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ED (EMERGENCY DOSES) - REVISION 3: A CALCULATOR CODE FOR
: ENVIRONMENTAL DOSE COMPUTATIONS

1.0 INTRODUCTION

1.1 HISTORY

The calculator program ED (Emergency Doses) was developed from several
HP-41CV calculator programs documented in the report Seven Health Physics
Calculator Programs for the HP-41CV, RHO-HS-ST-5P (Rittman 1984). The
original ED was documented by an internal memo to R. H. Sudmann, dated
May 18, 1984 (Appendix A). The program was developed at his request to
enable estimates of offsite impacts more rapidly and reliably than was
pessible with the software available for emergency response at that time.
The ED used the Hanford Stable and Sutton’s Neutral and Unstable methods for
calculating plume spread with distance. Inhalation dose factors from DACRIN
were used for seven materials. Many of the features found in the present
version were present then, such as USER mode operation, stored parameters to
minimize inputs, and a nuclide choice menu tree. ‘

The first revision to ED came through an internal memo to D. E. Bihl
dated July 20, 1984 (Appendix B). This revision increased the number of
radioactive materials that could be released from 7 to 19.

The second revision to ED came through an internal memo dated
February 19, 1985 (Appendix D). This revision was motivated by an incident
in the 200 East Area in which the downwind air sample data was used to
estimate total release amounts. The ED - Revision 2 used the Pasquill
stability class designations; it added the ability to calculate air
concentrations and doses off the plume center line and, most importantly,
added the ability to calculate release amounts from downwind measurements of
air concentrations or ground contamination.

The ED - Revision 3, documented in this report, revises the inhalation
dose model to match that of ICRP 30, and adds the simple estimates for air
concentration downwind from a chemical release. In addition, the method for
calculating the Pasquill dispersion parameters was revised to match the GENII
code within the limitations of a hand-held calculator (e.g., plume rise and
building wake effects are not included).

The summary report generator for printed output, which had been present
in the code from the original version, was eliminated in Revision 3 to make
room for the dispersion model, the chemical release portion, and the method
of looping back to an input menu until there is no further change. The
ngm?gg of nuclide choices was reduced from 19 to 17 by removing both forms
] Ru.

11/1/90 (8:59am) 1-1
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1.2 HARDWARE REQUIREMENT

This program runs on the Hewlett-Packard programmable calculators known
as the HP-41CV and the HP-41CX. It will run on the original HP-41C only if
the ‘quad’ memory module is in place. A card reader is needed only to load
the program initially. ‘

A printer is optional. If present, it will be ignored unless the printer
is placed in ‘Normal’ mode. In this mode it will print the alphanumeric
displays prompting the user for data entry, the values that are entered by
the user, and the results displayed by the program.

1.3 DOCUMENTATION

.~ _The documentation for ED - Revision 3 includes a guide for users, sample
problems, detailed verification tests and results, model descriptions, code
description (with program listing), and independent peer review. The ED has
evolved from earlier versions, and required no major code development effort.
Thus, there exists no software development plan. The current version of ED
meets all other Westinghouse Hanford Company software configuration
management requirements.

This software is intended to be used by individuals with some training
in the use of air transport models. There are some user inputs that require
intelligent application of the model to the actual conditions of the accident.
The results calculated using ED-Revision 3 are only correct to the extent
allowed by the mathematical models.

11/1/90 (8:59am) 1-2
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2.0 SUMMARY

The calculator program ED (which stands for Emergency Doses)‘operates
on the Hewlett-Packard HP-41C series of hand-held calculators. It is intended
for rapid assessment of the downwind impacts of hazardous material releases
into the air.

Version 3 of ED offers the following analysis capabilities and user
convaeniences:

Dispersion calculation using the Pasqui]!-Gifford model, with
reflection from the mixing layer included

Receptor location may be off the plume center line

Option on‘whether to use SI units or English units for display of
Tengths and wind speed

Menu items show current values and repeat until the value shown is
accepted without change

A1l data entered by the user is stored, and will be reused unless
the user enters new values

Through USER mode, a single input data item, such as distance
downwind, can be modified and the calculation repeated |

Air concentrations of a hazardous chemical calculated in units of
parts per millien (by volume) and milligrams per cubic meter from
user input of total pounds released or stack data (concentration
released and exhaust flow rate) together with the formula weight
of the chemical released

Downwind air concentrations of radionuclides in microcuries per
cubic centimeter

Total curies released may be enteied directly, calculated from stack
data, calculated from a downwind air concent+ation measurement, or
calculated from a downwind surface contaminacion measurement

Irhalation dose calculated for any one of 17 radioactive mater -1s,
or the user may enter the name and dose factor of materials not
stored in the calculator.

8/21/90 (3:48pm) 2-1/2,
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3.0 INSTRUCTIONS TO USERS OF ED - REVISION 3

3.1 LOADING THE PROGRAM
‘A. Check to see if the program is already in the calculator.

1. Switch the calculator to USER mode (i.e., press the button
labeled "USER", which makes the word "USER" appear in small
lTetters on the left side of the display).

2. Press the button labeled "XEQ". |

3. If the display shows the words "ED - Rev 3", then the program
is already loaded. Skip over the directions following to
step 3.2.B.

4. If the display shows the word "XEQ __", then the program needs
to be loaded. Turn off the calculator and follow tie
directions for 1oad1ng the program, which begin in the next
step.

B. Prepare the Calculator.

1. Clear the program memory.

a. Turn off the calculator.

b. While holding down the delete button (arrow left), turn
on the calculator. '

c. The display will show "MEMORY LOST".

2. Allocate 20 registers for data storage by pressing the
following keys, in succession: "XEQ", "ALPHA", S, I, Z, E,
"ALPHA", 0, 2, 0. ‘

C. Switch to USER mode by pressing the button labeled "USER", which
makes the word "USER" appear on the left side of the display.

D. Feed the 10 program cards into the card feader.

1. ‘Make sure the rechargeable battery is fully charged. The
cards may be read in any order.

2. If the message "MALFUNCTION" appears when reading any of the
cards, the following should be executed:

a. Read another card, and come back to the ‘problem’ card
later.

8/21/90 (3:52pm) | 3-1
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b. If this does not work (i.e., other cards also show the
error) then either the card reader needs service, or the
cards themselves have been damaged. Knowledgeable,
qualified personnel are required for these problems.

3.2 STARTING THE PROGRAM

A. Switch to USER mode (i.e., press the button labeled "USER", which
makes the word USER appear in small letters on the left side of
the display).

B. Press the button labeled "XEQ" to start the program. The display
should show the words "ED - Rev 3" if the program is properly
loaded. Press the "R/S" button to continrue. Step-by-step
instructions begin in Section 3.3.

C. The following is genéral information about the program.
1. The program is divided in two major sections.

a. Atmospheric Dispersion--User prompts show the current
value for a variable. When a new value is entered, the
user must verify the number before the program continues.

b. Release Amount or Rate--Current values are not shown in
the display. To see the current value of a requested
quantity, press the delete button (arrow left). When a
value is entered, the program goes on to the next menu
item without asking the user to verify the input.

2. At any data entry prompt, the value entered on a previous run
will be used unless a new value is entered. Thus the entire
calculation can be repeated from the "ED - Rev 3" display to
the dose display simply by pressing the "R/S" button again and
again.

3. The program is designed to allow correction of a previous input
value or menu choice.  The directions to go back and change a
value are as follows. ‘

a. Switch the calculator to USER mode by pressing the "USER"
switch. When the calculator is in USER mede, the word
"USER" will appear in the display on the lower left.

b. In USER mode, some of the keys will not perform the usual
- function. The redefined keys are listed below in the
order they appear on the face of the calculator. Press
the button corresponding to the variable you need to
change.

8/21/90 (3:52pm) 3-2
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HP-41 Key —» A B C D E

ED - Rev 3—t» X Y v D DUR
HP-41 Key —» F G- H I

ED - Rev 3—> UNITS SOURCE H ISO  X/Q
HP-41 Key —t» shift XEQ L M SST
ED - Rev 3—1» ED3 MET

For example, to chénge the distance, press "A" and the
program will begin at Section 3.3.F.

c. Before entering a new value, press the USER switch to
take the calculator out of USER mode. If the calculator
is left in USER mode, the program will take short cuts
and only show computed results. The program skips all
later inputs. Unless you intend to take advantage of
this feature, be sure the word "USER" is not showing in
the display. ‘

d. Enter the new value, and press "R/S" to go on.

4. The execution of the program stops at each menu displayed.
The calculator is then just a calculator. To allow the program
to continue, the "R/S" button must be pressed. While the
program execution is in progress, the letters "PRGM" will
appear on the right side of the display.

5. If the "R/S" bhutton is accidentally pressed during execution
of the program, the calculator will stop and display the
current value in the X register. To continue execution, simply
press the "R/S" button again. ‘

3.3 ATMOSPHERIC DISPERSION
A. Choosing Units

1. Choose either "METRIC" or "U.S.A. UNITS" for distances.
"METRIC" means meters or kilometers, while "U.S.A. UNITS"
means feet or miles.

2. The current selection is displayed.
a. If you want to switch to the other unit system, press ény

number and then press "R/S". A1l previous entries will

automatically be converted to the new units. They do not
need to be re-entered.

8/21/90 (3:52pm) 3-3
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b. To continue, press "R/S".
Atmospheric Stability Class Input

1. The display "MET = Z ?" means that the current selected value
for atmospheric stability class is Z. Allowable values for Z
are A, B, C, D, &, F, or G. These letters are printed in
blue on the calculator buttons.

2. The best values for Pasquill-Gifford stabiiity are obtained
from the Hanford Meteorologica! Station (telephone
509-373-2716). If you have a source of actual weather data,
be sure to get the following information: (1) stability class
(A-G), (2) mixing layer depth, (3) wind speed, and (4) wind
dirvection. Each will be needed.

3. If current conditions are not available, estimate the stability
class from either of the following tables (Tables 1 and 2).

Table 1. Rule of Thumb Table for Estimating
Stability Class.

Wind speed Daytime cloud cover Night cloud cover
(mph) little half overcast > half < half
<5 A A B E F

5-10 B B o E F

10 - 15 B o C D E

> 15 C D D D D

Slade (1968).

Table 2. Alternate Method Stability Class by
Month and Time of Day.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

mdn-1 F F F F F F F F F F F F
2-3F F F F F F F F F F F F
4-5 F F F F E E E E F F F F
6-7E E E E E D O D E E F F
8-9E E D D D D B B C D E E
lo-10 D O D B B A A A D D D
noon-1 O D B B B A A A A B D 0D
2-30D D D B A A A A B C D D
4-5 €E D D D B B B C D D E E
6-7E€E E E D D D D D D E E E
3-4
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Table 2. Alternate Method Stability Class by
Month and Time of Day. (cont)

Jan Feb Mar Apr May Jun Jui Aug Sep‘ Oct Nov Dec

d-9 E E E E D D D D
10 - 11 E E E E E E D D

4. If thc value shown in the display is correct, press "R/S". If
not, type in a better value and then press "R/S".

C. Mixing Layer Depth Input

1. The mixing layer depth (D) is the vertical dispersion 1imit.
If a current measurement is not available, estimate it from
Table 3. Mixing depth is important at great distances and
more unstable conditions. The values shown on the following
tables (Tablec 3 through 6) are conservative estimates.

2. The display "D= Z M" or "D= Z FT" means that the current
value for mixing depth is Z in the units shown.

3. If the value shown is correct, press "R/S". If not, type in
the correct value and then press "R/S". .

Table 3. Estimating Mixing Depth in Méters.

Month Sunrise Midday Sunset Night

Jan-Feb 200 200 200 150
Mar-Apr 300 400 300 150
May-Jun 400 800 400 150
Jul-Aug 500 1,000 500 150
Sep-Oct 350 700 350 150
Nov-Dec 200 300 200 150

Table 4. Estimating Mixing Depth in Feet.

Month Sunrise Midday Sunset Night
Jan-Feb 656 656 656 492
Mar-Apr 984 1,312 984 492
May-Jun 1,312 2,625 1,312 492
Jul-Aug 1,640 3,281 1,640 492
Sep-0Oct 1,148 2,297 1,148 492
Nov-Dec 656 984 656 492

8/21/90 (3:52pm) 3-5
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Table 5. Alternate Method Mixing
Layer Depths in Meters.

Stab Winter Spring Summer Autumn
A 500 850 1,000 900
B 500 600 750 600
c 300 500 650 500
D 200 400 500 400
£ 200 250 250 250
F 150 150 150 150
G 100 100 100 100

Tahle 6. Alternate Method Mixing Layer
Depths in Feet.

Stab Winter Spring Summer Autumn
A 1,640 2,783 2,281 2,953
B 1,640 1,969 2,461 1,969
o 984 1,640 2,133 1,64¢C
D 656 1,312 1,640 1,312
E 656 820 820 820
F 492 492 492 492
G 328 328 328 328

Winter = Jan., Feb., Mar.
Spring = Apr., May., June
Summer = July, Aug., Sep.
Autumn = Oct., Nov., Dec.

D. Wind Speed Input

1. The display "V=7 M/S 2" or "V=Z FT/S ?" means that the

current wind speed is Z in the units shown.

2. If actual weather data are not available, use 5 to 10 mi/h
(2 to 5 m/s), which is a typical wind speed for the Hanford

Site.

3. If the value shown is correct, press "R/S".

the correct value and then press "R/S".

E. Effective Release Height Input

If not, type in

1. The vertical height of the release above the receptor (H)
includes any estimates of plume rise or downwash. If time is
If the effective stack

Timited, just use the stack height.

8/21/90 (3:52pm)
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height is less than 2.5 times the height of nearby buildings,
the release must be treated as originating at ground level.

2. The display "H=Z M" or "H= Z FT" means that the current
value for release height is Z in the units shown.

3. If the value shown is correct, press "R/S". If not, type in
the correct value and then press "R/S".

F. Downwind Distance Input

1. Using the assumed wind direction and a map, determine the
distance to the downwind receptor in the directicn the wind
is traveling. The wind transport direction is the X-axis in
the coordinate system of the dispersion model being used.

2. The display "X=Z KM ?" or "X= Z MI ?" means that the current
value for distance is Z in the units shown. The minimum
value for X is 0.1 km or 0.0622 mi. If a smaller value is
entered, the program will insert the minimum distance.

3. If the value shown is correct, press "R/S". If not, type in
the correct value and then press "R/S".

G. Plume Offset Input

1. The distance perpendicular to the wind transport direction is
called the plume offset, or ’Y’.

[ 2. The display "Y=Z M" or "Y= Z FT" means that the current
/ value for plume offset is Z in the units shown.

3. If the value shown is correct, press "R/S". If not, type in
the correct value and then press "R/S".

H. Normalized Exposure Results

1. The normalized exposure (X/Q) has units of seconds per cubic
meter. It is calculated from the wind speed, release height,
horizontal and vertical plume spread parameters (Zy and 2z).
These parameters depend on the stability class, the distance
downwind, and the mixing depth.

2. The first result displayed is "2Y=2Z M ?" or "2Y=Z FT ?",
which means that the current value for horizontal plume spread
parameter is Z in the units shown. The question mark signifies
that a new value may be entered if necessary; step H.4 tells
how to do this.

3. The second result displayed is "2Z=7 M 2" or "2Z= Z FT ?"
meaning that the current value for vertical plume spread
paiameter is Z with the units shown. The question mark

8/21/90 (3:52pm) 37
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signifies that a new value may be entered, if necessary;
step H.4 tells how to do this. ‘

4. For ground-level releases, the effect of plume meander or
building wake may be included by changing the displayed values
for horizontal and vertical plume spread. Type in the revised
value and press "R/S". If you are unsure how to do this,
leave the displayed values alone and just press "R/S".

For elevated releases, an X/Q value for fumigation may be
calculated by entering a mixing depth, D, equal to the height
of the stack. Then, when the vertical plume spread value is
displayed, enter a value that is greater than 1.2 times D.
This will force the program t7 calculate an X/Q in which there
is a uniform concentration between ground level and the top
of the stack.

5. The third result displayed is "X/Q= a.bcE-d?", which means that
the computed value for normalized exposure is a.bcE-d seconds
per cubic meter. Again, the question mark signifies that a
new value may be entered, if necessary.

6. To change the value for X/Q used in subsequent calculations,
enter the new value and press "R/S". If you do not wish to
change X/Q, press "R/S" to go on.

I. Release Duration Input

1. The release duration is used to estimate air concentrations
downwind or total release, depending on later inputs for
release amount.

2. The display "DUR= Z HR" means that the current value for
release duration is Z hours.

3. If the value shown is correct, press "R/S"; If not, type in
the correct value and then press "R/S".

J. Type of Material Released
1. The material released can be either radioactive or chemical.

a. If "RAD SOURCE?" is displayed, radioactivity released will
be used to determine the inhalation dose downwind.

b. If "CHEM SOURCE?" is displayed, chemiéa] release rate will
be used to determine air concentrations downwind.

2. The current selection is displayed.

a. If you want to switch to the other type of release, press
any number and then press "R/S".
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b. To accept the displayed source type and continue, press
"R/S". Calculations for the chemical source are described
next. Radiological source calculations are descrxbed in
Section 3.5.

3.4 RELEASE RATE FOR A CHEMICAL RELEASE

A.

8/21/90

“ST,
"ST,

TuTAL= 1,27*
TOTAL= 1,2?" offers two ways to establish ré1ease rate.

Enter either "1" or "2" to select, and press "R/S" to continue.
It is important to enter either a "1" or a "2". Any other entry

will

IlsTH

cause the program to continue at an incorrect location.

"1" chooses "ST" and means tnat the release rate will be
based on a stack concentration and flow rate.

"2" chooses "TOTAL" and neans the total mass released will be
1nput next. The release rate is then calculated from the
retease duration.

- Stack Data

Use this item when the average air concentration at the point
of release is known. It is important that this be the peak
concentration during the release, not an average over a larger
time period.

"STACK CONC?" is the next prompt. It requests input for the
air concentration in either parts per million (by volume) or
mass density (milligrams per cubic meter). Type in the number
and press "R/S".

The next prompt displays the currently assumed un1ts The
choice is either "PPM 2" or "MG/M3?".

a. To switch to the other units, press any number and then
press "R/S".

b. To accept the displayed units and‘go on, press "R/S".

The final prompt is "STACK CFM ?". Enter a value for the total
exhauster flow rate, in cubic feet per minute. The tables in
Section 4.0 1ist typical values for most of the effluent

stacks on site. After the stack flow rate has been entered,
press "R/S" to continue with Section 3.4.D.
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C. "“TOTAL" - Total Mass Released
1. Use this option to enter the total mass released.

2. "TOT LB REL ?" is the next prompt. Enter a value for the total
number of pounds estimated to have been released. Press "R/S"
and the program will continue.

D. Air Concentration at Downwind Location (X,Y)

1. The program displays the air concentration at the downwind
location (X,Y).

2. The air concentration,message "X,Y MG/M3=a.bE-c" or
"X,Y PPM=a.bE-c" may be too long to fit in the display. If
it is, the calculator scrolls the visible portion of it from

left to right. A1l or part of the "X,Y" disappears in a few
seconds.

a. To view the entire message again, press the "ALPHA"
switch. This puts the calculator in ALPHA mode and
displays the message register.

b. When you are ready to continue, press the "ALPHA"* switch
again to take the calculator out of alpha mode. Make

sure the word "ALPHA" is gone from the lower right side
of the display.

E. Conversion from milligrams per cubic meter to parts per million by
volume, or parts per million to milligrams per cubic meter

1. When you press "R/S" to leave the air concentration display,
the program displays "FORMULA WT?". The program is requesting
a value for the formula weight of the chemical in order to
convert from milligrams per cubic meter to ppm, or parts per
million to milligrams per cubic meter. For example, the value
for ammonia is 17 g/mol, and for chlorine it is 71 g/mol.

2. Enter a value for formula weight and press "R/S" to continue.

The program then displays the air concentration at (X,Y) in
the other units (see Section 3.4.D.).

3. If you press "R/S" twice when the final air concentration is
displayed, the program will begin again at "ED - Rev 3"
(Section 3.2.B.).
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: 3.5 RELEASE AMOUNT FOR A RADIONUCLIDE RELEASE
A. “ST,CI,AR,GD=1-4"

"ST,CI,AR,GD=1=4" offers four ways to establish the number of curies
released. Enter a number from 1 to 4, as discussed in the following
subsections, to select, and press "R/S" to continue. It is
important to enter a number from 1 to 4 because any other entry

will cause the program to continue at an incorrect location.

e "1" chooses "ST" and means the total release will be based on
a stack concentration and stack flow rate.

~e. "2" chooses "CI" and means the total curies released will be
input next. '

o "3" chooses "AR" and means the total release will be estimated
from ‘an air concentration measurement downwind.

e "4" chooses "GD" and means the total release will be estimated
from a ground contamination measurement downwind.

B. *ST* - Stack Data

1. Choose this (enter "1") when the average air concentration at
the point of release is known. It is important that this be
the concentration during the release, not an average over a
longer time period.

2. "CONC OR DPM?" is the next prompt. It is requesting input
for either air concentration in micro-Curies per cubic
centimeter, or the activity measured on an air sample filter
in disintegrations per minute (dpm).

a. The program tells the difference by comparing the value
to unity. It assumes that all air concentrations will
be less than 1 uCi/cc at the point of release.

b. To enter a concentratinn greater than 1 uCi/cc, divide it
by a convenient factor (like 10 or 100) to get it below 1.
Then adjust the stack flow rate upward by the same factor.

c. If a value of less than 1 uCi/cc is selected, the program
skips step 3, proceeding to step 4 next.

3. If you entered a value greater than 1 (for dpm on an air
sample), the next prompt will be "CU.FT SAMPLD?". This is a
request for a figure for the volume of air pulled through the
sample filter, in cubic feet. For example, if the samgler
operated at 2 cfm for 5 min, the volume would be 10 ft3.
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After a value is entered, press "R/53" and the program will
continue by displaying the calculated air concentration at
the point of release, in micro-Curies per cubic centimeter.
Press "R/S" to continue with the program. o

4. The final prompt is "STACK CFM ?". Enter a value for the total
exhauster flow rate, in cubic feet per minute. The tables in
the next section list typical values for most of the effluent
stacks on site. After the stack flow rate has been entered,
press "R/S" and the program displays the total activity
released. Press "R/S" to continue with Section 3.5.F below.

C. *CI* - Total Curies Released
1. Use this option to enter the total curies released.

2. "CURIES REL ?" is the next prompt. Enter the value and press
"R/$". The program continues with Section 3.5.F. ,

D. "AR" - Air Concentraticr at (X,Y)

1. Use this item to interpret downwind air concentration .
measurements. The X/Q computed earlier must be for a location
(X,Y) at which the air sample was taken.

2. "CONC OR DPM?" is the next prompt. This is a request for a
value for either air concentration in micro-Curies per cubic
centimeter, or the activity on an air sample filter in dpm.

a. The program tells the difference by comparing the value
to unity. It is assumed that all downwind air
concentrations will be less than 1 uCi/cc, and all filter
activities greater than 1 dpm. Enter a value and
press "R/S".

b. If you enter a value less than 1 uCi/cc, the program
skips step 3 and goes directly to step 4.

