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ED (EMERGENCYDOSES)- REVISION 3: A CALCULATORCODEFOR
, ENVIRONMENTALDOSECOMPUTATIONS

1.0 INTRODUCTION

1.1 HISTORY

The calculatorprogram ED (EmergencyDoses) was developed from several
HP-41CV calculatorprograms documented in the report Seven Health Physics
Calculator Programs for the HP-41CV, RHO-HS-ST-SP(Rittman1984). The
original ED was documented by an internal memo to R. H. Sudmann, dated
May 18, 1984 (AppendixA). The programwas developed at his request to
enable estimates of offsite impactsmore rapidly and reliably than was
possiblewith the software available for emergency response at that time.
The ED used the Hanford Stable and Sutton's Neutral and Unstable methods for
calculatingplume spread with distance. Inhalationdose 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 (AppendixB). This revision increasedthe number of
radioactivematerials that could be released from 7 to 19.

The second revision to ED came throughan internalmemo dated
February 19, 1985 (AppendixD). This revisionwas 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
concentrationsand doses off the plume center line and, most importantly,
added the ability to calculate release amounts from downwind measurements of
air concentrationsor 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
concentrationdownwind from a chemical release. In addition, the method for
calculating the Pasquill dispersion parameterswas revised to match the GENII
code within the limitationsof a hand-heldcalculator (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 dispersionmodel, the chemical release portion, and the method
of looping back to an input menu until there is no further change. The
number of nuclide choices was reduced from 19 to 17 by removing both forms
of _°3Ru.

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

This program runs on the Hewlett-Packardprogrammablecalculators known
as the HP-41CV and the HP-41CX. lt 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, andthe 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 Companysoftware 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
intelligentapplicationof the model to the actual conditions of the accident.
The results calculated using ED-Revision3 are only correct to the extent
allowed by the mathematicalmodels.

I]/I/90 (8:59am) 1-2
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2' 0 SUMMARY

The calculator program ED (which stands for EmergencyDoses) operates
on the Hewlett-PackardHP-41C series of hand-held calculators, lt is intended
for rapid assessment of the downwind impacts of hazardousmaterial releases
into the air.

Version 3 of ED offers the following analysis capabilitiesand user
conwn iences:

• Dispersion calculationusing the Pasquil!-Giffordmodel, 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 _fordisplay of
lengths and wind speed

l

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

• All 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 calculationrepeated

• Air concentrationsof a hazardous chemical calculated in units of
parts per million (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 concentrationsof radionuclidesin microcuries per
cubic centimeter

• Total curies released may be entered directly,calculated from stack
data, calculated from a downwind air concentrationmeasurement,or
calculated from a downwind surface contaminationmeasurement

_m

• Inhalationdose calculated for any one of 17 radioactivemate__Is,
or the user may enter the name and dose factor of materials not

" stored in the calculator.

8/21/90 (3:48pm) 2-1/_
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3.0 INSTRUCTIONSTO USERSOF ED - REVISION 3

3' 1 LOADINGTHE PROGRAM

A. Check to see if the program is already in the calculator.

I. Switch the calculatorto 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).

, 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

4 step 3.2.B.

4. If the display shows the word "XEQ __", then the program needs
to be loaded. Turnoff the calculator,and follow tile
directions for loading the program, which begin in the next
step.

B. Prepare the Calculator.

I. Clear the program memory.

a. Turn off the calculator.

b. While holdingdown the delete button (arrow left), turn
on the calculator.

c. The display will show"MEMORY LOST".

2. Allocate 20 registersfor data storage by pressing the
following keys, in succession""XEQ" "ALPHA" S I Z E
"ALPHA" 0 2 0$ $ $ •

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

" D. Feed the I0 program cards into the card reader.
J

I. Make sure the rechargeablebatLery 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 personnelare required for these problems.

3.2 STARTINGTHE PROGRAM

A. Switch to USERmode (i.e., press the button labeled "USER", which
makes the word USERappear 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 continue. Step-by,step lp
instructionsbegin in Section 3.3.

C. The following is general informationabout the program.

I. The program is divided in two major sections.

a. AtmosphericDispersion--Userprompts 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--Currentvalues 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
calculationcan 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 USERmode 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 correspondingto 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----_ X Y V D DUR

HP-41 Key _-_ F G H I J
ED - Rev 3---_ UNITS SOURCE H ISO X/Q

HP-41 Key _-_ shift XEQ L M SST
ED - Rev 3----b ED3 MET

For example, to change the distance, press "A" and the
program wi'llbegin at Section 3.3.F.

c. Before entering a new value, press the USER switch to
take the calculator out of USER mode. If tke calculator
is left in USER mode, the programwill take short cuts
and only show computed results. The program skips =ll
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 executionof 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" button is accidentallypressed during execution
of the program, the calculatorwill stop and display the
current value in the X register. To continue execution_ simply
press the "R/S" button again.

3.3 ATMOSPHERICDISPERSION

" A. Choosing Units

I. Choose either "METRIC" ur "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 any
number and then press "R/S". All previous entries will
automaticallybe 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".
't

B. Atmospheric Stability Class Input

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

2. The best values for Pasquill-Gifford stability are obtained
from the Hanford Meteorological Station (telephone
50!)-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
direction. Eachwill be needed, i_

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 ThumbTable for Estimating
StabiIity Class.

Wind speed Daytimecloudcover Nightcloudcover -_
(mph) little half overcast > half < half

<5 A A B E F
5- 10 B B C E F
10- 15 B C C D E

> 15 C D D D D

Slade (1968).

Table2. AlternateMethodStabilityClassby
Monthand Time of Day.

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

midn-! F F F F F F F F F F F F

2-3 F 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- 7 E E E E E D D D E E F F -

8-9 E E D D D D _ B C D E E

10 - 11D D D D B B A A A D D D

noon-1 D D B B B A A A A B D D

2-3 D 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

6-7 E E E D D D D D D E E E

8/21/90(3:52pm) 3-4
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Table 2. AlternateMethod StabilityClas_ by
Month and Time of Day. (cont)

Jan Feb Mar Apr Ma_, Jun Jui Aug Sep Oct Nov Dec

8-9 E E E E D D D D E F F F

10 - 11 E E E E E E D D E F F F

, 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
qP

I. The mixing layer dspth (D) is the vertical dispersion limit.
If a current measurement is not available,estimate it from
Tabl(_3. Mixing depth is importantat great distances and
more unstable conditions. The values shown on the following
tables (Table._3 through 6) are conservativeestimates.

I

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

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

Table 3. EstimatingMixing Depth in Meters.

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 I,000 500 150
Sep-Oct 350 700 350 150
Nov-Dec 200 300 200 150

Table 4. EstimatingMixing 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-Oct 1,148 2,297 1,148 492
Nov-Dec 656 984 656 492

i 8/21/90 (3:52pm) 3-5
i
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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
E 200 250 250 250
F 150 150 150 150
G 100 100 100 100 .

Table 6. Alternate Method Mixing Layer
Depths in Feet.

Stab Winter Spring Summer Autumn

A 1,640 2,789 2,281 2,953
B 1,640 1,969 2,461 1,969
C 984 1,640 2,133 1,64C
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= Z M/S ?" or "V= Z FT/S ?" means that the
currentwind 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 typicalwind speed for the Hanford
Site.

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

E. Effective Release Height Input

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

8/21/90 (3"52pm) 3-6
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height is less than 2.5 times the height of nearby buildings,
the releasemust be treated as originatingat ground level.

2. The display "H= Z M" or "H- Z FT" means that the current
value for releaseheight 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 assumedwind direction and a map, determine the
" distance to the downwind receptor in the direction the wind

is traveling. The wind transportdirection 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 programwill 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

I. The distance perpendicularto the wind transport direction is
called the plume offset, or 'Y'.

j 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

I. The normalizedexposure (X/Q) has units of seconds per cubic
meter, lt is calculated from the wind speed, release height,
horizontal and vertical plume spread parameters (_y and _z).

" These parametersdepend on the stabilityclass, the distance
downwind, and the mixing depth.

" 2. The first result displayed is ":_Y=Z M ?" or "_.Y=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 "_.Z=Z M ?" or "_:Z=Z FT ?"
meaning that the current value for vertical plume spread
parameter is Z with the units shown. The question mark

8/21/90 (3:52pm) 3../
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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-levelreleases,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"o

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 to calculate an X/Q in which there
is a uniform concentrationbetween 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 signifiesthat 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

I. 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 Gqurationis Z hours.

3. If the value silownis 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, radioactivityreleased will
be used to determinethe inhalationdose downwind.

b. If "CHEM SOURCE?" is displayed, chemical release rate will
be used to determineair concentrationsdownwind.

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".

8/21/90 (3:52pm) 3-8
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b. To accept the displayed source type and continue, press
"R/S". Calculationsfor the chemical source are described
next. Radiologicalsource calculationsare described in
Section 3.5.

3.4 RELEASERATEFORA CHEMICALRELEASE

A. "ST, TuTAL- 1,2?"

"ST, TOTAL= 1,2?" offers two ways to establish release 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 cause the program to continue _t an incorrect location.

_k

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

• "2" chooses "TOTAL" and :neans the total mass released will be
input next. The release rate is then calculated from the
release duration.

B. "ST" - Stack Data

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

2. "STACKCONC?" is the next prompt, lt requests input for the
air concentrationin either parts per million (by volume) or
mass density (milligramsper cubic meter). Type in the number
and press "R/S".

3. The next prompt displays the currently assumed units. The
choice is either "PPM ?" 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".

. _ 4. The final prompt is "STACK CFM ?" Enter a value for the total
exhausterflow rate, in cubic feet per minute. The tables in
Section4.0 list 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.

8/21/90 (3:52pm) 3-9
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C. "TOTAL" - Total )lassReleased

I. 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 Concentrationat Downwind Location (X,Y)

I. The programdisplays the air concentrationat the downwind
location (X,Y).

2. The air concentrationmessage "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. All 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

I. When you press "R/S" to leave the air concentrationdisplay,
the programdisplays "FORMULAWT?". 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/tool,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 concentrationat (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 programwill begin again at "ED - Rev _ "
(Section 3.2.B.).
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3.5 RELEASEAMOUNTFOR A RADIONUCLIDERELEASE

A. "ST, CI, AR,GDl1-4"

"ST,CI,AR,GD=I=4"offers four ways to establishthe number of curies
released. Enter a number from I to 4, as discussed in the following
subsections,to select, and press "R/S" to continue, lt is
importantto enter a number from I to 4 because any other entry
will cause the program to continue at an incorrectlocation.

• "I" chooses "ST" and means the total releasewill be based on
, a stack concentrationand stack flow rate.

• "2" chooses "CI" and means the total curies released will be

input next.

• "3" chooses "AR" and means the total release will be estimated
from an air concentrationmeasurement downwind.

• "4" chooses "GD" and means the total release will be estimated
from a ground contaminationmeasurementdownwind.

B. "ST"- Stack Data

I. Choose this (enter "I") when the averageair concentration at
the point of release is known, lt is importantthat this be
the concentrationduring the release, not an average over a
longer time period.

2. "CONC OR DPM?" is the next prompt, lt is requesting input
for either air concentrationin micro-Curiesper cubic
centimeter, or the activitymeasured on an air sample filter
in disintegrationsper minute (dpm).

a. The programtells the difference by comparing the value
to unity, lt assumes that all air concentrationswill
be less than I /_Ci/ccat the point of release.

b. To enter a concentrationgreater than I /_Ci/cc,divide it
. by a convenient factor (like 10 or 100) to get it below I.

Then adjustthe stack flow rate upward by the same factor.

c. If a ',alueof less than I pCi/cc is selected, the program
skips step 3, proceeding to step 4 next.

3. If you entered a value greater than I (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 sampler
operated at 2 cfm for 5 min, the volume would be 10 ft_.
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After a value is entered, press "R/S" and the program will
continue by displaying thecalculated air concentrationat
the point of release, in micro-Curiesper cubic centimeter.
Press ,'R/S"to continue with the program.

4. The final prompt is ',STACKCFM ?" 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 beenentered,
press "R/S" and the programdisplays the total activity
released. Press "R/S" to continue with Section 3.5.F below.

C. "CI" - Total Curies Released

I. Use this option to enter the total curies released.

2. "CURIES REL ?" is the next prompt. Enter the value and press
"R/S". The program continueswith Section 3.5.F.

D. "AR" - Air Conceritratie_at (X,Y)

I. Use this item to interpretdownwind 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 concentrationin micro-Curiesper cubic
centimeter, or the activity on an air sample filter in dpm.

a. The program tells the difference by comparingthe value
to unity, lt is assumed that all downwind air
concentrationswill be less than I /_Ci/cc,and all filter
activities greater than I dpm. Enter a value and
press "R/S".

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

3. If you entered a value greater than I(for dpm on an air
sample), the next prompt will be "CU.FT SAMPLD?". lt is
requesting a figure for the volume of air pulled through the

sample filter, in cubic feet. For example, if the sampleroperated at 2 cfm for 5 rain,the volume would be I0 ft . 4

After a value is entered, press "R/S" and the program
continues by displaying the calculated air concentrationat
(X,Y), in micro-Curiesper cubic centimeter. Press "R/S" to
continue with the program.

4. The final prompt is "HRS SAMPLED?". This informationis
needed to correct for downwind air samples that were running
longer 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 concentrationcr_nputedwould be
1owe_',by a factor of 20, than the actual concentrationduring
the passage of the plume. The program uses the longer of the
release duration or sample period to calculate the total
release.

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

S. After entering a value for hours sampled, press "R/S" and the
program will display the total act'ivityreleased. Press
"R/S" to continue to Section F

E. "GD" - Ground Contaminationat (X,Y)

I. Use %his item to interpretdownwind ground contamination
measurements The X/Q computed earlier must be for a location
(X,Y) where the ground contaminationwas measured.

2. "DPM/SQ.CM?" is the next prompt. Enter the measured surface
contaminationdownwind And press "R/S". IC 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 cmz
PAM 54 cm2

Note that direct survey readings should represent the average
measured over about a square meter, rather than the maximum
readingin 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)

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

2. The air concentrationmessage "X,Y UCI/CC=a.bE-c"is too long
to fit in the display, so the calculatorscrolls 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.

wf

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 NUCLIDECHOICESANDDOSEEQUIVALENT

A. "a,B1,B2,NEW=I-4" offers four nuclide menus

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

2. Themenu 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. lt is importantto enter a number from I to 4 because any
other entry will cause the program to continue at an incorrect
location. (To recover frompressing the wrong number, switch
to ALPHA mode, press the blue "G", and then switch out of ALPHA
mode)

B. "a' - Alpha-EmittingNuclides

I. "PU,AM,NP,U=I-4?" lists the alpha emitting choices.
4

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

b. In all cases, the dose to the bone surface will be
limiting.

c. lt is importantto enter a number from I to 4 because
any other entry will cause the program to continue at an
incorrectlocation.
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2. "PU" is a 12_ 240pu mixture (0.098 Ci/g). Table 7 shows a
typical composition.

Table 7. PlutoniumComposition
Used in ED.

Nuclide Weight Curies per
percent ICi alpha

z38Pu 0.093 0.163
239pu 84.00 0.534

" 24°pu 13.00 0.303
24Zpu 2.88 30.4
242pu 0.027 1.1E-05

If this plutoniummixture is selected, the next prompt is
"NO3, 02 = I, 2". The choice here is between plutonium nitrate
(inhalationClass W) and plutonium oxide (inhalationClass Y).
Make your choice and press "R/S".

3. "AM" is pure 241Am (inhalationClass W, 3.43 Ci/g).

4. "NP" is pure 237Np (inhalationClass W, 7.04 x 10.4 Ci/g).

5. "U" is one of three uranium compounds, commonly found in the
200 Areas. The typical isotopic composition isshown in
Table 8.

Table 8. UraniumComposition
Used in ED.

Nuclide Weight Curies per
percent ICi alpha

234U 0.009 0.625

235U 0.836 0.019
" z3sU 0.073 0.002

238U 99.082 0.354

If this uranium mixture is selected, the next prompt is
"UO U03 UNH=l-3"
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a. "UO" is inhalation Class Y compoundssuch as UO2 or U30B.

b. "U03" is an inhalation Class W compoundwith a specific
activity of 7.8 x 10-7 Ci/g, or 0.78 Ci/Mt or 3.5 x
10-4 Ci/lb or 0.71 Ci/ton.

c. "UNH" is Class D with a typical uranium concentrationof
4 Ib/gal as shipped from PUREX, or 10 Ib/gal entering
the UO3 facility calciner.

