN 
IF(MDN.GT.l.OR.IYR.GT.l)GO TO 20 

$ SEDCS,SDEPR,SEIVEL,RESVEL.SEDVU.CO"DR 

C 
C THE FOLLOWING COnrmTES THE SEDIMENT CONCENTRATION FOR A 
C RIVER OR S1RfEAN. IST, COMPVTE LAURSENS FUNCTION. 
C 

20 

30 

C 

CAU ?"LAU(DLASDR,DWSDR,DENWR,WDEPR.SU)PER, 

TOrrnI~TOPF~*(WVEIS((~.IYR)**Z) 
IF((TOPRIH/TCRITR).GT.1.0)00 TO 40 
WRITE ( IWP ,30 ) 
FORMAT(lX,'STOP IN SELlCOH ( I N  RIVER CALCULATION): TOPRIM/TCRITR IS 

$ < 1.0 CAUSING SEDIMENT',/,W,'CONCE#TIuTION "0 BE NEGATIVE. USER 
SSEOULD CHECK INPUT DATA FOR WRORS. IF NO'./,lX,'ERRDRS, USER SfIOU 
SLD SET SEDRIV TO YES AND I N W T  EMPIRICAL (GENERIC) DATA',/,lX,'(PA 
SRAMETER SEDCR(W3N.IYR))') 

$ TCRITR,€"CR,TOPFCR,RATIMO 

STOP 

C EERE CONSDR IS SEDIMENT CONCENTRATION ( X  BY WEIGET) (LAURSENS FORMULA) 
C 

C 
C CALCUUTE CONSDR IN KG/H**3 
C 

C 

40 CONSDR=RATIOR*((TOPRIM/TCRITR)-1.O)*FU€fCR 

CONSDR~ONSDR/((CONSDR/DXNSDR)t((100.O-CDNSDR)/DEHWR)) 

RETuIlff 
END 

FUNCTION SPLEVA(NPTS,U,X,Y,B,C,D) 
DIMENSION X(IpPTS), Y (NPTS 1, B (NPTS 1, Cl"S 1, D (NITS 1 
DATA I/1/ 

TKIS SUBROUTINE EVALUATES A CUBIC SPLINE FUNCTION USING 
BORNER'S RULE. 

NPTS-# OF DATA WIHTS 
U-ABSCISSA AT WHICH SPLINE IS TO BE EVALUATED 
X,Y-ARRAYS OF DATA hBscISSAA 6 ORDIHATES 
B,C.D.rARRAYS OF SPLIHE COEFFICIENTS 

IF(1.GE.NPTS)I-1 
IF(U.LT.X(I))GO TO 10 
IF(U.LE.X(I+l))GO TO 30 

10 Ill 

20 K-(I+J)/2 
J*EIPTS+l 

IF(U.LT.X(K))J=K 
IF(U.GE.X(M))I-K 
XF(S.GT.I+l)GO TO 20 

C 
c EVALUATE SPLINE 
C 
30 DX=U-X(I) 

SPLEVA-Y ( I )+Dx*(B ( I )+Dx* (c (I )+DX*D (I ) ) 
RETURN 
m 
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SUBROUTINE VFALLCDIASED) 
PARAMETER (NUS-10) 
CC+t-DN/SDPARR/SE(l2,NYRS),DIASDR,DENSDR,DEHWR,SLOPER, 

DIMENSION DIAVFL( 12), VFL( 12) ,BVFALL( 12) , CVFALLC 12) ,DVFALL( 12) 
$ SEDCS,SDEPR,SETVEL.RESVEL,SEDVEL,CONSDR 

C 
C DIAVFL, VFL, BVFALL, CVFALL, DVFALL ARE PARAMETEFS NEEDED IN SPLINE 
C CALCULATION OF FALL VELOCITY (SETVEL) BELOW. 
C 

DATA DIAVFL/.035,.05,.08,.1,.2,.5,.8.1..2..5.,8.,10./ 
DATA VFL/.001,.0021,.0053,.0084,.0~8..062,.08~,.094,.130, 

DATA BvFALL/.06516542,.0822833,.1359694,.1702466,.1901943, 
S .20,.245,.270/ 

$ .07170594,.06298195,.05558953..02601584,.01910471, 
S .01256532, .01287912/ 
DATA CVFALL/.4923909,.6488011,1.140735,.5731256,-.3736484, 

$ -.02131277,-.00776719,-.02B1949.-.0003787943,-.001924914, 
S -.0002548826,.0004117841/ 

S .01505064,-.03571286,.00960537,-.0001717911,.0001855591, 
DATA D~ALL/3.475783,5.465927.-0.460148,-3.155913,.3914841, 

s .0001111111,.0001111111/ 
C 
C COMWTE FALL VELOCITY (HIS). 
C 

DIA=DIASED 
IF~DIASED.GE.DIAVFL[l).AND.DIASED.LE.DIAVFL(12))W TO 40 
IF(DIASED.LT.DIAV?'L(l))DIA=DIAVFL(l) 
IF(DIASED.~.DLAVFL(lZ))DIA=DIAVFL(12) 
WRITE(IWP,BO) 

30 FORMAT(lX,'WARHING IN FUNI.AU: THE SEDIMENT DIAMETER IS OUTSIDE THE 

40 SENEL=S~A(lZ,DIA,DIA~~VFL,BVFALL,CVFALL,DvF~) 
$ BOUNDS OF THE FALL.',/,lX.'VELOCITY CURVE; CODE USED ENDPOINT') 

RETURN 
END 
SUBROUTINE VPRDUC (A. B , C . M I  N) 
REAL*8 A(M) ,B (M,H)  . C W )  ,DUH.ADDEPS 
DO 10 I-1.N 

A(1)  - O.DO 
DO 10 J=l.N 
D M  - B(I.J)*C(J) 

10 A(1) = ADDEPS(A(I),DUM) 
RETURN 
END 

SUBROUTINE ~TER(I~N,IYR,DT,ISWP,NSW:PS) 
PARAMETER ("UCL-10,flDAU-10,flDAU2=20.NUCAU=2OO,#REAC8=20,mRS=lO) 
ccmoN/MEDIA/AWpINR, WAqovR~NvclUJ., NREACE 1,  

~ N / ~ ~ / w v E L R ( 1 2 , ~ ~ , W p I ~ ~ " U C L , l Z , ~ ~ .  
s SWpIAR,swpOUR, SURROF,GRWROF 

s CO~IV(NDAU2,"UCL,M1WCH),~O~(NDAU."UCL). 
S m, W I D R ,  WLENR, WDEPR, mLR, AREAR 
cm/FLAGs/sEDRIv 
~ ~ / S D P ~ / S E ( l 2 , ~ ) , D U S D R , D ~ S D R , D E N W R , S L O P E R .  

ccmoN/ALPHAS/A1R(N,~CL~,A2R(NDAU,"UCL),AlS(HDAU,~CL), 

CCYM3N/WRATES/WKVR(#MU,"UCL) 
cc??KJN/rn /"UC,  "Ew , SIZE ("UCL 1, " "UCL 1 , PARNIMC 2, mn ) 
CCMKlN/DEC/DECAY (#MU, NDAU, WNUCL 1 ,DECAY= (MICAU 1 
ccENcIN/cBAR/I?UC (NUCALL) ,DAUGEITER(NDAU , " U C L  ) , WSAHE (2, "UCL ) 
cc??KJN/OUT/WVOIAR(NUCALL 1 .ACTRl(wucAU, BREXEI 1 , 

$ SEDCS,SDEPR,SETVEL,RESVEL,SEDM.,CONSDR 

s U S  (NDAU , "UCL ) 

S ACTRz (NUCALL, " ), mTAcR(NUCALL, NREAcR 1 
NUC ,DAUGHTER, EXNAME 

INTEGER SIZE,PAR" 
REAt*8 CONOLD, CONRIV , LAMR(NDAU2 1, P(NDAU2 ) .A0 (NDAU2 1, TIME 

M3N-IHMI 
s A(NDAU2) 

C 
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C 
C WATER BODY IS RIVER 
C 
L 

WKDR-WVELR (mN, In) /WLENR 
c 
C K IS NUMBER OF RIVER REACE 
C 

DO 100 K=l,NR 
w 10 I=l.ENCAu 
ACTRl( I , I o = O .  0 
"F2 (I ,K)=O. 0 
UAPOUR(I,K)-O.O 

10 DECAYSRC(I)=O.O 
"EW-NNUC 

C 
C I IS NUMBER OF TEE NUCLIDE 
C 

C 
C P IS coN1I#uwS SOURCE IN CI/S (DOES NOT INCLUDE ANY AIR 08 SOIL SOURCE) 
C 

DO 60 I-l,"UC 

IF(K.EQ.1)THEN 
P(l)4X2INR(I,KJN,IYR) 

C 
C J IS f OF DAUGEiTER (J=l IS PAREXT) 
C 

DO 20 J=2,SIZE(I) 
20 P( J)-O. 0 

ENDIF 
IF(K.GT.l)TEEN 

Do 30 J=l.SIZE(I) 
30 P(J)IWWR*CONOLD(J,I) 

ENDIF 
DO 40 J=l,SIZE(I) 

C 
C WMR(J) IS RATE FRU4 ONE REACR TO THE NEXT PLUS VOLATILIZATION - 
C IT ALSO INCLUDES BplDvAL IN REACH DUE TO SF3TLING OF SEDIMENT. 
C LAMR(J+SIZE(I)) IS BWOVAL RATE SEDIMENT WARTMENT DUE TO 
C RESUSPENSION Am, SEDIME#TATION. 
C 

~(J)-WKDR+A1R(J,I)*WKVR(J,f)+SETVU*A2R(J,II/WDEPR 
~(J+SIZE(I))a(RESVEL+SEDVEL)*~S(J,I)/SDEPR 

C 
C P(J) IS INPUT TO REAC3 FROH !SEDIMENT RESUSPENSION; P(J+SIZE(I)) IS 
C INPUT "0 SEDIMENT CUYPARTMEIPT FRM SRTLIRG OF SEDIMENT. 
C 

P( J)-P( J)+RESVEL*AZS (J, I )*CONRIV( J+SIZE ( I ) , I, K) /SDEPR 
P( J+SIZE(I) )-SETvEL*A2R( J , I )*CONRIV( 3,  I, K) /WDEPR 

C 
C SAVE ACTIVITY FOR NUCLIDE (J=1) AND DAUG€tTERS (J=Z,SIZE(I)) FOR NUCLIDE 
C I AND RIVER REACH K F'CR NEXT TIME STEP M R  FLOW INTO REACE K+l 
C 

C 
C A0 IS INITIAL ACTIVITY AT BEGIN'NING OF TIME STEP 
C 

CONOLD(J,I~~IV(J,I,K) 

A O ~ J + S I Z E ( I ~ ~ ~ V ~ J + S I Z E ~ I ~ , I , K ~  
4 0  AO(J)ICO)(OLD(J,I) 

C 
C CALL DECSRC TO COMPUTE DECAY OF SOURCE TERM; TIME IS TIME STEP (S) 
C 

TIME=DT 
CALL DECSRC(I,K,AO,P,TIME,~,ISTEP.~S~~,A) 