3. If you entered a value greater than 1 (for dpm on an air
sample), the next prompt will be "CU.FT SAMPLD?". It is
requesting a figure for the volume of air pulled through the
sample filter, in cubic feet. For example, if the samg]er
operated at 2 cfm for 5 min, the volume would be 10 ft3.
After a value is entered, press "R/S" and the program
continues by displaying the calculated air concentration at
(X,Y), in micro-Curies per cubic centimeter. Press "R/S" to
continue with the program.

4. The final prompt is "HRS SAMPLED?". This information is
needed to correct for downwind air samples that were running
Tonger than the release. For example, if the downwind sampler
had been running for a total of 40 h, even though the release
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lasted only 2 h, the average concentration crputed would be
lower, by a factor of 20, than the actual co.icentration during
the passage of the plume. The program uses the longer of the
re}ease duration or sample period to calculate the total
release.

Note that as long as the sample period includes the entire
ralease, or else begins and ends during the release, the
total release estimate will be correct. Otherwise, the total
release computed by the program will be low accordlng to the
portion of the velease that was not sampled.

5. After entering a value for hours sampled, press "R/S" and the
: program will display the total activity released. Press
"R/S" to continue to Section F.

E. “GD" - Ground Contamination at (X,Y)

1. Use this item to interpret downwind ground contamination
measurements. The X/Q computed earlier must be for a location
(X,Y) where the ground contamination was measured.

2. "DPM/SQ.CM ?" is the next prompt. Enter the measured surface
contamination downwind and press "R/S". I¥ direct survey
data are available, the detector face area must be taken into
account. Use the following chart:

Probe type Face type

GM: P-11 15 cm?
PAM 54 cm?

Note that direct survey readings should represent the average
measured over about a square meter, rather than the maximum
reading in that area.

3. "DEP. SP? CM/S" is the final prompt. Enter an appropriate
value for the ground deposition speed. Typically this is
about 0.1 cm/s, although it may be higher for certain chemical
forms (halogens). The ground deposition speed also varies
with humidity, surface moisture, and vegetation cover.

4. After entering a value for deposition speed, press "R/S" and

the program will display the total activity released. Press
"R/S" to continue.
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F. Air Concentration at Downwind Location (X,Y)

1. The last result displayed before entering the nuclide choices
portion of the program is the air concentration at the downwind
location (X,Y).

2. The air concentration message "X,Y UCI/CC=a.bE-c" is too long
to fit in the display, so the ca]cu]ator scrolls the visible
portion of it from left to right. The "X,Y" disappears in a
few seconds. ‘

a. To view the entire message again, press the "ALPHA"
switch. This puts the calculator in ALPHA mode and
displays the message register.

b. When you are ready to continue, press the "ALPHA" switch
again to take the calculator out of alpha mode. Make
sure the word "ALPHA" is gone from the lower right side
of the display.

3.6 NUCLIDE CHOICES AND DOSE EQUIVALENT
~A. “a,Bl,B2,NEW=1-4" offers four nuclide menus

1. Enter a number from 1 to 4 to select; press "R/S" to continue.
Each choice is described in detail in the following
subsections.

2. The menu choices are arranged so that lower numbers will give
higher doses. So, when in doubt between two choices; select
the one with the lower menu number.

3. It is important to enter a number from 1 to 4 because any
other entry will cause the program to continue at an incorrect
location. (To recover from pressing the wrong number, switch
to ALPHA mode, press the b]ue "3", and then switch out of ALPHA
mode. )

B. “a" - Alpha-Emitting Nuclides
1. "PU,AM,NP,U= 1-4?" Tists the alpha emitting choices.

a. Enter a number from 1 to 4 to select, and press "R/S" to
continue.

b. In all cases, the dose to the bone surface will be
Timiting.
c. It is important to enter a number from 1 to 4 because

any other entry will cause the program to continue at an
incorrect location.
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2. "PU" is a 12% 240Py mixture (0.098 Ci/g). Tahle 7 shows a
typical composition.

Table 7. Plutonium Composition

Used in ED.
. Weight Curies per
Nuclide percent 1 Ci alpha
238py - 0.093 0.163
- 239py 84.00 0.534
240py . 13.00 0.303
24lpy ©2.88 30.4
242py 0.027 1.1 E-05

If this plutonium mixture is selected, the next prompt is

"NO3, 02 = 1, 2". The choice here is between plutonium nitrate
(1nha1at1on Class W) and plutonium oxide (1nha1at1on Class ).
Make your cho1ce and press "R/S".

3. "AM" is pure 24!Am (inhalation Class W, 3.43 Ci/g).
4. "“NP" is pure 237Np (inhalation Class W, 7.04 x 104 Ci/qg).
5. "U" is one of three uranium compounds, commonly found in the

200 Areas. The typical isotopic composition is shown in
Table 8.

Table 8. Uranium Composition

Used in ED.

o Weight Curies per
Nuclide percent 1 Ci alpha
234y 0.009 0.625
235y - 0.836 0.019
236y 0.073 0.002
238y 99.082 0.354

If this uranium mixture is se1ected ‘the next prompt is
"U0,U03,UNH=1-3",
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a. "U0" is inhalation Class Y compounds such as U0, or U,0;.

b. "U03" is an inhalation Class W compound with a specific
activity of 7.8 x 107 Ci/g, or 0.78 Ci/Mt or 3.5 Xx
104 Ci/1b or 0.71 Ci/ton. .

C. "UNH" is Class D with a typical uranium concentration of
4 1b/gal as shipped from PUREX, or 10 1b/gal entering
the U0; facility calciner.

C. "“Bl" - First Beta Emitter List

1.

"SR,RU,I,CS= 1-4" 1ists the beta emitter choices on this menu.

a. Enter a number from 1 to 4 to select, and press "R/S" to
continue. L ;

b. It is important to enter a number from 1 to 4 because
any other entry will cause the program to continue at an
incorrect location. :

"SR" is 90S5r along with its daughter 99Y. If 1 Ci is released,
the program interprets this as 1 Ci %%Sr and 1 Ci 99Y, which
potentially could exaggerate the doses by a factor of 2,
depending on how the release amount was determined.

"RU" is 196Ru. The next menu is "INSOL, SOL = 1,2", which
allows the selection of either inhalation class Y (INSOL) or
inhalation class D (SOL). The !°6Ru has a radioactive:
daughter, 198Rh. Entering a value of 1 Ci of 106Rh js
interpreted as 1 Ci of the parent and an equal amount (1 Ci)
of the 196Rh daughter.

"I" is either 1z§1 or 1317, If "I" is selected, the next
prompt is "I129, I131 = 1,2". ~ :

"CS" is '37Cs. Again, if 1 Ci !37Cs is released, an equal
amount of its daughter, !37™Ba, is added to this.

D. "“B2" - Second Beta Emitter List

1.

"CO,KR,H = 1-3" lis.s the beta emitter choices on this menu.

a. Enter a number from 1 to 3 to select, and press "R/S" to
continue. ‘

b. It is important to enter a number from 1 to 3 because
any other entry will cause the program to continue at an
incorrect location.
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2. "CO" is 60Co. The next menu is "INSOL, SOL = 1,2", which
allows the selection of either 1nha1ation class Y (INSOL) or
inhalation class W (SOL).

~ 3. "KR" is 85Kr. A semi-infinite plume model is used, which could
‘ seriously underestimate the dose rates near a stack release.

4. "H" is H-3, or tritium, as water vapor. Skin absorption is
included in the inhalation dose calculation.

E. "NEW" - User Input Dose Factor

1. "ISO NAME ?" is the first prompt. The calculator is left in
ALPHA mode to facilitate text entry. :

a. You select the characters using the symbols printed in
- blue on the calculator keys. A list of all the letters
available is located on the back of the calculator. The
shift key (yellow button on the left) must be used to
enter numbers.

b. The program will store and use up to 6 characters (the
first 6 entered), so choose them carefully.

2. "REM/UCI ?" is requesting input of the inhalation dose factor
in units of rem per microCuries inhaled. Enter this value
and press "R/S" to begin the dose calculation. The assumed
breathing rate is 330 cc/s. Several additional dose factors
are provided in Tables 26 and 27 (Section 6).

F. Dose Equivalent Result

1. The program calculates both the effective dose equivalent (EDE)
and the largest organ dose. In this way, the results can be
compared with Protective Action Guides for EDE or organs.
However, the program will display only the dose that is closer
to exceeding an action level. The other dose can be seen by
pressing the "X<>Y" key, which interchanges the X and Y
registers. Note that a small "0" will appear in the lower
part of the display if the organ dose is limiting. The organ
dose is always the greater of the two doses.

2. The dose equivalent is displayed in millirem. The nuclide
identity is shown first. In most cases, the display will
scroll, from left to right, because the line is too long to fit
in the display. ‘

a. To look at the entire message again, press the "ALPHA"

switch. This puts the calculator in ALPHA mode and
displays the message register.
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b. When you are ready to continue, press the "ALPHA" switch
again to take the calculator out of alpha mode. Make
sure the word "ALPHA" is gone from the lower right side
of the display.

c. The dose is also stored in the X register (the one
normally displayed when the calculator is turned on).
In addition, the message register ha  ..2 identity of
the nuclide or mixtuee that was selected for the dose
calculation. Press the ALPHA switch to see the message;
press the ALPHA switch again to see the X register.

Press "R/S" to see the type of dose that was displayed in the
message register. The calculator will beep and display either
"EDE LIMITS" or "ORGAN LIMITS".

Press the "X<>Y" key to interchange the X and Y registers and
see the other dose. This is the end of the program.

3.7 GENERAL NOTES

A.

At any data entry prompt, the value entered on & previous run
will be used unless a new value is entered. Thus the entire
calculation can be repeated from the "ED - Rev 3" display to the
dose display simply by repeatedly pressing "R/S".

The program is designed to make it easy to change just one input
value or menu choice and rerun the case. Thg directions follow.

1.

Switch the calculator to USER mode by pressing the "USER"
switch. When the calculator is in USER mode, the word "USER"
will appear in the display on the lower left.

In USER mode, some of the keys will not perform the usual
function. The redefined keys are listed below in the order
they appear on the face of the calculator.

HP-41 Key —» A B C D E

ED - Rev 3—» X Y v D DUR
HP-41 Key —» F G H I J

ED - Rev 3—» UNITS SOURCE H IS0 X/Q
HP-41 Key —r» shift XEQ L M SST
ED - Rev 3—» ED3 MET
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3. For example, to change the distance, press the "A" and the
program will begin at Section 3.3.D. in the directions
previously given. Enter a new value for X, press "R/S" (as
often as needed) and the program will show the E.T.A., the
dispersion values, X/Q, the previously computed total curie
a:ougt released, the ground-level concentration at (X,Y), and
the dose.

4. The total amount released is only recomputed if "G" is pressed
to begin at Section 3.4.A. In this way, downwind data can
be used to estimate the total release. Then doses and
concentrations at other locations can be computed without
changing this number.

C. When running cases in USER mode, if some of the intermediate values
that are displayed just flash and are quickly replaced with menus,
set flag 21 to make them stos. Execute the set flag function by
pressing the yellow-colored shift button and then the number 7,
which has "SF" written abuve it. The display will prompt you for
two numbers, so type in 21. Note that if a printer is connected
and turned on, these displays are printed and the program does not
stop. Also, when the calculator is turned off, flag 21 is
automatically cleared, hence the need to manually set it when
necessary.

Table 9. Summary of Data Register and Flag Use.

Registers Flags
00 miscellaneous.values 00 clear if EDE limits
01 X/Q, s/m? 01 temporary for X < 1 km
02 unit conversion factor 02 temporary use for ppm
03 wunit string 05 set for USA units
04 Stability class, MET, A to G 06 set for Class G
05 wind speed, V, m/s 07 set for chem release
06 distance, X, meters 08 set for ppm units

07 distance, Y, meters

08 release height, H, meters

09 release duration, DUR, hours

10 AMT menu choice, 1 to 4

11 conc or dpm value; formula wt

12 cu.ft sampled; chem release rate
13 stack conc; air conc; grd cont
14 stack cfm; hours sampled; Vd

15 total curies released

16 top-level menu choice, 1 to 4

17 second choice or user name

18 third choice or user dose factor
19 mixing depth, meters
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4.0 TYPICAL EXHAUST FLOW RATES FROM WESTINGHOUSE
HANFORD COMPANY FACILITIES

4.1 100 AREA EFFLUENT STACKS

Table 10. 100-N Stacks.*

Stack emission point Typical flow

rate, cfm
116-N Stack . 210,000
109-N Zone I Vent 120,000
109-N Cell 6 Vent 14,000
Zone II, EF 7, 8 23,000
Zone III, EF 10 ' 130,000
Zone IV, EF 14, 15 ‘ 16,000
105-N Transfer Area 28,000
105-N Spacer Decontamination Facility 4,800
105-N 14-ft Decontamination Facility ‘ 6,400
107-N Exhaust 7,300

*100 Area Environmental Releases for 1988
(WHC 1988).

Table 11. 100-K Stacks.*

Stack emission point Typical flow

rate, cfm
105-KE Vents 27,000
105-KW Vents 27,000
1706-KE 12,000
1706-KER 2,500

*100 Areas Environmental Releases for 1988
(WHC 1988).
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4.2 200 EAST AREA EFFLUENT STACKS

Table 12. PUREX Stacks.*
. Typical fiow
Stack ID Descriptor rate, cfm
291-A-1 200 ft - 120,000
296-A-1 Q-Cell and PR Room 5,000
296-A-2 West Sample Gallery 4,000
296-A-3 East Sample Gallery 3,000
296-A-5A Lab West 18,000
296-A-5B Lab East 20,000
296-A-6 E Sample Gallery and U-Cell 20,000
296-A-7 W Sample Gallery and R-Cell 20,000
296-A-8 White Room Exhauster 16,000
296-A-10 Equipment Disposal Tunnel 4,000
296-A-14 Outback (293-A) Exhaust 5,000
296-A-24 Ammonia Offgas 1,500
296-A-31 Storage Gallery 12,000
296-A-32 Vacuum Pump Exhaust 1,800
296-A-33 Wall Exhauster, EF-3-5 4,000
296-A-34 Wall Exhauster, EF-3-6 6,000
296-A-35 Wall Exhauster, EF-3-7 7,000
296-A-36 Wall Exhauster, EF-3-8 4,300
296-A-37 Wall Exhauster, EF-3-9 8,000
296-A-38 Wall Exhauster, EF-3-10 2,300
296-A-39 SWP Lot'.y Exhaust unknown

*Effluent Discharges and Solid Waste Management
Report for Calendar Year 1988: 200/600 Areas

(WHC 1988).
Table 13. B Plant/WESF Stacks.*

. Typical flow
Stack ID Descriptor rate, cfm
291-B-1 200 ft 40,000
296-B-5 271-B 1,500
296-B-10 WESF 20,000
296-B-13 221-BF, BCF Tanks 800
296-B-14 221-B Vessel Vent 250

*Effluent Discharges and Solid Waste Management
Report for Calendar Year 1988: 200/600 Areas
(WHC 1988).
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Table 14. East Tank Farm Stacks.*

Typical flow

Stack ID Descriptor rate. cfm
291-A-12 244-AR Vessel Vent (150 ft) 1,000
296-A-13 244-AR Canyon 6,000
296-A-17 A, AX, AY, AZ Tanks 4,000
296-A-18 101-AY Annulus 1,200
296-A-19 102-AY Annulus 1,200
296-P-17 Tank 105-A 2,000
296-A-20 AZ Annuli 2,000
296-A-21 242-A Evaporator 20,000
296-A-22 242-A Vessel Vent 700
296-A-25 244-A Catch Tank 160
296-A-26 204-AR Tank Car Building 2,000
296-A-27 AW Tanks 1,100
296-A-28 AW Annuli 4,600
- 296-A-29 AN Tanks 900
296-A-30 AN Annuli 6,000
296-A-40 AP Tanks 1,000
296-A-41 AP Annuli 10,000
296-B-28 244-BX Saltwell Vessel 300
296-C-5 244-CR Vault 3,000
296-P-16 Tanks 105-C and 106-C 3,500

*Effluent Discharges and Solid Waste Mangement ‘
Report for Calendar Year 1988: 200/600 Areas (WHC 1988).

4.3 200 WEST AREA EFFLUENT STACKS

Table 15. S Plant Stacks.*

| . Typical flow
Stack ID Descriptor rate, cfm
291-S-1 200 ft 20,000
296-S-2 202-S Sample Gallery 600
296-S-4 202-S SWP Lobby 5,000
296-S-6 202-S Silo 10,000
296-S-T7E 233-S Building Exhaust 9,000
296-S-7W 233-S Building Exhaust 9,000
296-S-'16 218-S Tanks 150
296-5-21 222-S Laboratories 70,000

*Effluent Discharges and Solid Waste Mangement
Report for Calendar Year 1988: 200/600 Areas (WHC 1988).
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Table 16. T Plant Stacks.*

Typical flow

Stack ID | Descriptor rate, cfm
291-T-1 200 ft 40,000
296-7-11 224-T Storage East 13,000
296-7-12 224-T Storage West 13,000
296-T-13 221-T Roof 40,000
296-W-1 Laundry ' 20,000

~+ *Effluent Discharges and Solid Waste Mangement
Report for Calendar Year 1988: 200/600 Areas (WHC 1988).

Table 17, U Plant Stacks.*

Typical flow

Stack ID Descriptor rate, cfm
291-U-1 200 ft 28,000
296-U-2 Powder Handling Offgas 1,400
296-U-4 224-U Calciners ‘ 2,500
296-U-13 224-U Load-out Room 5,000

*Effluent Discharges and Solid Waste Mangement
Report for Calendar Year 1988: 200/600 Areas (WHC 1988).

Table 18. 7 Plant Stacks.*

Stack ID Descriptor - Typical flow

rate, cfm
291-7-1 200 ft (234-5,232,236,242) 240,000
296-7-3 241-7 Sump and Vessels 1,800
296-2-5 2736-18B 10,000
296-12-6 2736-1ZA ‘ 11,000

*Effluent Discharges and Solid Waste Mangement
Report for Calendar Year 1988: 200/600 Areas (WHC 1988).
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Table 19. West Tank Farm Stacks.*

Stack ID Typical flow

Descriptor rate, cfm
296-P-22 SY Annuli 450
296-P-23 SY Tanks 1,000
296-S-15 SX Tanks 5,000
- 296-S-18 242-S Building Exhaust 20,000
296-5-22 244-S Saltwell Receiver ' 200
296-T-17 242-T Cells . 2,000
296-T-18 244-TX Saltwell Receiver 300
296-W-03 213-W Waste Compactor 2,500

*Effluent‘Discharges and Solid Waste Mangemeht
Report for Calendar Year 1988: 200/600 Areas (WHC 1988).

4.4 300 AREA EFFLUENT STACKS

Table 20. 300 Area [ ffluent Stacks.*

Typical flow

Stack ID Descriptor

rate, cfm
303-M Oxide Facility 3,000
306-E U0, Laboratory 3,200
308 Glovebox 3,400
308 Etch and Clean 4,300
308 TRIGA Reactor 2,400
309 Containment ‘ 7,000
313 Engineering Hot Laboratory 800
333 Building 3,200
340 Neutralization Tank and Vault 1,900
340 Decontamination Facility 1,000
340-B Tank Car Loadout 8,500

*£ffluent Report for 300, 400, and 1100 Area
Operations for Calendar Year 1988 (WHC 1988).
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4.5 400 AREA EFFLUENT STACKS

Table 21. The 400 Area Effluent Stacks.*

Stack emission point Typical flow

‘ “rate, cfm
Combined Exhaust | 24,000
Lower Reactor Service Building - 13,000
HTS-South . ' 4,200
MASF Building Exhaust 16,000

*Effluent Report for 300, 400, and
1100 Area Operations for Calendar Year 1988
(WHC 1988).
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5.0 SAMPLE PROBLEMS FOR ED - REVISION 3

5.1 STACK RELEASE OF HYDROGEN FLUORIDE

A.

Scenario - Severe damage to process equipment at the Plutonium
Finishing Plant has resulted in a release of hydrogen fluoride (HF)
to the exhaust system. The accident is assumed to occur on May 31,
at 10:00 pm. Winds are blowing toward the west at 5 mph. Calculate
the HF concentration at the Site boundary and at Highway 240. The
HF comes to PFP in 150-1b cylinders.

Calculator Display Hazard Evaluator Entry
(an arbitrary number) USER mode switch; XEQ
ED - Rev 3 R/S

U.S.A. UNITS ? \ ‘ R/S ‘

MET = A ? (or any letter) E (Table 2); R/S

MET = E ? R/S

D=2,625.0 FT ? (or any number) 820 (Table 6); R/S

D = 820.0 FT ? R/S

V=2.2MPH ? (or any number) 5; R/S

V=25.0MPH ? R/S

H=6.3FT ? (or any aumber) 200 (main stack); R/S
H=200.0 FT ? R/S

X =15.00 MI ? (or any number) 7.6 (Site Bdy); R/S

X =17.60 MI ? R/S ‘
Y=0.0FT ? (assumed okay) R/S '

2Y = 1,685.9 FT ? R/S

2L = 278.1 FT ? R/S

X/Q = 2.52E-6 ? : R/S

DUR = 4.0 HR ? (or any number) 0.5 (assumed); R/S

DUR = 0.5 HR ? ' R/S ‘
RAD SOURCE? ‘ 3 (or any number); R/S
CHEM SOURCE? ‘ R/S

ST, TOTAL = 1,2 ? 2; R/S '

TOT LB REL ? 150 (assumed); R/S

X,Y MG/M3 = 9.5E-2 R/S

FORMULA WT? 19 (grams/mole); R/S

X,Y PP = 1.1E-1

The above concentration is well below the U.S. Depart-
ment of Energy protective action guide of 20 mg/m.

Next, the Hazard Evaluator estimates the HF concentra-
tion at Highway 240.

1.1E-1 USER mode switch; A
X =7.60 MI ? ‘ 2.8 (Hwy 240); R/S
X =2.80 MI ? R/S

2Y = 684.2 FT ? R/S

31 = 175.8 FT ? R/S
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Calculator Display (continued) ‘ Hazard Evaluator Entry
X/Q = 6.67E-6 ? ‘ R/S

X,Y MG/M3 = 2.5E-1 ‘ . R/S

FORMULA WT? ' R/S (already entered)

X,Y PPM = 3.0E-1

The above concentration is well below the protective
action guide. Next the Hazard Evaiuator estimates the
concentration at the Yakima Barricade for a release of

270 1b. ‘ :
3.0E-1 ‘ - USER mode switch; G
CHEM SOURCE? ' USER mode switch; R/S
ST, TOTAL = 1,2 ? R/S (already entered)
TOT LB REL ? 270; R/S
X,Y MG/M3 = 4.5E-1 R/S
FORMULA WT? R/S (already entered)

X,Y PPM = 5.4E-1

5.2 GROUND RELEASE WITH DOWNWIND FIELD DATA

A.