C. "Bl" - First Beta Emitter List
.w

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

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

b. lt is importantto enter a number from I to 4 because
any other entry will cause the program to cor,tinue at an
incorrectlocation.

2. "SR" is 9°Sr along with its daughter soy. If I Ci is released,
the program interpretsthis as ICi 90Sr and ICi 9oy, which
potentiallycould exaggerate the doses by a factor of 2,
dependingon how the release amount was determined.

' 3. "RU" is I°BRu The next menu is "INSOL, SOL = 1,2" which
allows the selectionof either inhalation class Y (rNSOL)oy
inhalationclass D (SOL). The 1°BRu has a radioactive
daughter, 1OSRh Entering a value of ICi of 1°BRh is
interpretedas ICi of the parent and an equal amount (I Ci)
of the 1°6Rh daughter.

4. "I" is either 1291 or 1311. If "I" is selected,the next
prompt is "1129, I131 - 1,2".

5. "CS" is 137Cs. Again, if I Ci 137Cs is released, an equal
137mBa is added to thisamount of its daughter, ,

D. "B2" - Second Beta Emitter List

I "CO KR H - I-3" lis_s the beta emitter choices on this menu.• , )

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

b. lt is importantto enter a number from I to 3 because
any other entry will cause the program to continue at an
incorrectlocation.
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2. "CO" is B0Co. The next menu is "INSOL,SOL = 1,2"which,
allows the selectionof either inhalationclass Y (INSOL)or
inhalationclass W (SOL).

3. "KR" is 85Kr. A semi-infiniteplume model is used, which could
seriously underestimatethe dose rates near a stack release.

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

E. "NEW"- User Input Dose Factor

" I. "ISO NAME ?" is the first prompt. The calculator is left "in
ALPHA mode tO facilitate text entry.

a. You select the charactersusing the symbols printed in
blue on the calculator keys. A list of all the letters
availableis located on the back of the calculator. The
shift key (yellowbutton on the left) must be used to
enter numbers,

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

2. "REM/UCl ?" 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
breathingrate is 330 cc/s. Several additional dose factors
are provided in Tables 26 and 27 (Section6).

F. Dose EquivalentResult

I. The program calculatesboth the effectivedose equivalent (EDE)
and the largest organ dose. In this way, the results can be
compared with ProtectiveAction Guides for EDE or organs.
However, the programwill 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 interchangesthe 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 displayedwhen the calculatoK_ Is turned on).
In addition,the message register ha ,,eidentity of
the nuclide or mixtl;_ethat was selected for the dose
calculation. Press the ALPHA switch to see the message;
press the ALPHA switch again to see the X register.

,

4. 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".

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

3.7 GENERALNOTES

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

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

I. 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.

2. 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 m._ F G H I J
ED - Rev 3---_ UNITS SOURCE H ISO X/Q

HP-41 Key ---_ 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
amount released, the ground-leve; concentration at (X,Y), and
the dose.

4. The total amount released is only recomputed if "G" is pressed
to begin _t 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 without1=

changing this number.

C. Whenrunning cases in USERmode, if some of the intermediate values
that are displayed just flash and are quickly replaced with menus,
set flag 21 to make them stop. 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 lt when
necessary.

Table 9. Summary of Data Register and Flag Use.

Registers Flags

O0 miscellaneous,values O0 clear if EDE limits
01 X/Q, s/m3 01 temporary for X < I km
02 unit conversion factor 02 temporary use for ppm
03 unit string 05 set for USA units
04 Stabilityclass, 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
Og release duration, DUR, hours

" I0 AMT menu choice, I to 4
11 conc or dpm value; formulawt
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-levelmenu choice, I 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 EXHAUSTFLOWRATESFROMWESTINGHOUSE
HANFORDCOMPANYFACILITIES

4.1 100 AREAEFFLUENTSTACKS

Table 10. IO0-N Stacks.*

Stack emission point Typical flow
rate, cfm

116-N Stack 210,000
I09-N Zone I Vent 120,000
I09-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 TransferArea 28,000
I05-N Spacer DecontaminationFacility 4,800
I05-N 14-ft DecontaminationFacility 6,400
I07-N Exhaust 7,300

"100 AreaEnvironmental Releases for 1988
(WHC 1988).

Table 11. IO0-K Stacks.*

Stack emission point Typical flow
rate, cfm

I05-KE Vents 27,000
I05-KW Vents 27,000
1706-KE 12,000
1706-KER 2,500

•100 Areas EnvironmentalReleases for 1988
(WHC 1988).
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4.2 200 EAST AREAEFFLUENTSTACKS

Table 12. PUREX Stacks.*

Stack ID Descriptor Typical flow
rate, cfm

29I-A-I 200 ft 120,000
296-A-I Q-CelI and PR Room 5,000
296-A-2 , West Sample Gallery 4,000
296-A-3 East Sample Gallery 3,000 "-
296-A-SA Lab West 18,000
296-A-SB 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-IO EquipmentDisposal Tunnel 4,000
296-A-14 Outback (293-A) Exhaust 5,000
296-A-24 Ammonia Offgas ii,500
296-A-31 StorageGallery 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-g 8,000
296-A-38 Wall Exhauster,EF-3-10 2,300
296-A-3g SWP LoL'.yExhaust unknown

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

Table 13. B PIant/WESF Stacks.*

Stack ID Descriptor Typical flow
rate, cfm

u

291-B-I 200 ft 40,000
296-B-5 271-B 1,500
296-B-IO WESF 20,000 -
296-B-13 221-BF, BCF Tanks 800
296-B-14 221-B Vessel Vent 250

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

Stack ID Descriptor Typical flow
rate, cfm

291-A-12 244-AR Vessel Vent (.150ft) 1,000
296-A-13 244-AR Canyon 6,000
296-A-17 A, AX, AY, AZ Tanks 4,000
296-A-18 I01-AY Annulus 1,200
296-A-19 I02-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 I05-C and I06-C 3,500

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

4.3 200 WESTAREAEFFLUEP,,fl"STACKS

Table 15. S Plant Stacks.*

Stack ID Descriptor Typical flow
rate, cfm

291-S-I 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-7E 233-S Building Exhaust 9,000
296-S-7W 233-S Building Exhaust 9,000
296-S-.16 2iB-S Tanks 150

296-S-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.*

Stack ID Descriptor Typical flowrate, cfm

291-T-I 200 ft 40,000
296-T-11 224-T Storage East 13,000
296-F-12 224-T Storage West 13,000
296-T-13 221-T Roof 40,000
296-W-I Laundry 20,000

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

W

Table 17. U Plant Stacks.*

Stack ID Descriptor Typical flo_rate, cfm

291-U-I 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. Z Plant Stacks.*

Stack ID Descriptor Typical flowrate, cfm

291-Z-I 200 ft (234-5,232,236,242) 240,000
296-Z-3 241-Z Sump and Vessels 1,800
296-Z-5 2736-ZB 10,000
296-Z-6 2736-ZA 11,000

*EffluentDischarges and Solid Waste Mangement
Report for Calendar Year 1988: 20n/600 Areas (WHC 1988).
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Table 19. West Tank Farm Stacks.*

Stack ID Descriptor Typical flow
rate, cfm

296-P-22 SY Annuli 450
296-P-23 SY Tanks I,000
296-S-15 SX Tanks 5,000
296-S-18 242.S Building Exhaust 20,000
296-S-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

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

4.4 300 AREAEFFLUENTSTACKS

Table 20. 300 Area F_fluent Stacks.*

Stack ID Descriptor Typical flow
rate, cfm

303-M Oxide Facility 3,000
306-E UO2 Laboratory 3,200
308 Glovebox 3,400
308 Etch and Clean 4,300
308 TRIGA Reactor 2,400
30g Containment 7,000
313 EngineeringHot Laboratory 800
333 Building 3,200
340 NeutralizationTank and Vault 1,900
340 DecontaminationFacility 1,000
340aB Tank Car Loadout 8,500

*Effluent Report for 300, 400, and 1100 Area
Operations for Calendar Year 1988 (WHC 1988).
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4.5 400 AREAEFFLUENTSTACKS

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 Operationsfor Calendar YeQr 1988
(WHC 1988).
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5.0 SAMPLE PROBLEMS FOR ED - REVISION 3

5.1 STACKRELEASEOF HYDROGENFLUORIDE

A. Scenario - Severe damage to process equipment at the Plutonium
FinishingPlant 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 concentrationat the Site boundary and at Highway 240. The
HF comes to PFP in 150-1b cylinders.

B. Calculator Display Hazard Evaluator£ntry

" (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 = 2.2 MPH ? (or any number) 5; R/S
V = 5.0 MPH ? R/S
H = 6.3 FT ? (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 = 7.60 MI ? R/S
Y = 0.0 FT ? (assumedokay) R/S
EY = 1,685.9 FT ? R/S
EZ = 27B.I 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
FORMULAWT? 19 (grams/mole);R/S

" X,Y PP,,= 1.1E-I

The above concentrationis well below the U.S. Depart-
" ment of Energy protectiveaction guide of 20 mg/mJ.

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

1.1E-I USER mode switch;A
X = 7.60 MI ? 2.8 (Hwy 240); R/S
X = 2.80 MI ? R/S
EY = 684.2 FT ? R/S
EZ = 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-I R/S
FORMULAWT? R/S (alreadyentered)
X,Y PPM = 3.0E-I

The aboveconcentrationis well belowthe protective
actionguide. Next the HazardEvaluatorestimatesthe
concentrationat the YakimaBarricadefor a releaseof
270 lb.

3.0E-I USER mode switch;G
CHEM SOURCE? USER mode switch;R/S
ST, TOTAL= 1,2 ? R/S (alreadyentered) ,
TOT LB REL ? 270; R/S
X,Y MG/M3= 4.5E-I R/S
FORMULAWT? R/S (alreadyentered)
X,Y PPM = 5.4E-I

5.2 GROUNDRELEASEWITHDOWNWINDFIELD DATA

A. Scenario- A radioactiveplumeof unknownoriginin the 241-CTank
Farmhas causedmeasurablesurfacecontaminationin the vicinity
of PUREX. The wind is currentlyblowingtowardthe SSE at 5 mph,
at a stabilitybestdescribedas ClassD. An air sample3,600ft
downwindand 250 ft off the plumecenterlinehas beenrunningfor
81 h when it is countedwith fieldinstrumentsand readsabout
2,000cpm abovebackground.How much activitywas released,and
what dose wouldbe estimatedfor the Siteboundary? Use a mixing
depthof 500 ft. Assumea detectorefficiencyof I0_, and an air
sampleflowrate of 2 cfm.

B. CalculatorDisplay HazardEva_luatorEntry

(an arbitrarynumber) USER mode switch;XEQ
ED -Rev 3 R/S
U.S.A.UNITS? R/S
MET = E ? (leftoverfrom previous) D; R/S
MET = D ? R/S
D = 820.0FT ? 500; R/S
D = 500.0FT ? R/S .
V = 5.0 MPH ? R/S
H = 200.0FT ? 5; R/S
H _ 5.O FT ? R/S
X = 2.80MI ? 3600;ENTERT;
3600.00 5280;+; R/S
X = 0.68 MI ? R/S '
Y = 0.0 F_ ? 250; R/S
Y = 250.0FT ? R/S
ZY = 268.7FT ? R/S
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CalculatorDisplay(continued) HazardEvaluatorEntry

ZZ = 110.5FT ? R/S
X/Q = 3.35E-5? R/S
DUR = 0.5 HR ? R/S
CHEM SOURCE? 3 (orany number);R/S
RAD SOURCE? R/S
ST,CI,AR,GD=I-4 3; R/S
CONCOR DPM ? 20,000(dpm);R/S
CU.FTSAMPLD? 81; ENTERt;2; x;
162.0 R/S

. 2.0E-9UCI/CC R/S
HRS SAMPLED? 81; R/S
REL" 1.7EICl R/S
X,Y UCI/CC=3.2E-7 R/S
a,BI,B2,NEW=I-4 2 (worstbeta);R/S
SR,RU,I,CS=I-4 I; R/S
SR-g0:5.1E2MR R/S
ORGANLIMITS

This wouldbe the bone dose from inhalationof airborne
Sr-g0if someonehad been standingnear the air sample
stationduringthe entirerelease. To calculatethe
dose at the Siteboundary,12 mi SSE,do the following:

5.1E2 USERmode switch;A
X = 0.68 MI ? 12; R/S
X = 12.00MI ? R/S
_Y = 3,581.4FT ? B
Y = 200.0FT ? O; R/S
Y = 0.0 FT ? R/S
ZY = 3,581.4FT ? R/S
ZZ = 630.0FT ? R/S
X/Q 1.07E-6? R/S
REL = 1.7EICI R/S
X,Y UCI/CC=1.0E-8 R/S
SR-90:1.6EIMR

The projectedoffsiteorgandose (bone)of 16 mrem would
• put this accidentin the Alertcategory.
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6.0 VERIFICAION OF ED - REVISION3 CALCULATIONS

Verification: Code verificationis the comparison of code results with
the results of hand calculationsand the results of other codes. In
this section, values computed by ED - Revision 3 are compared with the
GENII code, Version 1.436, and with hand calculations.

6.1 X/Q CALCULATION

A. The atmosphericdispersionmodel is the same as that found in GENII,
" but without some of the advanced features suchas building wake

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

B. The GENII program was inducedto supply X/Q values at specific
stabilityclasses 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 value stored irlthe buffer file
ENV,IN was used in the comparisons. The file used fer calculating
the Class F, ground level X/Q values is shown in the following
chart.

aoint Frequency File for Ground Level, Class F, X/q Computations

10 M - Pasquill F
Created 6-Aug-90 PDR

I 7 I I 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 0.00.0 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 0.0 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 0.0 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 0o0 0o0 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
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 0.0 0.0 0.0 0.0 0.0

C. Verificationof X/Q values began with a carefully selected series
of test cases to exercise relevant portions of the code without

" unnecessaryduplication. Ground level X/Q is verified first, then
stack X/Q' then treatment°f reflecti°n fr°m the mixing layer' wind
speed effects, and finally,off-axis X/Q.

I. 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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i

3 The distance of 1,000 m iI• s Chosen because this is a transition
distance where the model changes from one set of parameters
to another. 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
GENII (.Version1.436) are shown on the following tables• Note
that GENII does not reveal the values of Sigma Y and Sigma Z that
a1'eused. Therefore, the Sigma values could not be compared.

Table 22. AtmosphericDispersion ParametersCalculated by ED.

P-G I00 m 1,000 m I0 km
Class Sigma Y Sigma Z Sigma Y Sigma Z Sigma Y Sigma Z I

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 1,3583
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 I 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-O5 3.98 E-07
C 3 57 E-03 5.47 E-OS 8.40 E-07
D 8.34 E-03 1.51 E-04 4.46 E-06
E I.53 E-02 3.10 E-04 I.07 E-O5
F 3.44 E-02 6.95 E-04 2.62 E-OS
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 E-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 I.54 E-02 3.10 E-04 I.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 6.5/ E-O5
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Table 24. PercentDifferences
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
C 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 O.B 1.2 -0.2

Explanationof Differences: Most of the differencesobserved are due to the
different representationof 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 calculatingSimga Z. GENII calculates Sigma Z using
the parameters shown in Table 28 (7.1, Section C) with the exception that
Az(2) is O.052,ratherthan 0.0516 shown on the table, 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 frequencyfile for 61 meter stack releases in the

followin9 chart, the GENII program computed a X/Q value Ofm3.32. x10-5 s/mj at Pasquill Class C, and at a distance of 1,000 The
ED gives the same result.

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

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

I 3 I I 61.0
.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 0.0 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

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 0.0 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 0.0 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
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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
heightof 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 stabilityand mixing layer

depth of 1,000 m).

Release height Distance Sigma Z X/O Value, s/m3 Percent -
km m ED GENII difference

Ground level 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..37E-O/ 4.38 E-07 -0.2

900 m stack 5.0 635.6 5.52 E-O7 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-O/ 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-reflectioncase (i.e., with a
mixing depth much larger than the Sigma Z). For example, using
Pasquill Class D stability, a releaseheight of 61 m, and a
distance of 1,000 m, the unreflectedX/Q is 2.31 x I0-s s/ma, while
the X/Q with a mixing depth of 61 m is 4.63 x I0-s 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 _ependenceon wind speed.