C 
C A(J) IS ARRAY CONTAIHING RESULTING ACTIVITY (CI) FOR J=l,SIZE(I) WHERE 
C I IS NUCLIDE, J IS DAUGHTERS (J-1 IS PABENT), FOR RIVWREACB K. 
C A(J+SIZE(I)) IS RESULTING ACTIVITY IN SEDIMENT COMPARTMENT BELOW TEE REACH. 
C S m  THESE RESULTS MR USE IN INITIAL ACTIVITY FOR WMT TXME STEP 
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C (SEE A0 ABOVE) AND FOX FLOW FRW REACH TO REACH (SEE CONOLD ABOVE). 
C 

DO 50 J=l,SIZE(I) 
CONRIV(J+SIZE(I).I,K)-A(J+SIZE(I)) 

50 CONRIV(J,I,K)-A(J) 
60 CONTINUE 

C 
C COMPUTE TOTAL MONTHLY VOLATILIZATION 

IF(ISTEP.GT.1.OR.K.GT.l)GO M 80 
DO 70 N=l.IPNEW 

70 WVOLAR(N)=O. 0 
80 W 90 N=l.NNEW 
90 WVOLAR(N)-WVOLAR(N)+~(N,K)*DT 

100 CONTINUE 
C 

RETURN 
END 
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APPENDIX B 

IMPORTANT PARAMETERS AND THEIR DEFINITIONS 

Parameter Definition 

AO(J +SIZE(I)) 

AlR(J,I) 

AlS(J,I) 

r n ( J , I )  

Resulting activity (Ci) 
of radionuclide J in a 
decay chain in a river 
reach (water compartment) 
that is computed at end 
of a time step 

Same as A(J) only for the 
sediment compartment 

Initial activity (Ci) of 
radionuclide J in a 
decay chain in a river 
reach (water compartment) 
at the beginning of a time 
SkP 

Same as AO(J) only for the 
sediment compartment 

Fraction of daughter J 
(J=l is parent) of 
radionuclide chain I that 
is in dissolved phase in 
water compartment 

Fraction of daughter J 
(J=1 is parent) of 
radionuclide chain I that 
is in adsorbed phase in 
water compartment 

Same as AlR(J,I) only for 
the sediment compartment 

Same as MR(J,I) only for 
the sediment compartment 

Location 

SUBROUTINES WATER, 
DECSRC, and MATACT 

SUBROUTINES WATER, 
DECSRC, and MATACT 

SUBROUTINES WATER, 
DECSRC, and MATACT 

SUBROUTINES WATER, 
DECSRC, and MATACT 

COMMON/ALPHAS/ 

COMMON/ALPHAS/ 

COMMON/ALPHAS/ 

COMMON/ALPHAS/ 
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Parameter 

ACTOUT(MM) 

ACTR1 (N,IR) 

ACTR2 
(N +NNEW,IR) 

AREAR 

AWQINR 

BFUNC 

BTJ3ETA 

BWALL 

Definition 

An array that keeps track 
of which members of each 
radionuclide chain are the 
same (the results for 
members are added together) 

Dissolved activity (Ci) 
of radionuclide N in 
reach IR in the water 
compartment 

Same as ACI'Rl(N,IR) only 
in the sediment compartment 

Adsorbed activity (Ci) 
of radionuclide N in 
reach IR in the water 
compartment 

Same as ACTR2(N,IR) only 
in the sediment compartment 

The surface area of the 
river in m2 

Air-to-wa ter deposition 
rate (assumed to be 0.0) 

Array used to store cubic 
coefficients bi (Forsythe et  
al., 1977) needed in spline 
fit of Laursen's function 
(Laursen, 1958) 

Array used to store cubic 
coefficients bi (Forsythe et 
al., 1977) needed in spline 
fit of Shields factor 
(Bagnold, 1%) 

Array used to store cubic 
coefficients bi (Forsythe 
et al., 1977) needed in 
spline fit of the fall 
velocity (Fields, 1976) 

Location 

SUBROUTINE DECSRC 

COMMON/OUT/ 

COMMONIOUTI 

COMMON/OUT/ 

COMMON/OUT/ 

COMMON/WPARR/ 

COMMONMEDIA/ 

SUBROUTINE FUNLAU 

SUBROUTINE FWNLAU 

SUBROUTINE WALL 
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Parameter Definition Location 

C(MM,MM) Radiological decay matrix SUBROUTINES DECSRC 
and MATACT 

CFUNC 

CONOLD(J,I) 

Array used to store cubic 
coefficients ci (Forsythe 
et at ,  1977) needed in 
spline fit of Laursen’s 
function (Laursen, 1958) 

SUBROUTINE FUNLAU 

Activity in Ci for COMMONWPARW 
daughter J (J=1 is parent) 
of nuclide chain I that is 
saved for the next time 
step in computing flow 
from one reach to the next 

CONRIV( J,I,K) Activity in Ci for COMMONWPARFU 
daughter J (J=1 is parent) 
oE nuclide chain I in river 
reach K (water compartment) 

CONRTv(J +SIZE(I), Same as CONR?V(J,I,IC) only COMMON/WPARR/ 
1,K) for the sediment compartment 

CONSDR 

CVFALL 

The average suspended 
sediment concentration in 
kg/m3 for the river 

COMMON/SDPARW 

Array used to store cubic 
coeficients ci (Forsythe 
et al., 1977) needed in 
spline fit of Shields 
factor (Bagnold, 1966) 

SUBROUTINE FUNLAU 

Array used to store cubic 
coefficients ci (Forsythe 
et al., 1977) needed in 
spline fit of the fall 
velocity (Fields, 1976) 

- 
SUBROUTINE WALL 

DAUGHTER(J,I) The names of the parents C O M M O N I C W  
and their daughters. I is 
index for the chain, J=l  is 
index for the parent, and 
J=2,SIZE(I) are indices for 
the daughters 
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Parameter Definition Location 

DECAY(K,J,I) Decay matrix for chain I; COMMON/DEC/ 
K and J are indices for 
length of the chain 

DECAYSRC(N) Total resulting activity COMMON/DEC/ 
(Ci) for nuclide N in the 
water com partmen t, where 
N=l,NNEW 

DECAYSRC(N+NNEW) Same as DECAYSRC(N) only 
for the sediment compartment 

COMMON/DEC/ 

DENSDR 

DENWR 

DFTJNC 

DIASDR 

DIATHE 

D L A W  

DT 

The sediment density in COMMONISDPARW 
the river in g/cm3 

The density of the water 
in the river in g/cm3 

COMMON/SDPARR/ 

Array used to store cubic 
coefficients di (Forsythe 
et al., 1977) needed in spline 
fit of Laursen's function 
(Laursen, 1958) 

SUBROUTINE FUNLAU 

The median sediment diameter COMMON/SDPARW 
in the river bed in mm 

Array containing values of 
median sediment diameter in 
mm that were used in the 
spline fit to the Shields 
factor curve (Bagnold, 1%); 
see parameter SHIELD below 

Array containing values of 
median sediment diameter in 
mm that were used in the 
spline fit to the fall velocity 
curve (Fields, 1976); see 
parameter VFL below 

SUBROUTINE FUNLAU 

- 
SUBROUTINE VF&L 

Duration of time step in s SUBROUTINES EXEC, 
WATER, and MATACT 
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Parameter Definition 

DTHETA 

DVFALL 

F 

FUNC 

RMCR 

GRWROF 

IMO or IMON 

IR 

Array used to store cubic 
coefficients di (Forsythe 
et a]., 1977) needed in 
spline fit of Shields factor 
(Bagnold, 1966) 

Array used to store cubic 
coefficients di (Forsythe 
et aL, 1977) needed in spline 
fit of the falI velocity 
(Fields, 1976) 

The names of short-iived 
daughters for chain I. 
J = l,NEXTRA(I), where 
NEXTRA(1) is the 
number of short-lived 
daughters for chain I 

Array used to store values 
of Lausen’s function taken 
from Laursen’s curve 
(Laursen, 1958) at points 
SVFL (see below); this array 
contains the natural log of 
the actual points horn the 
curve in order to increase 
accuracy 

Function needed in Laursen’s 
formula (Laursen, 1958) 

Same as FUNC 

Radionuciides in ground- 
water runoff to river in 
C i i  (assumed to be 0.0) 

Index s i g m n g  month of 
the year; 1 = October 

Number of the current 
reach in the river 

Location 

SUBROUTINE FUNLAU 

SUBROUTINE WALL 

COMMQN/CHAR/ 

SUBROUTINE FUNLAU 

SUBROUTINE FUNLAU 

SUBROUTINE SEDCON 

COMMONMEDIA/ 

Numerous subroutines 

SUBROUTINE OUTPUT 
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Parameter Definition 

IRD 

IRW 

ISTEP 

IWG 

I W  

Logical input device number 
used for reading radiological 
decay matrices from file 
RADIO.IN 

Logical input device number 
used for reading water param- 
eters from file WATER.IN 

The index of the current 
time step within the 
current month 

Logical output device number 
used for writing a table of 
the radionuclide sources in 
file 0UTPUT.USR 

Logical output device number 
used for writing the input 
data and other messages (such 
as warnings or errors) in file 
0UTPUT.USR 

IYR The index of the current year 

J Y R S  The number of years to be 
simulated (input) 

Removal rate from one reach 
to the next plus volatil- 
ization for radionuclide J 

LAh4R(J +SIZE(I)) Removal rate from sediment 
compartment due to resus- 
pension and sedimentation 

MON 

NDAU 

Index signifylng month of 
the year; 1 = October 

The number of members 
allowed in a radionuclide 
chain (set to 10) 

Location 

SUBROUTINE READIN 

SUBROUTI[NE READIN 

SUBROUTINES DECSRC, 
EXEC, and WATER 

SUBROUTINE READIN 

SUBROUTINE READIN 

Numerous Subroutines 

COMMONEW 

SUBROUTINES WATER 
and DECSRC 

SUBROUTINES WATER 
DECSRC 

Numerous subroutines 

PARAMETER statement in 
several subroutines 
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Parameter Definition Location 

NDAU2 Twice the number of members PARAMETER statement in 
allowed in a radionuclide 
chain (set to 20) 

several subroutines 

NEXTRA(1) The number of short-lived COMMON/NUMI 
daughters for chain I 

NNEW 

NNUC 

NNUCL 

NR 

" 

NSTEPS 

NUCALL 

NYRS 

P(J) 

The total number of source 
nuclides plus daughters 

COMMON/NUM/ 

The number of source COMMON/NUM/ 
radionuclides to be simulated 
(input by the user) 

The number of parent 
nuclides allowed in a 
simulation (set to 10) 

PARAME'TER statement 
in some subroutines 

The number of reaches COMMON/WPARR/ 
that the river is broken 
into (input) 

The number of river reaches 
allowed (set to 20) 

PARAMETER statement 
in some subroutines 

TRe number of time steps 
taken each month (currently 
is set to 30) 

SUBROUTINES DECSRC, 
EXEC, and WATER 

The radionuclide name COMMON/CHAR/ 
of parent nuclide I input 
by the user 

Twice the total number of 
parent (source) nuclides 
pius daughters (set to 200) 

PARAMETER statement 
in some subroutines 

"he number of years allowed 
in the simulation (set to 

PARAMETER statement 
in some subroutines 

10) 

Source in Ci/s for radio- 
nuclide J in water com- 
partment; J=1 is parent and 
J=Z,SIZE(I) are daughters 