Scenario - A radioactive plume of unknown origih in the 241-C Tank
Farm has caused measurable surface contamination in the vicinity
of PUREX. The wind is currently blowing toward the SSE at 5 mph,

~at a stability best described as Class D. An air sample 3,600 ft

downwind and 250 ft off the plume centerline has been running for
81 h when it is counted with field instruments and reads about
2,000 cpm above background. How much activity was released, and
what dose would be estimated for the Site boundary? Use a mixing
depth of 500 ft. Assume a detector efficiency of 10%, and an air
sample flow rate of 2 cfm.

Calculator Display Hazard Evaluator Entry
(an arbitrary number) USER mode switch; XEQ
ED - Rev 3 ‘ R/S

U.S.A. UNITS ? R/

MET = E ? (leftover from previous) D; R/S

MET =D ? R/S

D = 820.0 FT ? 500; R/S

D = 500.0 FT ? R/S

V=50 MPH ? R/S

H = 200.0 FT ? 5; R/S

H=5.0FT? R/S

X =2.80MI? 3600; ENTERT;

3600.00 5280; +; R/S

X =0.68 MI ? R/S

Y=0.0FT? 250; R/S

Y = 250.0 FT ? R/S

2Y = 268.7 FT ? R/S
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Calculator Display (continued)

Hazard Evaluator Entry

57 = 110.5 FT ?
X/Q = 3.35E-5 ?
DUR = 0.5 HR ?
CHEM SOURCE?

RAD SOURCE?
ST,CI,AR,GD= 1-4
CONC OR DPM ?
CU.FT SAMPLD?
162.0

2.0E-9 UCI/CC
HRS SAMPLED?
REL: 1.7E1 CI
X,Y UCI/CC=3.2E-7
a,B1,B2,NEW= 1-4
SR,RU,I,CS= 1-4
SR-90: 5.1E2 MR
ORGAN LIMITS

"R/S

R/S
R/S

-3 (or any number); R/S

R/S ‘
3; R/S

20,000 (dpm); R/S
81; ENTERT; 2; x;
R/S

RIS

81; R/S

R/S

R/S

- 2 (worst beta); R/S

1; R/S

R/S

This would be the bone dose from inhalation of airborne
Sr-90 if someone had been standing near the air sample

station during the entire release.

To calculate the

dose at the Site boundary, 12 mi SSE, do the following:

5.1E2

X =0.68 MI ?

X =12.00 MI ?

2Y = 3,581.4 FT ?
Y = 200.0 FT ?

Y =10.0 FT ?

2Y = 3,581.4 FT ?
2L = 630.0 FT ?
X/Q = 1.07E-6 ?
REL = 1.7E1 CI
X,Y UCI/CC= 1.0E-8
SR-90: 1.6E1 MR

USER mode switch; A
12; R/S
R/S

B

0; R/S
R/S

R/S

R/S

R/S

R/S

R/S

The projected offsite organ dose (bone) of 16 mrem would
put this accident in the Alert category.

11/1/90 (8:59am)
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6.0 VERIFICA ION OF ED - REVISION 3 CALCULATIONS

Verification: Code verification is the comparison of code results with
the results of hand calculations and the results of other codes. In
this section, values computed by ED - Revision 3 are compared w1th the
GENII code Version 1,436, and with hand calculations.

6.1 X/Q CALCULATION

A.

The atmospheric dispersion model is the same as that found in GENII,
but without some of the advanced features such as building wake

and plume rise. The ralculator model does include plume reflection
from both the ground and mixing layer.

The GENII program was induced to supply X/Q values at specific
stability classes and release heights by using special joint
frequency data files. In addition, to obtain a value of X/Q with
three meaningful digits, the X/Q va]ue stored in the buffer file
ENV.IN was used in the comparisons. The file used fer calculating
tne Class F, ground 1eve1 X/Q values is shown in the following
chart.

Joint Frequency File for Ground Level, Class F, X/Q Computations

1C M - Pasquill F
Created 6-Aug-90 PDR

1 7 1 1 10.0 ‘
.89 2.65 4.7 7.15 9.8 12.7 15.6 19.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00.00.00.00.00.0
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
0.0 0.00.00.00.00.00.00.00.00.00.00.00.00.060.00.0
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
1.0 0.0 0.0 0.0 0.0 0.00.00.00.00.00.00.00.00.00.00.0
0.9 0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0

Verification of X/Q values began with a carefully selected series
of test cases to exercise relevant portions of the code without
unnecessary duplication. Ground level X/Q is verified first, then
stack X/Q, then treatment of reflection from the mixing layer, wind
speed effects, and finally, off-axis X/Q.

1. The mixing depths in all cases is 1,000 m, (the value
contained in the GENII code).

2. The wind speed is 0.89 m/s, except where noted.
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3. The distance of 1,000 m ig‘Chosen because this is a transition
distance where the model changes from one set of parameters
tohanother. The 100-m and 10-km distances verify near and far
behavior.

D. Ground level X/Q results from both ED and the computer program
: GENIT /Version 1.436) are shown on the following tables. Note
that GENII does not reveal the values of Sigma Y and Sigma Z that
are used. Therefore, the Sigma values could not be compared.

Table 22. Atmospheric Dispersion Parameters Calculated by ED.

r-G 100 m 1,000 m | 10 km
Class Sigma Y Sigma Z Sigma Y Sigma Z Sigma Y  Sigma Z
A 23.4 14.3 187.3 448.4 1,498.5 57,035
B 17.6 10.9 140.9 110.2 1,126.9 1,358.3
C 13.4 7.5 107.0 61.1 855.7 497.8
D 9.4 4.6 75.3 31.5 - 602.6 133.0
E 6.7 3.5 53.6 21.5 428.5 - 77.7
F 4.6 2.2 37.0 13.9 295.8 46.1
G 3.1 1.3 24.6 8.4 197.0 27.7
P_G Distance downwind (X)
Class 100 m 1,000 m 10 km
A 1.07 E-03 4.26 E-06 2.99 E-07
B 1.87 E-03 2.30 E-05 3.98 E-07
C 3.57 E-03 5.47 E-05 8.40 E-07
D 8.34 E-03 1.51 E-04 4.46 E-06
E 1.53 £-02 3.10 E-04 1.07 E-05
F 3.44 E-02 6.95 E-04 2.62 E-05
G 8.62 E-02 1.74 E-03 6.56 E-05

Table 23. Ground Level X/Q .
Values Computed by GENII.

P-G Distance downwind (X)
Class 100 m 1,000 m 10 km
A 1.07 E-03 4.26 E-06 2.99 E-07
B 1.86 E-03 2.30 E-05 3.98 £-07
C 3.57 £E-03 5.47 E-05 8.40 E-07
D 8.32 E-03 1.51 E-04 4.46 E-06
E 1.54 E-02 3.10 E-04 1.07 E-05
F 3.44 E-02 6.95 E-04 2.62 E-05
G 8.55 E-02 1.72 E-03 6.57 E-05
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Table 24. Percent Differences
Between ED and GENII Ground
Level X/Q Results.

P-G Distance downwind (X)
Class 100 m 1,000 m 10 km
A 0.0 0.0 0.0
B 0.5 0.0 0.0
o 0.0 0.0 0.0
D 0.2 0.0 0.0
E -0.7 0.0 0.0
F 0.0 0.0 0.0
G 0.8 1.2 -0.2

Explanation of Differences: Most of the differences observed are due to the
different representation of real numbers in the two different computers.

The difference for the first two distances in the Class G row is due to a
slight difference in calculating Simga Z. GENII calculates Sigma Z using
the parameters shown in Table 28 (7.1, Section C) with the exception that
Az(2) is 0.052 rather than 0.0516 shown on the tabie. The ED calculates
Sigma Z for Class F and then multiplies by 0.6 to arrive at the Sigma Z for
Class G. In effect, ED uses the value 0.0516 shown on the table.

E. Using the joint frequency file for 61 meter stack releases in the
fo]lowin? chart, the GENII program computed a X/Q value of 3.32 x
1075 s/m®> at Pasquill Class C, and at a distance of 1,000 m. The
ED gives the same result.

Joint Frequency File for 61 m, Class C, X/Q Computations

61 M - Pasquill C
Created 6-Aug-90 PDR

1 3 1 1 61.0
.89 2.65 4.7 7.15 9.8 12.7 15.6 19.0
0.0.00.00.00.00.00.00.00.0000.00.00.00.00.00.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.7 0.00.00.00.00.00.0
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00.00.00.00.0
0.0 0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.00.00.00.00.00.00.00.00.00.00.00.00.0¢0.00.00.0
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F. To test the treatment of reflection from the mixing layer, the
X/Q values at a few distances near the transition point (Zz = 1.2*D)
were compared. Results are shown in Table 25. The unusual release
height of 900 m was used to test the effect of a release height
that was near the mixing depth.

Table 25. Comparison of ED and GENII for Reflection from the
Mixing Layer (using Pasquill B stability and mixing layer
depth of 1,000 m).

| . Distance Sigma Z _X/Q Value, s/m? Percent
Release height km m ED GENII difference
Ground Tevel 5.0  635.6 9.47 E-07 9.47 E-07 0.0
Ground -evel 7.0 918.8 5.66 E-07 5.66 E-07 0.0
Ground level 8.8 1,180.7 4.46 E-07 4.47 E-07 -0.2
Ground level 9.0 1,210.2 4.37 E-07 4.38 E-07 -0.2
900 m stack 5.0 635.6 5.52 E-07 5.52 E-07 0.0
900 m stack 7.0 918.8 5.33 E-07 5.33 E-07 0.0
900 m stack 8.8 1,180.7 4.45 E-07 4.46 E-07 -0.2
900 m stack 9.0 1,210.2 4.37 E-07 4.37 E-07 0.0

G. One additional test of the mixing layer reflection is to enter a
mixing depth equal to the release height. This should give an
X/Q value twice as large as the no-reflection case (i.e., with a
mixing depth much larger than the Sigma Z). For example, using
Pasquill Class D stability, a release height of 61 m, and a
distance of 1,000 m, the unreflected X/Q is 2.31 x 1075 s/m3, while
the X/Q with a mixing depth of 61 m is 4.63 x 1075 s/m3.

H. Two additional cases with wind speeds of 0.445 m/s and 1.78 m/s
were used to verify the inverse .ependence on wind speed.

1. At 0.445 m/s, all the X/Q values are twice what they are at
0.89 m/s.

2. Similarly, at 1.78 m/s, the X/Q values are halved. Only one
row was tested, as the wind speed enters the calculation
after the program calculates the Sigma Y and Sigma Z values.

I. Finally, the off-axis (Y) behavior is verified. Using a value for
Y that is 1.1774 (= SQRT(2*1n 2)) times greater than Sigma Y should
reduce the X/Q by a factor of exactly 2. Similarly, applying a
factor of 1.6651 (= SQRT(2*1n 4)) to Sigma Y reduces X/Q by a
factor of exactly 4. Both changes were tested at three distances
and two release heights. Only one stability class needs to be
tested because the program calculates the off-axis factor after
calculating Sigma Y and Sigma Z values.
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6.2 DOWNWIND CHEMICAL CONCENTRATIONS

A.

C.

The example input and results summarized in the following two
subsections thoroughly test all features of the chemical source
characterization portion of ED. Note that the lines that begin

with "==>" are results computed using a spreadsheet to independently
check ED.

The following input data were used to verify the program using the
ST option:

X/Q =1.0 x 104 s/md .
Exhauster flow rate = 106,000 cfm (50 md/s)
Chemical formula weight = 17 g/mole (ammonia)

Stack concentration = 700 ppm
==> downwind concentration = 3.50 ppm ==> 2.66 mg/m?

Stack concentration = 700 mg/m3
==> downwind concentration = 3.50 mg/m® =~> 4.61 ppm

The following data were used to verify the program using the TOTAL
option: '

X/Q =1.0 x 104 s/md
Release duration =4 h
Chemical formula weight = 17 g/mole (ammonia)

Total release amount = 600 1b
=2> downwind concentration = 1.89 mg/m3 ==> 2.49 ppm

6.3 ESTIMATION OF TOTAL CURIES RELEASED

11/1/
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A.

(=t

The example input and results summarized in the following
subsections thoroughly test all features of the radionuclide source
characterization portion of ED. Note that the lines that begin
with "==>" are results computed using a spreadsheet to independently
check ED. ‘ '
The following input data were used to verify the program using the
ST option for stack releases:
X/Q = 1.0 x 10-% s/md
Release duration = 4 h
Exhauster flow rate = 106,000 cfm (50 m3/s)
Stack concentration = 2.0 x 107 uCi/cc
==> total activity released = 0.144 Ci
==> downwind concentration = 1.00 x 109 uCi/cc
(8:59am) 0-5
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- Activity on air sample = 80,000 dpm
Volume of air sampled = 10 ft3
==> stack concentration = 1.27 x 10-7 uCi/cc
==> total activity released = 0.0917 Ci
==> downwind concentration = 6.37 x 10-! uCi/cc

C. The following data were used to verify the program using the CI
option for entering the total activity released:

X/0=1.0x 104 s/md
Release duration = 4 h
Total activity released = 5 Ci
==> downwind concentration = 3.47 x 108 puCi/cc

D. The following data were used to verify the program using the AR
option for an air concentration measurement downwind:

X/Q=1.0 x 104 s/md
Release duration = 4 h

Air concentration = 5.0 x 10°8 uCi/cc
Sampling period = 8 h
==> total activity released = 14.4 Ci
==> downwind concentration = 1.00 x 10°7 uCi/cc

Sampling period = 3 h
==> total activity released = 7.20 Ci
==> downwind concentration = 5.00 x 10-8 uCi/cc

Activity on air sample = 40,000 dpm
Volume of air sampled = 20 ft3

==> air concentration = 3.18 x 108 uCi/cc
Sampling period = 4 h

==> total activity released = 4.58 Ci

==> downwind concentration = 3.18 x 108 uCi/cc

E. The following data were used to verify the program using the GD
option for a surface contamination measurement downwind:

X/Q = 1.0 x 104 s/m?
Release duration = 4 h

Surface contamination = 800 dpm/cm?
Ground deposition speed = 0.15 cm/s

==> total activity released = 24.0 Ci
==> downwind concentration = 1.67 x 107 uCi/cc

6.4 DOSE CALCULATIONS

A. A1l possible radionuclide choices were tested in actual dose
calculations with ED. Doses were calculated for an X/Q of
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2/330 s/m® and a total release of 0.0005 Ci. These choices of
dispersion factor and release amount produce doses that are
numerically equal to the dose factor stored in the program.

B. Several inert gas dose factors are listed in Table 26. The final
column shows the values actually used by ED to simplify the dose
- calculation. The numbers in the last column are the submersion
dose factors (rem/s per Ci/m3) divided by the breathing rate used
in ED (330 cc/s). ED calculates the external dose by multiplying
the dose factor by the breathing rate, the quantity released and
the X/Q value.

C. The inhalation dose factors used by ED are Tisted in Tahle 27.
Table 27 1ists more dose factors than are used by the program.
The final column shows whether the EDE or the organ dose should be
considered limiting.

1. The EDE is limiting if the ratio of the organ to EDE is less
than 3.

2. The organ is limiting if the organ-to-EDE dose ratio is greater
than 5.

3. For ratios between 3 and 5, the actual ratio is printed in the
table.

4. The factors of 3 and 5 come from the emergency action level
criteria.

Table 26. External Dose Facters for Inert Gases.

Inert Sv/h Rem/s Effective
gases “per Bq/m? per Ci/m rem/uCi
41Ap 2.17 E-10 2.23 E-01 6.76 E-04
8SmKy 2.98 E-11 3.06 £E-02 9.28 E-05
85Kr 4.70 E-13 4.83 E-04 1.46 E-06
87Ky 1.42 E-10 1.46 E-01 4.42 E-04
88Ky 3.60 E-10 3.70 E-01 1.12 E-03
89Ky 5.00 E+00 5.14 E+09 1.56 E+07
131mxe 1.48 E-12 1.52 E-03 4.61 E-06
133mxe 5.38 E-12 5.53 E-03 1.68 E-05
133%e 6.07 E-12 6.24 E-03 1.89 E-05
135mye 7.53 E-11 7.74 E-02 2.35 £-04
135)e 4.68 E-11 4.81 E-02 1.46 E-04
137Xe 5.00 E+00 5.14 E+09 1.56 E+07
138)e 1.92 E-10 1.97 E-01 5.98 E-04
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Inhalation Dose Factors for Particulates.*

Table 27.

Limiting
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Max organ
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Sv/Bq
Max organ
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Table 27. Inhalation Dose Factors for Particulates (continued).*

Isotope ICRP CLASS o Sv/ Bﬂax organ D ‘”e'."/“c,;ax organ  Limiting
252Cf Y 4.24 E-05 2.99 E-04 1.57 E+02 1.11 E+03 Organ
252(f W 3.70 E-05 6.86 E-04 1.37 E+02  2.54 E+03 Organ

*Federal Guidance Report Number 11 (EPA-520/1-88-020, September 1988).
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7.0 CONCEPTUAL MODELS USED IN ED - REVISION 3

7.1 ATMOSPHERIC DISPERSION MODEL

A. A gaussian plume model is used for X/Q. Assuming that the wind
blows steadily along the X-axis at a speed V, and that the vertical
spread of the plume is reflected at both the ground plane
(elevation 0) and the mixing layer plane (elevation D), then the
X/Q value is computed using the following formula:

_f) E% 2 2 ‘ ‘ ‘
x/q - HEL0 L A2 ] o 7y 4 ExpL2*(0/32)2%(1-H/D) ]

+ EXP[2*(D/Sz)%*{1+4H/D)] + EXP[-4*(D/$Z)2*(1-H/D)]:]

Note that if 2z > 1.2*D, then the plume is uniformly distributed
between the ground and the mixing layer. In this case the formula
for X/Q simplifies to the following:

-0 B* 2,
X/Q EXP[-0.5*%(Y/3y)"1

= SQRT(2*X)*V*Sy*D

B. The Pasquili-Gifford curves for Sigma Y and Sigma Z (i.e., 3y and
2z) were approximated using the same formula as is used in GENII.
However, distances less than 100 m are excluded. The following
formula illustrates this:

Sigma = A*X8 + C

C. The parameters A, B, and C are listed below. For Sigma Y, Cy = 0,
By = 0.9031, and Ay values are shown in Table 28. For Sigma Z,
there are two distance ranges for each.

The parameters shown for Class G are the equivalent parameters
that ED uses, in effect, when calculating Sigma values. The ED
actually calculates Class G Sigma Z values by calculating Class F
Sigma Z values and multiplying by 0.6. The Class G values for Az
and Cz are just the Class F values multiplied by this factor.

7.2 DOWNWIND CHEMICAL CONCENTRATIONS

A. The downwind concentration is the release rate times the X/Q value,
with appropriate conversion factors added to give the desired final
concentration units.

~d
3
~
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Table 28. Parameters used by ED in the Calculation of
. Sigma Y and Sigma Z (By = 0.9031 and Cy = 0.0).

Class Ay Az(2) Az(3). Bz(2) Bz(3) Cz(2) Cz(3)
A 0.3658 0.00066 0.00024 1.941 2.094 9.27 -9.6
B 0.2751 0.0382 0.055 1.149 1.098 3.3 2
C 0.2089 0.113 0.113 0.611 0.911 0 0
D '0.1471 0.222 1.26 0.725 0.516 -1.7 -13
E 0.1046 0.211 6.73 0.678 0.305 -1.3 -34
F 0.0722 0.086 18.05 0.74 0.18 -0.35 -48.6
G 0.0481 0.0516 10.83 0.74 0.18 -0.21 -29.16

© (2) means that the distance X < 1,000 m
(3) means that X > 1,000 m.

B. The TOTAL option: If the total number of pounds estimated to have
been released during the 1ength of the release, then the downwind
concertration, in mg/m® is given by the following formula:

‘ ) Pounds released * X/Q , 453,592 mg/1b
Downwind conc (mg/m") = —gyercequration 3,600 s/h

C. The ST option: If the exhaust stack flow rate (cfm) and the
effluent concentration (in either ppm or mg/m3) are known, then
the downwind concentration can be estimated using the formula
below. Note that the exhaust concentration and the downwind
concentration have the same units. .

Downwind conc = Exhaust conc * Fiow rate * X/Q

D. The conversion from mg/m® to ppm (by volume) is done assuming
ideal gas behavior. In other words, one formula weight of the
chemical is assumed to occupy a volume of 22.4 L. The formula for
this conversion is shown below.

ppm (by volume) = 105 * mg/m’ * 22.4 | > 0.001 g/mg

Formula weight "+ 1,000 L/md

7.3 ESTIMATION OF TOTAL CURIES RELEASED

A. The ST option: The exhaust flow rate (cfm), the activity
concentration at the point of release (uCi/cc), and the duration
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of the release (hours) can be used to compute the total activity
released. The conversion factors ED applies are 2,119 cfm*s/md
and 3,600 s/h. The following formula is used by ED:

Total Ci released = Exhaust conc * Flow rate * Exhaust time

The AR option: The average downwind air concentration (uCi/cc) and
“the air sample time can be used to estimate total activity released.
The formula used by ED is the following:

Conc at (X,Y) * Sample time
X/Q at Air sampler

Total Ci released =

Note that if the sample time is less than the release duratibn, then
activity is scaled up by the ratio of release duration to sample
time.

The GD option: Downwind surface contamination (distance per minute
per square centimeter), the ground deposition speed (centimeters/
second), and the release duration can be used to estimate the

total activity released. The ED uses the following formula:

Surface contemination 105 cm® per md
Deposition speed * X/Q 2.22 x 10!¢ dpm/Ci

Total Ci Released =

7.4 DOWNWIND AIR CONCENTRATION AND DOSE EQUIVALENT

A.

The air concentration downwind at (X,Y) is the release rate times
the X/Q value. The ED uses the following formula:

. Total Ci releasrd . 1h
Air conc at (X,Y) = Release duration * X/Q 3,600 s

The inhalation dose is the product of the total activity released
(Ci), the X/Q value, the assumed breathing rate (330 cc/s), and
the inhalation dose factor (rem/uCi inhaled). Inhalation dose
commitment factors are listed in Table 27.

Inhalation Dose at (X,Y) = (Total Ci Released) * (X/Q) *
(Breathing Rate) * (Dose Factor) '

8/24/90 {7:47am) 7-3
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C. The external dose from submersion in the plume is the product of the
total activity re1eased‘(Cig, the X/Q value, and the external dose
rate factor (rem/s per Ci/m*). To facilitate the calculation ED
divides the external dose rate factor by the breathing rate
(330 cc/s) to produce a dose factor that can be treated as the
inha]g%ion dose factor. These effective dose factors are listed
in Table 26. ‘

7.5 DOSE FACTORS FOR PLUTONIUM AND URANIUM MIXTURES

A. Because mixtures of plutonium isotopes or uranium isotopes are
handled instead of a pure isotopic form, the inhalation dose factors
for common mixtures are used in ED. Tables 29 and 30 summarize
the assumed composition for plutonium. Table 29 gives the ‘
inhalation dose factors for the individual isotopes of plutonium.
Table 30 gives the composition and resulting composite dose factor.

Table 29. Plutonium Inhalation Dose Factors.