I. 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 programcalculates 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*In 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*In4)) 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 stabilityclass needs to be
tested because the program calculates the off-axis factor after
calculatingSigma Y and Sigma Z values.
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6.2 DOWNWIND CHEMICAL CONCENTRATIONS

A. The example input and results summarized in the following two
subsections thoroughly test all features of the chemical source
characterizationportion of ED. Note that the lines that begin
with "-=>" are resultscomputed using a spreadsheetto independently
check ED.

B. The following input data were used to verify the program using the
ST option"

X/Q = 1.0 x 10.4 s/m3
" Exhausterflow rate = 106,000cfm (50 m3/s)

Chemical formula weight = 17 g/mole (ammonia)

" Stack concentration= 700 ppm
==> downwind concentration= 3.50 ppm ==> 2.66 mg/m3

Stack concentration= 700 mg/m3
==> downwind concentration= 3.50 mg/m3 =_> 4.61 ppm

C. The followingdata were used to verify the program using the TOTAL
option"

X/Q = 1.0 x 10.4 s/m3
Release duration = 4 h
Chemical formula weight = 17 g/mole (ammonia)

Total release amount - 600 Ib
==> downwind concentration= 1.89 mg/m3 ==> 2.49 ppm

6.3 ESTIMATION OF TOTAL CURIES RELEASED

A. The example input and results summarized in the following
subsectionsthoroughly test all features of the radionuclidesource
characterizationportion of ED. Note that the lines that begin
with "==>" are results computed using a spreadsheetto independently
check ED.

B. The following input data were used to verify the program using the
ST option for stack releases:

- X/Q = 1.0 x 10.4 slm3
Release duration = 4 h

Exhausterflow rate = 106,000cfm (50 m3/s)
Stack concentration= 2.0 x 10-7 #Ci/cc
==> total activity released = 0.144 Ci
-=> downwind concentration= 1.00 x 10-9 /_Ci/cc

ii/i/90 (B'59am) 6-5



WHC-EP-0368

Activity on air sample = 80,000 dpm
Volume of air sampled = 10 ft3

==> stack concentration= 1.27 x 10-7 /_Ci/cc
==> total activity released = 0.0917 Ci
==> downwind concentration= 6.37 x 10"I /_Ci/cc

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

X/el = 1.0 x 10.4 slm3
,Release duration = 4 h
Total activity released = 5 Ci

==> downwind concentration = 3.47 x 10-8 /_Ci/cc

D. The followingdata were used to verify the program using the AR
option for an air concentrationmeasurementdownwind:

X/Q = 1.0 x 10-4 s/m3
Release duration = 4 h

Air concentration= 5.0 x 10-8 /_Ci/cc
Sampling period = 8 h
==> total activity released = 14.4 Ci
==> downwind concentration= 1.00 x 10.7 /_Ci/cc

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

Activity on air sample = 40,000 dpm
Volume of air sampled = 20 ft3
==> air concentration- 3.18 x 10.8 /_Ci/cc

Sampling period - 4 h
==> total activity released = 4.58 Ci
==> downwind concentration= 3.18 x I0"a /_Ci/cc

E. The followingdata were used to verify the program using the GD
option for a surface contaminationmeasurement downwind"

X/Q = 1.0 x 10.4 s/m3
Release duration = 4 h

Surface contamination= 800 dpm/cmz
Ground deposition speed = 0.15 cm/s
==> total activity released = 24.0 Ci
==> downwind concentration= 1.67 x 10.7 #Ci/cc

6.4 DOSECALCULATIONS

A. All possible radionuclide choices were tested in actual dose
calculationswith ED. Doses were calculated for an X/Q of
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2/330 s/m3 and a total release of 0.0005 ci. These choices of
dispersion factor and release amount produce doses that are
numericallyequal 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/sper Cl/m3) divided by the breathing rate used
in ED (330 cc/s). ED calculates the external dose by multiplying
the dose factor by the breathingrate, the quantity released and
the X/Q value.

" C. The inhalationdose factors used by ED are listed in Table 27.
Table 27 lists more dose factors than are used by the program.
The final column shows whether the EDE or the organ dose should be

" considered Iimiting.

I. 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-EDEdose ratio is greater
than 5.

3. For ratios between,3and 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. ExternalDose Factors for Inert Gases.

Inert Sv/h Rem/s Effective
gases per Bq/m3 per Ci/m rem//_Ci

41Ar 2.17 E-lO 2.23 E-01 6.76 E-04
8SmKr 2.98 E-11 3.06 E-02 9.28 E-05
8SKr 4.70 E-13 4.83 E-04 1.46 E-06
a7Kr 1.42 E-lO 1.46 E-OI 4.42 E-04
BaKr 3.60 E-lO 3.70 E-01 1.12 E-03

' BSKr 5.00 E+O0 5.14 E+og 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

" 133Xe 6.07 E-12 6.24 E-03 1.89 E-05
135mXe 7.53 E-11 7.74 E-02 2.35 E-04
13SXe 4.68 E-11 4.81 E-02 I.46 E-04
la7Xe 5.00 E+O0 5.14 E+09 1.56 E+07
13aXe 1.92 E-lO 1.97 E-01 5.98 E-04
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Table 27. Inhalation Dose Factors for Particulates.*

Sv/Bq rem/#Ci
Isotope ICRP CLASS EDE Max organ EDE Max organ Limiting

3H H20 I.73 E-11 I.73 E-11 9.60 E-05 9.60 E-05 EDE
14C ORG 5.64 E-lO 5.64 E-lO 2.09 E-03 2.09 E-03 EDE
14C C02 6.36 E-12 6.36 E-12 2.35 E-05 2.35 E-05 EDE
z4C CO 7.83 E-13 7.83 E-13 2.90 E-06 2.90 E-06 EDE
S4Mn W 1.81 E-O9 6.66 E-O9 6.70 E-03 2.46 E-02 3.7
S4Mn D 1.42 E-O9 2.56 E-O9 5.25 E-03 9.47 E-03 EDE

8°Co Y 5.91 E-08 3.45 E-07 2.19 E-01 1.28 E+O0 Organ .
6oCo W 8.94 E-O9 3.57 E-08 3.31 E-02 1.32 E-01 4.0
9°Sr Y 3.51 E-07 2.86 E-O_ 1.30 E+O0 1.06 E+01 Organ
9oy Y 2;28 E-O9 9.31 E-O9 8.44 E-03 3.44 E-02 4.1 ,
9°Sr D 6.47 E-08 7.27 E-07 2.39 E-01 2.69 E+O0 Organ
goy W 2.13 E-O9 2o78 E-lO 7.88 E-03 I.03 E-03 EDE
IO3Ru y 2.42 E-O9 I.56 E-08 8.95 E-03 5.77 E-02 Organ
1O3Ru W 1.75 E-O9 9.86 E-O9 6.48 E-03 3_65 E-02 Organ
1°3Ru D 8.25 E-lO 1.03 E-O9 3.05 E-03 3.80 E-03 EDE
_°6Ru Y 1.29 E-07 1.04 E-06 4.77 E-01 3.85 E+O0 Organ
1°eRu W 3.18 E-08 2.11 E-07 1.18 E-01 7.81 E-01 Organ
1OSRu D I.52 E-08 I.80 E-08 5.62 E-02 "_6E-02 EDE
1291 D 4.69 E-OB 1,56 E-06 I..74E-01 5.17 E+O0 Organ
311 D 8.89 E-O9 2.92 E-07 3.29 E-02 I.08 E+O0 Organ
1321 D 1.03 E-lO 1.74 E-O9 3.81 E-04 6.44 E-03 Organ
1331 D I.58 E-O9 4.86 E-08 5.85 E-03 I.80 E-01 Organ
_3Sl D 3.32 E-lO 8.46 E-O9 1.23 E-03 3.13 E-02 Organ
137Cs D 8.63 E-O9 8.82 E-O9 3.19 E-02 3.26 E-02 EDE
144Ce Y 1.01 E-07 7.91 E-07 3.74 E'01 2.93 E+O0 Organ
144Ce W 5.84 E-08 1.83 E-07 2.16 E-01 6.77 E-01 3.1
47Pm Y 1.06 E-08 7.74 E-08 3.92 E-02 2.86 E-01 Organ
147pm W 6.97 E-O9 1.02 E-07 2.58 E-02 3.77 E-01 Organ
_921r Y 7.61 E-O9 5.24 E-08 2.82 E-02 1.94 E-01 Organ
921r W 4.88 E-O9 2.55 E-08 1.81 E-02 9.44 E-02 Organ
1_21r D 5.10 E-O9 1.15 E-08 I.89 E-02 4.26 E-02 EDE

212Pb D 4.56 E-08 3.71 E-07 1.69 E-01 1.37 E+O0 Organ
22SRa W 2.32 E-06 1.61 E-05 8.58 E+O0 5.96 E+01 Organ
232Th W 4.43 E-04 1.11 E-02 1.64 E+03 4.11 E+04 Organ
232Th Y 3.11 E-04 4.99 E-03 1.15 E+03 1.85 E+04 Organ .
233U Y 3.66 E-05 3.04 E-04 1.35 E+02 1.12 E+03 Organ
233U W 2.16 E.-06 1.62 E-05 7.99 E+O0 5.99 E+01 Organ
233U D 7.53 E-07 Io12 E-05 2.79 E+O0 4.14 E+01 Organ .
U UO 3.44 E-05 2.86 E-04 1.27 E+02 1.06 E+03 Organ
U U03 2.05 E-06 1.54 E-05 7.58 E+O0 5.68 E+01 Organ
U UNH 7.12 E-07 1.05 E-05 2.64 E+O0 3.88 E+01 Organ
237Np W 1.46 E-04 3.27 E-03 5.40 E+02 1.21 E+04 Organ
Pu 12% W 1.82 E-04 3.35 E-03 6.74 E+02 1.24 E+04 Organ
Pu 12% Y 1.23 E-04 1.35 E-03 4.56 E+02 4.99 E+03 Organ
241Am W 1.20 E-04 2.17 E-03 4.44 E+02 8.03 E+03 Organ
z44Cm W 6.70 E-05 1.17 E-03 2.48 E+02 4.33 E+03 Organ
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Table 27. InhalationDose Factors for Particulates(continued).*

Sv/Bq rem/_Ci Limiting
Isotope ICRP CLASS EDE Max organ EDE Max organ

2s2Cf Y 4.24 E-05 2.99 E-04 1.57 E+02 1.11E+03 Organ
2s2Cf 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/I-88-020,September 1988).

11/1/90 (8"59am) 6-9//0
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7.0 CONCEPTUALMODELSUSED IN ED - REVISION 3

7.1 ATMOSPHERIC DISPERSIONMODEL

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
(elevationO) and the mixing layer plane (elevationD), then the
X/Q value is computed using the followingformula:

X/Q = EXP['O'5*((H/Zz}2+(Y/Zv)2)]* _I + EXP[2*(D/Zz)2*(I-H/D)]_*V*_.y*_.z

+ EXP[2*(D/Zz)2*(I+H/D)]+ EXP[.4*(D/Zz)2*(I-H/D)]_

Note that if _.z> 1.2"D, then the plume is uniformlydistributed
between the ground and the mixing layer. Inthis case the formula
for X/Q simplifiesto the following:

ExPr-O. 5*(Y/!v) 2l
X/Q = SQRT(2*_)*V*Zy*D

B. The Pasquill-Giffordcurves for Sigma Y and Sigma Z (i.e.,Zy and
_.z)were approximatedusing the same formula as is used in GENII.
However, distances less than 100 m are excluded. The following
formula illustratesthis:

Sigma : A*XB + C

C. The parametersA, B, and C are listed below. For Sigma Y, Cy = O,
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 calculatingSigma 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 multipliedby this factor.

7.2 DOWNWINDCHEMICALCONCENTRATIONS

A. The downwind concentrationis the release rate times the X/Q value,
with appropriateconversionfactors added to give the desired final
concentrationunits.

O/OA / tl A I "I . A "I -, ,._ _ "1 1
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Table 28. Parameters used by ED in the Calculationof
Sigma Y and Sigma Z (By = O.9031and 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 0.911 0.911 0 0
D 0.1471 0.222 1.26 0.725 0,516 ,1.7 -13
E 0.10a6 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 -2g 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 length of the release, then the downwind
concentration,in mg/m3 is given by the followingformula:

Pounds released * X/Q , 453,592 mg/Ib

Downwind conc (mg/m3) = Release duration 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 concentrationcan be estimated using the formula
below. Note that the exhaust concentrationand the downwind
concentrationhave the same units.

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

D. The conversion from mg/m3 to ppm (by volume) is done assuming
ideal gas behavior. In other words, one formulaweight of the
chemical is assumedto occupy a volume of 22.4 L. The formula for
this conversion is shown below.

ppm (by volume) = I0B * mg/m3 * 22.4 L * 0.001 g/mg

Fopmula weight ' 1,000 L/m3

7.3 ESTIMATION OF TOTALCURIESRELEASED

A. The ST option: The exhaust flow rate (cfm), the activity
concentration at the point of release (/;Ci/cc), and the duration

R/P4/QN (7_a7am_ 7-9_l ...... • ..... # • h
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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/m3
arid3,600 s/h. The following formula is used by ED:

Yotal Ci released = Exhaust conc * Flow rate * Exhausttime

B• The AR option: The averagedownwind air concentration(#Ci/cc) and
the air sample time can be used to estimate total activity released•
The formula used by ED is _he following:

• Conc at (X,Y) * Sample time

Total Ci released= X/Q at Air sampler

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

C. The 6D option: Downwind surface contamination (distanceper 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 followingformula:

Surfacecontamination I0B cm3 per m3
Total Ci Released = *

Deposition speed * X/Q 2..22x 1012 dpm/Ci

7.4 DOWNWINDAIR CONCENTRATIONANDDOSEEQUIVALENT

A. The air concentrationdownwind at (X,Y) is the release rate times
the X/Q value• The ED uses the following formula•

Total Ci releascd I h

Air conc at (X,Y) = Releaseduration * X/Q 3,600 s

B. The inhalationdose is the product of the total activity released
(Ci), the X/Q value, the assumed breathingrate (330 cc/s), and
the inhalationdose factor (rem//_Ciinhaled). Inhalationdose
commitment factors are listed in Table 27.

InhalationDose at (X,Y) = (TotalCi Released)"* (X/Q) *
(BreathingRate) * (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 released (Ci), the X/Q value, and the external dose
rate factor (rem/s per Ci/m3). To facilitatethe calculationED
divides the external dose rate factor by the breathing rate
(330 cc/s) to produce a dose factor that can be treated as the
inhalationdose factor. These effectivedose factors are listed
in Table 26.

7.5 DOSEFACTORSFOR PLUTONIUMANDURANIUMMIXTURES
J

A. Because mixtures of plutonium isotopes or uranium isotopes are
handled instead of a pure isotopic form, theinhalation dose factors
for commonmixtures are used in ED. Tables 29 and 30 summarize
the assumed compositionfor plutonium. Table 29 gives the
inhalationdose factors for the individual isotopes of plutonium.
fable 30 gives the compositionand resultingcomposite_dosefactor.

Table 29. Plutonium InhalationDose Factors.

Sv/Bq rem/_Ci
Isotope Class Y Class W Class Y Class W

EDE Bone EDE Bone EDE Bone EDE Bone

238pu 7.79 E-05 7.25 E-04 1.06 E-04 1.90 E'03 288 2680 392 7030
239pu 8.33 E-05 8.21E-04 I.16 E-04 2.11E-03 308 3040 429 7810
24°pu 8.33 E-05 8.21E-04 1.16 E-04 2.11E-03 308 3040 429 7810
241pu 1.34 E-06 1.78 E-05 2.23 E-06 4.20 E-05 4.96 65.9 8.25 155
242pu 7.92 E-05 7.81E-04 1.11E-04 2.01E-03 293 2890 411 7440
24ZAm 8.82 E-05 8.28 E-04 1.20 E-04 2.17 E-03 326 3060 444 8030

Table 30. InhalationDose Factors for a Mixture of Plutonium Isotopes.