SUBROUTINES WATER, 
DECSRC, and MATACT 

45 



Parameter Definition 

P(J +SIZE(I)) Source in Cils for 
radionuclide J to sediment 
due to settling of sediment 
from the water compartment; 
J= l  is parent and J=2, 
SIZE(1) are daughters 

PARNUM(J,I) 

RATIO 

RESVEL 

SDEPR 

The index of the parent 
for the short-lived 
daughter EXNAME(J,I) for 
index J in chain I in 
array DAUGHTER 

Parameter needed in 
Laursen’s formula to compute 
sediment concentration; 
RATIO is the ratio of the 
sediment diameter to water 
depth raised to the 7/6 power 

Sediment resuspension 
velocity (input as mm/year 
and converted to m/s) 

The depth of the sediment 
layer (m) 

SEDCR(MON,IYR) The average suspended 
sediment concentration 
in the river for month MON 
and year IYR (kg/m3) 

SEDCS 

SEDRJY 

SEDVEL 

The solids concentration in 
sediment layer (kg/m3) 

SEDRIV is a flag; if YES 
the suspended sediment 
concentration in the river 
is known, if NO it is not 

The sedimentation velocity 
or rate of burial (input as 
mmhear and converted to 4 s )  

Location 

SUBROUTINES WATER, 
DECSRC, and MATACT 

COMMON/NUM/ 

SUBROUTINE FUNLAU 

COMMON/SDPARR/ 

COMMON/SDPARR/ 

COMMONEDPARW 

COMMON/SDPARR/ 

COMMONFLAGS/ 

COMMON/SDPARR/ 
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Parameter Definition 

SETVEL 

SHEAR 

SHIELD 

SIZE(1) 

SLOPER 

SURROF 

SVFL 

SWKDR(J,I) 

The sediment settling 
velocity in 4 s .  User can 
input SETVEL or the code 
will compute it (subroutine 

Used in Laursen’s formula 
for sediment concentration, 
SHEAR is the square root 
of the boundary shear 

Array containing values of 
Shield‘s factor at sediment 
diameters DIATHE (see 
above) from the curve given 
in Bagnold (1966) 

The length of the radio- 
nuclide chain I; the parent 
plus the number of daughters 

The slope of the river bed 

Radionuclides in surface 
runoff to river in Ci/s 
(assumed to be 0.0) 

Array used to store values 
of m/ wa from Laursen’s 
cume (Laursen, 1958); this 
array contains the natural 
log of the actual points from 
the curve in order to increase 
accuracy (see parameter F 
above) 

Soil-water distriiution 
coefficient in (atoms/g)/ 
(atoms/mL) for daughter J 
(J=1 is parent) of 
radionuclide chain I 

Location 

COMMON/SDPARR/ 

SUBROUTINE FUNLAU 

SUBROUTME FUNLAU 

COMMON/NUM/ 

COMMONBDPARW 

COMMON/MEDIA/ 

SUBROUTINE FUNLAU 

- 

COMMONEQUI W 
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Parameter DefillitiOIl 

SWQINR 

SWQOUR 

TCRIT 

Surface runoff plus 
groundwater runoff in Ci/s 
into the river at beginning 
of time step (assumed to 
be 0.0) 

Surface runoff plus 
groundwater runoff in Ci/s 
into the river at end of 
time step (assumed to be 0.0) 

Critical tractive force for 
beginning of sediment 
transport in kg/m2 

TCRITR Same as TCRIT 

THETA Shields factor used in 
calculation of TCRIT 
(Laursen, 1958 and 
Bagnold, 1%) 

TIME Time step in s 

TOPRIM Boundary shear so' associated 
with sediment particles in 
kg/m2 

TOTACR(N,IR) Total activity (Ci) for 
radionuclide N in reach 
IR (water compartment) 

TOTACR(N+NNEW,IR) Same as TOTACR(N,IR) only 
for the sediment compartment 

Array containing sediment 
fall velocity values in m/s 
taken from velocity curve 
given in Fields, 1976 (see 
parameter DIAVFL above) 

WAQOUR(N,K) Volatilization rate (Ci/s) 
for nuclide N from reach K 

Location 

COMMON/MEDIA/ 

COMMONMEDW 

SUBROUTINE FUNLAU 

SUBROUTINE SEDCON 

SUBROUTINE FWNLAU 

SUBROUTINES WATER 
and DECSRC 

SUBROUTINE SEDCON 

COMMON/OUT/ 

COMMON/OUT/ 

SUBROUTINE W f i L  

COMMONMEDIA/ 
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Parameter 

WDEPR 

WKDR 

MVR(J,I)  

WQINR(I,MON,IYR) 

WVELR(MON,IYR) 

WVOLAFt(N) 

WVOLR 

WWIDR 

Definition 

The average depth of the 
river in m 

Rate at which water flows 
out of the river in s-’ 

The volatilization rate 
constant in sd for 
daughter J (J=1 is parent) 
of radionuclide chain I 

The length of each river 
reach in m (all reaches 
have the same length) 

Radionuciide source rate 
into reach 1 of the river 
for parent I, month MON, 
and year IYR in C i s  

Current velocity of the 
river for month MON and 
year IYR in m/s 

Total monthly volatilization 
from river 

The water volume of each 
reach in rn3 

The average width of the 
river in m that is input by 
the user 

Location 

COMMON/WPARW 

SUBROUTINE WATER 

COMMONNRATESI 

COMMONNPARW 

COMMONNPAFW 

COMMON/WPARR/ 

COMMON/OUT/ 

COMMON/WPARR/ 

COMMON/WPARR/ 
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APPENDIX C 

EXAMPLES OF INPUT FILES FOR RTVER-RAD 

The first file given is RADI0.IN (see Table 2 in the text). Three different examples 
of the file WA'IERJN follow (see Table 1 in the text). 

1 
C-14 

1 
M-40 

1 

-3.830e-12 

-1.729e-17 

t%7- 54 
-2.5703-08 
1 

FE-55 
-8.140e-OS 
1 

0-60 
-4.167E-08 

1 
NI-63 
-2.190E-10 
1 

ZN-65 
-3,280e-08 
2 
SR-90 Y-90 
-7.680E-10 0.000€+00 
3.0046-06-3.0043-06 
1 
Y-90 

1 
-3.OO4E-06 

ZR-95 
-1.253e-08 

TC-99 
-1.031E-13 

2 
Tc-gsn TC-99 
-3.l98E-05 O.OOOE+OO 
1.03l.E-13-1.03lE-13 

RU-103 FIB-103 
-2.03QE-07 O.OOOE+OO 
2.053E-04-2.059E-04 

2 

W-106 RH-106 
-2.1781-08 0.000E+00 
2.317E-02-2.317E-02 

RE-106 
1 

-2.3173-02 

51 



1 
I - 125 
-1.334E-07 

1 

1-131 
-9.9783-07 

I 

1-132 
-8.3713-05 
1 
1-133 
-9.2573-06 
1 

1-134 
-2.196E-04 
1 
1-135 
-2.913E-OS 
.l 

(3-134 
-1.0651-08 
2 
CS-137 BA-137M 
-7.2603-10 O.OOOE+OO 
4.282E-03-4.527E-03 

BA-137M 
-4.9273-03 

1 

1 
EU-152 
-1.61%-09 
I 

N-154 
-2.500e-09 
2 
TE-228 RA-224 
-1.1483-08 0.000E+00 
2.216E-06-2.216E-06 

"-230 RA-226 
-2.8533-13 0.000E+00 
1.373E-11-1.3733-11 

TE-232 RA-228 AC-228 TE-228 RA-224 
-1.5633-18 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 
3.820E-09-3.820E-QQ O.QOOE+OO 0.000E+00 O.OOOE+OQ 
0.000E+00 3.1413-05-3.1433-05 O.OOOE+OO O.OOOE+OO 
0.000E+00 0.000E+00 1.148E-08-1.148E-08 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 2.216E-06-2.216E-06 

U-233 TH-229 RA-225 AC-225 FR-222 PO-213 TH-209 PB-209 

2 

5 

8 2  

AT-217 5 
BI-213 5 
-3.3803-13 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
2.992E-12-2.992E-12 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 
0.000€+00 5.4213-07-5.42lE-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
0.000E+00 0.000E+00 8.023E-07-8.023E-07 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
O.OOOE+OO O.OOOE+OO 0.000E+00 2.407E-03-2.4072-03 0.000E+00 O.OOOE+OO 0.000E+00 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.53lE-04-2.531E-04 0.000E+00 0.000E+00 
0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 1.1341-04-5.251E-03 O.OOOE+OO 
O.OOOE+OO 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 5.7913-05 5.91QE-05-5.919E-05 
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3 
U-234 TH-230 RA-226 
-8.983E-14 O.OOOE+OO 0.000E+00 
2.8533-13-2.6533-13 0.000E+00 
O.OOOE+OO 1.373E-11-1.3732-11 

U-235 TE-231 PA-231 AC-227 TH-227 FR-223 RA-223 
-3.121E-17 0.000E+00 O.OOOE+OO 0.000E+00 O.OOOE+OO 0.000E+00 O.OOOE+OO 
7.545E-06-7.545E-06 O.OOOE+OO 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 
0.000E+00 5.895E-13-5.8BSE-13 O.OOOE+OO O.OOOE+OO 0,00OE+00 O.OOOE+OO 
0.000E+00 O.OOOE+OO 1.OOQE-09-1.009E-09 O.OOOE+OO O.OOOE+OO 0.000E+00 
O.OOOE+OO 0.000€+00 O.OOOE+OO 4.227E-07-4.286E-07 O.OQOE+OO 0.000E+00 
0.000E+00 O.OOOE+OO O.OOOE+OO 7.3133-06 O.OOOE+O0-5.299E-04 O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 0.000E+00 O.OOOE+OO 7.016E-07 7.016E-07-7.016E-07 

U-236 18-232 RA-228 AC-228 TH-228 RA-224 
-9.381E-16 O.OOOE+OO 0.000E+00 O.OOOE+OO O.OOOE+OO O.OOOE+OO 
1.563E-18-1.563E-18 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 
O.OOOE+OO 3.820E-09-3.820E-09 O.OOOE+OO O.OOOE+OO 0.000E+00 
O.OOOE+OO 0.000E+00 3.14lE-05-3.141E-05 0.000E+00 0.000E+00 
0.000E+00 O.OOOE+OO 0.000E+00 1.1488-08-1.146E-08 O.OOOE+OO 
0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.216E-06-2.2162-06 

U-238 TH-234 PA-234H PA-234 U-234 TH-230 RA-226 
-4.9161-16 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 
3.32BE-07-3.32SE-07 0.000E+00 O.OOOE+OO 0.000E+00 0.000E+00 O.OOOE+OO 
O.OOOEc00 9.8748-03-9.874E-03 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 4.5983-08-2.874E-05 0.OOOEWO 0.000E+00 0.000E+00 
0.000E+00 O.OOOE+OO 8.969E-14 8.983E-14-8.983E-14 0.000E+00 0.000E+00 
0.000E+00 O.OOOE+OO O.OOOE+OO 0.000E+00 2.853E-13-2.853E-13 O.OOOE+OO 
0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 O.OOOE+OO 1.3733-11-1.373E-11 