-------------------- Sv/Bq----=----mmecmee eeeaea rem/puCi ------

Isotope Class Y - Class W Class Y Class W
EDE Bone EDE Bone EDE Bone EDE Bone

238py 7.79 E-05 7.25 E-04 1.06 E-04 1.90 E-03 288 2680 392 7030
239py 8.33 E-05 8.21 E-04 1.16 E-04 2.11 E-03 308 3040 429 7810
240py 8,33 E-05 8.21 E-04 1.16 E-04 2.11 E-03 308 3040 429 7810
241py 1.34 £-06 1.78 E-05 2.23 E-06 4.20 E-05 4.96 65.9 8.25 155
242py 7,92 E-05 7.81 E-04 1.11 E-04 2.01 E-03 293 2890 411 7440
241pm 8.82 E-05 8.28 E-04 1.20 E-04 2.17 E-03 326 3060 444 8030

Table 30. Inhalation Dose Factors for a Mixture of Plutonium Isotopes.

12% Pu-240 Inhalation Dose Factors in Sv/Bq
Isotope Weight Activity Class Y Class W
Percent Ci/g Pu EDE Bone EDE Bone -

238py 0.093 1.59 E-02 1.27 E-05 1.18 E-04 1.73 E-05 3.10 E-04
233py 84,000 5.21 E-02 4.45 E-05 4.39 E-04 6.20 E-05 1.13 E-03
240py  13.000 2.95 E-02 2.52 E-05 2.48 E-04 3.51 E-05 6.38 E-04
241py 2.880 2.97 E+00 4.08 E-05 5.42 E-04 6.79 E-05 1.28 E-03
24ézpy 0,027 1.06 E-06 8.62 E-10 8.50 E-09 1.21 E-09 2.19 £-08
241 pm 0.000 0.00 E+00 0.00 E+00 0.00 E+00C 0.00 E+00 0.07 E+00

Totals 100.000 9.75 E-02 1.23 E-04 1.35 E-03 1.82 E-04 3.35 E-03

8/24/90 (7:47am) 7-4
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B. Tables 31 through 34 summarize the calculation of the composite dose
factors for uranium. Table 31 gives the inhalation EDE factors
for the individual isotopes of uranium. Table 32 gives the organ
dose factors. Table 33 gives the composition commonly used for
N Reactor fuel, and Table 34 1istc the resulting composite dose
factors for the EDE and organ of concern.

Table 31. Uranium Inhalation Dose Factors (EDE).

‘ fommmmmmmnne Sy [ BQ mememmmemeee ameeeae rem / uCi ----- -
Isotope  (ya6s ¥ Class W Class D Class Y Class W Class D
234y 3,58 E-05 2.13 E-06 7.37 E-07 132 7.88 2.73
235y 3.32 E-05 1.97 E-06 6.85 E-07 123 7.29 - 2.53
238y 3.39 E-05 2.01 E-06 7.01 E-07 125 7.44 2.59
238y 3.20 E-05 1.90 E-06 6.62 E-07 118 7.03 2.45
234Th  9.47 .E-09 8.04 E-09 8.04 E-09 0.0350 0.0297 0.0297
Table 32. Uranium Inhalation Dose Factors (Maximum Organ).
----------- Sv/Bq ------------ ------ rvem / uCi -------
Isotope Class Y Class W Class D Class Y Class W Class D
Lung Lung - Bone Lung Lung Bone
234y 2.98 E-04 1.60 E-05 1.09 E-05 1103 59.2 40.3
235y 2.76 E-04 1.48 E-05 1.01 E-05 1021 54.8 37.4
236y - 2.82 E-04 1.51 E-05 1.04 E-05 1043 55.9 38.5
238y 2.66 E-04 1.42 E-05 9.78 E-06 = 984 52.5 ¢ 36.2
234Th 6.39 E-08 4.66 E-08 7.83 E-09 0.236 0.172 0.0290
Table 33. Mixture of Uranium
Isotopes -- N Reactor Fuel.
Weight Alpha
Isotope percent Ci/g percent
234 £0.0090 5.87 E-07  62.47
235y 0.8360 1.81 E-08 1.92
236y 0.0730 1.58 £-09 0.17
238y 99.0820 3.33 E-07 35.44
234Th 1.44 E-09 3.33 E-07

Totals - 100.0000 9.40 E-07
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Table 34. Inha]ation Dose Factors for the
Mixture of Uranium Isotopes (Sv/Bq).

Effective dose equivalent - Maximum organ dose

Isotope Class Y Class W Class D Class Y Class W Class D

234y 2.24 E-05 1.33 E-06 4.60 E-07 1.86 E-04 9.99 E-06 6.81 E-06
235 6.39 E-07 3.79 E-08 1.32 E-08 5.31 E-06 2.85 E-07 1.94 E-07
236y 5.69 E-08 3.38 E-09 1.18 E-09 4.74 E-07 2.54 E-08 1.75 E-08
238y 1.13 E-05 6.73 E-07 2.35 E-07 9.43 E-05 5.03 E-06 3.47 E-06
234Th 3.36 E-09 2.85 E-09 2.85 E-09 2.26 E-08 1.65 E-08 2.78 E-09

Totals 3.44 E-05 2.05 E-06 7.12 E-07 2.86 E-04 1.54 E-05 1.05 E-05

8/24/90 (7:47am) 7-6
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8.0 LINE-BY-LINE DESCRIPTION OF ED - REVISION 3

‘8.1 INTRODUCTION

A. ED - Revision 3 is divided into five distinct modules in a
structured approach to the problem of organizing a lengthy program.
The five modules are as follows: ‘

o Atmospheric dispersion

o Choice of chemical or rad1o1ogica1 release
o Chemical calculation

e Nuclide choice

e Dose calculation

B. A complete program listing is supplied at the end of this report.
The descriptions in 8.1 Section D reference line numbers in the
program 1listing. ‘ ‘ ‘

C. It is assumed in these descr ptions of the code that the reader has
become acquainted with the basic syntax of the HP-41C programming
language. The syntax is described in the owner’s manual, including
numerous examples. ‘

Table 35. Summary of Data Register and Flag Use.

Registers Flags

00 miscellaneous values 00 clear if EDE limits
01 X/Q, s/md 01 temporary for X < 1 km
02 wunit conversion factor 02 temporary use for ppm
03 unit string 05 set for USA units
04 Stability Class, MET, A to G 06 set for Class G
05 wind speed, V, m/s 07 set for chem release
06 distance, X, meters 08 set for ppm units
07 distance, Y, meters
08 release height, H, meters
09 release duration, DUR, hours
10 AMT menu choice, 1 to 4
11 conc or dpm value; formula wt
12 cu.ft sampled; chem release rate
13 stack conc; air conc; grd cont
14 stack cfm; hours sampled; Vd
15 total curies released
16 top-level menu choice, 1 to 4
17 second choice or user name
18 third choice or user dose factor
19 mixing depth, meters

8/24/90 (7

:53am) 8-1
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8.2 ATMOSPHERIC DISPERSION

A. Lines 1 through 6 are the starting location for the program.

1. These lines initialize two flags, display the program name and
revision number, and stop‘execution. :

2. The label "ED3" is assigned to the key labeled "XEQ" for ready
access through the USER mode of the calculator.

. B.‘ Lines 7 through 31 display the current unit choice, and allow a
switch to the alternate system.

1. The Tabel "U" is assigned to the key labeled "F."

2. Flag 05 is set for English units, and c]e&red for metric units.

3. Once the choice has been made, execution continues at line 18,
where the commonly used unit of length is stored in registers
02 and 03 in the unit system selected. ‘

4. The final two lines (30 and 31) skip further input prompts
when in USER mode, and the program immediately begins the

calculation of atmospheric dispersion parameters beginning in
line 127. : ' v

C. Lines 32 through 46 display the current atmospheric stability class
- (A to G) and allow a new value to be entered.

1. The label "P" is assigned to the key labeled "M."

2. In USER mode, execution will jump to line 127 and begin the X/Q
calculation. ‘

D. Lines 47 through 55 display the current atmospheric mixing depth and
allow a new value to be entered.

1. The label "MD" is assigned to the key labeled "D."

2. A subroutine at label 09 (lines 321 to 331) is used to convert
the depth in the X register to the proper units and display
the result. After pressing "R/S" the program converts the
value in the X register to meters and returns to the line
following the line that called this subroutine.

3. In USER mode, execution will jump to line 127 and begin the X/Q
calculation.

E. Lines 56 through 81 display the current wind speed and allow a new
value to be entered.

1. The label "V" is assigned to the key labeled "C."

8/24/90 (7:53am) | 8-2
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Lines 59 through 69 ensure that the proper units (mph or
m/s) are displayed.

In USER mode, execution will jump to line 127 and begin the X/Q
calculation.

F. Lines 82 through 90 display the current release height and allow a
new value to be entered.

1.
2.

The label "HT" is assigned to the key labeled "H."

A subroutine at label 09 (lines 321 through 331) is used to
convert the release height in the X register to the proper
units and display the result. After pressing "R/S" the program
converts the value in the X register to meters and returns to
the line following the line that called this subroutine.

In USER mode, execution will jump to line 127 and begin the X/Q
calculation.

G. Lines 91 through 119 display the current downwind distance and allow
a new value to be entered. ‘

1.

Z.

The Tabel "X" is assigned to the key labeled "A."

Lines 94 through 111 ensure that the proper units (miles or
kilometers) are displayed.

Lines 112 through 114 ensure that no distance less than 0.1 K
can be entered.

In USER mode, execution will jump to line 127 and begin the X/Q
calculation.

H. Lines 120 through 126 display the current plume offset distance and
allow a new value to be entered.

1.
2.

The label "Y" is assigned to the key labeled "B."

A subroutine at label 09 (lines 321 through 331) is used to
convert the plume offset in the X register to the proper

units and display the result. After pressing "R/S" the program
converts the value in the X register to meters and returns to
the line following the line that called this subroutine.

I. Lines 127 through 383 calculate X/Q from the input data provided in
steps A through H above.

1.

Lines 128 through 137 prepare for the calculation by converting
the distance to meters and comparing it to 1,000 m. Flag 01
is set if the distance is less than or equal to 1,000 m.

8/24/90 (7:53am) 8-3
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2. Lines 138 through 163 branch, according to stability class, to
the location with the constants that are needed to compute
Sigma Y and Sigma Z. Note that if a value for stability
class other than A through F has been entered, then the program
assumes the value will be class F.

3. Lines 164 through 176 insert the values for Cz, Az, and Bz to
- be used in calculating the Class A Sigma Z. Lires 178 through
180 actually compute Sigma Z. Line 181 inserts the value for
Ay, in preparation for the jump to line 278, where Sigma Y is
computed.

4. Lines 183 through 277 repeat the previous step for stability
classes B to F. Class G is treated somewhat differently in
that the Sigma Z for class G is 0.6 times the Sigma Z for
class F (lines 269 through 273).

5. Lines 278 through 293 compute and display the value for
Sigma Y. Note that this value may be changed during the call
to the subroutine at laoel 09 (lines 321 through 331).
6. Before displaying the value for Sigma Z, lines 294 through 307
compute a portion of the X/Q formula shown below, and store
it in register 00,
EXP[-0.5 * (Y/Zy)?]

x*V*3y

7. Lines 308 through 311 display the value of Sigma Z computed
earlier.

8. Lines 312 through 320 compute the remaining portion of the
X/Q formula for the case where there is uniform mixing between
the ground and the mixing layer. Full use is made of the
calculator stack to make efficient use of the computational
resources.

9. Lines 332 through 383 compute the remaining portion of the
X/Q formula for conditions where plume reflection from the
mixing layer may be important. Note that no tests for large
negative arguments to the exponential function are necessary
because the calculator’s exponential function automatically
sets the result equal to zero.

J. Lines 384 through 396 display the current value for X/Q and allow
a new value to be entered.

1. The label "X/Q" is assigned to the key labeled "J."

8/24/90 (7:53am) 8-4
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2. In USER mode, execution will stop at this location to display
the computed X/Q value. When "R/S" is pressed, execution
will jump to line 426, where the program branches to either
the chemical or radioactive calculation.

K. Lines 397 through 409 display the current release duration and allow
a new value to be entered. \

1. The label "T" is assigned to the key labeled "E."

2. In USER mode, execution will jump to line 426, where the
program branches to either the chemical or radioactive
calculation.

8.3 CHOICE OF CHEMICAL OR RADIOLOGICAL RELEASE

A. Lines 410 through 422 display the current selection for type of
source, and allow a switch to the alternate.

1. The label "Q" is assigned to the key labeled "G."

2. Flag 07 is set for chemical releases, and is cleared for
radioactive releases.

B. Once the choice has been made, execution continues at line 423
where execution branches according whether or not the calculator
is in USER mode.

1. In USER mode, the data input steps are skipped. For chemical
releases the program goes to line 476. For radioactive
releases the program continues at line 575, recalling the
total curies released and then jumping to the display of this
total activity in line 595.

2. If not in USER mode, execution proceeds to line 430. For
chemical releases the program centinues at line 434, while
for radioactive releases the program continues at line 511.

C. Note that if this section is entered in USER mode, and no change
is made, the calculator remains in USER mode. However, if the
source type is changed, then the calculator is taken out of USER
mode to force subsequent data entry.

8.4 CHEMICAL CALCULATION

A. Lines 434 through 437 request entry of a choice for either a stack
release or total release calculation. The current choice is
displayed in the X register.

(44

8/24/90 (7:53am) 8-
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1. Execution will branch in line 437 according to the number
present in the X register when execution continues.

2. If a number other than 1 or 2 has been entered, the program
will jump to an incorrect location and all subsequent
calculations will be invalid.

" B. If a stack calculation was selected, then execution continues at
line 438.

1. Lines 439 through 442 request input of the stack concentration.

2. Lines 443 through 453 display the current units éssumed for the
stack concentration, and allow a switch to the alternate units.

3. Lines 454 through 458 request 1nput of the stack flow rate, in
cubic feet per minute.

4. Lines 459 through 463 compute the chemical release rate.

5. Line 464 jumps to line 476 for the calculation and display of
downwind concentration.

C. If total pounds released was selected, then execution continues at
line 465.

1. Lines 465 through 469 request input of the total pounds of
chemical released.

2. Lines 470 through 475 calculate the chemical release rate.
D. Lines 476 through 484 compute the downwind air concentration.

1. Flag 02 is set to match flag 08. Flag 02 determines the units
that are displayed in the subroutine at label 09.

2. The subroutine at label 09 (lines 499 through 509) is used to
display the concentration in the X register in the proper
units. After pressing "R/S" the program returns to the line
following the line which called this subroutine.

E. Lines 485 through 488 request input of the formula weight of the
chemical. This is needed to convert to the alternate units.

F. Lines 489 through 509 convert to the alternate units and display the
result. Here the subroutine at Tabel 09 is used as before, with
the exception that the RTN statement causes program execution to
sto?. Pressing "R/S" again will cause the program to start over
at line 1.

8/24/90 (7:53am) 8-6
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8.5 ESTIMATION OF TOTAL CURIES RELEASED

A. Lines 511 through 515 allow selection of the type of source
information to use.

1.

Execution will branch in line 515 according to the number

present in the X register when execution continues.

If a number other than 1, 2, 3, or 4 has been entered, the
program will jump to an incorrect location and all subsequent

~calculations will be invalid.

B. Selections numbered 1 and 3 are computed first, because both begin
with the entry of an air concentration.

1.

Lines 516 through 521 request input of the air concentration
(in uCi/cc) or the activity on the sample filter (in dpm).

Lines 522 through 525 test whether the number entered was less
than 1. If so, it is assumed that an air concentration was
entered, and execution continues on line 541 or line 545
depending on the type of source calculation.

Lines 526 through 529 request input of the volume of air
sampled (in cubic feet).

Lines 530 through 539 compute and display the air
concentration,

Line 540 jumps to either Tine 541 or line 545 depending on the
type of source calculation.

C. Selection number 1, for input of exhaust stack data, requests
input of the stack flow rate (in cfm) in lines 541 through 544.

1.
2.

Note that execution does not stop until line 563.

Lines 568 through 574 calculate the total activity released,
which is displayed in lines 595 through 602.

D. Selection number 3, for input of downwind concentration data,
requests input of the sample duration period in 1ines 545 through

548.
1.
2.

Note that execution does not stop until line 563.

Lines 578 through 588 calculate the total activity released,
which is displayed in lines 595 through 602.

8/24/90 (7:53am) 8-7
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E. Selection number 2, for input of total activity released, requests
input of total curies in lines 549 through 553. Execution then
jumps to the downwind air concentration calculation beginning at
line 603.

F. Selection number 4, for input of surface contamination data,
requests input of dpm/cm® in lines 555 through 559.

1. Lines 560 through 563 request input of the ground deposition
speed (in ;entimeters per second).

2. lLines 589 through 594 calculate the total activity released,
which is displayed in lines 595 through 602.

G. Before bec'nning the nuclide selection, two important quantities
are displayed.

1. Lines 595 through 602 display the total activity released.

2. Lines 603 through 613 compute and display the downwind air
concentration.

3. Lines 614 and 615 skip the nuclide selection menus by jumping
‘ to line 686 if the calculator is in USER mode.

8.6 RADIONUCLIDE IDENTITY |
A. Lines 616 through 625 allow selection of the nuciide menu to use.

1. Execution will branch in line 625 according to the number
present in the Y register.

2. If a number other than 1, 2, 3, or 4 has been entered, the
program will jump to an incorrect location and all subsequent
calculations will be invalid.

B. Selection number 4, to input new inhalation dose factors, requests
the name and dose factor in lines 626 through 638. Execution then
Jjumps to line 691 for the calculation of inhalation dose.

C. Selection number 1 enters the submenus at line 639. Menu choice
number 2 enters its submenus at line 655. Finally, selection
number 3 enters its submenus at line 670.

D. Execution of all menu choices eventually branch to line 686 to

begin the dose calculation. Note that in certain cases the organ
limiting flag 00 is set.

8/24/90 (7:53am) 8-8
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8.7 DOSE CALCULATIONS
A. Lines 686 through 695 test for new dose factors before proceeding.

B. Lines 696 through 707 compute a branching address based on the menu
choices entered previously. The formula used is the following:

8 * (REG 016) + 2 * (REG 017) + (REG 018) - 11

where

REG 016 is the top-level menu choice (1, 2, or 3)
REG 017 is the second-level menu choice (1, 2, 3, or 4)
REG 018 is the thirc-level menu choice (1, 2, or 3)

Table 36 summarizes the calculation of the dose factor address.
Line 707 jumps to the label with the dose factors requested. For
example, if the analyst has selected Bl (REG 016 = 2),

RU (REG 017 = 2), and SOL (REG 018 = 2), execution will jump to
label 8 * 2 4 2 *2 + 2 - 11 = 11, which is on line 755.

Table 36. Calculation of Dose Factor Address.

REG 016: 1 2 3

top menu: a, Bl, B2,

REG 017: 1 2 3 4 1 2 3 4 1 2 3
- nuclide: PU, AM, NP, U SR, RU, I, CS CO, | KR, H

REG 018: 1,2 2 2 1,2,3 2 1,2 1,2 2 1,2 |2 2

address: 00 01 02 05 06 07 08 | 09 10 11 12 1315 | 16 17} 19 21

C. Lines 708 through 796 insert the name, and the dose factors for
the EDE and worst organ into the stack for later computation.

1. In certain cases, flag 00 is set to indicate that the organ
dose will be limiting. For most nuclides, the organ flag was
set (if needed) at the nuclide selection menus.

2. For Kr-85 and H-3, the organ dose factor equals the EDE and
leads to the shortcut shown in lines 794 through 796.

D. Inhalation dose is computed and displayed in lines 797 through
819. The limiting dose (EDE or organ) is displayed first.
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1. The limiting dose is stored in the X Register. Flag 00 is set
(and visible in the display) if the organ dose is Timiting.

2. The dose to the non-1imiting organ can only be seen by
interchanging the X and Y registers with the "X<>Y" key.

E. Lines 820 and 821 restore the typical configuration in which the

calculator is operated (scientific with two digits after the decimal
point and not in USER mode).
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9.0 PROGRAM LISTING
- (sheet 1 of 6)

LBELTEDSI 43 4T -o- 39 737 27
seLBL 3 W 470 43
END 2879 9YTES 45 F57 27 a3l vy
4 GT0 93 T2 ACL 9

#1eLBL *ED3° $7oLBL *MD- 97 %=
§2 UF 43 ACL 19 24 FL? 95
33 0F 82 49 = * 35 470 29
34 * £ - REY 1° 59 4E0 99 % 1,509
45 PROMPT 51370 19 el
% CF 27 52 F37 2 I9eLBL %8
ATSLBL i S3 570 “MD° %9 FIR 2. _
88 IF 22 %4 F$7 37 199 ARCL
A9 * METRIL 2 55 410 93 191 F37 95
18 F3? 45 SeeLBL *¥ 182 - AL 7

f1 U.S.A. UNITS 90 57 RCL 95 183 FC? 95
{2 PRONPT 58 *y= * 104 °F KN 77
13 F07 22 59 FC? 85 185 CF 22
14 GTO 49 58 610 M 196 PRONPT
(§ FC?C 25 61 447 187 F07 85
6 5F 45 62 / 188 570 28
{7 GTO *y= 53eL3L 90 189 1,509
13+LBL 30 54 FIX 1 11§
19 FC? 95 55 ARCL ¥ {11eLBL 98
29 3T0 29 56 FS? 45 {2 .1
20 FT 7m 57 " WPH 7° 113 4(=¢7
22,3048 53 FC? 95 114 %O
23 4T A 89 *k M/3 70 115 ST0 %6
244L8L 49 ™ OF 22 11§ F5? 22
25 H e 71 PRONPT 117 670 *4°
2% 1 72 FC? 95 11§ £37 27
7HBL M 73 GT0 98 119 5T0 23
28 ASTO 93 74 447 {200LBL *Y*
29 370 22 75 . 121 RCL 97
38 F$? 27 76eLBL 90 122 Y=
31 GT0 93 77 10 45 123 4EQ 49
3asLBL P 79 75?7 22 124 570 47
BN 79 470 v* 25 757'22
4t OMET = - M F3? 27 126 (70 *¢*
75 ARCL 24 31 5T 43 12793L 43
3% JoeLBL "HT- 123 07 2
37 AON 33 RCL % 129 07 At
38 PRONPT 4 4= o 139 2L %
39 AOFF 85 %E9 %9 13t L 53
@ FC 3 % ST0 99 2
41 370 29 37 757 2 133 570 2t
42 9870 24 38 510 4T 134 LAST

8/22/90 (2:11pm)
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9.0 PROGRAM LISTING
(sheet 2 of 6)