12% Pu-240 InhalationDose Factors in Sv/Bq
Isotope Weight Activity Class Y Class W

Percent Ci/g Pu EDE Bone EDE Bone
4

238Pu 0.093 1.59 E-02 1.27 E-05 1.18 E-04 1.73 E-05 3.10 E-04
239pu 84.000 5.21E-02 4.45 E-05 4.39 E-04 6.20 E-05 1.13 E-03
24°pu 13.000 2.95 E-02 2.52 E-05 2.48 E-04 3.51E-05 6.38 E-04
241pu 2.880 2.97 E+O0 4.08 E-05 5.42 E-04 6.79 E-05 1.28 E-03
242pu 0.027 1.06 E_06 8.6.2E-lO 8.50 E-O9 1.21E-O9 2.19 E-08
241Am 0.000 0.00 E+O0 0.00 E+O0 0.00 E+O0 0.00 E+O0 0.00 E+O0

Totals 100.000 9.75 E-02 1.23 E-04 1.35 E-03 1.82 E-04 3.35 E'03
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B. Tables31 through34 summarizethe calculationof the compositedose
factorsfor uranium. Table31 givesthe inhalationEDE factors
for the individualisotopesof uranium. Table32 givesthe organ
dose factors. Table33 givesthe compositioncommonlyused for
N Reactorfuel,and Table34 list• *he resultingcompositedose
factorsfor the EDE and organof concern.

Table 31. Uranium Inhalation DoseFactors (EDE).

Sv / Bq ........rem / /_Ci......--
. Isotope ClassY ClassW ClassD ClassY ClassW ClassD

234U 3.58 E-05 2.13E-06 7.37 E-07 132 7.88 2.73
- 235U 3.32 E-05 1.97E-06 6,85 E-07 123 7.29 2.53

23BU 3.39 E-05 2.01 E-06 7.01 E-07 125 7.44 2.59
238U 3.20 E-05 1.90E-06 6.62 E-07 118 7.03 2.45
234Th 9.47 E-09 8.04 E-O9 8.04 E-O9 0.0350 0.0297 0.0297

Table32. UraniumInhalationDose Factors(MaximumOrgan).

Sv / Bq rem / #Ci
Isotope Clas_Y ClassW ClassD ClassY ClassW ClassD

Lung Lung Bone Lung Lung Bone

234U 2.98 E-04 1.60E-05 1.09 E-05 1103 59.2 40.3
23sU 2.76 E-04 1.48E-05 1.01 E-05 1021 54.8 37.4
23sU 2.82 E-04 1.51E-05 1.04 E-05 1043 55.9 38.5
238U 2.66 E-04 1.42E-05 9.78 E-06 984 52.5 36.2
234Th 6.39 E-08 4.66 E-08 7.83 E-O9 0.236 0.172 0.0290

J

Table33. Mixtureof Uranium
Isotopes-- N ReactorFuel.

Weight Ci/g Alpha. Isotope percent percent

234U 0.0090 5.87 E-07 62.47
. 235U 0.8360 1.81 E-08 1.92

236U 0.0730 1.58 E-09 0.17
238U 99.0820 3.33 E-07 35.44
234Th I,44 E-O9 3,33 E-07

Totals I00.0000 9.40.E-07
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Table 34. InhalationDose Factors for the
Mixture of Uranium Isotopes (Sv/Bq).

, ,j ,

Effective dose equivalent Maximum organ dose
Isotope Class Y Class W Class D Class Y Class W Class D

,,

234U 2.24 E-05 1.33 E-06 4.60 E-07 1.86 E-04_ 9.99 E-06 6.81 E-06
235U 6.39 E-07 3.79 E-08 1.32 E-08 5,31 E-06 2.85 E-07 1.94 E-07
2aBu 5.69 E-08 3.38 E-O9 1.18 E-O9 4.74 E-07 2.54 E-08 1.75E-08
23aU 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'Q9 2.26 G-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

m
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8.0 LINE,BY-LINE DESCRIPTIONOF ED - REVISION 3

8.1 INTRODUCTION

Au 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:

, • Atmospheric dispersion

" • Choice of chemical or radiologicalrelease

• Chemical calculation
i

• Nuclide choice

• Dose calculation

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

C. lt is assumed in these descr ptions of the code that the reader has
become acquaintedwith the bas'icsyntax 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

O0 miscellaneousvalues O0 clear if EDE limits
01 X/Q, s/m3 01 temporary for X < I km
02 unit 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
I0 AMT menu choice, I to 4
11 conc or dpm value; formulawt
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, I 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 ATMOSPHERICDISPERSION

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

I. These lines initializetwo flags, displaythe 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.

r

I. The label "U" is assigned to the key labeled "F._''
4

2. Flag 05 is set for Englishunits, and clearedfor 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 inUSER mode, and the program immediatelybegins the
calculationof atmosphericdispersion parameters beginning in
Iine 127.

C. Lines 32 through 46 display the current atmospheric stabilityclass
(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, executionwill jump to line 127 and begin the X/Q
calculation.

D. Lines 47 through 55 display :thecurrent atmosphericmixing depth and
allow a new value to be entered.

I. The label "MD" is assigned to the key labeled °'D."

2. A subroutine at label og (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" theprogram 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, executionwill jump to line 127 and begin the X/Q
calculation.

E. Lines 56 through81 display the currentwind speed and allow a new
value to be entered.

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

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

3. In USERmode, execution will jump to line 127 and begin the X/O
calculation.

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

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

• 2. 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.

3. In USERmode, execution will jump to line 127 and begin the X/O
calculation.

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

1. The label "X" is assigned to the key labeled "A."

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

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

4. In USERmode, execution will jump to line 127 and begin the X/O
calculation.

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

1. The labe'l "Y" is assigned to the key labeled "B."

" 2. A subroutine _t 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:S3am) 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
SigmaY and SigmaZ. Note that if a value for stability
class other than A through F has been entered, then the program
assumesthe 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 SigmaZ. Lines _78 through
]80 actually computeSigmaZ. Line 181 inserts the value for
Ay, in preparation for the Jumpto 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 somewhatdifferently in
that the SigmaZ for class G is 0.6 times the SigmaZ for
class F (lines 269 through 273).

5. Lines 278 through 293 computeand display the value for
SigmaY. Note that this value may be changedduring the call
to the subroutine at label 09 (]ines 321 through 331).

6. Before displaying the value for SigmaZ, lines 294 through 307
computea portion of the X/Q formula shownbelow, and store
it in register 00.

EXP[-0.5 * (Y/Zy) 2]

I* V* _.y

7. Lines 308 through 311 display the value of SigmaZ computed
earl i er.

8. Lines 312 through 320 c,mpute the remaining portion of the
X/Q formulafor the casewherethereis uniformmixingbetween
the groundand themixinglayer. Fulluse is made of the
calculatorstackto make efficientuse of the computational
resources.

9. Lines332 through383 computethe remainingportionof the
X/Q formulafor conditionswhereplumereflectionfrom the
mixinglayermay be important.Note thatno testsfor large
negativeargumentsto the exponentialfunctionare necessary
becausethe calculator'sexponentialfunctionautomatically
setsthe resultequalto zero.

J. Lines384 through396 displaythe currentvaluefor X/Q and allow
a new valueto be entered.

I. The label"X/Q"is assignedto the key labeled"J."

8/24/90(7:53am) 8-4
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2• In USERmode, 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 radioactivecalculation.

K. Lines 397 through40g display the current release duration and allow
a new value to be entered.

I. The label "T" is assignedto the key labeled "E."

2• In USER mode, executionwill jump to line 426, where the
" program branches to either the chemical or radioactive

calculation.

P

8.3 CHOICEOF CHEMICALORRADIOLOGICALRELEASE

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 USERmode.

1• In USERmode, 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 USERmode, execution proceeds to line 430. For
chemical releases the program continues 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 subsequentdata entry.

8.4 CHEMICALCALCULATION

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

8/24/90 (7: 53am) 8-5
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I. Executionwill branch in line 437 according to the number
present in the X register when executioncontinues.

2. If a number other than I or 2 has been entered, the program
will jump to an incorrectlocation and all subsequent
calculationswill be invalid.

B. If a stack calculationwas selected,then execution continues at
line 438.

I. Lines 439 through442 request input of the stack concentration.

2. Lines 443 through 453 display the current units assumed for the
stack concentration,and allow a switchto the alternateunits.

3. Lines 454 through 458 request input 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 calculationand display of
downwind concentration.

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

I. Lines 465 through 46g 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.

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

2. The subroutine at label og (lines 499 through 50g) is used to
display the concentrationin 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 alternateunits and display the
result. Here the subroutine at label 09 is used as before, with
the exception that the RTN statementcauses program execution to
stop. Pressing "R/S" again will cause the program to start over
at line I.

8/24/90 (7"53am) 8-6
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8.5 ESTIMATIONOF TOTALCURIESRELEASED

A. Lines 511 through 515 allow selectionof the type of source
informationto use.

I. Executionwill branch in line 515 according to the number
present in the X registerwhen execution continues.

2. If a number other than I, 2, 3, or 4 has been entered, the
program will jump to an incorrectlocation and all subsequent
calculationswill be invalid.

B. Selections numbered I and 3 are computed first, becauseboth begin
with the entry of an air concentration.

i=

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

2. Lines 522 through 525 test whether the number entered was less
than I. If so, it is assumed that an air concentrationwas
entered, and executioncontinues on line 541 or line 545
dependingon the type of source calculation.

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

4. Lines 530 through 539 compute and display the air
concentration.

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

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

I. Note that executiondoes not stop until line 563.

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

b

D. Selection number 3, for input of downwind concentrationdata,
requests input of the sample duration period in lines 545 through
548.

I. Note that executiondoes not stop until line 563.

2. 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. Selectionnumber 2, for input of total activity released, requests
input of total curies in lines 549 through 553. Executionthen
jumps to the downwind air concentrationcalculation beginningat
Iine 603.

F. Selection number 4, for input of surface contaminationdata,
requests input of dpm/cms in lines 555 through 559.

I. Lines 560 through 563 request input of the ground deposition
speed (in centimeters per second).

2. Lines 589 through 594 calculatethe total activity released,
which is displayed in lines 595 through 602.

G. Before bee_nningthe nuclide selection,two importantquantities
are displayed.

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

2. Lines 603 through 613 computeand 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 RADIONUCLIDEIDENTITY

A. Lines 616 through 625 allow selectionof the nuclide menu to use.

I. Executionwill 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
programwill jump to an incorrectlocation and all subsequent
calculationswill be invalid.

B. Selectionnumber 4, to input new inhalationdose factors, requests
the name and dose factor in lines 626 through 638. Execution then
jumps to line 691 for the calculationof inhalationdose.

C. Selectionnumber I 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. Executionof all menu choices eventually branch to line 686 to
begin the dose calculation. Note that in certain cases the organ
limiting flag O0 is set.
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8.7 DOSECALCULATIONS

A' Lines 686 through 695 test for newdose factors before proceeding.

B. Lines 696 through 707 compute a branchingaddress based on the menu
choices entered previously. The formulaused is the following:

8 * (REG 016) + 2 * (REG 017) + (REG018) - 11

" where

REG016 is the top-level menu choice (I, 2, or 3)
" REG017 is the second-level menu choice (I, 2, 3, or 4)

REG018 is the third-level menu choice (l, 2, or 3)

Table 36 summarizes the calculation Of the dose factor address.
Line lO1 jumps to the label with the dose factors requested. For
example, if the analyst has selected BI (REG 016 = 2),
RU (REG 017 - 2), and SOL (REG 018 - 2), executionwill jump to
label 8" 2 + 2 * 2 + 2 - 11 = 11, which is on line 755.

Table 36. Calculationof Dose Factor Address.

REG 016: I 2 3
top menu: a, BI, B2,

REG017: 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: O0 01 02 05 06 07 08 09 10 11 12 13 15 16 17 19 21

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

I. In certain cases, flag O0 is set to indicate that the organ
" dose will be limiting. For most nuclides,the organ flag was

set (if needed) at the nuclide selectionmenus.

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. Inhalationdose is computed and displayedin lines 797 through
819. The limitingdose (EDE or organ) is displayed first.
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I. The limitingdose is storedin the X Register. Flag O0 is set
(andvisiblein the display)if the organdose is limiting.

2. The dose to the non-limitingorgancan only be seen by
interchangingthe X and Y registerswiththe "X<>Y"key.

E. Lines 820 and 821 restorethe typicalconfigurationin whichthe
calculatoris operated(scientificwith two digitsafterthe decimal
pointand not in USERmode).

8/24/90(7:53am) 8-10
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9.0 PROGRAMLISTING
(sheet 1 of 6)

mu t i ii i i

L B L "E 9 ._ 4_GTO"O" ,_9""""

_.

(LIEHO 2979BYTES ¢5FS?"" '._L*LBL"X"
46_;TO@3 92_.CL@6

@1_BL "ED3" _,7,LBL"MI)" ',_"X="
• @2CF01 ,_8QCLt9 ?4FC?@5

@3CF@2 49"9=" 95J;TO@e
,:E._ . ,@4" ES- MEV.."," 9@"-_@9 '16t 6@9

. @5PROMPT 5I:]TOt9 ')7.'
@6CF27 52F.3722 9B'LBL@e

,m 9@7_BL'U" $3,;TO"MB" 99FiX
98CF_ $4FS?.,:,"" rB@_RCLX
@9• MET_It;?" 5_GTO@3 _@1FS?.@5
_@FS?@5 S6,LBL"V" L_ "F-MI?"
tt"U.S,¢I,UNITS"': .5"7RCL@5 [@3FC?@5
12PROMPT ._8"V=• LM4"l-_ ?"

t4GTO@0 6@GTO_ 1@6PROMPT
[5 F_C .@5 6t .447 !.@7FC?@5
16SF@5 62./ IB8P,TO@8
t7GTO"U" 63*LBLO0 1.091.689
LB_BL_O 64FIXI Lt@,
t9F_ @5 65_RCLX t I,I,LBL 00
29I;I"0@8 66FS? @5 t12,[
21" FT?" _7"F.MPH?" It_X(=_
':'_3048 _ FC?05 t14X<>Y
23IITO@I 69"F-M/S?" It5STO06
20LBLB8 70 CF_.o 116 FS?''"(,,L _-&,

" Pl?" ?%P_MPT 117GTO"X"
26 I _ FC?@5 118 F_? 37 "
27_I.BL@1 73GTOOB lr9;TO@3
,2.8_$TOg3 74 ,447 I28_.BL"Y"
293TO92 75, 12I _CL@7
35FS'P.27 76_,LBL08 122"Y="

" 3t GTO9,X 77STO85 t23 XE@09
32,H.BL"?" 7,9=S?22 124._TO@7
33_ 23 ?9_;TO"V" _2_FS?'22
_4 " MET,= • :]@FS?27 L26_;T0"Y"
35_RCL@_. :]1_;TO@3 127_.BL@3
•36"_-?" :]2*LBL"HT" L.2,9CF06
_7 I_OH 83RCL@8 12.9C; @l
_8PROMPT 84"H=• 1.38_CL@6
_9 I_OFF 35 XEQ@9 13LI :'3
_8FC?2_ 36STO08 £._2,
,_lGTO@0 :]7FS'?22 £33:)TO@1
,_2.ClSTO@,* :_8_;TO"HT" _34-,qSTX
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9.0 PROGRAMLISTING

(sheet .2of 6)

i i i i I ii I Illl _ I I II

135X<>Y _81 .J6_9 _7 -
135X(=_ I:_2_0 88 228 ,HS
_37SF _,k '187,_8L82 229 .1471
[38RCt.@4, 184 F_C _)t 238GTO@8
139 ,9" [85OTO88 231_8L @_
148_TO Y 1862. 232 FS?C@I
141 X=Y? 187 .055 2_ _TO@9, "
142s;TO91 188RCL'_1 23434
143"8" 184I._98 23S6,_._
144(%STOY t_ GTO.Ot 236RCL;]I "