W-238 U-234 TH-230 RA-226 
-2.503E-10 O.OOOE+OO 0.000E+00 0.000E+00 
8.983E-14-8.983E-14 O.OOOE+OO O.OOOE+OO 
0.000E+00 2.8533-13-2.653E-13 O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 1.373E-11-1.3738-11 

PZI-239 U-235 TH-232 PA-231 AC-227 TH-227 FR-223 RA-223 
-8.102E-13 O.OOOE+OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O.OOOE+OO 0.000E+00 
3.12lE-17-3.121E-17 0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 O.OOOE+OO 
O.OOOE+OO 7.545E-06-7.545E-06 O,OOOE+OO O.OOOE+OO O.OOOE+OO 0.000E+00 0.000E+00 
0.000E+00 O.OOOE+OO 5.89515-13-5.895E-13 O.OOOE+OO O.OOOE+OO 0.000E+00 O.OOOE+OO 
0.000E+00 O.OOOE+OO O.OOOE+OO 1.009E-09-1.OO9E-OS O.OOOE+OO 0.000E+00 O.OOOE+OO 
O.OOOE+OO 0.000E+00 O.OOOE+OO O.OOOE+OO 4.2273-07-4.2668-07 O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 7.313E-06 0.000E+00-5.299E-04 0.000E+00 
O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.000E+00 O.OOOE+OO 7.016E-07 7.016E-07-7.016E-07 

PU-240 U-236 TH-232 RA-228 AC-228 TE-228 RA-224 
-3.344E-12 O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.000E+00 O.OOOE+OO 0.000E+00 
9.381E-16-9.38lE-16 0.000E+00 0.000€+00 0.000E+00 O.OOOE+OO O.OOOE+OO 
O.OOOE+OO 1.563E-18-1.563E-18 O.OOOE+OO O.OOOE+OO 0.000E+00 O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 3.820E-OS-3.820E-09 O.OOOE+OO 0.000E+00 0.000E+00 
O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.1411;-05-3.14lE-05 O.OOOE+OO 0.000E+00 
O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.000E+00 1.148E-08-1.148E-08 O.OOOE+OO 
O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.000E+00 2.216E-06-2.216E-06 

AM-241 W-237 PA-233 
-5.082E-11 0.000E+00 O.OOOE+OO 
1.026E-14-1.026E-14 0.000E+00 
O.OOOE+OO 2.97lE-07-2.971s-07 

IX-244 PU-240 U-236 TE-232 RA-226 AC-228 TH-228 RA-224 
-1.213E-09 0.000E+00 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO b.OOOE+OO 0.000E+00 
3.3443-12-3.34bE-12 O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OOOE+OO 0.000E+00 O.OOOE+OO 
O.OOOE+OO 9.36lE-16-9.38lE-16 O.OOOE+OO O.OOOE+OO 0.000E+00 0.000E+00 O.OOOE+OO 
O.OOOE+OO O.OOOE+OO 1.5633-18-1.563E-16 O.OOOE+OO O.OOOE+OO 0.000E+00 0.000E+00 
O.OOOE+OO O.OOOE+OO O.OOOE+OO 3.620E-09-3.620E-09 0.000E+00 O.OOOE+OO O.OOOE+OO 
O.OOOE+OO O.OOOE+OO O.OOOE+OO O.OODE+DO 3.14lE-05-3.141E-05 0.000E+00 O.OOOE+OO 
O.OOOE+OO 0.000E+00 0.000E+00 O.OOOE+OO O.OOOE+OO 1.148E-08-1.148E-08 0.000E+00 
O.OOOE+OO O.OOOE+OO 0.000E+00 O.OOOE+OO O.OOOE+OO O.OOOE+OO 2.216E-06-2.216E-06 

7 

6 

7 

4 

8 

7 

3 

8 
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t -OFYEARSJYRS 
"UC 
NUCLIDE NAME NUC SR, 
WQINR(MN,IY).Mt?*1,6 

WVELR(MN, IY ,MN=l, 6 

NR 
WLENR,WIDR,WDEPR 
WKVR,SWKDR SR-90 

Y-90 
FLAG SEDRIV 
UURSEN'S PARAMETERS 
SEDIMENT CUYPARTMENT 

MN=7,12 

MN=7,12 

1 
1 

0.01 
0.01 
1.0 
1.0 
3 

5000.0 
0.OOE-0 

NO 
2.65 

.05 

-90 
0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 
1.0 0.9 0.8 0.7 1.1 
0.9 1.5 1.4 1.3 1.5 

300. 5. 
3.5E+1 
5.OE+2 

1.0 7.53-5 
100. 0.01 1000.0 0.0 0.00 
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This is fiIe WATERJN (exampie 2). There are two parents (TH-232 and U-236), 
each with a source of 0.01 Ci/s every month for 1 year. The water velocity is constant at 
1-5 m/s each month, there are 3 reaches with length of 500.0 m, width of 300.0 m, and 
depth of 10.0 m, the volatilization rates for the parents and daughters are assumed to be 
0.0, the distrrhtion COeEficKnts Kd (SWKDR) are given for each, and sediment 
parameters h r  Laursen's formula are giolen, Note that TH-232 must be first in this fife 
because it appears before U-236 in file RAl3IO.IN . Also, the parameters WKVR and 
SWKDR are given for the TH-232 chain fint (TH-232, RA-228, A C - m  TH-228, and 
R4-224), fobwed by the U-236 chain. They must be given in the same order that they 
appear in file RADIOJN. The output from RIVER-RAD corresponding to this input is 
given in Appendix D. 
-I-------uIuIII--_--_--------------------------------------------- 

+oFyEdRsJYRs 1 
Ip#uc 2 
IWCLfDE "E #uC TX-232 

U-236 
WpINR.TX-232 FVR KIN 

= 1,12 
WQm, U-236 Fcw MM - 1.12 
WVELR(?fN, IY) ,*1,6 

-7.12 
NR 
WLEllR I WDR, WOEPR 
HKVR.SUKDR TH-232 

RA-228 
AC-228 
mi-228 
RA-224 
U-236 
m-232 
RA-22B 
Ac-228 
TE-228 
RA-224 

PLM; SEDRIV 
LAuBsm*s PARBNFIERS 
SEDIMERI COMpARmm 

0.01 
0.01 
0.01 
0.01 
1.5 
1.5 
3 

500. 
0 .OOE+O 
O.OOE+O 
0 . OOE+O 
0 . OOE+O 
0 . OOE+O 
0. OOE+O 
O.OOE+O 
0 . OOE+O 
0 . OOE+O 
0 . OOE+O 
0 .OOE+O 

NO 
2.65 
.05 

0.01 0.01 
0.01 0.01 
0 .01  0.01 
0.01 0.01 
1.5 1.5 
1.5 1.5 

300. 10. 
1.5E+5 
4.5E+2 
1. SE+3 
1.5E+5 
4.5E+2 
4. SE+2 
1.5€+5 
4.5E+2 
1.5E+3 
1.5E+5 
4.5E+2 

1.0 7.5E-5 
100" .01 

0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
0.01 0.01 0.01 
1.5 1.5 1.5 
1.5 1.5 1.5 

2500.0 0 .0  
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# O F Y E A R S J Y R S  1 
NNUC 10 
NUCLJDE NAME NUC MN-54 
NUCLIDE NAME MIC Y-SO 

RB-106 
1-132 
1-133 
1-134 
1-135 
CS-134 
BA-137M 
EU-154 

WQINR, MN-54 FOR 0.01 
HONTH=l, 12 0.01 

WQINR, Y-90 0.01 
0.01 

WINR, RB-106 0.01 
0.01 

WQIK., 1-132 0.01 
0.01 

WQINR, 1-133 0.01 
0.01 

WINR, 1-134 0.01 
0.01 

WQINR. 1-135 0.01 
0.01 

WQIM, CS-134 0.01 
0.01 

W I M .  BA-137M 0.01 
0.01 

WpINR, EU-154 0.01 
0.01 

WVELR(MN,IY) ,MN=1,6 1.5 
MN=7,12 1.5 

NR 5 
WLENR,WWIDR,WDEPR 500 
WKVR,SWWR MN-54 0 . OOE+O 

Y-90 0 . OOE+O 
RB-106 0 . OOE+O 
1-132 0 . OOE+O 
1-133 0 .OOE+O 
1-134 O.OOE+O 
1-135 0 .OOE+O 
CS-134 0 .OOE+O 
BA-137M O.OOE+O 
EU-154 O.OOE+O 

FLAG SEDRfV . YES 
SEDIMENT CONC. 'S 0.01 

0.01 
SEDIMENT PARAME= .05 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
1.5 
1.5 

300. 
6.5E+1 
S.OE+Z 
6.OE+1 
6.OE+1 
6.OE+1 
6.OE+1 
6.OE+1 
l.OE+3 
6.OE+1 
6.5E+Z 

0.01 
0.01 
100. 

0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
0 . 0 1  0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
1.5 1.5 1.5 1.5 
1.5 1.5 1.5 1.5 - 
10. 

0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 
.01 2500.0 0.00 .002 
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APPENDIX D 

RESULTS mROM THE RIVER-RAD MODEL 

These results correspond to the input data (examples 1,2, and 3) given in Appendix C. 

RUnIDE # 1 AM) ITS DAUGETERS: 
SR-90 
Y-90 

DECAY HATRIX: 
-0.77E-09 O.OOE+OO 
0.30E-05 -0.30E-05 

SOURCE, n I D E  I- 1 MX=l, 6 IYRI 1 WJINR(I,H3N,IYR) CI/S 
1.000E-02 1.OOOE-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 

1.000E-02 1.000E-02 1.OOOE-02 1.000E-02 1.000E-02 1.000E-02 
EM1=7.12 IYR- 1 

RIVER HATER VELOCITY W = 1 ,  6 IYR= 1 UWLRW3N,IYR) H/S 
l.OOOE+OO l.OOOE+OO 9.000E-01 8.000E-01 7.000E-01 l.lOOE+OO 

1.000E+00 9.000E-01 1.5OOE+OO 1.400E+00 1.300E+00 1.500E+00 
@Dl4=7,12 IYR= 1 

HIJMBER OF REMXES nR (-) 3 
IsKiTEOFRIVERREAcH WLm n 5.000E+03 
WIDTH OF RIVER Rwca WIDR n 3.000E+02 
DEPTB OF RIVER REhcH WDEPR n 5.000E+00 

VOLAlfLIUTION R A E  FOR SR-90 WKVR S**-l 0.000E-01 
DISTRfBUTfON COEFF. M) FOR SR-BO sM(DR ATM/G/ATM/M. 3.500E+01 

VOUTILIUTION RATE F(HL Y-80 WKVR S**-1 0.00OE-01 
DISTRIBUTIOH COEFP. KD F a  Y-90 s1JKDR AlX/G/ATM/ML 5.000E+02 

MODEL FLAG TEAT DETERMINES WEAT USER IffPUTS 

SEDIHWT DEl4SITY I N  RIVER DEaSDR G/QW*3 2.650E+00 
WATER DmSm m RIVER DEtajR G/cN**3 l.OOOE+OO 

SLOPE OFRIVER SLOPER (-) 7.500E-05 
MEDIAN SED= DIAMETER IS RIVW DIASDR m 5.0002-02 

SOLIDS cmcmmrIoN IN SEDIMENT LAYER SEDCS KG/H**3 l.O0OE+02 
DEPTB OF SED= LAMER SDEHl M 1.000E-02 

SED= SETTLING VELOCITY S E n a  HIS 2.lOOE-03 
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SEDIMENT RESUSPENSION VELOCITY RESVEL M / Y R  1.000E+03 
SEDIMENTATION VELOCITY SEDVEL M / Y R  0.000E-01 