135 20y 181 L3553 27 -
(36 %=1 192 570 98 228 S
137 5F 21 183eLBL 92 229 1471
133 RCL 84 (34 F$IC 0t 238 GT0 98
139 “g* (35 GTO 98 2310L8L 95
148 ASTO ¥ 186 2 232 F57C A1
141 %=v7 187 .55 233 470 9
142 570 A1 88 RCL 9t 234 34
143 -8+ 139 1,498 235 6,73
144 ASTO ¥ 198 GT0 1 236 RCL 31
145 4=t7 {91 +L8L 99 277 .36
146 GTO 42 192 1.3 238 §T0 91
147 “C* 193 3382 239¢L5L 99
(43 ASTO ¥ 194 RCL At 248 1.3
149 %=y 195 1.149 241 211
158 670 43 193 91 242 RCL 9
(5 =p* 197 1% 243 673
152 ASTO ¥ 98 » 24445L 31
{53 %=¢7 199 + 245 1%
154 GTO 24 299 2751 246
55 €+ 291 570 98 247 -
156 ASTO ¢ 202080 93 248 CHS
157 4=t7 203 OF 91 249 1046
153 570 95 284 113 299 70 98
159 -g* 295 RCL 9 251+ 96
168 ASTD Y 206 911 252 FS7C A1
161 %=17 207 4% 253 GT0 99
162 5F 96 288 « 25¢ 4.5
163 GT0 %6 289 2089 255 18.45
L64eLBL A1 218 470 48 256 RCL 9
165 FS7C B 211 +L8L 24 257 .18
166 GTO 99 212 F37C At 258 GT0 9
(67 -9.5 213 670 99 259+L3L 20
168 24 E-5 204 13 269 .35,
169 RCL 91 215 1.26 261 886
179 2.9 216 RCL A 262 RCL A1
171 GTO a1 217 516 263 .74
1726LBL 99 218 570 8 2640L8L 31
173 9,27 219L8L 99 25 1Y
74 66 E=5 229 1.7 266
175 RCL A1 221 222 267 -
176 1,941 222 RCL Ot 268 CHS
1776L8L 91 223 725 269 FC7 96
179 t4% 2244L8L N 279 £T0 99
179 225 44 7 .6
129 2% 272
8/22/90 (2:11pm) 9-2
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9.0 PROGRAM LISTING
(sheet 3 of 6)

273eL8L 98 39 / 365 «

274 F17 % 328 470 34 266 2

275 8722 321 0LBL 29 367 +

276 F57 36 2 RL R 368 1%

277 L8481 323/ 369 +
2780LBL 88 324 FIX 379 RCL 48
279 RCL 91 325 ARCL X 371 RCL A1
289 9931 726 ARCL 93 | 72

281 4% , 327 (F 22 73 2

292 » 328 PROMPT S T4 .
283 5T 29 329 RCL 22 s

204 4Y 338 * 376 EN

285 570 91 T34 RN 377 RCL At
286 RCL 99 Ja2eLBL 99 | 39/

287 *Sy= . I33 LASTH 79 »

208 19 334 RCL 91 3800051 34
289 Y7 [ 381 RCL 99
209 FIX | 36 K12 ~ 82 s

291 RN -2 383 370 A1
292 YEQ %9 78 » I84eLBL %/0"
293 370 99 ‘ 329 ¢ 385 OF 22
294 RCL 47 349 RCL 8 386 501 2
295 (Y 341 RCL 19 387 RCL AL
296 / 2 / 398 “%/4="
297 442 43 - 389 ARCL ¥
208 =2 344 LASTY 398 e
299 / 745 RN 391 PRONPT
309 EtX 46 392 370 At
301 RCL 9@ 347 EX 393 F3? 22
382 RCL 45 48 | 394 670 "800
303 PI 349 + 395 F$? 27
104 » 750 LASTX 3% GT0 91
305 LRt 3970LBL °T*
386 / %2 + 398 RCL @9
307 STO 4 353 LASTY \ 399 FIX ¢
788 RCL 91 3450 T 499 "DUR= °
399 -2= - 355 491 ARCL &
319 YEQ W 356 LASTX 492 *F HR 7°
311 570 A1 157 RIN 493 [F 22
12 1.2 758 £Y 484 PROMPT
MIRCL 19 359 + | 485 570 99
34 368 XY 486 F57 22
315 Y7 761 CHS 467 6T -7
316 GTO 49 362 2 498 F$? 7
U7 1.28 %3 + 499 5T0 91
318 LASTX 364 Rt 4180LBL *9°

8/22/90 (2:11pm) 9-3
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9.0 PROGRAM LISTING

~ (sheet 4 of 6)

411 CF 22 457 PRONPT 583 F§7 42

412 “RAD* 458 570 14 584 “+PPH=-

413 F$? 97 459 RCL 13 585 FC? 82

414 “CHEN® 460 * 586 “HIG/N3="
415 *+ SOURCE?" 461 2119 387 ARCL 2

416 PRONPT 462 / 588 PRONPT

417 FC? 22 463 5T0 12 589 ATN

413 CTO 49 464 GTO 28 518 570 *€D3*

419 FCC 97 4654LBL 22 SUABL 87
128 SF 97 466 RCL 15 $12 *ST,C1, AR, GD=]-4*
421 CF 27 467 *TOT LB REL?" SI3 PRONPT"

422 G0 2" 468 PRONPT 514 570 18
423051 99 469 570 15 315 570 IND 18
124 FCY 27 479 RCL 49 S16eL8L A1

425 GTO 49 e, St7maL 03
4264LBL 91 472 126 SI3RCL 11
427 F37 97 73 s 519 *CONC OR DPM?®
428 GT0 98 474 0F 98 529 PRONPT
429 GT0 18 475 §T0 12 521 §T0 11
4380LAL 99 4764L8L 93 522 510 13

431 RCL 19 477 CF 12 523 1
432 FC7 87 478 F$? 98 524 X317
433 070 87 479 SF 42 525 570 IND 19
434 *ST, TOTAL=L,22° 489 RCL (2 526 RCL 12
435 PROWPY 481 RCL 91 527 *CU.FT SAMPLD?-
436 STO 190 492 » 528 PRONPT
437 CT0 IND 19 483 570 99 529 570 12
4390LBL 1 434 4EQ 99 538 €L 11
9RL 1T 495 RCL 11 T 4OY

449 °STACK CONC?* 486 “FORNULA HT7* 532 /

441 PRONPT 487 PROWPT 533 6287 €7
442 5TO 13 488 5T0 11 534 /
MUI0BL ¢ 499 2.4 535 510 13
“e N3 2o 499 7 536 LA
45 F5? a8 491 RCL 90 S37 RCL 13
46 = PPN 7° 432 ROY 38 °F UCI/CC
447 CF 22 493 FS? 98 339 PROWPT
443 PROMPT 494 = 548 GTO IND 19
449 FC? 22 495 FC? 98 S41eLBL 1
458 T0 20 496 / 542 RCL 14
451 FLIC 98 497 FCIC 32 543 “5TACK CFN 7
452 SF 98 498 SF 82 544 GT0 98
453 G0 ¢ 499%4L8L 99 S4SeLBL 23
454eLBL 70 589 (LA 546 RCL 14 |
453 RCL 14 58t sCI | 547 “HRS SANPLED?"
456 “STACK CPM?® 582 %1 * 548 570 99

8/22/90 (2:11pm) 9-4
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9.0 PROGRAM LISTING
(sheet 5 of 6)

549eLBL 92 595+LBL 45 641 PROMPT
558 RCL 1S 59 370 (5 642 570 17
35{ *CURIES REL?® 597 3CI | 643 RCL 18 -
552 PROMPT 598 SF 21 G44 SF 99
533 570 S 599 *REL: - 645 GTO IHD ¢
554 GTO0 %6 488 ARCL 15 g46eLBL 91
ToTLBL 94 681 *F CI* 647 *NO3, 02 =1, 2°
556 RCL 13 682 ‘PROMPT 648 GTO 29
55¢ IPW/SA.CH. 7 683+LBL 96 6494LBL 42
558 PRONPT 584 RCL At 650+LBL 93
559 ST0 13 685 « ‘ 651 670 A1
560 RCL 14 686 RCL 49 6524LBL Hde -
561 *DEP. 5P? (M/S 587 7 . . 653 *U0,U03, UNH=1-3"
S624LBL 19 783 3669 654 GTO 99
563 PROMPT 689 / 6355+LBL 96 ‘
564 370 14 18 SCI | 656 “SR,RU, 1,CS=1-4"
565 RCL 13 611 “%,¢ UCI/CC=" 657 PROMPT
366 3¢5t 12 ARCL ¥ 38 370 17
567 GTO IND 10 613 PROMPT 659 RCL (8
568eLBL A1 Al F3? 27 663 GTD IND Y
569 * 615 GTO 11 66 1eLBL 93
579 RCL 99 6160LBL 150" 662 5F 99
371 s 617 RCL 18 663 <129, [13tst,2"
s .y 618 =a,81,82, NEW=1-4* 664 GTO 99
BT 619 PROMPT 665+4LBL 8t
574 GTO 95 629 STO 16 666eLBL 4
575¢LBL 19 62t 4 667 3T0 43
576 RCL 15 522 + 668eLBL A2
577 3T 95 623 RCL 17 569 GTO 91
S79eL8L A3 624 CF 30 679eLBL #7
579 RCL 99 625 GTO IND ¢ 671 *C0,KR,HI=t-37"
. 588 HY? 6264L8L 98 672 PROMPT
591 KOY 627 “ISO NAKE ?* 673 570 17
582 RDW 628 CF 23 674 RCL 18
583 » 629 AON 675 GTO IND Y
584 RCL A1 639 PROMPT 676L8L 81
385 / 631 ROFF 677 “INSOL, SOL=L,2°
586 3680 632 F§7 23 678+LBL 20
587 = 633 ASTO 17 679 PROMPT
588 GTO 4S5 634 RCL 18 680 GTO 98
5894L8L 34 635 *REN/UCT 7* 681+LBL 82
599 636 PROMPT 682¢L8L 43
59t RCL A1 637 STO (8 683 2
592 / 638 GTO 88 684+L8L 79
593 222 £4 £39eLBL 35 685 $T0 18
594 ¢ 648 “PU, AN NP, U=1-47" 686eLBL 1!
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9.0 PROGRAM LISTING
(sheet 6 of 6)

]

537 4 734 402" 791#BL 17
688 RCL 16 735 7.58 792 5F 99 |
IR 736 56.3 793 *£0-48 30L°
599 5T0 99 737 GTO 34 794 9331
A91eLBL 48 738+LBL 48 785 .132
832 CLA 739 “UNH* 786 GTO 94
693 ARCL 17 749 2,64 7874LBL 19
694 RCL 18 741 38.3 783 *XR-35°

595 470 ¥4 742 (T0 4 799 146 E-3
#96+LBL 39 743eL8L 29 799 GTO 49
697 3 744 *SR-99° 7914LBL 21
698 = 745 SF 99 792 Y=37"
699 RCL 17 746 247 793 % £-5
708 RCL 17 747 2,69 7944181, 38
701+ 748 GT0 94 795 ENTER®
792 + 749+0BL 19 7% #Y
783 RCL (8 758 SF 29 797+LBL 4
4 + 750 "RU196 NS 798 SCI ¢
705 11 752 .4TT 799 33 £4
7% - 753 3.35 888 RCL 15
787 GTO IND ¥ 754 GTO 24 391 »
7984L3L 49 75568L 11 392 RCL A1
799 *PU HO3* 756 *RU186 SOL* 303 »

719 574 757 2562 304 »
711 12489 758 .9666 385 3OY

712 GT0 94 799 570 a4 886 LASTY
717eL8L 81 768eLBL 12 897 »

714 Py 2= 761 +l-129° 398 F3? 99
715 456 762 174 9 40V

716 4999 763 5.77 219+ °
717 GT0 34 764 GTO 24 811 ARCL ¥
7180LBL 43 7654L8L 12 812 *+ MR*
719 -An-241° 766 *1-131° 813 PRONPT
720 444 767 .8329 - 314 BEEP

721 8939 748 1.08 815 * EDE*
722 GT0 94 769 70 94 815 F$? %9

- 7236LBL 45 7794LBL 15 817 “ORGAN®
724 *NP-237° 771 CS-137° 813 *+ LINITS"
725 548 772 8319 $19 AYIEN
726 12198 773 9326 929 301 2
727 GT0 24 774 0GT0 %4 321 CF 27
7286LBL 36 77SeLBL 16 322 END
729 *10* 776 SF 949
730 127 777 *(0-59 INS®
731 1968 773 .219
732 GT0 94 779 1.28
7330L8L 97 789 GTO 3¢
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Internal Letter ‘l Rockwell International
Date.  May ]8, 1984 - No 72322-84-WU-243
Y. (Name_ Orqanization, Internal Address) FROM: (Name. Organization, internol Address. Phone)
R. H. Sudmann - P. D. Rittmann
‘ 3-3542

Subrect: . HP-41CV Program for Rapid Assessment of Environmental Doses

An  HP-41-CV program to enable users to quickly compute inhalation doses
following a release of radioactive material to the air has been
thoroughly tested and validated in the attached analysis. The program
currently prompts for input data such as release height, wind speed, and
stack flow rate in common English units (ft, mph, cfm) as a convenience
to users who normally use these units.

User instructions and appropriate data tables for stack parameters and
distances will be distributed under a separate cover letter,

Pl Ahimanm

P. D. Rittmann
Radiological Engineering
and Effluent Controls

West Area Unit

PDR/t jk

cc: D. E. Bihl H J. Goldberg
G. F. Boothe L. N. Sutton
D. D. Brekke J. A. Bates
W. A. Decker D. A. Marsh
D. Paine T. Chiao
D. B. Howe
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| | WHC-EP-0368
’l‘ Rockwell international

Rockwell Hanford Operations z 0 f‘ , Z
Eneray Systems Groue - DESIGN ANALYSIS o G 05 TOA-SY
FOR R H 5MJ mann DATE, A'Pl\fl 30‘ 19 f‘/
LocaTion 222 (A ov taul __Aiffojiann
SUBJECT CHECKED BY W
T, Proble m

Compare the  HP-HCV progran “ED" dose calculeions with
p,}ck//l/‘y\efu{ﬁ, and  hand calewlations wher necessary,

IT.  Assumphons / uput | | ol
A, Pu COM’DU{;‘H(}M: ;s«&pe %bwa c.'/hpu ]Q"(.
| Pu -2 093 15.9 63
Lung mode [« (1CRP 30) Pu 23 4.0 ZY) 535
.PM(M);)‘ s Class W P -240 1.0 17,; 302
Pus 05 class Y Pu-241 2.8% 2980 ~D. b
Pu-242 027 .00104 107 xi8°

Tota| w + 97.Y4 7

B U COMFOS'IHOV)
) 70 2 V\r((,'vgz(l y mea V\‘lﬂj H\a+ f"f U 235 W“tﬂ K ’AWO ‘/74 Lgfg.kf

sotope _GilgU () | G bl
U-23% 3,363%(0 o8
g ewidfer = Th -234 3.%63 <’ o8 G 0 ,
-7 U224 o l";_,,u.n‘r‘ "
-234 4,67 %0 Sl ¢ e w7 el U
U-235 3.!437('0-8 02062 G Cu:z.?‘i ¢ enrichd by
TRl kL 82500 Gy L0 G e e edatine wmount
‘ (I.Z'l‘x'/oe 9 U per C a<.> s u-ns‘)
Lung MOM ((CRP 30)
uvH is class D ub, 1 class W @’0'5 +U0, an cless \f>
4 { i i . ; " \ _ , N\
LMOTEZ M'WAWMI b\d,( ,‘l%‘? o U-23%, U234 4+ Th-229 , and 0226 o4 U-23% ‘)

A-2
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‘l‘ Rockwell International

Rockwell Hanford Operations

Ensray Systems Group DESIGN ANALYSIS P LT IR
FOR DATE May 22, 19¢Y
LOCATION sy ___fau/ WiaZLLT)
SUBJECT CHECKED BY 7 Pl
C, Sr90/y-90
Since  sfack concentrations vould e given as gtoss beta
mCGlce | and Lot S ad d Y emT a be?‘ﬂ/ one
; rose bem s X '
A curie of ASr-iU (s hKen Yo be 0.5 G s =70
D othr dose factors wM/’””LWW
b e Cs=137 s 100G Cs-B7 and  0.9%6 G Ba-I37m
2 |G I -3
'; 3, Yy %‘! P’m"‘ﬂt’llmm o.l\(] 20 7 ZVU‘\\CL‘-{’.J P‘M%W'WW)
‘ e following (ovw'pa;i‘HoM werd assymed o indicate ﬁela/;;
,I;.,,Jmpt 7 ot Y2, | G/Kt) C(‘ (f:: w+ 7 G/Kﬁ" C]&;:
Pu-239 ,007 .20 0172 37 634 | 409
PM "?_90 ‘f,[l q‘alj" ’l%]_/ 103 “"702 l 130;
Pu-24/ 225 %2 3,32 5.97 6/50 ‘ 39.7
Pu-242- 0l ,000Y3 b2 E-b .58 062 | Y.oley
69.35 Cu (55 ¢ J
Y, 180 Ja.y MFP
sr8q L0482 Ry 110m  .000265 C Bu 3w ,00784
srd0 009 3Y Sn 123 000492 Ce 1Y] 171
Y90 00934 shoAS b CCe Y LT3
yal 078! Te 126m  ,0016Y Pr 1YY A73
ze1s Te (27w 00103 Pm 47 L0329
Npas L2l Te 127 pelod P (4% 000653
Ru 03,0232 Te 127w 00069 P 118 00003
RhiBm 0272 Tey2q - L0004YE gu 159 000100
Ruiob 0312 Gy o013 Eu 155 00007
Ahioe  o3iz G137 Loy sm |51 000026
A-3

BD-6400-060.1 (N-2-79)



‘ WHC-EP-0368
’l‘ Rockwell International ‘

Rockwell Hanford Operations

| | p >
Energy Systems Group DESIGN ANALYSIS J::io, 6-056~PPR~gY
FOR ' . DATE _ /)My 3 19¢9
LOCATION ; ‘ 8y Joul Il ;.Zi"zmnm
SUBJECT _ ‘ CHECKED BY .
ﬂl Re su /7%

Using  PACRIV, and ASSUMIng Lum AMAD /w%'c/e;' and
.'v\fuh‘?'mﬂ he Je/io,d?tw'h Grachions used in  IERP 3¢, Dose
Gachrs (rcm/«&‘inhn/m') were jCOﬂ/I/DoL'}‘ec}/ and are ‘}/.s‘}fc[ on
the Sollowivg page.  Th dege fochors  seleckd for ust
M He HP-YICY progfam are given holow :

P/mlﬂm'um'. 12 70 Pu-2YD  was assume

Pa MO, classwW ¢ 53 el -h:/unj istoyr
2650 remlulc fo bone 59 y7

Pula s ClassY o 29 MM (e 1o lung Istyr
g70  remjule Ao om 5Oy

Uranium s | 7o cnh'ckff Uramunm was as;uWLeJ

k,{/VH 5 (Iasc,D: 22,1 rv-%,a 4+ honre \s'f‘yr'
38,6 rewl o bone SO yr

MOB 15 (lass W ys,s re‘”’/,u&' + /uny )S’f‘yy‘
Y5. € vew/ul 4o Jung g0 yr

5#054“,711"” }.!?re%&, H  bene JsT year
133 rem/ut 4o bene Y/ ye‘m"

I—(B) 1.1 "em/u(-' +o HV/M/'A bt‘“ It yr v 54 yr

BD-6400-060.1 (N-2-79}
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’lh Rockwell International

Rockwell Hantord Operations PAGE F

ey Syvems Grove DESIGN ANALYSIS 108 No. G- V56 ~PPR<FY

DATE May & 198Y
av b/ Aitwmann

CHECKED BY

FOR
LOCATION
SUBJECT

Th &//OWM} ‘J'CS‘/; wert foﬂJu.(*/Co// aK(J are c!e’/u //@(/ hé/an
. ChecK Sov | co»rec'}" ‘/’/@ calcu /a7/7.0¢4 J /hc/ua{/hy I'X‘flef;po/af?@ﬁ‘i for
| bo U oL C7’/ (z ’ and ;ec‘!‘ﬂ)’“ a\/ei"dgl'i’.lﬂ ‘(Jwa%‘ou; 5 6’#2'”""5

R, For cuﬁé ve)eczs,es) +A47L avemgk 5;*wno/ wmehﬁuﬁa’h

15 cM‘NﬂL/y c0m}0u7[€d// and dose wesults agree with a
96/%1»'3\4{ DACR IN ca/ca/a‘/vblq,

3, For  sacK wleases that ground concentrafions are
coN‘ﬁc'f, and Fhat  dose result are also correct
Teg'lL R€9u ,)3 ‘ o 3 :
) /P Vaj(‘duﬂL'-OV] (no‘Hce ”MLQ exae}/enf agw,t‘yﬂé’nf\l

" /] KO Release Pa»f‘f&ﬁ‘/a}‘f
| K (mekerd]  pACRIN ED X (miles)
350 - 575 E-3 STI5E-3 | ,21% |w | w/ace (0 min 5 Tu= 024
2500 Lo%e-4f | |og e-Y| 528 [h=1m \/er}' Stalle
750 + 147EP | jurea | b san< as above e~ eapl
%500 719 E 5 21565 5,29 0w releace > Bl =
750 H 28564 | 29584 | b saml as abewe , except
‘ | ' w=5mlee = gy- 25
15500 | 141 E-5 | 1,4 E-S| 943 ,
4o0D - 6.8 € -8 | faa g8 | 2.49 | u=Fmfae Mod. Stuble
24000 | 59l e-7 | st E-7 | 4.9 | h=60m 5 he > opuz 070
75D o B4 E~b | g.04 £ -6 4606 cawe as  alopwre exﬂ’%j
350 4 (29 E-Y | (20E-Y g | ous | M Veutra|
H000 | 3.36e-4 | g56E-p | 2.4 | h=1m Cy=.21  Cp= 7
25() 4 GS0E=5 | 450 E-S| ,218 w= |m/ee Unstable
75‘5”(70 G abE -7 cal = -7 5 2% h= blm Cy= Cz= 030

A-6
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~ WHC-EP-0368
‘l Rockwell lntemational ‘

Rockwell Hanford Operations

Enersy Systems Group DESIGN ANALYSIS e no G 0SC=TPREY
FOR ‘ . DATE Mry 2, 178Y
LOCATION . ‘BY o/ ’ﬁf“fhﬂdﬂﬂ
SUBJECT ‘ CHECKED BY

I“Jel‘}’?”dﬁbw | (5 acaom fté}%c’ uc,m; /ues 5“/57;4 oM }j@
ngxf Page, \fa/u% are ppt e)c?lﬂr/)o ated b.o)/onc( the
bounds  oF +he Hable y .llué 10 win  d urations grve He
same TpU  A&s | minute we/ea%; or 20 m/eer winds
ha v e scame U as (O Mmices W;MJ/C,

tesT casess
| wum ,  Sm/el pd= 200
: - ~.02Y
| min ,  2m)zec Oy w= (!Og—‘o)(zo 19 +.024 = g5
Wmim 5w/ i w = 0,400
Z?OM ) 7,91“/% 0p w = .9"/0
’}00 WLW_ ) JTM/zal Gp U = .20
o G/ o U= .02Y
. 3 ) ‘.11_‘(—%—- B - 80
‘504MAM y %M/,z(( by U= (g »52"."7‘>(L' 2.9) + I .
ground leve| (< pom)
N ) 5 m/sl Cy = 210 ¢, =170
l,{N ) 2.9 M/;_p(, CY =(, = (b — '35-)(25 ‘) .331
N 15 mjeee Cy=.19 (2= (20
devawlecl (h>10m)
un T e Cy=la= 300 |
— a2 -9 . NG =
VR Cy = Ca=> é[’;":—:‘>(2" ) 1329
uv 1M /gee Cy - Ca= p.avl

= 4l rocultz u.c.f!\.;) “ep” ngMNE M7L/7 .H-v” abpw 4€.L7L cases.
A-7
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Values for Wind Meander (ogu)

wind speeds

release
duration 1 m/sec 2.5 m/sec 5 m/sec 10 m/sec
SR SEyp——— TNORSTTRRETIE—, RN, L] : RS
10 min . 024 10 - .20 ‘ .30
60 min .04 15 25 .35
120 min .06 .25 ‘ 35 .45
240 min .10 .40 .50 .60
480 min .18 | - .60 70 .90

Values for Sutton's Parameters, Cy and C,

| n=.20 n=,25
Release Level Wind Speed Cx'cz UNSTABLE  NEUTRAL

— S ————r vt

C, .35 17
o C, .30 15

5 m/sec Y
GROUND C; .30 .14
10 m/sec Cy .28 .14
C, .28 13
1 m/sec CysCz .30 15
ELEVATED 5 m/sec Cy,Cz .26 2
10 m/sec Cy,Cz 24 a1

A-8
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‘l‘ Rockwell International

Rockwell Hanford Operations ) ' PAGE 8
Enargy Systems Group DESIGN ANALYSIS Jos No, B =05¢— DA ~3Y
FOR L DATE Moy, 3 178f
LOCATION ay __faul " RiHann
' SUBJECT CHECKED B8Y

Sector A\/eMQEa’ Y0 values are wsed % the rtlease duyation
exceeds € }\ow‘s. Thse are com/oukd using He S rmulq

W/@ ’Q\ > (gpcn(w aver\aje(f/ 22.5° ;rzcﬁ""-> |

'n‘uté‘x

" )O'ace o5 Hhe w shal Sormula Lon cemlt’r/l'rw \/
bt
q//Q = (T U g Guy)ﬁ’ ﬁ.’(z‘r;) [cck')‘ﬂ‘h!\f’) y:O)

o sz'Mpfe method 4o ctch leD” sectpr avemﬁu'dg s Yo
cuse e w7t digghys G the cowre oF fisting Ha iupul.