146GTO@2 192_.3 238 GTO@t
14;'"C" 193 ._382 239M.BL_@
[48._TOY 194RCL_t 248 t.3
149X-Y?. 195 I,149 241.211
15@GTO@3 I%*L'BL@1 242RCLOI
151 "I)" 197'YI'X 243 .678
1_2_STOY 198, 244_8L O!
1_ X=Y? 13 + 245Y_
154 GTO04 2@@ .27._t 246,
155 "E" 291GTO08 ' 247-
I56 _TO Y 202H.@t.@3 248 CHS
15"7X=Y? 283CF @t 249 .1846
158GTO@5 2@4.11_ ._11 GTO@8
I,_9"G" 2@5RCL_)I 2'JIM.BL06
16@_STOY 296 .91_ 2_i2FS?C91
16I X=Y? 2@7Y4'X 25"3GTO01#
162SF @6 2_ = 2_i448.6
163GTO_ 299 .2989 2_ 18.@5
164.L@LOI 21t#GTO@8 _6 RCL01
I63 F._.C_}t 211,L_. 94 3_ .18
I66 (;TO@8 212 FS.'_:01 2_ GTO91
167-9. G. 213GTO98 2_9_LBL@8
I6_24 E-_ 2%¢ 13 26&#._.
169_ Ot 2151,26 261.._6 •
1782.994 216 I_L @I 262 _ 91
171GTO01 217 .5t6 _ .?¢
172,LBL90 21_GTO_1 264M.8L_)I
173q,.,.._'_ 219*LBL@@ 262 Yi'X
17466 E-_ 228 1.7 266,
175 I_. 91 221 ._ 267 -
1761.941 222R_ _}1 268CHS
1T?H.BL91 223 ._ 269 F_ @6
17.9'fix _4*13L _lt 278GTO98
'79= 225'ti'X 27! .&
!80, 226 ' 2.72•

• i i HIIi i i i i
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4trCF22 4_ PROMPT $83FS?@2
4t2 "RI_I)" ¢58HTO14 SW '_-P_="
_13F,_@7 459RCL].3 _ F_,@2
414"CHEM" _8, $86"I-M('dM3=-
419"f-SOURCE?" _[ Zfi9 587_L X
416PRO_T 462/ _I@@PROMPT
417FC?22 463_TOt2 3@9RI'H "
418GTO@0 ,$64GTO_18 3lgGTO'El)3"
¢t9FC?C@7 _3_BL @2 SIt.BL@7
420.SF@7 _6 RCL15 SI2'ST,CI,_,GI)=I.-4" "
42t CF27 467"TOT.LBREL'7" 5_ P_IIP'I"
422GTO%1" 4_ PI_OtIPT SI# STOIB
423H.BL_ 469_'TOt5 S[_GTOINgI@,
424FC?27 47@RCL_ 3[6M.BL_)t
425GTO@I_ 471/ 3L7+LBL_)3
426*LBL@t ¢72t26 318RCLtt
427F_ _}7 473• 3[9 "COliCOROPt'F?"
428GTO98 47¢CF_8 320F_OIfPT
429;TO ll_ 47_STOt2 521,STOlt
438_BL@@ 476+LI]L98 5223TOt3
,_3!RCLt_ 4_ CF_2 323t
432FC?@7 478FS?_ 324X>Y?
433GTOBl 4.79SF@2 325_TOIN])t_J
434"'3T,TOTAL:L,_" 48eRCL12 _6 ICL12
43'3PROIIPT 48t RCL@/. 527"_.FT SI%elPL_]?"
436STOtB _2 ' 529PSO_T
_37_TO[NI)t@ _ HTO_ $29STOt2
43@*LBL@t 44]4 XE o _ _6 R_ t _ ]

439_L t_ 495RCLtr _[ X(>Y
448 'TI'flCK_NC?" 486 "FOR_LI1WIT?" 332/
441I_IOI_T 487I_IfPT _ _87 E7
442_TOt3 44]8_1'0LI, 534/

. 44_I_,L.BL_ 48922.4. 5-_ ._TOt,_
444"_G_ ?" ¢_ t _6
445FS?_ 49t _CLee _7 _ t_ -
44_" I_ff ?- 492X()Y _8 "f-UCI/CC"
447CF_ 493FS?@8 _9 F_ORPT
448PROMPT 494, 5_ GTOlHDf.@
449FC?"_ 4_ FC?@8 54t4,LI]L.@I
43@,;TO@O 496/ 342RCLt4
45LFC?C98 497FC?C@2 ,_,3"STI_KCF_t?"
43ZSF98 498.RF@2 344GTO90
4_ (;TO¢ ¢99,q.BL_ _45_,LBL
454,_L@8 3_ r._ 346_. t4
4_ RCLt4 _t _I t 54?"fIRS.g1%RPLF..1]?"
456"STEKCFI_'T,," 5_ "X,Y• S_ GTO_l@
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5¢9,LBL_ 5_BL 85 641PROMPT
b"36_:i.t5 596:3TO15 6423TO 17
551"cURIESREL?" 597 SCf t 643RCL t8
_2 PROMPT 598 .SF21 64¢SF @0

.3TOt5 599 "REL:" 645GTO I_ Y
_4 GTO06 68@ _IRCL15 646,LBL@l

• S_I¢4.BL04 6@t"F CI" 647 "NO3,02 =1, 2"
_L t3 6_ PROMPT 648GTO @9
•_/SQ.CM. ?" 663,LBL@6 649_BL @2

- 558PROMPT 684RCL @t 658_BL 03
_9 STO t3 6_ , 65tGTO @!

56gRCL t4 6@6RCL@9 _2H.3L @¢.-
56t "I_, SP?.CM/S" 687 / .. _ "UO,UO3,UNH=t-3"
S62H.BL_g _ 3688 634 GTO_g
963"PROMPT 689 / 655_LBl.
9643TO t4 @[0 SCf t _ "_,RU,I,_=I-4"
963 RCL_3 611 "X,Y UCI/CC=" 657 PROMPT
566X(>Y Gr2 flRCLX _8 3TOt7
967&'TOIMD[B 6L3"PROMPT 659RCL t8
568*H.BLPit 614 F_ 27 66eGTOINgY
569= 6tSGTO 11 661*LBL_3
b'IORCL_ , 6[6_BL "ISO" 662 SF@g
57t* 617 RCL t6 663 "[I29,[[3t=t,2"

572 1.7 613 "a,Bt,_,HEW=t-4" 664 (;TO@8
b'73" 619PROMPT 665_L_@t
_. GTO_ 6_ ._TO_6 666,t.BL0¢
57_BL tO 621 4 667_;TO03
976 _L ].5 622 _- 668_'_L _2
_7 _;TO@5 623RCL t? 669GTOOI
579M.BL03 62.4CF@g 6?O_L@L07
_? RCL$9 625GTO IMOV 67t "CO,_,H3=t-_?"
588 X)Y? 626*LBL_)8 672 PROMPT
58t X(>Y 627 "ISO I_E ?" 673 3TO [7
582 1_gN 623 CF 23 67#RCLt8

. 583= 629 (}ON 67'3GTO [NI)Y
584 _ Ot 63_ PROMPT 676_LBLOr'
_i/ 631 9OFF 677 "INSOL,SOL=L,2"
586_@g 632 ;_, 2;3 67SM.BL_g
587 = 633 _TO 17 679_OHPT
588 GTO_ 634 RCL18 680GTO08
589_BL $4 63'3"RE_UCI?" 6@t,LBL02
'_ " 636PROMPT 682+LBL@3
59t, RCL_}t 637 STO18 683 2
592 / 638 (;TO08 684*LBL
,$93_2 E4 .: 639,LBL_ (>85STO18
594 / 640 "RJ,P_,_,U=I-_?" 686M.BLli
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l =

687 ¢ _4 "U03" 78t_BL 17
688RCL16 73"37.38 7,92SF@8
_9 '_,v'_,...: _6 56.8 78S"CO',_@SOL"
690GTO@g 737GTO@4 '784.@33i.
69t_,LBL_}8 ?.'i84q.BL@8 785. t32 .
692.CL9 739 "UNH" 786GTO@4
693_qRCLt7 7'482.64 7Bl+LBL[9 •
6_ RCLt@ . 741 38.3 788"KR-,gS"
695GTOvN 742GTO_4 7,99146E-8

=

6%_.BL_}8 743+LBL.@9 798GTO$8 .
6973 744 "._-98" 79t+LBL21
698• 745_ @8 792.'H-3""
699 RCL17 746 ,247 79396 E--6
78gI_L 17 7472.6') 7%M.Bt.@8
79t + 748;TO@4 795_TERI'
792+ 749,LBLl@ 706X<;,Y
7_J3RCLt8 _@ SFPill 797H.BL
7844. 7St "RUt86IMS- 798SCft,
78SIt _2 .477 79933 E4
786- 75"3.3.3S 8_ RCL13
al GTOINI)X 7'3,_GTO_ 881,
788,LBL.@8 755_BLtl 882RCL@t
789"PUNO3" 75&"RUI_SOL" 883=
71@674, 75"7._62 8_ ,
7It I244_ _8 .8666 885X(>Y
712GTO@4 _9 GTO@4 886LASTX
713_BLBl 768*LBL12 887"
714"M.I02" 76t "I-129" 8@8;._?@8

. ,_<,,Y7134,56 762 174 8_ _''
716 4_8 763 3.77 81@"_'""
717GTO_W 764GTO@4 8lt I:_L X
7IBM.BL@3 7_H.BLl_ @t2"F _R"
719 "_-241" 766 "I-13[" _Jl]PROMPT
729444 767._29 814 B_P
_I 8938 768 t,@8 815" El]E: .

GTO84 769' GTO_ 816F._,_
723,L.BL_ 7?8_,L.I]LtS 817"O_lH"
7_4 "NP-237" 77I "CS-[37" 818",_LIMITS"
7_ 548 772,(1319 81_(%VIEW "
726[21@8 773.@326 828SCf2
7"L7GTO@4 P4 GTO@4 82tCF27
728,LBL@6 77S_BL16 _ EMl)
72') "UO" 776SF
_8 t27 777 "C0-_8INS"
73ttO6@ 778.2t9
,'_2 GTO@4 T79t.28
733*LBL07 788GTO_ '

i imlme
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. R. H. Sudmann • P. D. Rittmann
• • 3-3542

su_ect:.HP.41CVProgram for Rapid Assessment of EnvironmentalDoses

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 promptsfor 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 appropriatedata tables for stack parameters and
distanceswill be distributedunder a separatecover letter.

P. D. Rittmann

RadiologicalEngineering
and Effluent Controls

West Area Unit

PDR/tjk

cc" D. E. Bihl H J. Goldberg
G. F. Boothe L N. Sutton
D. D. Brekke J.A. Bates
W. A. Decker Do Ao Marsh
D. Paine T. Chiao
D. B. Howe
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..:......_.,::_..:..:.............. . _.............. ,. .

O" ' ,
>'I=''='C' ,'='" '='C' O O C' _ C' 'D .("'I-" ¢'I,-'_"I'D ("!," C"l_ ,7"I-"("I'=,"'I ("I.I?'I(0 ""I"I C'I

,A LLIlD C, ,D '=' ,D C, ,D lC:=:'O C, C, C, C, C, ,D C, C, C, '=' ,=, '=, ,=, '=, ,D ,=, C, ,=, ,D ,=, ,=, C, C, I,D ,--,
Z l': ' C, C, C' C, C' C, C, ,D ,:' C, ,:, C, ,:, ,:, ,:, C, C, C, ,:, ,=, ,D C, r', ,:, C' r-, ,-., C' C' ,:' '=, lC, '=,

--_ _i+ + + + I + + + + + I + + _" I + + a- + -i-+ a- I -T-+ + -_ -T-. I I I I II i
_' _.",,.,".hZ,r'-b',-.-,I'-I% h- o, ,:,:,¢.I-_.',,:ro:,o',.-,II"-_:,,._,_.;_-,,',',,:,,.',..c, I_',o:,,:,c, ,:,C °IF,IF.,m" ,_-lOf,:o:

.......C,c'_ _0 "'I¢.II'-C' I% I"-C"Io;.lN. ':,O:'(' ,w ,."I-O O:''='I'-,""b" '."" I'-.,:,:,"* "I ,.','.C' '='C' C' C"l"I C' '='i_ 0),

":_ ..... :; ............ 2# ................ • ,

':0, ¢'I("Io".l--,O) ':'C"I("4 0.;--,I% (':,IZ," --'_ _ -' O) --'--'i_'.,_ --, ',"_ _"_.(,,O1('4 ¢'I

_.m_ . >- . ,

C_ '-'!:' C' ,-'-"4.r'.l,..,,=,C, ," .w "'I--_C' "4 ..w -, C' "'I,-w,w ,=,,-,_ _ ,.-.,".I.,-__ ""I-_ ¢'I"4 F.'.I("I"" ':0I'.","I
=' ':' 'D G' C' 'D '=' I=' ':' '=' '=' '=' '=' C' '=' '=' '=' '=' '=' '=' '=' ,=' '=' C' C' 'D ':' ,=' '=' C' C' '=' '=' '=' '=' '=' I':' C'

_llZ' '=' C' C' ':' '=' ':' C, C' ':' O ':' C' C' ':' 'Z' '=' ,--' ':' ':' ':, ,:' ':' C.' C_' C' ,:, ,._' C' C' C' C' C' C' C' ':' IO C'" -i---.I I I I + @" I I I I + "4-I + + 4- I + + ._- I -I--,!--,-I -_-I I I I I I I I II I

•.., rr,.... ,:r_,=, C, P- ,w ,',', ,_. _ ,=, b, P- ,-, ,-' ,=, _ ,-, ,".1 ""_ "0. ,'.... ,:,:, ,0 ,=, ('.1 ,,C b', -5 _'. N, -0 ,=, _" C' '=' IN. _"

I'- ("_ F'.I !IZ,_ "_, ("1 ,"1 ("_ _'# -4' -4, ,_'.__ "0 i-" ") ") -" "'1 ':7" c"l ,_'. "4 ":' _ -" ("_m" I_ 0" ,", m" '_" _ :"1 ':'.1lr'. '."_
t I

I 1
_' _ ._
,.o,-_ -8-_ -_,---_ -_.._.._ -_-_ -_, _ o __, -_, -?- _, --_,,-_,,-_,

,_ .__ -.. _ ._- ,- _ .I'_.

A-5



WHC-EP-0368 '

1% RockwellInternational
Rockwell Hanford Operations PA G E '_"

Enorw.Syttem,. Gcep. . DESIGN ANALYSIS JOB NO. _-- O_'-_ "_P_ - _'i

FOR DAIE M_.y_ I_Y
LOCAT,ON ' .v . &_/...i '8','/_d_ et_

SUBJECT CHECKED BY _= J_i_#

_efo¢-,,¢c_,,+c,_/AIc_l_.I_.

... --

.f..(_,._.) _,_,,.rt_v "_t:," × (,,,,1,,.,') /_clPos,,z..

99"0 -- 9.'lE' _-'$ _',75" E--) .2-1_' _:1 ,_l_t. (0_ -? °"o_= ,OP.V

I,,, , , | ,, , , ,, , ,,,

FOg 7, 19-E -s 7,_5"E -_- %2C
.., , , m , ., ,

790 - 2,_-¥ _,_-_ ,q(ob _._ c,_ ._o_, c,,<_pt

Ig_tPO I,VI _-_" 1,91 E-S" _,G5
,. ,.,

do0o- /,;,__- _ b._=_-_2._Ye _:_'I_ moJ,;_61e "
p__/_)00 F,o_/ _--7 9,91 F-7 IV,9 I,_= _Om gkt _ %_= L3,7_

750 - _,oqE-[, _,_ _"4, ,_t_6 _,.v_,__., a Dou'-e ex

/v'- ,

:2..9_0[1_ 1,90 _-"7 l,qOE-7 (q,q (I k,_,r r_ie,,c et,r_on)i , ,, ,, ,, ...... _j .... ,,,, l, ,,

• i , , ,, ,, ,, ,. _ , ,.,, ,.

I ; I /'t_ f'_ " /'_

_6'J'uU q.gbE..-7 _ _.,_(, "E-7 I _,;p..'_ ] b,_- Ouw_ C 1- Cz. =- u,>u
- ._ ' .(,,,
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_ RockwellInternational
Rockwell Hmford Ogeretlonl PAGE '

i iii _

E..,_ sv,tc,.,G,_. DESIGN ,ANALYSIS JOB NO, G- 0_'_,--,- _'_)_ _

FOR DATE _fdl./ ,_ , /?_/L/I",,¥_t_,/ /?r/h_a.n-LOCATION

?l

. 4e_ ca_ _
,

I _, _'._/_ _ _ = ,_.oo

qP_ ; I_'_l_ r_._c--_._oo

r _

/,==- ' '_ \" ,_) . ._. .)sO

N _ IF m/_c C 7 --.l_/O C= = ,130

u _ , ,_-m)_ c 7 -c._- .-_o0

Ai , _,_"d_ Oy- _-- L_

ciA)_ l_/_.,,z,_ c× _ c__= D._,VO

.. ,_ n l"Qf_ IX,'/ _ 1) 1_ '_._ f a ...q_E
......... -...."7 -'Y........... :

A.7

BO-6a00-OR0.1 I,N.2.'/91
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Values for Wind Meander (o'su)

wind speeds
release

duration l m/sec 2.5 m/sec 5 m/sec I0 m/sec
IIL±_ IIIII '- _ _

IO min .024 oi0 .20 .30

60 rain .04 .15 ,25 .35 .