SCENARIO 

RIVER (HAS SOURCE) 

MAGNITUDE OF SOURCE(S) 

OCT 
APR 

NOV DEC JAN FEB MAR 
MAY JUN JUL AUG SEP 

RIVER 
(CI /sEc 1 
NUCLIDE # 1 

YEAR 1 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 
1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 

MONTHLY ACTIVITY AND INTERACTION TERM 
WATER BODY IS A RIVER 
IR IS THE REACH IWMBER 

CONTAMINATED WATER (SURFACE MEA) IN H**2 - 4.500E+06 
Y E A R 1  

OCT 
WATER CWARTMENT 

ACTIVITY DISSOLVED ADSORBED TOTAL 
(CI) IR- 1 
SR-90 4.9721+01 2.7733-01 5.000E+01 
Y-90 9.420E-01 7.5051-02 1.017E+00 

SR-90 4.972E+Ol 2.7733-01 5.000E+01 
Y-90 1.804E+00 1.437E-01 1.948E+00 

SR-90 4.971E+01 2.7731-01 4.999E+Ol 
Y-90 2.5931+00 2.0663-01 2.799E+OO 

(CI) IRE 2 

(CI) IR= 3 

SEDIMENT COMPARTMEXT 
DISSOLVED ADSORBED TOTAL 

1.047E+01 3.664E+01 4.710E+01 
5.542E-01 2.771E+01 2.8263+01 

1.046E+01 3.661E+O1 4.7073+01 
6.459E-01 3.230E+01 3.2941+01 

1.045E+01 3.657E+01 4.702E+01 
7.295E-01 3.647E+O1 3.7201+01 

RATES DEP ON WATER VQLAT WATW SURF RUNOFF GRWlTl RUNOFF WASHulAo 
(CI IMON) 

91-90 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 
Y-90 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 

SEP 
WATER C W A R M N T  SEDIMENT CDNPARTMENT 

ACTIVITY DISSOLVED ADSORBED TOTAL DISSOLVED ADSORBED TOTAL 
(CI) IR- 1. 
91-90 3.277E+01 5.63OE-01 3.333E+01 2.129EtOl 7.452E+01 9.581E+01 
Y-90 5.75BE-01 l.413E-01 7.171E-01 1.1.13E+00 5.5671+01 5.6783+01 

SR-90 3.2773+01 5.6301-01 3.3331+01 2.129E+01 7.4521+01 9.582E+01 
Y-90 1.078E+00 2.64613-01 1.3431+00 1.279E+00 6.397E+Ol 6.525E+01 

SR-90 3.2773+01 5.630E-01 3.3331+01 2.1291+01 7.4533+01 9.58ZE+01 

(CI) Ix= 2 

(CI) IR- 3 
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Y - 9 0  1.517E+00 3.723E-01 1.889E+00 1.424E+00 7.122E+01 7.265E+01 

RATES DEP ON WATER VOLAT WATER SURF RUNOFF mwm RUNOFF wAsmom 
(CIIMON) 

SR-90 0.000E-01 0.000E-01 O.OO0E-01 0.000E-01 0.000E-01 
Y-90 0.OOOE-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 

INPUT DATA FCR AWD HESSAGES FRa4 TEE RIVER-RM MDEL 

DEFINITION UAME UNIT VALuE(S) 

NlRBER OF YEARS JYRS (-1 1 
NUMBER OF lTucLIDES RMK: (-1 2 

NUCLIDE # 1 MID ITS MuEiHTERS: 
TE-232 
Iu-228 
Ac-228 
m-228 
RA-224 

DECAY MATRIX: 
-0.16E-17 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
0.38E-08 -0.38E-08 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 0.31E-04 -0.31E-04 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.llE-07 -0.11E-07 O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 0.2ZE-05 -0.22E-05 

WCLIDE # 2 AND ITS DAUGBTERS: 
U-236 
TEi-232 
RA-228 
Ac-228 
TB-228 
RA-224 

DECAY MATRIX: 
-0.84E-15 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
0.16E-17 -0.16E-17 O.OOE+OO 0.00€+00 O.OOE+OO O.OOE+OO 
O.OOE+OO 0.388-08 -0.38E-OB O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 0.31E-04 -0.31E-04 O.OOE+OO 0.00E+00 
O.OOE+OO O.OOE+OO O.OOE+OO 0.llE-07 -0.llE-07 O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.223-05 -0.2ZE-05 

SOURCE, NUCLIDE I= 1MOH=l, 6 IYR= 1 w Q I M I ( I , ~ , I Y R )  CI/S 
1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 

1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 
--7,12 IYRr 1 

SOURCE, HUCLIDE I= 2 tXW-1. 6 I=- 1 WIHR(I.~,IYR) CI/S 
1.OOOE-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 

1.000E-02 1.000E-02 1.OOOE-02 1.000E-02 1.000E-02 1.000E-02 
HMoc7,u  In= 1 

RIVER WATER VELOCITY HON-1. 6 I W  1 WVELR(HM3,IYR) H/S 
1.500E+00 1.500E+00 1.500E+00 1.50OE+OO 1.500E+00 1.500E+00 

1.500E+00 1.500E400 1.500E+00 1.500E+00 l.SOOE+OO 1.500E+00 
MON-7.12 IYR- 1 
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NUMBER OF REACRES 
LENGTH OF RIVER REACH 
WIDTE OF RIVER REACE 
DEPTH OF RIVER REACH 

VOLATILIZATION RATE FOR TE-232 
DISTRIBUTION COEFF. KD FOR TE-232 

VOLATILIZATION RATE FOR RA-228 
DISTRIBUTION COEFF. KD FOR RA-228 

VOLATILIZATION RATE FOR AC-228 
DISTRIBUTION COEFF. KD FOR AC-228 

VOLATILIZATION RATE FOR TE-228 
DISTRIBUTION COEFF. KD FOR TB-228 

VOLATILIZATION RATE FOR RA-224 
DISTRIBUTION COEFF. KD FOR IU-224 

MLATILIZATION RATE FOR U-236 
DISTRIBUTION COEFF. KD FOR U-236 

NR 
WLENR 
WIDR 
WDEPR 

WKVR 
SWKDR 
WKVR 
SWKDR 
WKVR 
SWKDR 
WKVR 
SWKDR 
WKVR 
SWKDR 
WKVR 
SWKDR 

( - )  3 
M 5.000E+02 
N 3.000E+02 

l.OOOE+Ot M 

S**-1 0.000E-01 
ATMJGIATMJML 1.500E+05 

S**-1 0.000E-01 
ATM/G/ATM/ML 4.500E+02 

S**-1 0.000E-01 
ATM/G/ATM/ML 1.500E+03 

S**-1 0.000E-01 
ATU/G/ATM/ML 1.500E+05 

S**-1 0.000E-01 
ATM/G/ATU/ML 4.500E+02 

S**-1 0.000E-01 
AM/G/AM/ML 4.500E+02 

M3DEL FLAG TEAT DETERMINES WHAT USER INPUTS 

OPTION CHOSEN NAME MEANING 

NO SEDRIV SIGNIFIES TEAT SEDIMENT PARAMETERS (FOR LAURSENS 
FORMULA) FOR TEE RIVER ARE INPUT (SEE BELOW) 

SEDIMENT DENSITY IN RIVER DENSDR 
WAFER DENSITY IN RIVER DENWR 

SLOPE OF RIVER SLOPER 
MEDIAN SEDIMENT DIAMETER IN RIVER DIASDR 

SOLIDS CONCENTRATION IN SEDIMENT LAYER SEDCS 
DEPTH OF SEDIMENT LAYER SDEPR 

SEDIMENT SETTLING VELOCITY SETVEL 
SEDIMENT RESUSPENSION VELOCITY RESVEL 

SEDIMENTATION VELOCITY SEDVEL 

SCENARIO 

RIVER (HAS SOURCE) 

MAGNITUDE OF SOURCE(S) 

K T  NOV DEC JAR 
APR MAY JUN JUL 

G/CM**3 2.650E+00 
G / W * 3  l.OOOE+OO 

( - )  7.500E-05 
m 5.000E-02 

KG/W*3 1.000E+02 
M 1.000E-02 

' M/S 2.100E-03 
W/YR 2.500E+03 
WlYR 0.000E-01 

FEE 
AUG 

MAR 
SEP 

RIVER 
(CIISEC) 
NUCLIDE # 1 

YEAR 1 1.00E-02 1.OOE-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 
1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 

YEAR 1 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 
1.00E-02 1.OOE-02 1.00E-02 1.00E-02 1.00E-02 1.00E-02 

NUCLIDE # 2 
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This is the file OUTPUT.RN that resulted from running RIVER-RAD using the 
input file WATER.IN (example 2) from Appendix C. To conserve space, results from 
only the first and last months of the simulation are given. Note that in --RAD the 
results are summed by nuclide, regardless of the chains to which they belong. 
--------------------________uI_--------------------I_yyI_______I1____- 

K " L Y  ACTIVITY AND INTERACTION "ERPS 
!dA= BODY IS A RIVER 
IR IS TEE BEACB NUMBER 

CONTAMIHATED WATER (SURFACE AREA) IN H**2 - 4.500E+05 
Y E A R 1  

OCT 
!dAm ce3PARnmT 

ACTIVITY DISSOLVED ADSORBED TOTAL 
[CII IR.. 1 
TB-232 8.SOSE-02 3.244E+OO 3.333E+OO 
U-236 3.005E+OO 3.284E-01 3.333E+OO 
RA-228 1.024E-04 1.120E-05 1.136E-04 
AC-228 6.4793-05 2.360E-05 8.839E-05 
'lg-228 3.5003-09 1.275E-07 1.310E-07 
RA-224 2.7393-08 2.903E-09 3.038E-08 

TB-232 8.9053-02 3.244E+OO 3.333E+OO 
U-236 3.005E+OO 3.2843-01 3.333E+00 
RA-228 2.04nE-04 2.239E-05 2.2738-04 
E-228  1.2933-04 4.7103-05 1.7643-06 
28-228 7.046E-09 2.567E-07 2.637E-07 
RA-224 5.684E-08 6.212E-09 6.305E-08 

RI-232 8.905E-02 3.244E+00 3.333€+00 
U-238 3.005E+00 3.2843-03 3.3333+00 
F!A-228 3.073E-04 3.359E-05 3.40%-04 
AG-228 1.935E-04 7.040E-05 2.640E-04 
TE-228 1.0643-08 3.876E-07 3.9823-07 
RA-224 8.837E-08 9.659E-09 9.803E-08 

(CI) fEL.. 2 

(CI) IR- 3 

SED-T CCWPAR"WRT 
DISSOLVED ADscIlzBED TOTAL 

5.730L-03 8.594E+01 8.5953+01 
1.933E-01 8.700E+00 8.894E+00 
9.265E-04 4.169E-02 4.262E-02 
2.2652-004 3.3678-02 3.4203-02 
3.522E-00 5.283E-05 5.28323-05 
2.S66E-07 1.155E-05 1.180E-05 