Yo = Yola ( = F Y’%)
one ;a.m/r’e 1% ‘SMH’I'(/'C’ML %l««f is P(‘I‘M‘L’(/ Le}ou/:

A ‘ potice tha 3 3.1’_0.-%"' = 379
s T
= (.1 NPH

4= 1,00 ]

DRz LA KR : s\ . z("

M= 10,9 FT while PELRAR Y

OY = 8.21A 520 H

€2 = 2,179

o= 3L FT

82 = 254, FT ' ' wl/\iélqv s c,DﬂQ emaujh
0 %021, 3E-5 |

MET = M

= 1.1 HFH

= 1,08 M

WR.= 12.8 HR

H= 10,0 FT

t7 = 4,179

o = §27. FT

%7 = 252, FT

A-9
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WHC-EP-0368

"Av HOCKWeIll Ihternanonal

Rockwell Hanford Oparstions PAGE q
Enersy Svatems Grou DESIGN ANALYSIS 08 No, _G =~ 056~ PDA=NT
- FOR ‘ : cate __fay Y, (v8¥

LOCATION ‘ ay "~ Puul /{; 04 NV
SUBJECT CHECKED BY :

v R  Dose re;u/’lL coM/JaM‘SOH

E.T.A.=5.8 NIN

VS ¥/0=5,7E=3
5.75-83 111

GRD UCI/CC:9,6E-%

PUNOZ

LUNG | Y=1,1E5 MR- 106 rem

BONE 58Y=5,3E6 NR~53% reM
1,07485  s3s
5.33+86 (11

= 4

=vs

U HR

pe < - =

ET
= 2,
= 8,
R.=
= 3,
GU=

ON@POPO

@W‘I—
M—lN:‘t

)
Iy = 27 b FT
=214 F7
CI REL:1.0EQ

TYPE: PUKWOS3

A;;umgc] bpea‘H\.Mj NA‘C' %

E.T.R.=12,5 MIN '
¥S %X/8=1,5E-3
| [.47-83  #as

GRD UCI/CC:4.1E-7

PUOZ

LUNG | Y=1.1ES MR- 113 cam

BONE 58Y=5.0E5 Mk = 500 rem
1,13405  #ae
5,00485  ees

x — X

—

Cl REL:1.8E8
TYPE: PUD2Z

B8D-6400-060,1 (N-2-79)

LPACKW
£.T.A.22.5
VS ¥70=2.8E-
2. 85 84 - axx
GRD UCI/CC:7,9E-8
UNH

BONE | Y=2,2E3 MR —> 220 rem

BONE 58Y=3.8E3 MR = 3,85 rem
2.20483 Bk
3.85¢03 %

3
m
~

M(n::g:-cc
€2 11 O u u
-

~C
"

—

—_

)

-

—

= 20, 2 FT
CI REL:1,0E8
TYPE: UNH

350 ee feor .

E.T.A.=12.3 MIN

HS X70=6,9E-8
6,92-48 1233

GRD UCI/CC:2.4E-12

uo3z

LUNG | Y=1.1ER MR - 109 mrem

LUNG 58Y=1.1EQ MR = 1,10 mrem
1.10+89 122
1.11408 L]

X

w3 0o
_4
i
X
in

T x o
=

<«
—
o
<
(]
-3
[=~4
> =]

IY = 1,084, FT

2 = 62,3 F1

Cl REL:1.0E®
TYPE: UDS3

resuts art wr:'x#en iln)

T.A.=2.5 HIN ,
K70=8, 8E~6 : ,
8.04-06  #s% {
GRD UCI/CC:2.2E-9 i
SR93
BONE | Y=3,2E0 HR —%23 mrem
BONE 58Y=3.7E1 MR =375 mrew
3.23+00 ) !
3.74481 %2

El
N

X
m
g |
]
ra

14O =
N =€ 1 <

" ononou

C1 REL 1 BED
TYPE: SR9@

E.T.R.25.8 NIN |
UN %/026.5E-5
6.56-05  sas |
GRD UCI/CC:1.8E-8 ;
1131 |
THYROID 1 ¥=2.7E] MR =+ 27.0 mpem
THYROID 58Y=2,7E1 MR - 27,0 mrem
271481 wss |

=3
—
c
z

ll:':ll Ilm

-— ll ?I\)
S

x T
— x

=

w—-mro
P
-

—n

-
=]

\l
=3
L~ ~J

308
36, FT
EZ = 136, FT
Cl RF.:1.0€@
TYPE:

" oun»n

MO T e e
<~ <

9
8
8.
{

1131

S ‘s-‘*m»w,.amu“ Rl
. . .u—\ - »4- R R R L )
SPRRRL g by bt e .ulil‘nl.n.

L dmar el N m"v—b!-n '-..,.'.,,,.
DRCAR




‘lh Rockwell International

Rockwel! Hanford Operations
Energy Systems Group

FOR

DESIGN ANALYSIS

LOCATION

SUBJECT

WHC-EP-0368

PaGE 10

Jog No, G = 056— PDA-Q"f

DATE Mmy Y, 1987

ay fan| A Hma an
W

CHECKED BY

14

T:.‘n“kv“m] N’erzee ‘*‘\//Je 0 ?w‘ Wrawa’ dese Fac“fvr eu'/‘/}v) ana/ :

wsihg  He dose factors for  Co-87 given op pagey, (whle body
| crﬁtfm/ organ

E.T.A.=5,8 MIN

N %/7Q=6,3E-4
6.29-p4 ok

cgl,]_c.ufgg'l'n-? pACRIN resulfs  ape agaiy vef\/

1 ¥=8.8E0 MR —> B.8! mrem |

537:9,959 MR — 9,65 mrem c}oge +v H% ca/cujd“{'"‘ r€9a/7"'5
8.80480 s
9,88+49 fh%

MET = N

U=2,2 WH

X =8.22H1]

DUR.= 1.9 HR

H=33FT

CY = 0.210

CZ =90.178

IY = 82,0 FT

L2 = 66.4 FT

(I PEL:1.0E9

TYPE: CS137

DF | -

HMHY) Sor the wmep cko}cg

E.T.A.=69.0 MIN
S %/0=5,9E-7
5.91-27
GRD UCI/CE:2, 1E-1 1
MFP
LUNG 1 ¥
BONE 58Y

3.2E-2 MR
8.0E-2 MR
3.21-82
8.83-82

"n u

&Y = 2,953, FT
& = 134, F7
CI REL:1,8E0

TYPE: MFF

BD-6400-060,1 (N.2.79)

(;80d

%2

| , Gled

kXX

12  ¥-reacten ﬁ«e/)

2,933, FT
=134, FT

CI PEL:1.0€8
TYPE: *MFPx%
DF 1 Y=1,6E-1
DF 58Y=3.9E-1
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‘l‘ Rockwell International

Rockwell Hanford Qparations

1
Energy Systems Group DESIGN ANALYSIS :::‘:40. G = 056~ Nm.mg-z/
FOR ‘ : DATE Mey [7": 718y
LOCATION ; 1% o 1
sueJECT ‘ CHECKED 8Y

3. T, check He  doce calewiabions Gor ;72115}4 releasec q;ta/

4o verfify  ghound concen TN fon both %-),/\e; He Solbuwny
corpulas  are uged :

.

' released
@ od cac = B)(55) - (%)(3,.,“,;
1okl Dose = (%)(8R) (26)(Q) = (25 (;w)( rem)((, dsed)

K raﬂe? - ‘
5 rle Grd Cone = %) (5TK‘CFM>($TKCN) = (%)(%)(%%

Tnkal Pose = é(/g)) 5&)(D,F,)(e'rﬂ eh) (576 cne) (pn ) =
S IOIEENEIICS

coust J?V‘ ‘He ’HMT

case on pagl?, with X/Q = 6,75 x 10 st/ and  Dur = 0w
M\,ﬂ [.0 ¢ re[erw:rl

‘ Ci )da "‘)(ﬁ%) ’Q
Grd Cone (?79&/0 ,(c> (!O,MN/W >( 60)‘4‘«> o 9.6 %00

The inhalation doses were vewi fied weing DACRIN,

To vem“Fy ‘H\l (W’Idf rflfd‘i@ ef\oqu cohe,

A e
R-1¢
8D-6400.060.1 (N-2-79)

NN :‘.‘\J.:“ J'W}F‘zn‘!s’?‘ﬂr..l{Y.r.‘»“u‘-'\‘.l:;:: ta ("1.,‘:.-‘ \ ",“"31'1";", TN
. 1 A A



’l‘ Rockwell international WHC-EP-0368

Rockwall Hanford Operstions PAGE 2

Energy Systums Grows * DESIGN ANALYSIS  eno G056 -FPR-% —
FrA : DATE Moy 9, 198Y
LOCATION ‘ ‘ B8Y Aul ki limann
SUBJECT : - CHECKED BY

+he ;4"«}4 relerse ﬂsuHB/ The Fo//awiuy Jest case

Te \re\l"‘l';'y
Curie of S0 90

wa?s C‘\Ofc’ﬂ since 5'(' r'elec19€9 one

| howr ﬂe’ed’é o5 16"—,“6/cc a+ A f—'}aLK £low ra“e_ of" 93,3984%41.

. 2
(e ) () (2R ) - 10w

“
E.T.A.=2.5 MIN
N /828, BE-6
. GRD UCT/CC:2,26-9 |
' A hese results am Hho came ase te doses

BONE 1 Y=3.2E0 MR +
BONE 59Y=3.7E1 MR 3 COW\f““"QA on poge q g tHe $rT0 st

ol

MET = N
U= 11,2 HPH
X = 0,47 MI |
DUR.= 1.8 HR

H =197, FT

CY = 8,120

€2 = 8.120

Ty = 91,2 FT

£2 = 91.2 FT

STK CFM=5.89E4

§TK UCI/CC:1.BE-5

TYPE: SR98

[Nl

T

ﬂ: Con c)ms!én

The frogwam

corwpmf‘% Joses CroMm at‘rbm‘n(’ r{’leaséi
\v\ e)(tQHCV\{’ agft’t’mfh'r wi 'H\ ‘ DACQIN, an;-' q/a/o(‘o/ma‘&’
!\at\A ca|£u'a+’f€'ﬂ5 \Mlida‘{‘f +he o‘HltP aumeric  Msu Iz,

BD-6400-060.1 (N-2-79)




a

(Api, |ng)

LELTED
END, 1679 BYTES
AleLBL “ED"
AdeLBL J

A3 CF &7

A4 FIX |
R it
An CF 8

A7 RCL 09

B8 VS, M5, N, UN=0, 1, " ,
A3 42,3

18 PROMPT

{1 STO A5

12 F§? 27

13 670 @1
14¢LBL B

15 RCL 04

16 447 < |
177

18 ="WIND SP? MPH-
19 PROMPT
28 447
el * wint ¢ ,
22 STO @4 e’,}vnd i am
23 RCL 91 of m/at
24 F$7 27

25 GT0 9

ZGeLBL C

27 RCL 01

23 1689 «— | mlt

29 /

79 *DISTANCE? M1~
31 PROWPT

32 1689

33 e Jance 15

34 510 B1 < Ah',;t‘} i unh

THBLOR | o5 mefers

% SF 21

77 RCL 00

38/

39 ST0 92

49 60

4/

42 FIX |

47 “E.T.0,=

44 ARCL ¥

45 F HIN-

46 QYIEN

47 F§7 27

48 GT0 01

A94LAL 1

55 RCL 84

Mrl\ =, \"qT M/fec

5

Time c‘f'

E;‘}T'nw ‘k t)
{ Kerival

‘EE-L))’

WHC-EP-0368 .

Oraﬂma/ Version
51 "REL DUR? HR" (96 +
52 PROMPT 187 570 89 — A
53 $T0 a4 183 RCL @7
54 CF 67 | 9 g42
55 8 & Jaration7 BN :?é:f
56 xm\j fham secPr EHER
57 SF &7 e ge g - |
58 RDN 113 s10 09 —
nin ] Lo
61 GT0 ) Ham return fo Y.
62 F57 27 dueation premp 117 CHS
63 610 81 118 E4%-1 Comfu“l'fS
G4SLBL | 119 RCL @9
65 PCL 83 129 # 7y Sor
66 3,28  |m= 3,285t 121 RCL 82 :
67 ¢ 122 + Vs +MS
63 *REL HT? FT* 123 RCL 08
69 PRONPT 124 %
703.28 125 SORT
ne o : 126 GT0 04
722 570 93 & h (ored 1 7oL 77 )
7L A wnit @7 M (28 N New
WOF T 129 875 & (1~ 1)
75 GT0 IHD @5 139 470 o
769LBL 00 1319LBL 07 Ll
7740 b T2 I Uas w\;
78 1/¥ ~ 133.9 &«— (|- %
79-3¢  -a Very TTaR AT (
80 "yg* . [ stable 135 570 19
81 -g8 £-5 -4 136 SF 96 e
82 GT0 @ 137 XEQ 23 &~ 0 A 7
BIOLEL A1 132 RCL 0@ ond “Z
.33 b Hod 139 PCL 01
85 *Mg" od 140 RCL A9
86 -97 -2 ( stable 141 Y4 C“”P“;“;
87 -25 £-5 - 4* 142 2 2 T
FEOLBL 07 143 SORT
89 RCL 62 144 7 N +un
99 %42 145 + o
9f * 146 2 E3 o, €2
REKL | (,mputes 147xnw:} ensurts 7= .
93 * 143 YOOy
94 Y03y 5z TO° 143 570 86
95 RCL 07 ST
% : Vo +MS g?%ﬁ&z<wMPWk‘57
97 + 521 ) S NHUN
98 SQRT {53 FC7 47
99 3T0 96 {54 GT0 A4
109 FS? 7 [SEeLAL A1
181 GTO B : 156 RCC 01
192 1eq 17 —> cbtums value 157 5.3831 e
193 232 for (% 4) 58 /
104 + T5ae (6L 74
195 13 It 5 2

A-14




161 $T0 1@
162 ASTO 11
163 RLL 03
164 RCL #6
165 /

166 12

167 CHS e
168 EAX compu

169 SART Y/Q

178 RCL 86

17t s

172 RCL 19

173 7/

{74 PI

175 ¢

176 RCL 20

177 7

178 870 12

179 8CL 1

199 " ¥/Q="

181 ARCL ¥

182 AYIEW

183 CF 89

184 XEQ @7
189¢+LBL F

186 CF .27

187 REL 13

188 *STACK CFM ?* {
183 PRONPT

194 870 13

191 X=8?

192 GTO 98

193 RCL 14

94 “STK CONC ?°
195 PROWPT

196 STO 14

197 RCL 13 \ 5 )
198 < )w"?}
199 2119 = [?5535% o 0
208 GT0 A1
281sLBL n8

202 RLL 14

283 *CI REL 7"
204 PROMPT

2085 ST0 14

286 RCL 04

207 3600

208 *

299¢LBL A1

218 /

211 SF 21

212 RCL 12

213 *

214 ¥L1 |

219 GRD UCisLi:~

WHC-EP-0368

216 ARCL X

- 217 AVIEW
FIEDEN

219 CF 27

220 RCL 135
221 *pu,\),BETA=1,2,3"
222 PROMPT
223 ST0 15
224 X207

225 GT0 08
226 CF 23

227 * NAME ?*
228 AON

229 PROMPT

1230 AOFF

231 F§? 23
232 RSTO 17

233

234 RCL 16
235 Xef 8t
236 ST0 16
237 =58~

233 RCL 18
239 XEQ @l
240 STO 18
241 RCL 16
242 XOY

243 SF @2

244 GT0 16

245¢LBL 91
246 *F YR R/UCI?®

247 PRUMPT .
248 RIN ,

249+LBL 04
238 CF 23

231 CF 498

232 RCL 16

233 SERT

234 GT0 IND 15

233¢LBL A1
2% “KoI, 02 =f, 2~

257 PROMPT
258 Xt2

239 570 16
264 SF a1
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‘ - lnternal Letter . @l Rockwell Internahonal
N owe. 7720788 I No . 72322-84-WU-320
; TO: ’ m‘amo, Organitation, l;lolﬂll Address) o . FROM: {Name, Organization, Inlernal Address. Phone)
' D.E.BiRI ' P.D. Rittmann

Subject: . Validation Of "ED" Revision 1

The HP-41CY calculator program for rapid assessment of environmental
doses from inhalation of airborne releases has been rev1sed and upgraded
in the folloW1ng areas:

1. Isotopic choices have been added, 1ncreas1ng the number of;
" possibilities from 7 to 19.

2. Estimated time arrival (ETA) is given in units of minutes if ETA
is less than 99 minutes. Otherwise it is given in units of hours.

The attached comparison of current results with previous results simply
validates the calculator results by their agreement with DACRIN and
SUBDQSA (for Kr-85).

If you have any questions, cortact me on 3-3542.

)y fa M»/ Killmanm

P. D. Rittmann
Radiological Engineering
and Effluent Controls

PDR/t jk
cc: J. A. Bates
G. F. Boothe
D. D. Brekke
T. Chiao
W. A. Decker
H. J. Goldberg
: D. B. Howe
D. A. Marsh
D. Paine
R. H. Sudmann
L. N. Sutton
=% y e T e T LN T e 2 4 4N amtee O B ety e et e . . : et T KA s A VDRI, e,
= Eo :.w : “;*“-"’“ "a;-;;‘;.':‘x iy ‘:;‘arm.». v"*:: iy 18 '&"" ".'.‘.*':;, '... FERLEEIL S S PR (R i VR (A -ﬁi;a:\;m,?ﬁ:auw;;"::::“?;‘;?;a‘.';t';:.{fi;‘:‘gﬁ}-',‘.-";:fj",":!i}'i‘i’"‘7'
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Rockwall Hanford Operations PAGE ) (4 .S; G

Energy Systams 6:«4» DESIGN ANALYSIS soeno, C-RE-PPR-92~FY
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thoce  dose %aoers nee d by “/E‘p'f

Dose nesn/ﬁ oM Rev | weve cvmparel w:ﬂ dose

esulte  compuled by PACRIV, and 3yt case of
Kr-€% , SuBDosA . These result  ape suMMapzed

in Imlcvrna/ Le‘r‘/tr‘ - 79.311—?‘/—WM-_7‘43_) ‘”hy f?, ’75’(/;  :
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‘l‘ Rockwell international

Rockwall Hanford Operations PAGE : 3
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E.T.A.=5,8 MIN

¥S X/8=5,7E-2 .
GRD UCI/CC:9.6E-6
12%M03

LUNG 1 Y=1.1IE5 R | .-
BONE 50Y=5.3E6 KR

MET = WS

U= 2.2-HPH

X = 8.22 Nl
DUR.= 0,17 HR

H= 33FT

SIU= 8,024
oY = 20.5 FT
22 = 21.4 FT
Cl REL: (.PAED

TYPE: 12%XH0O3

6% MO3J
A

LUNG 1 Y=1.9E3 MR
BONE 58Y=3.7E6 MK

LING 1 Y=1,1ED MR

AMZ41 #
BONE 5AY=3,3E6 MR

WHC-EP-0368

The dose N’;u”’i
avt HQ saml  as

J\afe

pege

: uw
l\tg“l}H"d b:)/ 'H*Q N ’\IL bm:l‘fd‘
licked on pege 7 of

]44 ve(-ercvlceJ aMI slse  The dose re;u/ﬁ W/'M

Hq X an

E.T.A.=2.5 MIN

V5 X/0=2.8E-4

GRD UCI/CC:7.9E-8

IINH
_ BONE 1

BOKE 58

\
¥=1

o = 118 FT

%2 = 29.2 FT

Cl REL: 1.MEA
TYPE: UHNH

2,2E7 MR :I v
7.8E3 MR

aJJeJ doso facdor

rtsutH%o

E.T.A.=2.5 MIN

N %/0=8.8E-6

GRD UCT/CC:2.2E-3
SR-%98

BONE | Y=3.268 R (
BONE 58Y=3.7E1 MR {*
MET = M

U= 11.2 HPH
X = 8.4? NI

TYPEZ SR-Y30

E.T.R.=12.5 HIN
¥s ¥/8=1,5E-3

GRD UCI/CC:4,1E-7
12% 02

LING | Y=1,1E5 MR
BONE 58Y=3.0E3 MR

6. 02

LUNG 1 Y=1,1E5 MR 7*

BONE 38Y=3.6E5 MR

E.T.R.=13.3 MIN

M3 %/0=5,9E-8

GRD UCI/CC:2,4E-12
uo3

LUNG 1 ¥=1.1E@ NF
LUNG 50Y=1,1E@ MR ;j

MET = MS
U=11.2 HPH

%= 2.9 M

DR.= 8,8 HR
H=197 FT

SIGN= 0,704

IY = 1084 FT

o2 = 823 FT

CI REL: 1,08EQ
TYPE: UJD3

uz0e
LUNG | ¥=4,4E8 NR
LUNG 587=1.1E1 KR

B-5

E.T.R.=5.8 MIK
UN %/6=6,5E-5

GRD UCI/CC:1.8E-8
1131

THYROD 1 Y=2.7E1 MR
THYROD S8Y=2.7E1 MR
MET = LN

Il = 2.2 MPH

X =08.22 01
DR.= 1.8 HR

C1 REL: 1.BER
TVYPE: I131

1129
THIRDD | V<5561 1% #
THYROD 5AY=1. BE2
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These resui?‘; agree with +')~n resu [

He refevenced gnalysis,

E.T.R.=5.8 HIN

N X/0=6,3E-4

GRD UCT/CC:1,7E-7 !
C5137 ‘
BODY ! Y=8.8E@ MR ;ﬁ
LIYER 58Y=1,4E! MR

fag,aé‘

on fage 1 of

E.T.A,=09.9 HIN

M5 %/0=5,9E-7

GRD UC1/CC:2, 1E-11
FP-S0L

LUNG t ¥=2.9E-2 KR

MET = N
U= 2.2 HPH  BOKE 50Y=8.3E-2 MR
R=0.22 M | MET = Mo
DUR.= 1.0 HR =' M3
H=33FT U= 11.2 HPH ;
CY = 8,218 ' % = 14.9 NI '
02 = 0,176 DUR.= 8.0 HR

LY = 82,0 FT | H= 197 FT

52 = 66.4 FT . | sIGU= 0,700

CI REL: 1.69E0 ~ DY =953 FT
TYPE: CS137 L2 = 134 FT

| CI REL: 1.PGED
. ,  TYPE: FP-S0L

FP-IHNS
LUNG 1 Y=1,BE-1 MR s
, LUNG 50Y=1,3E-1 MR
The d Sference |y dose gac*wc ‘
CO-INS |
;0" MFP‘SOIV Lf/e ';DHOU"S' %M LUNG 1 Y=3.1E~-1 MR %
. : LUNG 50Y=6.6E-1 NR
a some whit diSSeredt choice
. - CO-S0L
of  inhalation Ouv\g clt’“f““‘@> LUNG | Y=3.1E-2 Mp

LUNG 58Y=8.2E-2 MR

cq\l-ejﬂf‘l‘eﬁ for the /;o'}‘v/“e»‘,
~14

| | ' BODY 1 Y=7.4E-5 MR
|’ ‘ - SONE Seve ed N

|  KR-25

: ' cRP 20 SKIN 1 ¥=2,8E-5 R
In  this analysis, I | 0N save.ges e A
choices  for so)uwe # insoluble H-3 |
o ’ . BODY 1 V=1.6E-5 R
aN. “99'9“5A to each iso ﬁf'e BODY SOY=1.6E-5 M X

'WndePEHJLWT oF th others.
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page b |

L

-fLw»e. PCWH} aghte wnL)l ’ 7“/12 resu HS .oM‘ pege [ 2 -
o -f}a w'f}eﬁﬂccl aM\l}/;lé, ' ‘

E.T.A.=2.5 MIN
N X/Q=8,8E-6 : !
GRD UCI/CC:2,2E-9
SR/Y20

I

I

|

|

BONE 1 Y=3.2E8 MR } based ol ﬁ'oved

BONE S50Y=3.7EL MR ‘
J 050 4;1641”P5

MET = N
U= 11.2 HPH
; X = .47 M1
| DUR.= 1.6 HR
| H= 197, FT
CY = 8.128
CZ = 8.128
£¥ = 91,2 FT
52 = 91,2 FT
§TK CFN=5,87€4
STK 1IC1/CC: 1, AGE-S
| TYPE: SR-¥9@

H*SRIE * | ) . F o
BOMES | Y=3.2€8 MR j% based on wWanua 1tfu 0
an

50Y=3, : . M a
WU ke name and e Sechr /otge

|

STK UCI/CC: 1, BAE-S | .