120 min .06 .25 .35 .45

240 min .lO .40 .50 .60 . .

480 min .18 .60 .70 .90
,, ,, ,,i i ....... i i ii ,,,= t, i ,

Va ues for Sutton's Parameters,Cy and Cz

n = .20 n = .25

Release Level Wind Speed _._ UNSTABLE NEUTRAL

l mlsec Cy .35 .21
Cz .35 .17

mLLL -- -............. _ -- L- ,= ,

5 m/sec Cy .30 .15
GROUND Cz .30 .14

£_ li ] .i _ _ li II III I II ----

I0 m/sec Cy .28 .14
Cz .28 .13

-- ,iii ---- ---- iiI ....

1 m/sec Cy,Cz .30 .15
w

ELEVATED 5 m/sec Cy,C z .26 .12

lO m/sec Cy,Cz .24 .lI
_

i i ....... ;......... iii i iiii ii

A-8
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1111 RockwellInternational
Rookwell Hmford Opernttonl'
Energy Syltem| Groull DESIGN PAGE . .ANALYSIS

_
el,VI

SUBJECT CH_

-G-

. _ = ,_1,___H X.;0=8.7E-5 _
MET = N _,7"_/0 -_'_Inl_
U = l.lMP_
X= 1.0_ Hl

DI.iR'..---I.SHR /-bll_rT-_ _/jr__
R'v 18,0 FT W_] lp_.. g 3-7 (0

• CZ= 0,!7_.
"Y 31... = [, FT
>72= ">_"

,,

HX,'Q:3.3E-5
MET = N
IJ= I.1 MPH
.'(=1,08MI
DUR.--12.@ HR
H= 18.8FT
CZ- 0,I?._
_Y= 0;"7,FT
<,<._.,<.FT

A-9

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



WHC-EP-0368
llP'_'ql_ MOCKWI_II IRI.ernaIlonulRI}ckwdt Hmford OIo_tattonl

PAGE _ C_

e.,tw sv,,,m,o,o,= DESIGN ANALYSIS JOBNO G :e_6- PPf_'-_*/
"- .o'. OAT_..../,_y q,t_Y

su._ecT CHECKED.Y _.(# ."
/,

. •

0 *.

E,T.A.=5.8MIH i E.T.g.=2.5MIH E,T,fl,=2.5MIN
VSX/Q=5.lE-3 VS X/Q=2.BE-4 N X/Q=B.BE-6

5.75-83 *** 2.85-04 *** 8.84-86 ***
GRI)UCI/CC'.9,6E-6 GRDUCI/CC:7.9E-8 GR])UCI/CC:2.2E'9

PUNO3 UNH SRgG ,.I "
LUNGI Y=I.IE5MR" IO(_r,_ BONEI Y:2,2E3MR"-"=,:_or,_ BONEI Y=3.2EBMR"_,='__re

BONE58Y=5.3E6MR--,F}_r_,,_ BONE58Y=3,8E3MR-*"_,s_r_ BONE58Y=3.TEIMR-,_,_ _r_'wi"l
1.87+85 **. 2.28+83 *** 3.23+88 *** "
5.33+86 *** 3.85+B3 **= 3.74+01 ***

MET = MS MET = VS MET = H
U : 2.2 MPH U = 11.2 MPH U = 11,2 MPH
X = 8.22MI X = 8.47MI X = 8.47MI
OUR.:8.17HR OUR,= 1.8HR I)UR.= I.8 HR
H = 3.3 FT H = 3.3 FT H = 197.FT
81GU=8.824 SIGU=8.258 CY = 8.128
XY: 27.5*FT XY= 118.FT: _ CZ= 8.128
I:Z= 21.4FT XZ= 28.2FT XY = 91.2FT .

"- ClREL:I.BE8 ElREL:I,BE8 I:Z: 91.2FT
TYPE: PUH03 TYPE: UNH CI REL:I.BE8

•. TYPE: SR9C4

E.T.n.=I2,5MIN --
YS X/Q:I,5E-3 E.T.A.:I3.3MIN E.T.A.=5.8MIN

1.47-83 *** I'lSX/Q:6.9E-8 UNX/Q=6.5E-5
GR])UC]/CC:4.IE-7 6.92-98 *** 6.56-85 ***

: PU02 GRI)UCI/CC:2.4E-12 GRI)UCI/CC:I.BE-8
LUNG1 Y=I.IE5MR" lr) rQ_ U03 I I "RI /
BONE5BY=5.BE5MR" _-I)0r_ LUNGIY:I.IE8MR -_I,09_,_ THYROIDI Y=2.7EIHR-'_?,O,_r_

1.13+85 *** LUNG58Y:I.IE8MR-,I,_O,,r_m THYROID58Y:2.lEINR_ :c_.°'_m
5.88+85 *** I.18+88 *** 2.71+81 ***

1.11+_.8 *** .
MET = VS MET = UH ,
U : 2.2MPH MET = M_ LI= 2,2MPH
X : _..47MI U : 11.2MPH X : 8.22MI
BUR.=1.8HR X = 2.5MI DUR.=l.eHR
H = 3.3FT I)UR.=8.8HR H : 197.FT "
SIGU=e.848 H : 197.FT CY : 8.388
I:Y: 97.FT 81GU=8.788 CZ : 8.388

: XZ : 23.8FT XY : 1,884.FT I:Y: 136.FT

Cl REL:I.BE8 _:Z- 62.3FT _Z : 136.FT
TYPE: PU02 ClREL:I.BE8 Cl RFL:I.BE8

TYPE: U03 TYPE: I1:31

BD-6dOO.OWSO.1(N-2-79)

.. _'_ " ..... "....... ,,_'--"{_,' ".........__"_',,";.':.?-,::':;......",'='.',-..'.'.:",.,_"_ ....... .,I::_'.':"'"_.'_'::_......,-.---.._,,__.:___._-__.,...._.:,_,..,:,._.., ......,_',_,,.._,,_. • _ ........,.,..
............. '_.... " .... '""'".... • ..... .".'-:,:":.','.:-.,,r,,_"_,_',:::,"'.',"',;..', "'.:...",_,,";'
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#4L_ Rockwell International
RO_kwel! Hmford Ol_ritions PAGE / ¢

e.,,w sv,t.m,O,,,,,, DESIGN ANALYSIS JOBNo G - 0_(..-- PP_ -9'_

"' 7- r

o (" .

E.T.i_.=5.8lilH
N X/Q=6.3E-4

6.20-04 ***
" GRI}UCI/CC;1.7E-7

cs137 p, cR/A/: , a a j i ve,'/v
I Y=B.BEeMR-P's,_l ,,_m

B.ee+ee,,,
%88+88 ***

HET = N
U = 2.2MPH
X = 8,22 MI
DUR.=1.e HR
H = 3.3FT
CY= 8.210
CZ= @.IlO
I:Y= 82.8FT
I:Z= 66.4FT
CI REL:I,BE8
TYPE: CSI3?'
l)F I Y=4,BE-2
BF 58Y:4.SE-2

:

E.T.A.=88.BMIH _.I'IF P _.
MS X/O=5.gE-? L Y=3.2E-2HR

5.91-l}7 *** 50Y=8.OE-2MR
. GRDUCI/CC:2.IE-11 3.21-02 ***

MFP I'> 8.0..-0, ***
LUNGI Y=3.2E-2I'IR _'_" X "

BONE5eY=8.OE-2MR I _ . _'rd NET = HS

" 8,87-823'21-02'.,..,, _ <¢'''_v,-_ u_ U : II.2 MPH"F__ _- ._,/ I v_' X= 14.9MI

I (.i_d _;(_v_"h DUR.=8.9HRMET = MS U ), ,yl_ r

U: II.2MPH 'o_:_' ; H: 197.'FT
X = 149 MI Lc'_¢ SIGU=O,;'Be

' L) I:Y= 2,953. FT
DUR.=8.8HR l c.. i _ __" EZ = [34. FT

H: 197.FT Tff,_c}o, -- C[ REL:I.OE8SIGU=0.700 TYPE: _HFP,w
£Y = 2,953,FT OF 1 Y=I.6E-I
gZ = I34. FT DF 58Y=3,9E-I
CI REL: I.eel}
TYPE : MFP ^ I

r'll - ,I. Ji.

B0-6400-060.1 (N-2-79)
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#4Lq Rockwell InternationalRoc:kweBH_iQrd Qplrltlont

_n.,gvsv..m,arou. DESIGN ANALYSIS Joa NO, '_---_ 0_'6" rD_cJ't'/ ,, '

, ___=f ' _

,,,t,o,,,)

- .e.hot,r_ /

(

BD'6400-060. I (N-2-'19) A-i2
• .* ( _'q v" ' * • _ . ' , .., ....

..........', _,,..,;.,v....._,,,,., ":i_ ", )x.... ,.._,,,.')++,,1',', ', . , ,'..,,.._,,I:_).1.,,;, , ';h"I,';_,F,,!._,'.' ', ., '_'_"'_'+_'_,. ' :....." .". _ I' ' ",
.," ..., ' "+ ' ' 'l ',_ • + _. •



$I_ RockwelI WHC-EP-0368
Intemstlonel

nock_,,H,.iaraO_,lti=., . PAGe ! _pp,_E,,,WSV,--,..,G,,,,p DESIGN ANALYSIS JOBNO, _ - (_'_ '"_"Y,'"

SUBJECT CHECKED BY' . y@ ,

i i

..: ,C_:'_,C'__ )(-"_,'_-"_, ( - _ ,-,'.J_.._'i: c.

E.T.A.:2.5 MIN
NX/0:8.BE-_

-a GR])UCI/CC:2.2E-9
SR90

. BONEI Y=3.2EIIMR _.l_e_ pe_]_ _ 4-_ _(/_le_,¢s .._ c_O_

BONE5#Y:3.lE! MR _ do_?;_Cl on _f ,q _ +k Ct 70 <a._
MET = N
U= 11.2 MPH
X = 8.47 MI
])UR.=1._ HR '
H= 197. FT
CY: @.128
CZ: II.12B
_Y= 91.2 FT
_-Z= 91,2FT
STKCFM:5.89E4

' STKUCl/CC:1.9E-5
TYPE : SR90

=__

Tke. fr0__ _o,_fes Jo_e_ _r_ _i'rbe,'n¢_elea_ec

\.

A-13
BD-6400..OBO. 1 (N-2.79)
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WHC-EP-0368 ,

r,4.poil I(t _V) 51 "RELDUR?HR" 186+
I--. k. " 52 PROMPT 187STO88 --A

L E:L*ED 5_ STO84 188RCL87I

EHD 1679BYTES 54 CF 87 189XI'2
55 8 ;_T J.,r.,'_o,7 _ I_

"_ II.8',,,:,,81*LBL"ED" 56 X(Y? c_t Ill ._

I 82)LBL..I 57 SF87..) "_ _e ",_ve_9¢ I12.:''

83 CF27 _,s_',l'__-- 58 RI)H I13STO89 "" oC

84 FIXI pte4,o, !-i:_,.t: 592485*LBLA _oic¢_= _- d_ra6,>:tV_ 114RCL82
61 GTOD) _'_ re'_rn _ 115 <>Y

87 RCL05 ' 62 FS?27 cI,Ar.'_o)l ?,_mpLA" 116chsI
88 "VS,MS,N,UN=8,1," ) 63 GTO81 118EfX-I / C<mf_r'-.g .

89 "F2,7" "64,LBL'--""-'C 119_CL89_ ,18 PROMPT 65 PCL8--3 128 ¢'? _r_r
11 STO"5 66 3.28 )m=- "3,_-' _-_" 121!CL82{

I4*LBLB 69 PROMPT _ 124
15RCL88
16 .447 _," Iw l'''qq7"/_ 783.28 125SORT i/126GTO84

17 / 72 STO83 _,_ ..rr )),) 127)LBL82 N,_,_ I
18 "WINDSP?MPH" 13*LBL81 128"N"
19 PROMPT 74 CF2"-"-""7- 129 .875 ,e-.--()'-_'_
28 .447 75 (;TOIND85 138GTO8._

21 * _ ,_,h__i_u_(['_ /6)LBL88 131)LBL87

22252423GToFS?RcLSTO88278188rN),Jo_,#._-"'" ,,i# 8879787748.34.VS.I/X____""_,__bjcV'"r / i351"32134'LBLIS3.'UN'ST0-09'90£'__,, ")'_1_,le{).. _')26+LBLC 81 -08E-5 136SF 86 _'_)w._C?27 RCL81 82 GTO08 137XEQ2,'(_ _

281689 _ I_ --I(_o9,_ 83")LBL8_I" 13,o.,RCLOB-_ _aj C,-
29 / 84 .33 '_ "_ u J 139RCL01 1
38 "DISTflNCE? MI"

85 "MS" mo_, 140 CoRCL_? I pu_h_;

32 1689 87 -25 E-5 -_" 1422 ] _z.
33 * j),._,ce'I'__ 88*LBL80 143SORT/

34 STO81x'"_.I._,,eji, ,_':_ 144_ J _ + _A)35*[.BL88 _ me_'f,. 145
RCL,2\

76 SF 21 91 1462 E3"_ z.ao_Om

3738RCL/88 9392E,CX-I _, C,,._,_]ce_. 148147X<>Y/)X')Y?_,e-_u_e'_ o-=- .

39 STO82 ' 94 X<>Y,,x? d'_ _e 147STO86

486843"E.T.O.=" "r,me..e. 95 !CL0,./ 150L_I.q.TX _, •

41 / E'¢_'m,'_ 96 V_5 +_ 151RCL07t _o_- _ 6"y
42 FIX I _ 97 152_' / _ /I/+_A/

L 98 SQRT / 153FC'>87
44 I%RCLX A-rriw} 99 oTO86_ 154GTO84
45 "F MIH" 188FS?87 155)LBLOI
4_ FIYIEW 181GTO81 156RCL81

c toJ_.'lH_,
47 FS')27 182XEQ I_ _ _ i576.383 --- _ I_"
_8 GTOOl I_.'3232 ._ L:Fect) 158/

--" 49+LBLD 184* 159*LBL04
55 RCL84 18513 160 SF 21

A-14
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161STO I@"_ 216ARCL× 27!GTO@8
"-_ 162ASTO11 217AVIEW 272,LBL@2

163Q.CL@.x 218_LBLG 273"UNH,U03=I.,2"
164RCL86 219CF27 274PROMPT
165/ 228RCL15 275Xr2
166Xi'2 221 "PU,U,BETA=I,2,3" 276STO16

167CHS C.o_v_,._._,_ 222PROMPT 277GTO IHD16168EfX 223STO15 278*LBL81

IG9SQRT _//(_ 224 X'@? 27922.1 "_178RCL@6 225(;TO88 288SF@8 L_ clang _))•ll •171/ 226 CF23 281 .NH
172RCL 10 227 "NAME ?" 28238.6 /

• 173/ 228AON 283GTO88
174PI 229PROMPT 284*LBL84

175/ 23@ AOFF 28545.5 _ cla,_,• 176 RCL80 231 FS?23 286"U03' _ I_fY177/ j 232 ASTO17 28745.8
178STO12 233"I" 288GTO88
179SCI I 234RCLIG 289*LBL83
1,98"I-X/Q=" 235 XEQel 290"SR,I,MFP=I,2,"
181ARCLX 236STO16 291"t-3"
182AVIEW 237"58" 292PROMPT
183CF 89 238RCL18 293Xr2
184XEQ87 239XEQ81 294STO16
185+LBLF 248STO18 295GTOIHD16
186CF 27 241RCL16 29.6_,LBL81

... 187 RCLl,x, 242 X<>Y 297 1.15 "/188"STACKCFM ?" 243 SF82 298SF 88 _v-'-9/0+._.70

189PROMPT 24__4GTO16 299"SRg8"._ cIRs_198STO 13 245*LBL81 38813.3
191X=8? 246"FYR R/UCI?" 381GTO 89
192GTO88 247PROMPT 382*LBL84