5.730E-03 8.5943+01 8.5953+01 
1.933E-01 8.700E+00 8.894E+OO 
9.331E-04 4.199E-02 4.292E-02 
2.2893-04 3.4348-02 3.457E-02 
3.765E-09 5.678E-05 5.678E-05 
2.772E-07 1.247E-05 1.2753-05 

5.730E-03 8.594E+01 8.5953+01 
1.933E-01 8.700E+00 8.8943+00 
9.3972-04 4.229E-02 4.323E-02 
2.3141-04 3.4713-02 3.484E-02 
4.051E-09 6.077E-05 6.0773-05 
2.980E-07 1.34lE-05 1.37lE-05 

RATES DEPONWATER VOLATWATER SURFRUNOFF GRWZRRUNOFF W3LOAD 
(CI/HMII 

TE-232 0.DOOE-01 0.000E-01 0.000E-01 0.OOOE-01 0.00OE-01 
U-236 0.OOOE-01 0.000E-01 0.OOOE-01 0.OOOE-01 0.000E-01 
RA-228 0.000E-01 0.000E-01 0.000E-01 0.000E-03 0.000E-01 
AC-228 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 
TE-228 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 
RA-224 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 

SEP 

ACTMTr 
(CI) IB- 
'lg-232 
U-236 
RA-228 
AC-228 
TB-228 
U-224 

WTER CCMPARTMEiVT 
DISSOLVED ADSORBED TOTAL 

8.905E-02 3.2443+00 3.333€+00 
3.005E+OO 3.2841-01 3.333E+00 
1.024E-04 1.120E-05 1.136E-04 
6.47QE-05 2.360E-OS 8.83QE-05 
3.500E-09 1.275E-07 1.310E-07 
2.73SE-08 2.993E-OB 3.038E-08 

1 

SEDIMENT COMPARIMENT 
DISSOLVED ADSORBED TOTAL 

5.7302-03 8.5941+01 8.595E+01 
1.933E-01 8.700E+OO 8.894E+00 
9.265E-04 4.169E-02 4.262E-02 
2.26SE-04 3.3983-02 3.420E-02 
3.522E-09 S.283E-05 5.2833-05 
2.566E-07 1.1553-05 1.180E-05 
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(CI) IR= 
TH-232 
U-236 
RA-228 
Ac-228 
TH-228 
RA-224 

TH-232 
U-236 
RA-228 
Ac-228 
TB-228 
RA-224 

(CI) IR- 

2 
8.905E-02 
3.005E+00 
2.049E-04 
1.2933-04 
7.046E-09 
5.6841-08 

8.9051-02 
3.005E+00 
3.0733-04 
1.935E-04 
1.064E-08 
8.838E-08 

3 

3.244E+00 
3.284E-01 
2.239E-05 
4.710E-05 
2.567E-07 
6.213E-09 

3.244E+OO 
3.284E-01 
3 .  W E - 0 5  
7.0492-05 
3.876E-07 
Q. 6603-09 

3.333E+00 
3.333E+OO 
2.2733-04 
1.764E-04 
2.638E-07 
6.305E-08 

3.333E+00 
3.333E+00 
3.409E-04 
2.640E-04 
3 .  Q82E-07 
Q.804E-08 

5.7301-03 
1.9333-01 
9.3311-04 
2.289E-04 
3.785E-0Q 
2.7721-07 

5.7301-03 
1.9333-01 
9.3973-04 
2.314E-04 
4.052E-09 
2.98133-07 

8.594E+01 
8.700E+00 
4.199E-02 
3.434E-02 
5.67 8E- 0 5 
1.2473-05 

8.594E+01 
8.700E+00 
4.229E-02 
3.471E-02 
6.077E-05 
1.3413-05 

8.595E+01 
8.894E+00 
4.2923-02 
3.4573-02 
5.678E-05 
1.275E-05 

8.595E+01 
8.894E+00 
4.323E-02 
3.494E-02 
6.0783-05 
1.3713-05 

RATES DEP ON WATER VOLAT WATER SURF RUNOFF GRUI'R RUNOFF WASHLOAD 
(CIIHON) 

TH-232 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 
U-236 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 
RA-228 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 
Ac-228 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 
TH-228 O.0OOE-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 
RA-224 0.000E-01 0.000E-01 0.000E-01 0.000E-01 0.000E-01 

This is the File 0UTPUT.USR that resulted from running RIVER-RAD using the 
input file WATERIN (example 3) from Appendix C. The user should always check this 
file to make sure that all data were inaut correctlv and for anv warninn; or error messages. 

INPUT DATA FOR AND MESSAGES FROM THE RIVER-RAD HODEL 

DEFINITION NAME UNIT VALuE(S) 

NUMBER OF YEARS JYRS ( -1  1 
NUM8ER OF NUCLIDES " U C  (-) 10 

NUCLIDE # 1 AND ITS DAUGHTERS: 

DECAY MATRIX: 
-0.26E-07 

MN-54 

NUCLIDE # 2 AND ITS DAUGHTERS: 

DECAY MATRIX: 
-0.30E-05 

NUCLIDE 9 3 AND ITS DAUGHTERS: 

Y-90 

DECAY MATRIX: 
-0.23E-01 

NUCLIDE I. 4 AND ITS DAUGHTERS: 

DECAY MATRIX: 
-0. 84E-04 

NUCLIDE P 5 AND ITS DAUGBTERS: 

DECAY MATRIX: 
-0. g3E-05 

NUCLIDE # 6 AND ITS DAUGHTERS: 

RE-106 

1-132 

1-133 

1-134 
DKAY HATRIX: 

62 



-0.22E-03 

NUCLIDE # 7 AND ITS DAUGHTERS: 

DECAY MATRIX: 
-0.29E-04 

NUCLIDE # 8 AND ITS DAUGETERS: 

DECAY WATRIX: 
-0.llE-07 

NUCLIDE # 0 AND ITS DAUGETERS: 

DECAY MATRIX: 
-0.453-02 

NUCLIDE # 10 Am) IPS DAUGHTERS: 

1-135 

CS-134 

BA-137M 

EU- 154 
DECAY MATRIX: 
-0.25E-08 

SOURCE, NUCLIDE I- 1 MM=l, 6 
1.000E-02 1.000E-02 

1.000E-02 1.000E-02 
Mow7 ' 12 

SOURCE, NUCLIDE I- 2 MDN=1, 6 
1.000E-02 1.000E-02 

MOb7,12 
1.000E-02 1.OOOE-02 

SOURCE, NUCLIDE I= 3 MON=l, 6 
1.000E-02 1.000E-02 

"-7,12 
1.000E-02 1.000E-02 

SOURCE, LPUCLIDE I= 4 -1, 6 
1.000E-02 1.000E-02 

mN=7,12 
1.000E-02 1.000E-02 

SOURCE, NUCLIDE I= 5 t43N4, 6 
1.000E-02 1.OOOE-a2 

m-7,12 
1.000E-02 1.000E-02 

SOURCE. NUCL.IDE 1% 6 MON-1, 6 
1.000E-02 1.000E-02 

m=7,12 
1.0002-02 1.000E-02 

SOURCE, NUCLIDE I- 7 -1, 6 
1.000E-02 1.000E-02 

m-7,12 
. 1.000E-02 1.000E-02 

SOURCE, NUCLIDE 1- 8 W = l ,  6 
1.OOOE-02 1.000E-02 

nm=7,12 
1.000E-02 1.00OE-02 

IYR= 1 wQI#R(I.MON,IYR) CI/S 

IYR- 1 
1.000E-02 1.000E-02 1.OOOE-02 1.000E-02 

1.000E-02 1.000E-02 1.000E-02 1.000E-02 

IYR- 1 wxm~I.MDN.IYR) CIlS 

IYR- 1 
1.000E-02 1.000E-02 1.000E-02 1.000E-02 

1.000E-02 1.000E-02 1.OOOE-02 1.000E-02 

IYR= 1 wQINR(I,H3N,IYR) CI/S 

IYR. 1 
1.000E-02 1.000E-02 1.000E-02 1.000E-02 

1.000E-02 1.000E-02 1.OOOE-02 1.000E-02 

IYR- 1 wQINR(I,H319,IYR) CI/S 

I== 1 
1.000E-02 1.000E-02 1.000E-02 1.000E-02 

1.OOOE-02 1.000E-02 1.000E-02 1.000E-02 

IYR= 1 wINR(I,m,IYR) CI/S 

I n =  1 
1.000E-02 1.00OE-02 1.OOOE-02 1.000E-02 

1.000E-02 1.000E-02 1.OOOE-02 1.OOOE-02 

- 
IYR= 1 HPINR(1,rn.IYR) CIlS 

IYR- 1 
1.000E-02 1.OOOE-02 1.000E-02 1.000E-02 

1.000E-02 1.000E-02 1.OOOE-02 1.000E-02 

IYR= 1 wpINR(I,",IYR) CIlS 

1YR- 1 
1.000E-02 1.000B-02 1.OOOE-02 1.000E-02 

1.000E-02 1.000E-02 1.000E-02 1.000E-02 

IYR- 1 WQINR(I,MON.IYR) CI/S 

In- 1 
1.000E-02 1.000E-02 1.000E-02 1.OOOE-02 

1.000E-02 1.OOOE-02 1.000E-02 1.OOOE-02 
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SOURCE. NUCLIDE I- 9 M3N=1. 6 IYR= 1 WQINR(I,K)N.IYR) CI/S 
1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 

1.000E-02 1.OOOE-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 
M3N=7,12 IYR= 1 

SOURCE, NUCLIDE 1 4 0  H3N=l, 6 IYR= 1 WQINR(I,mlN,IYR) CI/S 
1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 

1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 
H3N-7,12 IYR- 1 

RIVER WATER VELOCITY MDN*l, 6 IYR- 1 WVELR(MN.IYR) H I S  
1.500E+00 l.SOOE+OO 1.500E+00 

1.500E+00 l.SOOE+OO 1.500E+00 
WN-7.12 IYR= 1 

NWEl€R OF REACHES 
LENGTH OF RIVER REACE 
WIDTH OF RIVER REACE 
DEPTH OF RIVER REACE 

VOLATILIZATION RATE FOR HIJ-54 
DISTRIBUTION COEFF. KD FOR "-54 

VOLATILIZATION RATE FOR Y-90 
DISTRIBUTION COEFF. KD FOR Y-90 

VOLATILIZATION RATE FOR RE-106 
DISTRIBUTION COEFF. KD FOR RH-106 

VOLATILIZATION RATE FOR 1-132 
DISTRIBUTION COEFF. KD FOR 1-132 

VOLATILIZATION RATE FOR 1-133 
DISTRIBUTION COEFF. KD FOR 1-133 

VOLATILIZATION RATE FOR 1-134 
DISTRIBUTION COEFF. KD FOR 1-134 

VOLATILIZATION RATE FOR 1-135 
DISTRIBUTION COEFF. KD FOR 1-135 

VOLATILIZATION RATE FOR CS-134 
DISTRIBUTION COEFF. M) FOR CS-134 

VOLATILIZATION RATE FOR BA-137M 
DISTRIBUTION COEFF. KD FOR BA-137M 

VOLATILIZATION RATE FOR EU-154 
DISTRIBUTION C O W .  KD FOR EU-154 

m 
WLENR 
W D R  
WDEPR 

WKVR 
SWKDR 
WKVR 
SWKDR 
WKVR 
SWKDR 
WKVR 
SWWR 
WKVR 
SWKDR 
WKVR 
SWKDR 
WKVR 
SWKDR 
WKVR 
SWWR 
WKVR 
SWKDR 
WKVR 
SWKDR 