; TYPE: wSRIax Cor |yr #50yr commitfments
I

DF 1 Y=1.15ER
DF 58Y=1.33E1

Iur, Conelus ion
the revised “ED’ program (oM?‘ch/«/(a/C_“/a?‘fs
acte  inhalohdn  doses  using H\( dose factrs
o Pa96 2 oY 1’,\.@ cth’n'lL qMa\yé\;,

B-7




8/24/90 (8:05am)

WHC-EP-0368

APPENDIX C

C-i/ii



WHC-EP-0368

Internal Letter ’l Rockwell International

Date August 9, 1984 No , 72322-84-WU-340

TO: 'Nome 0rqanization, Interna! Address) FROM: Name. Ciganization Intpinai Address Phone)
Those Listed " P. D. Rittmann

Supbect . User Instructions For The Emergency Response HF-41CV Program

Attached are the detailed user instructions for the program "ED" developed
for the HP-41CV to facilitate estimates of inhalation doses following
accidental airborne releases. Detailed documentation of meteorology

models, dose models and a program listing will be sent under a separate
cover letter,

If you have any questions on program use, or suggestions to improve the
program, please contact me on 3-3542.

Pod Ritfianm

P. D. Rittmann
Radiological Engineering
and Effluent Controls

PDR/t jk

cc: J. A. Bates
D. E. Bihl
G. F. Boothe
D. D. Brekke
T. Chiao
G. Christensen
W. A. Decker
H. J. Goldberg
D. B. Howe
D. A. Marsh
D. . Paine
R. H. Sudmann
L. N. Sutton
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INSTRUCTIONS FOR "ED" - EMERGENCY DOSE CALCULATION PROGRAM FOR THE HP-41CV

A. Getting Started

1.

Switch the calculator to USER mode, i.e., make the smali word "USER"
appear on the left side of the display.

Press the button labeled "XEQ" which is located to the right of the
tan colored button. The words "ED-REV 1" should appear in the
display. If the display shows "XEQ _ _ " then the program is

not in the calculator, or is improperly loaded. The program can be
reloaded as follows:

a. Clear the calculator memory, i.e. turn off the calculator, press and
hold the " « " button. The "MEMORY LOST" display, appears to
indicate the calculator is ready.

b. Allocate 21 registers for data storage by pressing the keys
lleQIl HALPHAN NSII CIIID I|le "Ell "ALPHAH Holl ll2ll H]".

c. Switch to USER mode and begin feeding cards into the card reader
until all 19 tracks of "ED" are entered.

d. After "ED" is loaded, it can be started up using the steps in
- Part A.1. and A.2. above.

B. ATMOSPHERIC DISPERSION. Once the "ED-REV 1" prompt appears, press R/S to

begin the data entry prompts for calculating atmospheric dispersion.

1.

"VS, MS, N, UN = 0-3". This prompt requires entry of a number (0, 1,
2, or 3) to indicate which atmospheric stability class applies to
this release: -

VS = Very Stable (0), MS = Moderately Stable (1), N = Neutral (2),

UN = Unstable (3). The stability class can be determined one

of two ways:

a. Phone the Hanford Meteorological Station, (HMS), 373-2716 and ask
for the current stability class, wind speed and direction. All
three will be needed.

b. Or, estimate the stability class from the following tables

Day Time
Wind Speed Clear Cloudy Overcast
{10 mph UN UN UN
>10 mph UN N N
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Nighttime
Wind Speed <50% Clouds >50% Clouds
<5 mph MS MS
5-10 mph N MS
> 10 mph N N

Enter your selection (0, 1, 2 or 3) and press "R/S"

"WIND SP? MPH" This prompt is asking for the wind speed at the point
of release in units of miles per hour. If the HMS could not be
reached, then wind speed estimates can be used. Enter the wind speed
and press "R/S". '

NOTE: Convert wind speed in meters-per-second to miles-per-hour by
dividing by .447 (1 mph = 0.477 m/sec).

"DISTANCE? MI" This prompt requires entry of the number of miles
downwind to the individual of interest. A crucial question at this
point is "Which way is the wind blowing?" HMS gives the wind -
direction, or if HMS cannot be reached, the direction can be
estimated. Be careful not to mis-interpret HMS wind direction
reports. "Wind direction" normally is the direction the wind is
coming from, To track a release plume you must have the direction
the wind is blowing toward, i.e., the direction the released activity
will travel. If you phone HMS, ask the meteorologist to clarify
which way the wind is blowing in terms of the geographical area it
blows toward.

After the direction of travel of the plume is established, pull out a
map of Hanford and lay a ruler along this direction at the point of
release. Select an appropriate location within + 10° of the wind
direction to determine inhalation dose (e.g. Highway 240, site
boundary, FFTF, N-Reactor, 2750E, etc.). Use the calculator if
necessary to convert the ruler measurement to miles. Enter the
distance and press "R/S".

NOTE: Convert meters to miles by dividing by 1609. (1 mile = 1609
meters).

"E.T.A, = . This is the time of flight result
(estimated time of arrival). In other words, how long it will
take the puff to travel the distance at the wind speed you
entered. Press "R/S" to continue program execution.

“REL DUR? HR". This prompt is asking for the release duration in
hours. Any number greater than zero up to and including 24 hours is
acceptable. Durations greater than 8 hours result in sector averaged
X/Q values. Enter the release duration and press "R/S". :
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"REL HT? FT". This prompt is asking for the release height in feet.

If significant plume rise is observed, a release height greater than

the stack height can be used. Normally, just the stack height is entered
at this point.

If a'stack's height is less than 2.5 times the height of nearby
buildings, building wake turbulence brings the stack's effluent down
to ground level. Thus, in the 200 areas there are only 200 foot
stacks and ground level stacks, with the exception of the 150 foot
vessel vent stack on top of 244 AR. Enter the release height, and
press R/S.

The X/Q value is displayed next. The display shows the stability
class and the computed X/Q value in seconds per cubic meter. Press
"R/S" to go on. :

"INPUT LIST?". This prompt gives you the option of reviewing the
meteorology inputs and related results. If you do not wish to review
your irput, press "R/S" and the calculator will go to paragraph C.1.,
below. If you want to review input, enter any number and press "R/S".
Press "R/S" to view successive inputs,

a. "MET = " shows the stability class

b. "U = MPH" shows wind speed

c. "X = 7 MI" shows downwind distance

d. "DUR =7 HR" shows release duration

e. "H =~ FT" shows release height

f. "SIGU = or "CY = ", "CZ = “show the parameter used in

the X/Q computation. T the release duration exceeds 8 hours,
only the Cz parameter will be displayed.

g. "Y = FT" shows the computed sy value used. It is a measure
of the spread of the plume horizontally from the centerline at the
distance chosen. '

h, "ZZ = FT" shows the computed 6z value used. It is a measure
of the spread of the plume vertically.

C. Release Amount and Type

1.

"STACK CFM?". This prompt actually offers a choice on whether the
release quantity will be determined from stack flew rate and
concentration, or total curies released. These two data entry paths
are described as follows:

a. If there was a stack release, and a stack air concentration is
known, find the flow rate for the stack on the Tables at the end of
these instructions. Enter this flow rate and press "R/S". The
next prompt is "STK CONC?" and requires entry of the measured
stack air concentration in units of microcuries per cubic
centimeter. Enter the concentration and press "R/S" and the
program continues with paragraph C.2. below.
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b. If the release is not from a stack, or has been estimated as a
lump sum total number of curies released, then data entry should
be done as follows. When the "STACK CFM?" prompt appears enter
zero cfm and press "R/S". The next prompt will be "CI REL?".
Enter the total number of curies released and press "R/S".

2. “GRD UCI/cC: ". This shows the computed average ground level
concentration at the previously entered downwind distance. The units
are microcuries per cubic centimeter. Because this message is too large
for one display, the calculator scrolls the message to the left. Thus
the "GRD" disappears in a few seconds. To see the entire message
again, press the "ALPHA" button and watch it scroll left. Be sure to
press the "ALPHA" button a second time before continuing. This will

- make sure the calculator is not in "ALPHA" mode, i.e., that the small
word "ALPHA" does not appear on the right side of the display.

3. "a, FP, AP, NEW = 1-4", This prompt gives the categories of isotopes
available to the user. Alpha emitters, fission products, activation
products or new dose factors are chosen by entering 1, 2, 3, or 4 and
pressing "R/S". The results of each choice are explained below.

a. "a" (enter 1): This chooses the alpha emitter menu,
"12%, 6%, AM, U = 1-4",
The choices are summarized in the table below.

Number
Category - _Entry Explanation
12% 1 180d, 12% Pu-240
6% 2 ~180d, 6% Pu-240
M 3 Am-241, class W
U 4 | Uranium

If a "1" or "2" is entered, the program prompts with

"NO3, 02 = 1,2". Selecting nitrate (1) means class W plutonium
dose factors are used; choosing oxide (2) means class Y plutonium
dose factors are used.

If "3" is entered the dose results come next.
If "4" is entered, the program prompts with "UO, U03, UNH = 1-3",

"U0" is class Y uranium compounds such as U02 or U308. "U03" is
class W, and "UNH" is class D.
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"FP" (enter 2): This choses the fission product menu,
"SR, I, MFP, CS = 1-4",
The choices are summarized in the table below.

Number
Category : Entry Explanation

SR ] Sr-90 plus Y-90 in

a 50-50 mix
I 2 [-129 or I-131
MFP 3 | 180d, 12% Pu-240,

mixed fission products

€5 4 Cs-137

If a "1" or "4" is entered the dose results come next. If a "2"
is entered, the next prompt is "I129, 1131 = 1, 2" which allows
one to choose either isotope.

If a "3" is entered, the next prompt is "INSOL, SOL = 1, 2" which
allows one to chose the approximate chemical form of the MFP.

"AP" (enter 3): This chooses the activation product menu,
“C0, C, KR, H = 1-4",
These choices are summarized in the table below:

Number
Category" Input Explanation
€0 1 | Co-60
C 2 C-14
KR 3 Kr-85
H ‘ 4 H-3

If a "1" is entered, the program prompts with "INSOL, SOL = 1,2".
Insoluble chemical forms of cobalt are oxides, hydroxides,
halides and nitrates. Other cobalt compounds are considered
soluble (class w).

If "2", "3", or "4" is entered, the program computes dose
results next.
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"NEW" - (enter 4): This allows you to input your own dose
factors. After pressing "R/S", the "NAME?" prompt appears
together with the small word "ALPHA" which indicates the
calculator is in alpha mode. Press the appropriate blue lettered
keys to spell out the name of this isotope or mixture. Numbers
are entered in alpha mode by first pressing the shift key (tan
colored), then pressing the number. Up to 24 characters may be
entered, but the program will only retain six, so abbreviate
accordingly. The next prompt, "1 YR R/UCI7™, is asking for
numeric input of the new dose factor for first year dose in units
of rem per microcurie inhaled. Press "R/S" and the "CRIT ORGAN?"
prompt appears. The calculator is again in "ALPHA" mode, so use
the blue Tettered keys to spell out the organ for which the

previously entered first year dose factor applies. Again, only

six characters will be retained so abbreviate as necessary. Press
"R/S" and the 50 year committed dose factor and organ prompts
appear. Enter the appropriate data and press "R/S". The program
then computes first year and 50 year organ doses using the dose
factors just entered. '

4. Dose results are displayed as follows:

a.

The name of the isotope or mixture is displayed momentarily. Do
not press “R/S" to continue, The small word "PRGM" on the right
side of the display means the program is running.

After the name display comes the first year dose result, which has
the general format

" (organ name) 1Y = MR".

The dose result has units of mrem. The organ is on the left, and
since the display scrolls left, in a few seconds the organ cannot
be seen. ‘

The 50 year dose committments have the same format as the first
year committments. Press "ALPHA" to take another look, or "F,'S"
to continue.

5. "INPUT LIST?" As before, this prompt gives the option of reviewing input

data.

If you do not wish to review input, then press "R/S" and the

program returns to the beginning prompt "ED - REV 1". If you would like
to review your input, enter any number and press "R/S". Press "R/S" to
view successive inputs.

a.

If a stack flow rate was entered, the first and second displays
are "STK CFM = " and "STK UCI/CC: " showing the stack
flow rate and stack air concentration.” Tf zero was entered as the
flow rate, then the first and only display is "CI REL: "
showing the number of curies released. T
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b. "TYPE: . ". Shows the isotope or mixture selected for dose
computation. If the "NEW" option was selected in step C.3 above,
then the name you entered is shown. Also, on the next displays
will be the first year and 50 year dose factors which were
entered. If the "NEW" option was not selected then the program
returns to the beginning prompt "ED-REV 1" after displaying the
material type.

D. Running Additional Cases

1. Check whether the small word "USER" disappears on the left side of
the display. If it doesn't, press the USER key to place the
celculator in "USER" mode.

2. The top two rows of keys (blue labels A through I) are assigned so
that changes can easily be made at any point in the sequence of
data entry described in parts B and C above. For example, to
chaiige the distance down wind, press the key with the blue label
"C" and the prompt "DISTANCE? MI" will appear. You can enter a
new distance and press "R/S" or just press "R/S" and the previous
distance will be used. (To see what the previous entry was, just
press the "4 " key to clear the display.) The program will now
execute skipping all further data entry prompts. The E.T.A. and X/Q
results will be shown, and then will come the dose results. Key
reassignments for "USER" mode are listed below:

Internal Blue « Program Display When Pressed
Label Label In "USER" Mode

ED K - "ED-REV 1"

MET A "WS, MS, M, UN = 0-3"

MPH B "WIND SP? MPH"

DIST C "DISTANCE? MI"

DUR D "REL DUR? HR"

HT E | - "REL HT? FT"

CFM F "STACK CFM?*"

CI G "STK CONC? or “CI REL?"

150 H ~"a, FP, AP, NEW = 1-4"

INPUT I "MET = " and other input data
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General Notes:

a.

On any data entry prompt, the value input on the previous run will be
used unless a new value is entered. Thus the entire calculation can
be duplicated from the "ED-REV 1" prompt to the dose result simply by
pressing "R/S" again and again.

Menu prompts are arranged so that the more severe consequence results
from a lTower number entry as a general rule, So, when in doubt, take
the lower number choice.

The choice between soluble or insoluble can be made on the basis
of the general physical form of the material. Liquids are
soluble; solids are insoluble; fiies always produce insoluble
material, ‘ ‘

Plutonium and uranium quantities are commonly given in units of
mass, such as grams or pounds. Relationships to convert from mass
to activity are listed below. In use they are simply multiplied
by the given mass. Note that here "Ci" refers to curies of alpha
emitters only. ‘ '

12% Pu:  .097 Ci/g or 44 Ci/lb
6% Pu:  .075 Ci/g  or 34 Ci/lb
U: 8.2 E-7 Ci/g or 3.7 E-4 Ci/1b  or

.82 Ci/Mt or .74 Ci/ton

UNH Solution: 4 1b U/gal as received from PUREX
10 1b U/gal entering calciner

In the event of a criticality, the inhalation and external doses

from the short lived inert gases and iodine should be estimated

from the table on the next page. This table provides upper bounds

on possible doses at each distance for an event with 1.0 E+19 fissions
spread over eight hours. Current values for atmospheric stability and
wind speed are not needed.

c-9



WHC-EP-0368

29 ol 8l 19 - DgS 0€9 (weJw) pLoJhyy
Le” 8" 0°2 2 o9t 022 (waaw) Apog e30) (39e3s
. . . . . . 3004 002)
22 [AK 22 [Ar 2N 22 22 paads puim pajeA3|T-
SW SHW SH N N ND sse|) A3t|1qeas
£ Li 6t 25 - 0g6 000€ (waaw) prouky]
L1z [ 5 bl 022 009 (wauw) Apog {e30] -
‘ punouyg
L i [ 9°g 2°2 2°2 - (ydw) paads putm
SA SW SW : SA SA N sse|) A3LiLqess
wy §°G| uy §°21 wy 6°8 uy g w 008 w 00 (s4333w) 3dueisig )
tw o| w gy weg /2 tw 05°0 tw 6z2° (sefiw) adueistg -
‘ (S¢°€ opLng -Bay JyN wouy saLiLjuenb asea|ay) ;
anoH § “AB0|0403313) 9SJBAPY SUOLSSL4 g Ol WwoJd4 $350Q uOLIR|RYU] Ppuy [BUJIIX]

asea|ay

C-10



WHC -EP-0368

PUREX STACKS:

\ ' Typical High
Stack Number EDP Code Name Flow Rate (cfm)

291-A-1 s PUREX 200" | 130,000
296-A-1  Asa0 Q-Cell | 4,000
296-A-2 C A542 W. Sample Gallery 3,600
296-A-3 A543 E. Sample Gallery '~ 3.500
296-A-5A - AS45 LAB West 8,000
296-A-58 A546 LAB East | 18,000
296-A-6 AS47 E Sample Gallery & U Cell 13,000
296-A-7 A548 W Sample Gallery & R Cell 15,000
206-A-8  AS49 White Room Exhauster . 16,000
296-A-10 A550 Equip. Disposal Tunnel 5,000
296-A-14 - A544 Outback (293-A) Exhaust 5,000
296-A-24 A539 Ammonia Scrubber Waste Conc. 1,700
296-A-31 A562 Storage Gallery | 12,000
296-A-32 A563 Vacuum Pump Exhaust ‘ 1,800
296-A-33 - A578 Wall Exhauster, EF-3-5 4,000
296-A-234 AS79 Wall Exhauster EF-3-6 6,000
296-A-35 A580 © Wall Exhauster EF-3-7 7,000
296~A~36‘ A582 Wall Exhauster EF-3-8 4,300
296-A-37 A583 Wall Exhauster EF-3-9 7,000
296-A-38 A584 Wall Exhauster EF-3-10 2,300

296-A-39 A516 SWP Lobby Exhaust Unknown
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B-Plant /WESF

Typical High

Stack Number £EDP Code Name Flow Rate
291-B-1 B691 B-Plant Canyon 200 ft 40,000
296-B-5 E5%6 271-8 1,600
296-B-10 B748 WESF 18,000
296-B-13 B690 221-BF, BCP Tanks 900
296-B-14 B678 ~ 221-B Vessel Vent - 200

East Tank Farm Stacks:

296-A-12 £058 244-AR Vessel Vent 150 ft. 450
296-A-13 E052 244-AR Canyon 4,000
296-A-17 E059 A, AX, AY, AZ Tanks 4,000
296-P-1 E120 Tank 105-A 1,500
296-A-20 E197 AZ Annuli 2,000
296-A-21 £645 242-A Evaporator 16,000
296-A-22 £643 242-A Vessel Vent 600
296-A-25 £E080 244-A Catch Tank 150
296-A-26 £E297 204-AR Unloading Facility 1,800
296-A-27 £270 AW Tanks 1,100
296-A-28 E272 AW Annuli 4,600
296-A-29 E901 AN Tanks 800
296-A-30 E903 AN Annuli 5,000
296-B-28 £886 244-BX Saltwell Vessel 200
291-C-1 E073 201-C, 200 ft, 9,000
296-C-5 E069 244-CR Vault 2,900

296-P-16 £E-068 Tanks 105, 106-C 3,500

[$o]
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S-Plant Stacks:

Typical High

Stack Number EDP Code Name Flow Rate (cfm)
231-5-1 SOOG 202-S Canyon, 200 Ft 20,000
296-5-2 S032 202-S Sample Galiery 1,500
296-5-4 S008 202-S SWP Lobby 900
296-5-6 S004 202-S Silo 10,000
296-S-7E S015 233-S Building Exhaust 8,500
296-S-7W S016 233-S Building Exhaust 8,500
296-5-16 S264 218-S Tanks 200
296-5-21 S289 222-S Lab“ 70,000

T-Plant Stacks:

291-T-1 T785 ~ 221-T Canyon, 200 Ft 40,000
296-T-11 T783 224-T East 13,000
296-T-12 T784 224-T West 13,000
796-T-13 T786 221-T Roof 40,000
296--1 L100 Laundry 25,000

U-Plant Stacks:

296-U-1 uzn 221-U Canyon, 200 ft 12,000

296-U-2 ui33 Powder Handling Offgas 700

296-U-4 uz?77 224-U Calcinators 2,500

296-U-13 Uug78 224-U Load-out Room 4,500
C-13
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Z-Plant Stacks:

‘ Typical High
Stack Number - EDP Code Name Flow Rate (cfm)

291-2-1 2810 234-5, 232-7, 236-1, 242-1 240,000
296-2-3 2813 241-Z Sump & Vessel 1,300
296-2-5 | 2913 2736-2B 10,000
296-2-6 802 2736-ZA | 12,000

West Tank Farm Stacks:

296-P-22 W191 SY Annuli . 400
296-P-23 W190 SY Tanks 800
296-5-15 Wil SX Tanks 5,000
296-5-18 - WN9E 242-5S Building Exhaust 20,000
296-5-22 w880 244-5 Salt Well Receiver 180
296-T-17 W117 242-T Cells 2,000
296-T-18 w882 244-TX Salt Well Receiver 200
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Internal Letter al Rockwell International
DateFabruary 19, 1985 Ne . 72310-85-WG-049
TO ‘Ngme O'qﬁ'* IRLON Intping: ADOrpss ) ) FROM‘ Name Deiganitat nr inteing Address Frame,
Those Listed - P. D, Rittmann
3-3542

Subiec! Revision 2 of the HP-41CV Emergency Dose Program

Ref:

The

Internal Letter 72320-84-WU-340, August 9, 1984, P, D, Rittmann to
those Listed, "User Instructions for the Emergency Response HP=-
41CY Program®

HP-41CYV handheld calculator program for computing inhalation doses

following an environmental release, has been revised as a result of the
recent C-Farm incident to fnciude the following features:

1.