193RCL 14 248 RTH 3831.19 '_
19,4"STkCONC?" 249,LBL89 3@4EHTERI'\ I
195PROMPT 258 CF85 385SF 85 ) _ ""}]'
196STO 14 251CF08 386X(>Y /I
197RCL13 252 RCL16 387"I131"--

l_ -"_

198, _Bil 25.XSQRT ,.'488GTO 88

1992119"=F_._'_H,_._.L"%'_T{,w& lo"_'_ 254GTOIHD15 389*LBL89
288GTO81

255+LBL81 318.155 -{ I_7" ,Y_IF_)

2@I'_LBL@8 256 "NO3,02:l, 2" 311SF 81 / _;ol,x_'}e-" 282RCL 14 257PROMPT 712"MFP"
283 "CIREL?" 258 Xr2 .XI3,3.R8
284PROMPT 259 STO16 3_

" 285STO14 268 SF81 _15PlSTO17
28(;RCL84 261GTOIHD16 31(,FC?55
2873688 262,LBL81 _ 317CF 21

288* 263 53 _yv'_HzoTof'W 3184'LBL16

2894,LBLB.I 264 "PIJH03" _ C.l_._l,g 319 SF 12218/ 265 2658 9P),," ,,.,_/_,_.,',I,,[,,_320CLA ,
211SF 21 266 GTO89 321ARCL17
212RCL 12 2674,LBL84 322_VIER _
213* 268 219 _ I_-%F',_ 323CF 12

214SCI I 289 "PU02"/ ._24SCII
- L., -. _ V ............. - _,L.I. I_.'_
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726X:8?
--- 327GTO08 382*LBLG 437ARCLX

728RCL04 783GTOG 438 "FHR"

329* _s)t_c _0_ _I_'._"384+LBL08 439 gVIEW
73859.47_- _" _' "_' 385CLA 440 "H ="

._Yv386 FS?02 441RCL83
331 * '"*_ _(_ 387RTN 442XEQ03332 GTO01 , ,j_.- •
333¢LBLB8 "-_/o(" 388 "LUNG" 443 FIX 3
334 RDN -_ _y 389 FS?08 444 FS?06

_,¢ lPM_ 10 390"BONE" 445GTO8B335 35 =
_-_ "FK_ 391FS?C81 446 FS?07

337 RCL14 392 SF 88 447 GTO8!
338* 393FS?05 448 "SIGU=
339RCL 12 394 "THYROID" 449_RCL07
340* 395RTN 458_VIEW
341 1 E4 396*LBL07 451GTO81
342 * 397CF 22 452_LBL08 "
343* 398"INPUTLIST?" 453 "CY= "

344STO09 399PROMPT 454 ARCL87 ,
345X<>Y 400FC?22 455FC?87
346LASTX 401RTN 456AVIEW
347 * 482_LBLI 457 "CZ: "
348SF 21 4@3FS?27 458ARCL88
349XEO88 404CF 09 459AVIEW
350 "FIY=" 405 FS?09 46B,LBLel
351_RCLX 406GTO02 461 "XY= •

352"FMR" Jor,_. 487SF 21 462RCL IB
353PVIEW-- (_ fe_t 4@8SF 12 463XEQ03
354XEO08 409"MET= • 464 "_Z= "
355CF 02 410ARCLII 465RCL06
356RCL89 411AVIEW. 466XEQ03
357"F50Y=" 412CF 12 467 FS?27
358ARCLX 413FIX 1 468 GTO82
359"F MP" 414 "U = " 469AOV
360_VIEW- 9-0y_ _o_e 415RCL00 478RTH
361SF 09 416.447 471+LBL82
362XEQ07 417/ 472_CL13
363ADV 418ARCLX 47_X=8?
364SF 27 419"FMPH" 474GTO00

' 420AVIEW 475SCI2365,LBLH I
366"**RE_DY**" I 421 "X= " 476 "STKCFM="
367PROMPT I 4222 4lTARCLX "
368,LBLJ _ 423RCL81 478AVIEW

369GTOJ _e_ ( 4241609 479 "STKUCI/CC'"378+LBLR - l 425 / 488GTO01 •

371GTO A _ . 426X<=V? 481+LBL88
372+LBLB _o_ 427FIX2 482 "CIREL'"
373GTO8 _ec_
J74+LBLC _" _5'c__, 429428ARCL.FMI'X 484483*LBLscII81

375GTOC Mo_e_)abels 470AVIEN 485_RCL14
3?6,LBLD 431FIX I 486AVIER
377GTOD 432 "BUR.:" 487SF 12
378_LBLE 433 1 488"TYPE:"
379GTOE 434RCL04 489ARCL17

381GTOF 436FIX2_. 491CF 12
.....
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492RCL 15 547×<=Y?
.... 548GTO81 683STO87

493X,B? 549*LBL8B 684FS?C82
494GTO88 55eRDN 685.GTOGe
495 -DFI.Y=" 551ENTER_ 68624
496ARCL16 687XEQ2e
497RVIEW _52,LBL81
498 "DF58Y:" 553X:Y? 688ST-eT"_
499IIRCL18 554SF 82 _ ,ix(ICc_"_I 689RCLB7

5e8RVIEW 555RDN _t__ 611/ I'_ i'_)°

5e2I_DV 557STO88 . 612RCLBe .W
5e3_Dv 558 - 613RCLe8 uv_J_

559STOR.9 614 - '
• 584FC?27 56B5 615,

585RTN 616+ /5e6eLBLH 561ST* 18
' 562STO 12 617STO8

. 587 GTOH 563 CF 81 6184,LBL88
5G8*LBLI 5646 ""x 61gCF 81
,5.87GTOI 565 I/X 628RTN

" 518.LBL83 566RCL84 621+LBL28
5113.28 567X(=Y? 622RCL 10
512* 62_-
51_FIX8 568GTO88
51495 569DSE12 624ENTER¢
515X>Y? 578 I 625X<>Y
516FIX I 571X(>Y 4_l_l_,__,I_._ 6261627+

517RDN 572X(=Y? _Jl5182 573GTO81 _orr_l 628XEQ IHDX629FS?81574 DSE12
519X>Y? 5752 _. /,_le'af,_- 638RTH
528FIX2 576X<>Y 6.31XEQ INDZ''x
521RIiN _r_'0M 6:32-
522PlRCLX 577X<=Y?

525RTN 58P_4 '6._5RCL 12 _._.(_,V_

526,LBLI,'4 Con_puC_ _ 581X<>Y 6,36/582X<=Y? 637RCL84 eelea_
5P.75 6"e _ 583GTO81 638RCL II _v._,_'om;
528STOlib 639 - /
529 CF82 584 DSE12 / 648, /5381 "'x 585 8 /
5.31RCLBB \ 586 X(>Y 641 +
532X<=Y? 587X(=Y? 642RTN

• 588GTO81 643,LBLO0

5335.1.4GTODsE8_.18 p._,l__ _, 589+LBL88 644.B24598 RI)N 645PTH

535 2.5 _)oY_,'_ 646+LBL81 ,_/e• 536X<>Y _rr_ 591ENTEP._ 647 ._.4

537 X(=Y? _ -k_. wmc_ 592_,LBL81 G48RTN v'_lu_e_'I 593X=Y3'

I 538 GTO8! _,,,_e'_ 594'SF81 Lp _,_c,x_e.',c,v_ 649_LBL82 ,._r
I 5_g I)SE18 658 86 U_

5485 595 RI)N e_,_-t- _le(;.w- ,
596 X(>Y d_ea'_ 651 RTN 6"e

541X(>Y 597 STOII 652'_LBL8.'4
542 X<:Y._ 598- 653.I '
543GTOel. / 599X<>12 654RTN

(,"', 544])SEI._/ 688ST+18 655¢LBL84545 IB 65618
_,_w,,v 68129 ,,,.., _,,.,,
_" ..... ' - 682XEQ20 _u,_.,_

k_
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BSR.LBL85 717RCL80 I 768.qT*87

" 1 ' "
65?.I 714X<=Y? 769ST,88

668 RTH . 715GTO88 77_RDH

@BI*LBL86 , , ,."16DSE12 _91_'_huJ,_r 771ST+87

.6,-,15 " ., '.... ' ,, ct, 773ST+BR..

.. "'.... :18X<_'T ,_,t_,_l_.,_663RTH ,> :/,;:."' ' _,_ 774RTH
664.LBL87 " _i 719X<_'/?665.25 ' ...."/ ' 72BGT.Bl 775+LBL8B
666 RTH 721DSE 12 776 .21 ¢,
667+LBL88 72218 777 .17
668.4 727X()Y 77RRTN .. Cy 4 Cz_ .
66qRTH . 724X<=Y? 7?S,LBL81 v_e_"
• 78B.1567(}*LBL89 725GTO81

-,_. 781 14 _'0_ +_671 ,6 ,,:6LBL8EI '

672RTI4 727RDH 782RTH ._}_
@77+LBL18 728ENTERI' 783+LBL(}2
674.2 72g_,LBL81 784 .14
B= 785 137,.,RTH 738 X=Y? '
@7@,LBL11 731SF 82 786RTH

I

677.25 7:<2RDN 787,LBL83
678RTH 733X<>Y 788 ,15
679*LBL12 734STO I@ 789ENTERf ,"
688.75 735- 798RTN
681RTN 736STO 11 791'LBL(}4
682'LBL 17 7..'5,7CLST 792 .12
687,5 738PCL85 797ENTER't

,, 794RTH68d PTN 739:
B85+LBL14 740 - 795,LBL05
$86 ,7 741 B 79B.,11
_-, 797EHTER't,,:,,'RTH 7a2*.
G88+LBL15 74_=S?C81 79?P.TN
689 ,3 744 Z 7994,LBL06
698RTN 74.5.+ 880 ,7.',5
691+LBL16 746ST- 12 881EHTERt
692.35 7473 8_32P.,TH
697P..TN 748P..CL12 8{_3+LBL07

_94*LBL17 '_ ""q 804 ._
"" - ,',c_=EHTEPt

6Q5 45 ) 758XEQ ItlDX ':':' '" ' F:_.qPTH
696 RTN / 751STO88 """ '

807¢LBL_]S752.X<>Y ' '
697+LBL18 o"@_ _ -,:-t .qTOii7 ( _RBF:Z::,'B9:3,B v_e ,..,_ . 'i " ...._no EUl'EP't699RTH 4, 754 FS')C82 ...."

7(}e,LBL19 ] 755 RTN E'te P.TI,J •781 _ 756 DSEZ :".Ii+LE'.L99
m., ,,, _ ,_

782RTH - 757XE@ IHDZ ':_'_

,_ 81SEHTEF:t
78_LBL 23 ¢-_fV_pV_ _ 75:3ST- B8784CFBI .759X(>Y :.:'14PTI,I

7@5RCL87 C_ _ C._ 76(}ST-_7 ?IS,LP..LI0
7_.6 18 "_ 761.RCL 11 :-:'.1_.,26

787 X<:Y?.I }n710m --_ 762 ST,' t_7 817 EHTERI.-,BoSF RI _)ev'_.-_ 7:,3ST.....RP. 818P.TN,,_ • f , U .....

7897 r¢}ea_6 764RDN 819,LBLII
718STO I,.° 7_,5.RCLCm. R2B....?4

! 711CF 02 7B6 RCL In 721F_i4TEi;:'t.
. ,"12 1 _ 767 - _ ............. ''__END...
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' .. Internal Letter . Rockwell International

. {)ate. 7/20/84 • No . 72322-84-WU-320
/

TO: fN,m.,0,9=.,_=.o-,l._e,..t4_e,e.=l FROM: IN,me,o,g..,_,t,on,s.t.,.=l_e_,e==,_o.,j '

' ' ,D, E. Bihl " P. D. Rittmann
• , , , .... •

..

Su_mct:.Validation Of "ED" Re_ision l

The HP-41CV calculator programfor rapid assessment of environmental
doses from inhalation of airborne releases has been revised and upgraded

" in the following areas"

I. Isotopicchoices have been added, increasingthe number of,
• possibilitiesfrom 7 to 19.

,,

2. Estimatedtime arrival (ETA) is =givenin units of minutes if ETA
is less than 99 minutes. Otherwise it is given in units of hours.

The attachedcomparison of current results with previous results simply
validatesthe calculator results by their agreementwith DACRIN and
SUBDOSA (forKt-85).

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

P. O. littmann
RadiologicalEngineering
and Effluent Controls

PDR/tjk

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

J
. " -'. ,"T.",::....7 -,,:,_- -.,;_1 ;..':,L'-_._'.'o,,o,',_;,-T,.., :.t'r',_i'*.'i....;*=. _ . ,_ ..,,... : ..,,. ;.;,;, ...... , , ...... . ,. ,,, .......... ,, . ,,.j.. .... , ..=',..... "_.w- :,, ;r* ._i_,Ar.iw_i,l}_-ili=-_.@,*,= ".

i ..... ' .t ......... ' _._ .... i_..qli.l.i.i_.,"ili_l_(i.... *_.... T.' J ,", , , _,,_ * o:- ._i_'. _ #,,'" ..='. _°=i_ _'_._.; _._=_'_i_"_ili.._0"li_._li';$6¢o.._';_' ";_'_"_'_C'.._r@.:'_'_"_";='3",......."_','-.3_.'_i_.I,',_=_':;_:-;,_'_¢._'._-I_.'....._c"..._.i._.i._.',_;_,*_._":_.=-c._,,':a_'_--;_-"I,_:._._..--.;}._e,...fwz-'...',.._;.;....:.._._.............,,,
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RockwellInternational
R_k_ll Hmford OiMrltlonl PAGE '_

E..,w_,,.,-,(3,_,. DESIGN ANALYSIS JOB NO. ,G -- RE'-_. _ .."i_,_,__ _' q

-_ _o. .v_ _ I Ri_a __LOCATION -- -

su.JECT- cHEcK_o.Y _4/J.

, ; _ ........ ,.., [--, , ' J ...... ' .... , ..... _ l i , , _ ...... ¢ .... ,

•: ....... .: ...... _.... -.:.:".',.:.:. ..": ' _ /.:: .,,: .... '7. " .' ....f

...."" g_.,led" , _:_": ' ............... v_ _._ + ,,.l.ov_ , _te: ,,'Y. .i

' {
) .' ; , ._. ................. t
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_. GR])UCI/CC:g,BE,6

MET -- VS
U : _,2'NPH

X : g,22MI
I)UR,= B,IT.HR E,T,A,:2,5 MIN

-_.5MIN t4X/Q=8.BE'6H = 3,,4FT E,T,_i,-"
X/Q=2,8E-4 GRDUCI/CC:2,2E-9SIGU:B,024 VS ' r

. , SY = 27.5FT GRI)UCI/CC:7,9E-8 S R / Y 9 0

XZ: 21,4FT UNH . BONEI Y:,'(,2E8MR7v..
CI REL:1,88EB ....BONEI Y=2.2E7MR Z/ BONE58Y:3.7EIMR

. TYPE: , 12%N03 BONE58Y=3,NE3MR
" MET = N

i MET = b'S _ II,2MPNU : 11,2 MPH ' : 8,4/ Ml

6% #'403 X : 8,47Ill I)UR,:I,OHR
-{_ DIJR,:I,_HR H : 197FTLUNGIY:l.BE5 MR

BOHE5eY:3,7E6MFc " H = 3,3 FT CY : g,128
SIGU=0,2_O CZ= 8,128
SY= 118FT r..y= 91,2FT

AM24 1 SZ = 28,2FT I:Z= 91,2FT
.,_ CIREL: I.,8BE@ Cl REL:l,BeEgLUNGI Y=I,IE5MR

TYPE" UNH TYPE: SR,"Y90.... BONE5eY=3,3E6MR

E.T.lq,:12,5MIN E,T,fl.:13.`4MIN E,T,_.:5,8MIN
i @

V..qX/Q:I.5E-3 MS X/Q-_.,9E-8 UN X/Q:6,5E-5
GRDUClzCC'4,1E-7 GRDUCI/CC:2,4E-12 GRI)UCI/CC:I,NE-8
12% 02 U03 1131

LI.ING[Y:_,IE5MR '_ UJNGI Y:I.IEOIiR_ THYRODIY:2,TEtMR]
BONESeY=v.eE5MR LUNG5gY=l,IEeMR THYROD5BY=2./EIIi

MET = VS MET = MS MET = UN
U : 2,2MPH U : II.2MPH U : 2,2MPH
X : 8,47MI X : 2,5 MI X = e,22MI
DUR.:I,O HR DUR,:8,8HR DUR,:I, 8 HR