(-) 5 
n 5.000E+02 
M 3.000E+02 
H 1. OOOE+Ol 

S**-1 0.000E-01 
ATM/G/ATM/ML 6.500E+01 

S**-l 0.000E-01 
ATM/G/AW/ML 5.00OE+02 

S**-1 0.000E-01 
ATM/G/ATM/ML 6.000E+01 

S**-1 0.000E-01 
ATM/G/ATM/ML B.OOOE+Ol 

S**-1 0.000E-01 
ATM/G/ATM/ML 6.000E+01 

S**-1 0.000E-01 
ATM/G/ATM/HE 6.000E+01 

S**-1 0.00OE-01 
ATM/G/ATM/ML 6.000E+01 

S**-1 0.000E-01 
ATM/G/ATM/ML 1.000E+03 

S**-l 0.000E-01 
ATM/G/ATM/ML 6.000E+01 

S**-1 0.000E-01 
ATM/G/ATM/ML 6.500E+02 

HIDEL FLAG TEAT DETERMINES WHAT USER INFVTS 

OPTION CHOSEN NAME MEANING 

YES SEDRIV SIGNIFIES THAT SEDIMENT CONCENTRATIONS FOR THE 
RIVER bRE INPU'I (SEE BELOW) 

SEDIMENT CUNC. (RIVER) KIN-1, 6 IYR- 1 SEDCR(M3N.IYR) KG/M**3 
1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 

1.00OE-02 1.000E-02 1.000E-02 1.000E-02 1.000E-02 1.800E-02 
"17.12 I== 1 

MEDIAN SEDIMENT DIAMETER IN RIVER DUSDR m 5.000E-02 
SOLIDS WHCENTRATION IN SEDIMENT LAYER SEDCS KG/M**3 1.000E+02 

DEPTH OF SEDIMENT LAYER SDEPR n 1.000E-02 
SEDIMENT SETTLING VELOCITY SETVEL M/S 2.000E-03 

SEDIMENT RESUSPEWSION VELOCITY REmL M / Y R  2.500E+03 
SEDIMENTATION VELLlCITY SEDVEL M / Y R  0.000E-01 
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SCENARIO 

RIVER (HAS SOURCE) 

MAGNITUDE OF SOURCE(S) 

OCT NOV DEC JAN 
APR MAY 3uN JUL 

RIVER 
(CIISEC) 
NUCLIDE # 1 
YEAR 1 1.00E-02 

1.OOE-02 

YEAR 1 1.OOE-02 
1.00E-02 

YEAR 1 1.OOE-02 
1.OOE-02 

YEAR 1 1.00E-02 
1.00E-02 

YEAR 1 1.OOE-02 
1.00E-02 

YEAR 1 1.00E-02 
1.OOE-02 

YEAR 1 1.00E-02 
1.OOE-02 

YEAR 1 1.00E-02 
1.00E-02 

YEAR 1 1.00E-02 
1.00E-02 

YEAR 1 1.00E-02 
1.00E-02 

WJCLIDE # 2 

lPUCLfDE # 3 

NUCLIDE # 4 

NUCLIDE # 5 

NUCLIDE # 6 

NUCLIDE # 7 

NUCLIDE # 8 

NUCLIDE # 9 

NUCLIDE # 10 

1.00E-02 
1.00E-02 

1,00E-02 
1.00E-02 

1.00E-02 
lIOOE-02 

1.OOE-02 
1.00E-02 

1.OOE-02 
1 ~ 00E-02 

1.OOE-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.OOE-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.OOE-02 
1.00E-02 

1.00E-02 
1.00E-02 

1. DOE-02 
1.OOE-02 

1.00E-02 
1.00E-02 

1.00E-02 
1. DOE-02 

1.002-02 
1.00E-02 

3.OOE-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.OOE-02 

1.OOE-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1. DOE-02 
1.OOE-02 

1.00E-02 
1,00E-02 

1.OOE-02 
1.00E-02 

1.OOE-02 
1.00E-02 

1,00E-02 
1.00E-02 

FEB 
AUG 

1.00E-02 
1.00E-02 

1.002-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.OOE-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

MAR 
SEP 

1.00E-02 
I. OOE-02 

1. DOE-02 
1.00E-02 

1.OOE-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
I. 00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1.00E-02 

1.00E-02 
1. DOE-02 

1.00E-02 
1.00E-02 
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M0NTHI.Y ACTIVITY AND INTERACTION FERMS 
WATER BODY IS A RIVER 
IR IS TEE REACH RJM8ER 

CONTMNATED WATER (SURFACE ARU) IN M**2 = 7.500E+05 
yuR1 

OCT 
w4 

ACTIVITY DISSOLVED 

MN-54 3.33lE+OO 
Y-90 3.313E+OO 
RE-106 3. 819E-01 
1-132 3.2413+00 
1-133 3.321E+OO 
1-134 3.104E+OO 
1-135 3.2993+00 
CS-134 3.300E+00 
BA-137M 1.328E+OO 
EU-154 3.312E+OO 

MN-54 3.331E+00 
Y-90 3 ~ 310E+00 
RH-106 4.378E-02 
1-132 3.153E+00 
1-133 3.31lE+OO 
1-134 2.892E+OO 
1-135 3.267E+00 
CS-134 3.300E+00 
BA-137M 5.292E-01 
EU-154 3.312E+OO 

MI-54 3.331E+00 
Y-90 3.306E+00 
RE-106 5.018E-03 
1-132 3.067E+00 
1-133 3.300E+00 
1-134 2.695E+OO 
1-135 3.236E+OO 
CS-134 3.300E+00 
BA-137tl 2.109E-01 
EU-154 3.312E+OO 

MN-54 3.331E+00 
Y-90 3.302E+OO 
RE-106 5.753E-04 
1-132 2.984E+OO 
1-133 3.290E+00 
1-134 2.51lE+OO 
1-135 3.2051+00 
CS-134 3.3OOE+OO 
BA-137M 8.4063-02 
EU-154 3.312E+00 

FN-54 3.33lE+OO 
Y-90 3.299E+OO 
RE-106 6.595E-05 
1-132 2. 903E+OO 
1-133 3.280E+OO 
1-134 2.3401+00 

(CI) IR= 1 

(CI) IR- 2 

(CI) IR= 3 

(CI) IR- 4 

(CI) w- 5 

LTER COMpARRiENT 

ADSORBED TOTAL 

2.165E-03 
1.657E-02 
2.29lE-04 
1.944E-03 
1.993E-03 
1.862E-03 
1.98OE-03 
3.300E-02 
7.966E-04 
2.153E-02 

2.165E-03 
1.655E-02 
2.627E-05 
1.892E-03 
1.8863-03 
1.735E-03 
1.960E-03 
3.300E-02 
3.175E-04 
2 ~ 1538-02 

2.1651-03 
1.65333-02 
3 .OllE-06 
1.840E-03 
1.980E-03 
1.6171-03 
1.942E-03 
3.300E-02 
1.265E-04 
2.1533-02 

2.165E-03 
1,6513-02 
3.452E-07 
1.790E-03 
1.974E-03 
1.507E-03 
1.9231-03 
3.300E-02 
5.044E-05 
2.153E-02 

3.333E+00 
3.330E+00 
3.821E-01 
3.243E+OO 
3.323E+00 
3.106E+00 
3.301E+00 
3.333E+OO 
1.329E+00 
3.333E+00 

3.333E+00 
3.326E+OO 
4.38OE-02 
3.155E+OO 
3.313E+00 
2.894E+00 
3.269E+00 
3.333E+OO 
5.295E-01 
3.3338+00 

3.333E+OO 
3.322E+OO 
5.021E-03 
3.069E+00 
3.302E+OO 
2.696E+OO 
3.238E+OO 
3.333E+00 
2.llOE-01 
3.333E+OO 

3.333E+00 
3.319E+00 
5.756E-04 
2.985E+OO 
3.292E+OO 
2.512E+OO 
3.207E+00 
3.333E+OO 
8.4 llE-02 
3.333E+OO 

2.165E-03 3.333&+00 
1.649E-02 3.315E+00 
3.9573-08 6.5991-05 
1.742E-03 2.904E+00 
1.968E-03 3.2823+00 
1.404E-03 2.34lE+OO 

SED1 
DISSOLVED 

8.3733-03 
6.029E-03 
2.8251-07 
6.1383-04 
3.5473-03 
2.3503-04 
1.5743-03 
8.315E-03 
5.020E-06 
8.353E-03 

8.3733-03 
6.0223-03 
3.238E-08 
5 .  Q72E-04 
3.5363-03 
2.190E-04 
1.5596-03 
8.315E-03 
2.001E-06 
8.353E-03 

8.373E-03 
6.015E-03 
3.712E-09 
5.809E-04 
3.5251-03 
2.041E-04 
1.54413-03 
8.315E-03 
7.975E-07 
8.353E-03 

8.3733-03 
6.009E-03 
4.255E-10 
5.651E-04 
3.5143-03 
1.9OlE-04 
1.529E-03 
8.315E-03 
3.1783-07 
8.353E-03 

8.372E-03 
6.002E-03 
4.8783-11 
5.498E-04 
3.503E-03 
1.772E-04 

.MENT COMPAA 
ADSORBED 

5.4421-02 
3.014E-01 
1.6953-06 
3.6833-03 
2.1283-02 
1.410E-03 
9.4461-03 
8.3151-01 
3.012E-05 
5.4293-01 

5.4421-02 
3.011E-01 
1.9431-07 
3.5833-03 
2.121E-02 
1.3141-03 
9.3553-03 
8.315E-01 
1.20 1E-0 5 
5.429E-01 

5.44213-02 
3.008E-01 
2.227E-08 
3.486E-03 
2.ll5E-02 
1.2243-03 
9.265E-03 
8.315E-01 
4 .785E-06 
5.4293-01 

5.4422-02 
3.004E-01 
2.5533-09 
3.391E-03 
2.108E-02 
1.14 1E-03 
9.1753-03 
8.315E-01 
1.907E-06 
5.429E-01 

5,442E-02 
3.001E-01 
2.9273-10 
3.2991-03 
2.102E-02 
1.063E-03 

TUENT 
TOTAL 

6.2803-02 
3.075E-01 
1.977E-06 
4.297E-03 
2.483E-02 
1.645E-03 
1.102E-02 
8.3983-01 
3.5143-05 
5.513E-01 

6.2803-02 
3.071E-01 
2.267E-07 
4.180E-03 
2.4753-02 
1.533E-03 
1.091E-02 
8.398E-01 
1.401E-05 
5.513E-01 

6.2793-02 
3.068E-01 
2.598E-08 
4.0673-03 
2.467E-02 
1.4283-03 
1.081E-02 
8.3983-01 
5.5821-06 
5.513E-01 

6.279E-02 
3.064E-01 
2.979E-09 
3.956E-03 
2.4601-02 
1.33lE-03 
1.070E-02 
8.3981-01 
2.2253-06 
5.513E-01 

6.279E-02 
3.061E-01 
3.4 14E- 10 
3.848E-03 
2.4523-02 
1.240E-03 
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1-135 3.174E+00 
CS-134 3.300E+00 
BA-13RI 3.3503-02 
EU-154 3.312E+OO 