4,

The Hanford atmospheric dispersion model has been replaced by the
Pasqui11-Gifford dispersfon model. This change makes the program
compatible with current reporting methods used by the Hanford
Meteorology Staticn.

Calculation of integrated exposures (X/Q) not directly on the plume
centerline is available, This facilitates the fnterpretation of
environmental air sample results in cases where the release plume
does not blow directly towards the sampler,

Values for X/Q generated by other dispersion models (for example,
PNL-3777, or the Hanford model) may be directly entered and used by
the program in place of the Pasquill choices,

Total curfes released may be computed based on stack or environmental
air concentration data, or even ground contamination data.

Attached are the revised instructions and supplementary tables. Program
documentation and method verification will be sent in a separate letter,
If you have any questions, suggestions, or would 1ike a copy of the
program, please contact me at the above number.

fid  ftbmann

P, D. Rittmann

Radfological Engineering
and Effluent Controls

PDR/t]
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INSTRUCTIONS FOR "ED-REY 2"
EMERGENCY DOSE CALCULATION PROGRAM FOR THE HP-41CV

A. Getting Started

1. Switch the calculator to USER mode, 1.e., make the smal) word "USER"
appear on the left side of the display.

2. Press the button labeled "XEQ" which {s located to the right of the

tan

colored button. The words "ED-REV 2" should appear 1n the

display. If the display shows "XEQ " then the program {s
not in the calculator, or is 1mproper1y 1oaded The program can bs
reloaded as follows:

a.

d.

Clear the calculator memory, 1.e. turn off the calculator, turn 1t
back on while holding the "« " button. The "MEMORY LOST" <¢isplay
appears to indicate the calculator is ready.

Allocate 20 registers for data storage by pressing the keys
HXEQ” NALPHA" ﬂs" "Iﬂ WZ" "En HALPHAN Foﬂ NZ" “O". )

Switch to USER mode and begin feeding cards into the card reader
until all 17 tracks of "ED" are efitered,

After "ED" 1s loaded, 1t can be started up using the steps in
Part A.1., and A,2. above,

B. ATMOSPHERIC DISPERSION, Once the "ED-REV 2" prompt appears, press R/S to

begin the data entry prompts for calculating atmospheric dispersion,

1. "MET? A=G = 1-7". This prompt requires entry of a number from 1 to 7
corresponding to the atmospheric stability class present at the time
of the release. :

The stabflity class can be determined 6ne of two way:

a, Phone the Hanford Meteorological Station (HMS), 373-2716, and ask
for the stability class, wind snega, and direction. A1l three
w111l be needed.

b. Or, estimate the stability class from the following table:

Daytime Cloud Cover Nightime Cloud Cover
¥ind Speed Little Half Overcast 2 Half < Half
<5 A A B E F
5 A-B B c E | F
10 B B-C C D E
15 C c-D D D D
>15 c D D D D
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"WIND SP? MPH™ This prompt {s asking for the wind speed at the point
of release in units of miles per hour. If the HMS could not be
reached, then wind speed estimates can be used. Enter the wind speed
and press "R/S", ‘

NOTE: Convert wind speed in meters-per-second to m11es-pér-hour by
dividing by .447 (1 mph = 0.477 m/sec). ‘

"DISTANCE? MI™ This prompt requires entry of the number of miles
downwind to the location of interest. A crucial question at this
point is "Which way is the wind blowing?" HMS gives the wind
direction, in degrees measured clockwise from north, If HMS cannot be
reached, the directfon can be estimated. Be careful not to mis-
interpret HMS wind direction reports. "Wind direction™ normally 1s the
directfon the wind is coming from. To track a release plume you must
have the direction the wind is blowing toward, i.e., the direction the
released activity will travel. If you phone HMS, ask the
meteorologist to clarify which way the wind 1s blowing in terms of the
geographical area i1t blows toward.

After the direction of travel of the plume is established, pull out a
map of Hanford and lay a ruler along this direction at the point of
release. Select an appropriate Jocation e.g. Highway 240, site
boundary, onsite building, or air sampler. Use the calculator if
necessary to convert the ruler measurement to miles. Enter the
distance and press "R/S",

NOTE: Convert meters to miles by dividing by 1609. (1 mile = 1609
meters).

"ELTAL = ", This is the time of flight result
(estimated time of arrival). In other words, how long {t will
take the puff to travel the distance at the wind speed you
entered. Press "R/S™ to continue program execution,

"OFFSET? FT". This prompt is requesting the distance measured from
the plume centerline to the location of interest., If the location of
interest is very close to the plume centeriine, just enter a zero,

"REL HT? FT"., This prompt is asking for the release hefght in feet.
If significant plume rise is observed, a release height greater than v
the stack height can be used., Normally, just the stack height s entered

at this point.

If a stack's height 1s less than 2.5 times the height of nearby
buildings, building wake turbulence brings the stack's effluent down
to ground level. Thus, in the 200 areas there are only 200 foot
stacks and ground level stacks, with the exception of the 150 foot

~ vessel vent stack on top of 244-AR. Enter the release height, and

press R/S.

"REL DUR? HR", This prompt 1s asking for the release duration in
hours. Any number greater than zero up to and including 24 hours {s
acceptable. Durations greater than 8 hours result in sector averaged
X/Q values. Enter the release duration and press "R/S",

D-4
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The X/Q value 1s displayed next, The display shows the stabi11ty

- class and the computed X/Q value in seconds per cubic meter. Press

"R/S" to go on, ‘

"INPUT LIST?". This prompt gives you the option of reviewing the
me‘eorology inputs and related results. If you do not wish to review
your {nput, press "R/S" and the calculator will go to paragraph C.1.,
below. If you want to review fnput, enter any number and press “R/S",
Press "R/S" to view successive inputs,

"ME
ny
nx

= PG _" shows the Pasquil1-Gifford stab{1ity class
MPH"™ shows wind speed
—. MI" shows downwind distance
"Y = __FT" shows the plume offset distance
"H FT" shows release height
"DUR = HR" shows release duratfon
Y = FT" shows the computeddy value used. It {s a measure
of the spread of the plume horizontally from the centerline at the
distance chosen.
h, ™Z = FT" shows the computed ¢z value used. It 1s a measure
of the spread of the plume vertically.
J. ™/Q = " shows the value for X/® used in later calculations,

nouwouon -

O +»0oaoaoow

If you would 11ke to enter your own X7Q from PNL-3777, Revision 1, or
another atmospheric dispersion model, switch to USER mode and press
the key with the blue ™J", At the "ENTER X/Q" prompt, switch the
calculator out of USER mode, enter the X/Q, and press "R/S",

C. Release Amount and Type

1.

"ST, CI, AR, GD = 1-4", This prompt offers four ways to establish the
number of curies released:

1 = ST = stack release using a measured stack concentration

2 = CI = direct entry of curies released

3 = AR = using a measured ground level air concentration downwind
4 = GD = using a surface contamination measurement downwind

a. "ST" (enter 1) This is the option to .use with a stack release,
where the average stack concentratfon (gross beta or gross alpha)

during the release 1is known,

(1) "STK UCI/CC?" Enter the average stack concentration in units
of micro-curies per cubic centimeter of air.

(11) "STACK CFM?"™ Look up the appropriate value on the tables at
the end of this guide. '

b. "CI"™ (enter 2) This allows direct entry of the number of curies
released, The next prompt will be "CI REL?".

c. "AR" (enter 3) This enables one to interpret downwind afr

. concentration measurements. The X/Q computed earlier myst be at
the location the air sample was taken,

D-5
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(1) "™AIR UCI/CC®" Enter the average afr concei tration measured
at the air sampler. Use gross beta or gross alpha.
(11) "HRS SAMPLEL?" Enter the number of hours over which the
- sample was taken,

NOTE: As Jong as the sample perfod includes the entire release, or

else begins and ends during the release, the program will
work fine, Otherwise, the curie estimate will be too small,
according to the portion of the release that was not sampled.

"GD" (enter 4) In the absence of downwind air sample data, the

- measured surface contamination can be used to estimate air

concentrations and even the total curies released.

(1) "DPM/SQ.CM?" Enter tlie measured surface contamination
downwind. If direct survey data {s avaflable, the detector
face area must be taken into account. Use the following

table:
Probe , Face Area
P-11 15 Cin )
PAM “54 cm?

(11) "DEP.SP? CM/S"™ Enter an appropriate value for the ground
deposition speed, Typically this 1s around 0.1 cm/sec,
although 1t may be higher for certain chemical forms ({odine)
and varfes with humidity, surface moisture, vegetation.

NOTE: An excellent way to measure deposition speed is by having air

sample and ground contamination recults for the same
Tocatfon. The deposfition speed 1s computed by dividing the
ground contamination by the alir concentration, and then
dividing this result by the sample time, where the sample
time 1s long eriough to include the entire release,

After entering the necessary information, the program now computes and
displays the estimated curies releases, as well as the average air
concentration during the release at the downwind location,

a,

b.

"REL:_____CI"™ This 1s the number of curies released. Press "R/S"
to continve.

"GRD UCI/CC = " This is the computed average ground level
concentration during the release at the downwind location. Press
"R/S" to continue,

NOTE: Because this message fs too large to fit in the display, the

calculator scrolls the message to the left. The word "GRD"
dissappears in a few seconds. To see the entire message
again, press the "ALPHA" button and watch 1t scroll left. Be
sure to press the "ALPHA" button again to take the calculator
out of "ALPHA" mode, i.e., make sure the small word "ALPHA"
does not appaar on the right side of the display.
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"a, FP, AP, NEW = 1-4", This prompt gives the categorfes of 1sotopes
available to the user. Alpha emitters, fissfon products, activatfon
products or new dose factors are chosen by entering 1, 2, 3, or 4 and
pressing "R/S", The results of each choice are explained below,

a. "a" (enter 1): This chooses the alpha émitter menu,
™"M2%, 6%, AM, U = 1-4",
The chofces are summarized in the table beTow

. | Number . «

Category —Entry Explanation -
128 S 180d, 12% Pu-240
6% 2 180d, 6% Pu-240

- AM | 3 Am-241, class W
U 4 Uranium

If a "i" or "2" is entered, the program prompts with -

"NO3, 02 = 1,2". Selecting nitrate (1) means class W plutonium
dose factors are used; choosing oxide (2) means class Y plutonium
dose factors are used.

If "3" {s entered the dose results come next.
If "4" is entered, the program prompts with "UO, UO3, UNH = 1-3",

"UO" 1is class Y uranfum compounds such as U02 or U308. "Uo3" is
class W, and "UNH" i{s class D.
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"FP" (enter 2): This choses the fission product menu,
"SR, I, MFP, CS = 1-4", :
The choices are summarized in the table below..

Number
Category Entry Explanation
SR ‘ 1 Sr=9C plus Y=30 1n
v a 50-50 mix
I ‘ 2 ‘ I-129 or I-131
MFP 3 ‘ 180d, 12% Pu-240,
mixed fission products

CS ' 4 - Cs=137

If a "1" or "4" {s entered the dose rasults come next. If a "2"
is entered, the next prompt is "I1129, I131 = 1, 2" which allows
one to choose either isotope.

If a "3" is entered, the next prompt is "INSOL, SOL = 1, 2" which
allows one to chose the approximate chemical form of the MFP.

"AP" (enter 3): This chooses the activation produc% menu,
"CO. Co KR: H = ]-4". :
These choices are summarized in the table below:

Category NZEE_S; | Explanation
o 1 Co-60
c 2 c-14
KR 3 | K r-g5
H 4 H-3

If a "™ {s entered, the program prompts with "INSOL, SOL = 1,2",
Insoluble chemical forms of cobalt are oxides, hydroxides,
halides and nitrates., Other cobalt compounds are considered
soluble (class W).

If "2", "3", or "4"™ is entered, the program computes dose
results next,

[$=)
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d.  "NEW"™ - (enter 4): This allows you to input your own dose
factors. After pressing "R/S", the "NAME?™ prompt appears
together with the small word "ALPHA" which {ndicates the
calculator is in alpha mode. Press the appropriate blue lettered
keys to spell out the name of this {sotope or mixture. Numbers
are entered in alpha mode by first pressing the shift key (tan
colored), then pressing the number. Up to 24 characters may be
entered, but the program will only retaii six, so abbreviate
accordingly. The next prompt, "1 YR R/UCI?", is asking for
numeric input of the new dose factor for first year dose in units
of rem per microcurie inhaled. Press "R/S™ and the "CRIT ORGAN?"
prompt appears. The calculator is again in "ALPHA" mode, so use
the blue lettered keys to spell out the organ for which the
previously entered first year dose factor applies. Again, only
six characters will be retained so abbreviate as necessary, Press
"R/S" and the 50 year committed dose factor and organ prompts
appear, Enter the appropriate data and press "R’S", The program
then computes first year and 50 year organ doses using the dose
factors just enterad.

Dose results are displayed as follows:

a. The name of the fsotope or mixture is d1splayed'momentar11y. Do

not press "R/S" to continue, since the small word "PRGM" on the right

side of the display means the program is running.

b. After the name display comes the first year dose result, which has
the general format

"_(organ_name) WY = MR",

The dose result has units of mrem. The organ is on the left, and
since the display scrolls left, fn a few seconds the organ cannot
be seen.

¢. The 50 year dose committments have the same formét as the first
year committments. Press "ALPHA" to take another look, or "R/$"
to continue, ‘ :

"INPUT LIST?" As before, this prompt gives the option of reviewing
input data. If you do not w'ih to review fnput, then press "R/S" and
the program returns to the beginning prompt "ED - REV 2". If you
would 1ike to review your {nput, enter any number and press "R/S".
Press "R/S" to view successive inputs.

Running Additional Cases

Check whether the small word "USER" disappears on the left side of the
display. If 1t doesn't, press the USER key to place the calculator fin
"USER" mode.
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2. The top two rows of keys (blue labels A through K) are assigned so

that changes can easily be made at any point {n the sequence of
data entry described in parts B and C above. For example, to
change the distance down wind, press the key with the blue labe]
"C" and the prompt "DISTANCE? MI"™ will appear. You can enter a
new distance and press "R/S" or just press "R/S" and the previous
distance will be used. (To see what the previous entry was, Just
press the " " key to clear the display.) The program will now
execute skipping all further data entry prompts. The E.T.A., X/Q
and CI results wi11 be shown, and then will come the dose results.
Key reassignments for "USER" mode are listed below:

Internal Blue ‘ - Program Diép]ay When Pressed
Labe]l L Label —In "USER" Mode

ED K MED-REV 2"

MET A | "VS,‘MS. N, UN = 0-3"

MPH B "WIND SP? MPH"

}DIST C . "DISTANCE? MI" -

OFFSET D "OFFSET? FT"

HT E "REL HT? FT™

DUR F "REL DUR? HR"

AMT G "ST, CI, AR, GD = 1-4"

180 H "a, FP, AP, NEW = 1-4"

INPUT 1 "ET = ___" and other fnput data

x/Q | J "ENTER X/Q"
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General Notes:

a.

C.

On any data entry prompt, the value input on the previous run will be
used unless a new value is entered. Thus the entire calculatfon can

be duplicated from the "ED-REV 2" prompt to the dose result simply by
pressing "R/S" again and again, '

Menu prompts are arranged so that the more sev @ consequence results
from a lower number entry as a general rule, ., when in doubt, take
the lower number choice.

The choice between soluble or insoluble can be made on the basis
of the general physical form of the material. Liquids are
soluble; solids are insoluble; fires always produce insoluble
material.

Plutonium and uranium quantities are commonly given in units of
mass. such as grams or pounds. Relatfonships to convert from mass
to activity are 1isted below. In use they are simply multiplied
by the given mass. Note that here "Ci" refers to curies of alpha
emitters only.

12% Pu:  .097 Ci/g or ° 44 Ci/1b
6% Pu: .075 Ci/g or 34 Ci/1b
U: 8.2 E-7 Ci/g or 3.7 E-4 Ci/7b or

.82 Ci/Mt or .74 Ci/ton

UNH Solution: 4 1b U/gal as received from PUREX
10 1b U/gal entering calciner

In the event of a criticality, the inhalation and external doses

from the short lived fnert gases and fodine should be estimated

from the table on the next page. This table provices upper bounds

on possible doses at sach distance for an event with 1,0 E+19 fissions
spread over eight hours. Current values for atmospheric stability and
wind speed are not needed.
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PUREX STACKS:

Stack_Number EDP_Code
291 =A-1 \ A552
296-A~1 A540
296-A-2 A542
296-A-3 A543
296-A-5A A545
296-A-58 A546
296-A-6 A547
296-A=7 A548
296-A-8 A549
296-A-10 A550
296-A-14 A544
296-A-24 A539
296-A-31 AS62
256=-A-32 A563
296-A-33 A573
296-A-34 A579
296-A-35 AS 80
296-A-36 A582
296-A-37 A583
296-A-38 A5 84
296-A-39 A515

WHC-EP-0368

Name
PUREX 200°

Q-Cell

K. Sample Gallery
E. Samb]e Gallery
LAB West

LAB East

E Sample Gallery & U Cell
W Sample Gallery & R Cell

White Room Exhauster

Eqﬁip. Nisposal Tunnel

Outback (293-A) Exhaust

Ammonia Scrubber Waste Conc.

Storage Gallery

Yacuum Fump Exhaust

Wall
wWall
Wall
Wall
wWall

Wall

Exhauster, EF-3-5
Exhauster EF-3-6
Exhauster EF=3-7
Exhauster EF-3-8
Exhauster EF-3-9

Exhauster EF=3=-10

SWP Lobby Exhaust

(wt)
[
—
(#9)

Typical High

130,000
4,000
3,600
3,500
8,000

18,000
13,000
20,000
16,000
5,000
5,000
1,700
12,000
1,800
4,000
6,000
7,000
4,300
8,000
2,300

Unknown
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Betlant RSt Typical High
Stack Number EDP _Code Name Elow Rate
291~B=1 B691 B-Plant Canyon 200 Ft. 40,000
296~B-5 B686 271-8 , 1,600
296~B-10 B748 WESF 18,000
29648-13 B690 221-BF, BCP Tanks 900
296-B-14 B678  221-B Vessel Vent 200

East Tank Farm Stacks:
296-A-12 E0S58 244-AR Yessel Yent 150 ft. 450
296=-A-13 E052 244-AR Canyon 4,000
296-A-17 E059 A, AX, AY, AZ Tanks 4,000
296-A-18 E060 , 101 AY Annulus . 1,200
296-A-19 E061 102 AY Annulus 1,000
296-P-1 E120 Tank 105-A | - 1,500
296-A-20 E197 AZ Annuli 2,000
- 296=-A~21 E645 242-A Evaporator 16,000
296-A-22 E643 242-A Vessel Yent 600
296-A-25 E080 244-A Catch Tank | 150
296~A=26 E297 204-AR Unloading Faci11ty 2,000
296-A=27 E270 AW Tanks 1,100
296-A~-28 E272 AW Annul{ 4,600
296-A~29 E9O AN Tanks 900
296-A-30 E903 AN Annuli 5,000
296-B-28 E885 244-BX Saltwell Vessel 200
291-C-1 E073 | 201-C, 200 ft. 11,000
296-=C-5 E069 244-CR Vault | 3,000
296-P-16 E068 Tanks 105, 106-C 3,500
296-P=27 None Tank 111-C 400
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i
‘ S-Plant Stacks:
Stack Number EDP_Code Name
291-5-1 5006 202-S Canyon, 200 Ft
296-5-2 s032 202-S Sample Gallery
, 296-5-4 5008 202-S SWP Lobby
296-5-6 $004 202-S Silo
' . 296-S-7E 5015 233-5 Building Exhaust
296-S-7W s016 233-5 Building Exhaust
296-5-16 5264 218-5 Tanks
© 296-5-21 $289 222-S Lab
[-Plant Stacks:
i 291-T-1 T785 221-T Canyon, 200 Ft
h 296-T-11 T783 224-T East
296-T~12 T78s 224-T West
296-T-13 T786 221-T Roof
296-W-1 L100 Laundry
U-Plant Stacks:
296-U-1 U7 221-U Canyon, 200 ft
. 296-U~2 U133 Powder Hand1ing Offgas
296-U-4 ur7? 224-U Calcinators
296-U-13 us7e 224-U Load-out Room

D-15

Typical High
Flew Rate (cfm)

20,000
1,500
5,000

10,000
8,500
8,500

200
70,000

40,000
13,000
13,000
40,000
25,000

12,000
1,000
2,500

4,500
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-, Z-Plant Stacks:
Qiﬂ' - | | Typical High
291-2-1 810 24-5, 2B2-7, B6-Z, 242-7 240,000
296-2-3 2813 241-Z Sump & Vesse] 1,300
296-2-5 2913 2736-2B 10,000
296-2-6 2802 2736-ZA ‘ 12,000
West Tank Farm Stacks:
296-P-22 w191 SY Annuli - ' 400
296-P-23 W190 SY Tanks 800
296-5-15 W111 SX Tanks 5,000
296-5-18 096 242-5 Building Exhaust . 20,000
296-5-22 w880 244-S Salt Well Recefver 180
G 296-T-17 117 242-T Cells | 2,000
| 296-T-18 w882 © 244-TX Salt Well Recedver 200
P xh ers: |
296-P-6 . 4,000
296-P-25 1,000
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