RATES DEP ON WATER 

MN-54 0.000E-01 
Y-90 0.00OE-01 
RE-106 0.00OE-01 
1-132 0.0OOE-01 
1-133 0.000E-01 
1-134 0.000E-01 
1-135 0.OOOE-01 
CS-134 0.000E-01 
BA-137M 0.OOOE-01 
Eo-154 0.000E-01 

(CI f M3# 1 

SEP 

ACTIVITY 

m-54 
Y-go 
RH-106 
1-13: 
1-133 
1-134 
1-135 
CS-134 
BA-137H 
Ell-154 
(GI) IFF 
m-54 
Y-90 
RB-106 
1-132 
1-133 
1-134 
1-135 
CS-134 
BA- 137M 
EU-154 
(CI) IR= 
Mu-54 
Y-90 
RB-106 
1-132 
1-133 
1-134 
1-135 
CS-134 
BA-137M 
€3-154 
(CI) IR- 
MN-54 
Y-90 
RB-106 
1-132 
1-133 
1-134 
1-135 
CS-134 
BA- 137H 
EU- 154 
(CI) XR- 
MN-54 

(CI) IR- 

w 
DISSOLVED 

3.331E+00 
3.313E+00 
3.8 19E-0 1 
3.241E+00 
3.32lE+OO 
3.104E+00 
3.299E+OO 
3.300E+00 
II3Z8E+00 
3.312E+00 

3.33lE+OO 
3.310E+00 
4.378E-02 
3.153E+OO 
3.311E+00 
2.89ZE+OO 
3.267E+00 
3.300E+OO 
5.ZQZE-01 
3,312E+00 

3,33lE+OO 
3.306E+OO 
5.018E-03 
3.067E+00 
3.300E+00 
2.6953+00 
3.236E+OO 
3 .  300E+OO 
2.109E-01 
3.3 12E+oo 

3.33lE+OO 
3.302E-0 
5.753E-04 
2. Q84E+OO 
3.290E+00 
2.51lE+oo 
3.20 5EHO 
3.300E+00 
8.406E-02 
3 ~ 312E+OO 

3.33lE+OO 

1 

2 

3 

4 

5 

1.904E-03 3.176E+00 1.514E-03 9.087E-03 
3.300E-02 3.3333+00 8.315E-03 8.315E-03 
2.010E-05 3.352E-02 1.267E-07 7.601E-07 
2.1536-02 3.3331+00 8.353E-03 5.42QE-01 

MLAT WATER SURF RUNOFF GRWTR RUNOFF 

0.000E-01 
0.0002-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-03 
0.000E-01 
0.000E-01 
0.000E-01 

0.000E-01 
0.000E-01 
0.000E-01 
0.00OE-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 

0.000E-01 
0.000E-01 
0.000E-01 
0.OOOE-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 

2.1653-03 
1.657E-02 
2.2QlE-04 
1.944E-03 
1.9932-03 
1.862);-03 
1. QIOE-03 
3.300E-02 
7.966E-04 
2.15313-02 

2.16%-03 
1.655E-02 
2.627E-05 
1.8QZE-03 
I. B86E-03 
1.735E-03 
1.960E-03 
3.300E-02 
3.1751-04 
2.153E-02 

2.16%-03 
1.6533-02 
3.01lE-06 
1.84OE-03 
1.980E-03 
1.617s-03 
1.942E-03 
3.300E-02 
1.265E-04 
2.153E-02 

2.1653-03 
1.651E-02 
3.4523-07 
1.790E-03 
1.974E-03 
1.5073-03 
1. g23E-03 
3.300E-02 
5.0443-05 
2.153E-02 

3.333E+OO 
3.33OE+00 
3.821E-01 
3.243E+OO 
3.323E+00 
3.106E+00 
3.301E+OO 
3.333E+OO 
1.32QE+00 
3.333E+OO 

3.333S+OO 
3.326E+00 
4.380E-02 
3.155E+00 
3.313E+00 
2.884E+OO 
3.269E+00 
3.333E+00 
5.295E-01 
3.333E+00 

3.333E+OO 
3.3ZZE+OO 
5.0213-03 
3.069E+OO 
3.302E+OO 
2.696E+00 
3.238E+OO 
3.333E+OO 
2.110E-01 
3.333E+OO 

3.333E+00 
3.319EiOO 
5.756E-Ob 

3.292E+OO 
2.512E+OO 
3.207E+OO 
3.333B+OO 
8.411E-02 
3.333E+00 

z. 9a53+00 

2.16%-03 3.333E+00 

SED 
DISSOLVED 

8.3733-03 
6.02QE-03 
2.8253-07 
6.1383-04 
3.5471-03 
2.350E-04 
1.574E-03 
8. W E - 0 3  
5.02OE-06 
8.353E-03 

8.373E-03 
6.OZZE-03 

5.972E-04 
3.5363-03 
2.190E-04 
1.559E-03 
8.315E-03 
2.001E-06 
8.353E-03 

8.373E-03 
6.015s-03 
3.71s-09 
5.809E-04 
3. 525E-03 
2.041E-04 
1.544E-03 
8.  315E-03 
7.975E-07 
8.353E-03 

8.373E-03 
6.OOQE-03 
4.2553-10 
5.65lE-04 
3.514E-03 
1.901E-04 
1.5292-03 
8.3153-03 
3.178E-07 
8.353s-03 

8.372s-03 

3.238~-oa 

I r n  CaMPAR 
ADSORBED 

5.442E-02 
3.0 14E-0 1 
1.695E-06 
3.6831-03 
2.128E-02 
1.410E-03 
9.446E-03 
8.315E-01 
3.012E-05 
5.42%-01 

5.442E-02 
3.OllE-01 
1.943E-07 
3.5833-03 
2.121E-02 
1.314E-03 
9.3553-03 
8.31%-01 
1.20 1E-05 
5 .  USE-01 

5.442E-02 
3.008E-01 
2.227E-08 
3.4868-03 
2.115E-02 
1.2243-03 
9.26SE-03 
8.315E-01 
4.785E-06 
5.4293-01 

5 .  4CZE-02 
3.OObE-01 
2.553E-09 
3.39lE-03 
2.108E-02 
1.141E-03 
Q.175E-03 
8.3153-01 
1. Q07E-06 
5.42QE-01 

5.442E-02 

1.060E-02 
8.398E-01 
8. B67E-07 
5.513E-01 

WASBLOAD 

0.OOOE-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.OOOE-01 
0.OOOE-01 
0.000E-01 
0.000E-01 
0.000E-01 
O.OOOE-01 

TWNP 
TOT& 

6.280E-02 
3.075E-01 
1.977E-06 
4.2973-03 
2.4831-02 
1.6451-03 
1.102E-02 
8.398E-01 
3.514s-05 
5.513E-01 

6.2803-02 
3 . 0 7 1E-0 1 
2.267E-07 
4.180E-03 
2.475E-02 
1.533E-03 
1.091E-02 
8.3981-01 
1.4OlE-05 
5.513E-01 

6.2793-02 
3.068E-01 
2.598E-08 
4.067E-03 
2.467E-02 
1.4288-03 
1.081E-02 
8.398E-01 
5.58ZE-06 
5.513E-01 

6.27923-02 
3.064E-01 
2 .  Q7QE-09 
3.956E-03 
2.460E-02 
1.3318-03 
1.070E-02 
8.398E-0 1 
2.2253-06 
5.513E-01 

6.279E-02 
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Y-90 
RH-106 
1-132 
1-133 
1-134 
1-135 
CS-134 
BA-137M 
EU-154 

3.299E+OO 
6.5951-05 
2.903E+00 
3.280E+00 
2,34OE+00 
3.174E+00 
3.300E+00 
3.3503-02 
3.312E+00 

RATES DEP ON WATER 

XN-54 0.000E-01 
Y-90 0.000E-01 
RB-106 0.000E-01 
1-132 0.000E-01 
1-133 0.000E-01 
1-134 0.000E-01 
1-135 0.000E-01 
CS-134 0.000E-01 
BA-137M 0.000E-01 
EU-154 0.000E-01 

(CIIMON) 

1.649E-02 

1.7423-03 
1.968E-03 
1.404E-03 
1.904E-03 
3.300E-02 
2.OlOE-05 
2. M E - 0 2  

3. 957~-0a 
3.315E+00 
6.5993-05 
2.904E+00 
3.282E+OO 
2.34 1E+00 
3.176E+00 
3.333E+00 
3.352E-02 
3.333E+00 

6.OOZE-03 
4.870E-11 

3.5033-03 
1.772E-04 
1.5143-03 
8.3153-03 
1.2671-07 

5.49a~-o4 

a. 3533-03 

3.001E-01 
2.927E-10 
3.2993-03 
2.102E-02 
1.0631-03 
9.0873-03 
8.3153-01 
7.601E-07 
5.429E-01 

VOLAT WATER SURF RUNOFF GRUTR RUNOFF 

0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 

0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.OOOE-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 

0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 

3.061E-01 
3.414E-10 
3.8483-03 
2.452E-02 
1.240E-03 
1.060E-02 

8.867E-07 
5.513E-01 

WASBLBAD 

a.398~~01 

0.OOOE-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
0.000E-01 
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APPENDIX E 

MODEL RESULTS COMPARED WITH ANALYTICAL CALCULATIONS 

RIVER-RAD results from the first reach of a river can be compared with the following 
equation for ingrowth of activity of a radioactive daughter (J. E. Turner, 1986).' The code 
was temporanly modified to prevent settling of radionuclides adsorbed to the sediment to go 
to the sediment compartment. This approimation cannot be compared with model results 
from downstream reaches below the first reach since these reaches receive daughters. 

where Ad is the activity of the daughter, Ap is the activity of the parent, Ap and A, are the 
decay constants for the parent and daughter, respectively. The following table shows results 
for several chains. The residence time is the length of the reach divided by the water velocity, 
both of which were used in the model simulations. 

Table E.l. RTVER-RAD Results Compared to Analytical Calculations from Eq. (1) 

3333.3 9.963E- 3 9.916E-3 
5000.0 1.491E-2 1.48013- 2 

33333.3 9. S28E-2 9.100E-2 
Ra-225/Ac-225 333.33 2.674E-4 2.674E-4 
Th-228/Ra-224 333.33 7.384E-4 7.380B-4 
Ra-228/Ac-228 333.33 1.042E- 6 1.036E- 2 
Th-232/Ra-228 333.33 1,273E-6 1.273E-6 
R~-106/Rh-106 333.33 9.996E-1 8.850E- 1 
Am-241/Np-237 333.33 O.OOOE+O - 3.42E-12 
Np-237/Pa-233 333.33 9.902E-5 9.904E- 5 
Tc-99m/Tc-99 333.33 3.42E- 11 3.44E- 11 

It is clear from the table that the longer the residence time, the greater the difference 
in the results from RIVER-RAD and Eq. (1). Rh-106 is a short-lived daughter of Ru-106 
and results of the model are not as accurate in these cases. However, results for short-lived 
daughters can be set equal to the parent in RIVER-RAD (see Sect. 4.2 and Table 2, card 3). 

'Turner, J. E., Atoms, Radiation, and Radiation Protection, Pergamon Press, Inc. 
(1%)- 
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