" H : 7,3FT H 197 FT H : 197FT
SIGU=8,040 SIGU=0.700 CY : O.3R.e.
_Y = 97FT 2Y= I@84FT CZ = g,38B

, SZ: 27,8 FT ?.Z: 62.7 FT S,Y: 136FT
CIREL:I,OOEO CIREL'1.08E8 .'._.- 136FT
TYPE" 12% 02 TYPE" U03 CI REL:l,B_.EB

TYPE : I 1 3 1

6.'/. 02 U308
LUNG I Y=I,IEF.,MR _ LUNGI Y:4.4E8HR I 129 )_•. BONE58Y=3,6E5MR LUNG5@Y:I,IEIMR THYRODIY:9.5EIMR"x THYROD58Y=I,OE2IiR

. B-5
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,o . ,,,

o

E.T.A.=5.BMIN
N X/Q=6,3E-4
GRDUCI/CC:I. 7E-7 I
CS 1 37' E.T.fl.=BB.9HIH

MSX/Q=5,9E-/BODYI Y=O.BEBMR
h- GRDUCI/CC:2IE-IILIVER5BY=I.4EIMR

FP-SOL
HET = 1"4 LUHGt Y=2,gE-2MR
U= 2:2 MPH BOHE50Y=B.3E-2MRy
X = 8.22MI
])UR.=I.B HR MET =' MS
H = 3.3FT U = II.2 MPH i,

CY= 8.210 X = 14,9MI
CZ--8,178 DUR,='8.0HR
I_Y= 82.8FT H = I97 FT
T,Z= 66.4FT SIGII=9,700
CIREL:1.88E0"" £Y= 2953FT
TYPE" CS137 _Z= 134FT

CI REL:l, 88E0
TYPE: F'P SOL

q

')'" FP- I HS
LUN(;IY:I,8E-IMR

"l'J1e(I,_-e ce_c¢ in _os_ _c_¢_" LONG58Y-I,3E-IMR

C.or _FP-_al_,b/e g)low_,Po_ CO-ZNSLUNGIY=3.IE-IMR

0 ) to-do,O_ ih_ol_V'l;Vl c_] cleclraa(:e, LUHGIY=O.IE-2MR X_

c-14
BODYI Y:?.4E-5MR _ "
BONE58Y:3.7E-4MR

i

a

KR-B5

_-_i___ JX_,'_lcRP so sK_,Y:_._-5_

H-_

BODY58Y=I.6E'5MR

/
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,,

E,T,II.=2.5MIH
H X/Q--B.OE-G i
GRDUCI/CC:2.2E-9

SR/Y98

BONEIY:3,2E8MR _ ba_d oV) 5_N, BONE5BY=3.ZEIMR

MET = H
LI= II.2MPH

' X= @.47MI
BUR.=t,BHR
H = 197.FT
CY= P}.120
CZ= B.IZB
ZY,=91,2FT
,SZ= 91.2FT
STKCFM=5.80E4
SI'KUCI/CC:I.88E-5
TYPE: SR/YgCI

..)

STKCFM=5.89E4 I_ '"l" IA_//h._ avt
STKUCl/CC'l.OeE-5

TYPE: *SR90* _/" ly,r + _-0 Xr cO£'I4VIAFe_
I)FIY=I.1SEe
BF50Y:I.33EI

r

i •, Cc Mc _ low

) ,
. B-7
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Internal Letter Rockwell
International

oate August 9, 1984 _o . 72322-84-WU-340

TO' ,_v.,....o,q_.,.,_..(_,,,i,,,.,,,o, ,J_d,essl FROM: .JvJ.,,,e.o,q.,,.t,...,,., s,.,p,,._A_a,es_p,.o,.el

' Those Listed ' P. D. Rittmann
o o

o

suD_ec,. User InstructionsFor The EmergencyResponseHP-41CV Program

Attached are the detailed user instructionsfor the program "ED" developed
• for the HP-41CV to facilitateestimatesof inhalationdoses following

accidentalairborne releases. Detailed documentationof meteorology
models, dose models and a program listingwill be sent under a separate

. cover letter.

If you have any questionson program use, or suggestionsto improve the
program, please contactme on 3-3542.

P. D. Rittmann

RadiologicalEngineering
and Effluent Controls

PDR/tjk

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

C-I
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INSTRUCTIONSFOR "ED" - EMERGENCYDOSECALCULATIONPROGRAMFORTHE HP-_ICV

A. Getting Started

I. Switch the calculator to USERmode, i.e., make the small word "USER"
appear on the left side of the display.

2. Press the button labeled "XEQ" which is located to the right of the
tan colored button. The words "ED-REV I" should appear in the
display. If the display shows "XEQ " then the program is
not in the calculator,or is improper-_ loaded. The program can be
reloaded as follows:

a. Clear the calculator memory, i.e. turn off the calculator,press and
hold the "4- " button. The "MEMORY LOST" display appears to
indicate the calculator is ready.

b. Allocate 21 registersfor data storage by pressing the keys
"XEQ" "ALPHA" "S" "I" "Z" "E" "ALPHA" "0" "2" "l".

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.I. and A.2. above.

B. ATMOSPHERICDISPERSION. Once the "ED-REV I" prompt appears, press R/S to
begin the-data entry-prompts for calculating atmospheric dispersion.

I. "VS, MS, N, UN = 0-3". This prompt requires entry of a number (0, I,
2, or 3) to indicate which atmospheric stability class applies to
this release:
VS = Very Stable (0), MS = Moderately Stable (I), 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. Ali
three will be needed.

b. Or, estimate the stabilityclass from the followingtables o

Day Time
¢

Wind Speed Clear Cloudy Overcast

_, I0 mph UN UN UN

> 10 mph UN N N

C-2
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Nighttime

Wind Speed < 50% Clouds >50% Clouds

< 5 mph MS MS

5-10 mph N MS

> I0 mph N N

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

. 2. "WIND SP? MPH" This prompt is asking for the wind speed at the point
of release in units of miles per hour. If the HMScould not be
reached, then wind speed estimates can be used. Enter the wind speed

. and press "R/S".

NOTE" Convertwind speed in meters-per-secondto miles-per-hourby
dividing by .447 (l mph = 0.477 m/sec).

3. "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?" HMSgives the wind
direction, or if HMScannot be reached, the direction can be
estimated. Be careful not to mis-interpret HMSwind 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 + I0 ° 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
di stance and press "R/S".

. NOTE' Convert meters to miles by dividing by 1609. (I mile = 1609
meters).

4. "E.T.A. = " This is the time of flight result
• (estimated-_clmeOf-arrival). In other words, how long it will

take the puff to travel the distance at the wind speed you
e,ltered. Press "R/S" to continue program execution.

5. "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".

C-3
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6. "REL HT? FT". This prompt is asking for the release height in feet.
If significantplume 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 st_ck'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.

7. The X/Q value is displayed next. The display shows the stability
class and the computed X/Q value in secondsper cubic meter. Press
"R/S" lo go on.

8. "INPUT LIST?". This prompt gives you 'theoption of reviewingthe
meteorology inputs and related results. If you do not wish to review
your input, press "R/S" and the calculatorwill go to paragraph C.l.,
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 = ---'-I_PH"shows wind speed
c. "X = MI" shows downwind distance
d. "DUR = HR" shows release duration
e. "H = ---'-FT"shows release height
f. "SIGU = or "CY = ", "CZ = "show the parameterused in

the X/Q c_utation. Tf'-i_herelease--cl-urationexceeds B hours,
only the Cz parameterwill be displayed.

g. "ZY -- FT" shows the computed_'yvalue used. lt is a measure
of the spread of the plume horizontallyfrom the centerline at the
distance chosen.

h. "ZZ - FT" shows the computedCz value used. lt is a measure
of the--s'p-geadof the plume vertically.

C. ReleaseAmount and Type

I. "STACK CFM?". This prompt actually offers a choice on whether the
release quantitywill be determined from stack flow 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 concentrationis
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 concentrationin units of microcuries per cubic
centimeter. Enter the concentrationand press "R/S" and the
program continueswith 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 promptwill be "CI REL?".
Enter the total number of curies released and press "R'/S".

2. "GRD UCI/CC' " This shows the computed averageground level
concentrati_a-_-the previouslyentered downwinddistance. The units
are microcuries per cubic centimeter.Because this message is too large
for one display, the calculator scrolls the messageto 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.

b

3. "a, FP, AP, NEW = I-4". This prompt gives the categoriesof isotopes
availableto the user. Alpha emitters, fissionproducts,activation
products or new dose factorsare chosen by entering l, 2, 3, or 4 and
pressing "R/S". The resultsof each choice are explained below.

a. "a" (enter l)" This chooses the alpha emitter menu,
"12%, 6%, AM, U = I-4".

The choices are summarizedin the table below.

Number

Category Entry Explanation
J

12% l 180d, 12% Pu-240

6% 2 180d, 6% Pu-240

AM 3 Am-241, class W

U 4 Uranium

If a "l" or "2" is entered, the program promptswith
"NO3, 02 = 1,2". Selectingnitrate (1) means class W plutonium
dose factors are used; choosing oxide (2) means clas°sY 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- I-3".
"UO" is class Y uranium compounds such as U02 or U308. "U03" is
class W, and "UNH" is class D.
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b. "FP" (enter2)' This choses the fission productmenu,
"SR, I, MFP, CS = I-4".

The choices are summarizedin the table below.

Number
Category Entry Explanation

SR l Sr-90 plus Y-90 in
a 50-50 mix

I 2 1-129 or 1-131

MFP 3 180d, 12% Pu-240, "
mixed fission products

CS 4 Cs-137 "

If a "I" or "4" is entered the dose results come next. If a "2"
is entered, the next prompt is "1129, 1131 = I, 2" which allows
one to choose either isotope.

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

c. "AP" (enter 3)" This chooses the activation product menu,
"CO, C, KR, H = 1-4".

These choices are summarized in the table below:

Number

Category Inpu____tt ExpIanation

CO l Co-60

C 2 C-14

KR 3 Kr-85

H 4 H-3

If a "l" is entered, the program promptswith "INSOL,SOL - 1,2".
Insolublechemical forms of cobalt are oxides, hydroxides,
halidesand nitrates. Other cobalt compounds are considered
soluble (classw).

If "2" "3" "4", , or is entered,the program computes dose
resultsnext.
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d. "NEW" - (enter4)" This allows you to input your own dose
factors. After pressing "R/S", the "NAME?"prompt appears
together with the small word"ALPHA" which indicatesthe
calculator is in alpha mode. Press the appropriateblue lettered
keys to spell out the name of this isotope or mixture. Numbers
are entered in alpha mode by first pressingt'leshift key (tan
colored),then pressing the number. Up to 24 charactersmay be
entered, but the program will only retain six, so abbreviate
accordingly. The next prompt: "l 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 letteredkeys to spell out the organ for which the
previously entered first year dose factor applies. Again, only
six characterswill be retained so abbreviate as necessary. Press
"R/S" and the 50 year committeddose factor and organ prompts
appear. Enter the appropriatedata 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 displayedas follows"

a. The name of the isotope or mixture is displayedmomentarily. Do
not press "R/S" to continue, The small word "PRGM" on the right
side of the displaymeans the program is running.

b. After the name displaycomes the first year dose result, which has
the generalformat

" (organname) IY = 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.

c. The 50 year dose committmentshave the same format as the first
year committments. Press "ALPHA"to take another look, or "F./S"
to cont,_nue.

5. "INPUT LIST?" As before, this prompt gives the option of reviewinginput
data. If you do not wish to review input, then press "R/S"and the
program returns to the beginningprompt "ED - REV I". 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 sli-_c-k--airconcentration.--I-f-zerowas enteredas the
flow rate, then the first and only display is "CI REL' "
showingthe number of curies released. _--
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b. "TYPE' ". Shows the isotope or mixture selected for dose
computa-_-T_-6.If the "NEW" option w_,sselected 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 factorswhich were
entered. If the "NEW" option was not selectedthen the program
returns to the beginningprompt "ED-REV l" after displaying the
material type.

D. RunningAdditional Cases

I. Check whether the small word "USER" disappearson the left side of
the display. If 'itdoesn't, press the USER key to place the
calculator in "USER"mode.

2. The top two rows of keys (blue labels A through I) are assignedso
that changes can easily be made at any point in the sequence of
data entry describedin parts B and C above. For example, to
cha_i"_gethe 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 no_;
execute skipping all further data entry prompts. The E.T.A. and X/Q
resultswill be shown, and then will come the dose results. Key
reassignmentsfor "USER"mode are listed below" J

Internal Blue Program DisplayWhen Pressed
Label Label In "USER" Mode

ED K "ED-REV l"
.J

. ..

MET A "VS, MS, N, 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?"

ISO H "a FP AP NEW = I-4"

INPUT I "MET = " and other input data
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3. 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 entirecalculation can
be duplicated from the "ED-REV l" prompt to the dose result simply by
pressing "R/S" again and again.

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

c. The choice between solubleor insolublecan be made on the basis

of the general physical form of the material. Liquids are
soluble; solids are insoluble;fil'esalways produce insoluble
material.

" d. Plutoniumand uranium quantitiesare commonly given in units of
mass, such as grams or pounds. Relationshipsto convert from mass
to activity are listed below. In use they are simplymultiplied
by the given mass. Note that here "Ci" refers to curies of alpha
emitters only.

12% Pu" .097 Ci/g or 44 Ci/Ib

6% Pu" .075 Ci/g or 34 Ci/Ib

U" 8.2 E-7 Ci/g or 3.7 E-4 Ci/Ib or

.82 Ci/Mt or .74 Ci/ton

UNH Solution" 4 lb U/gal as received from PUREX
lO Ib U/gal entering calciner

e. 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 providesupper bounds
on possible doses at each distance for an event with l.O E+19 fissions
spread over eight hours. Current values for atmosphericstabilityand
wind speed are not needed.
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PUREX STACKS•

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

291-A-I A552 PUREX 200' 130,000

296-A-l A540 Q-CelI 4,000

296-A-2 A542 W. Sample GalIery 3,600

296-A-3 A543 E. Sample Gallery ° 3.500
Q

296-A-5A A545 LAB West 8,000

296-A-5B A546 LAB East 18,000
,,

296-A-6 A547 E Sample Gallery & U Cell 13,000

296-A-7 A548 W Sample Gallery & R Cell 15,000

296-A-8 A549 White Room Exhauster 16,000

296-A-I0 A550 Equip. Disposal Tunnel 5,000

296-A-14 A544 Outback (293-A)Exhaust 5,000

296-A-24 A539 AmmoniaScrubber Waste Conc. 1,700

296-A-31 A562 StorageGallery 12,000

296-A-32 A563 Vacuum Pump Exhaust 1,800

296-A-33 A578 Wall Exhauster,EF-3-5 4,000

296-A-34 A579 Wall ExhausterEF-3-6 6,000

296-A-35 A580 Wall ExhausterEF-3-7 7,000

296..A-36 A582 WalI ExhausterEF-3-8 4,300

296-A-37 A583 Wall Exhauster EF-3-9 7,000

296-A-38 A584 Wall ExhausterEF-3-10 2,300

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

Typical High
Stack Number EDP Code Name Flow Rate

291-B-I B691 B-PlantCanyon 200 ft 40,000

296-B-5 B_°,6 271-B l,600

296-B-l0 B748 WESF 18,000

296-B-13 B690 221-BF, BCP Tanks 900

296-B-14 B678 221-B Vessel Vent 200

,i

East Tank Farm Stacks"

296-A-12 E058 244-AR Vessel Vent 150 ft. 450

296-A-I3 E052 244-AR Canyon 4,000

296-A-17 E059 A, AX, AY, AZ Tanks 4,000

296-P-I El20 Tank 105-A l,500

296-A-20 E197 AZ Annuli 2,000

296-A-21 E645 242-A Evaporator 16,000

296-A-22 E643 2¢2'.-AVessel Vent 600

29.6-A-25 E080 244-A Catch Tank 150

296-A-26 E297 204-AR Unloadir,g FaciIity l,800

296-A-27 E270 AW Tanks l,lO0

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 E886 244-BX Saltwell Vessel 200

291-C-I E073 201-C, 200 ft. 9,000

296-C-5 E069 244-CR Vault 2,900

296-P-16 E-068 Tanks I05, 106-C 3,500

/_ I*)
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S-PlantStacks"

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

291-S-I S006 202-S Canyon, 200 Ft 20,000

296-S-2 S032 202-S Sample Gallery 1,500

296-S-4 S008 202-S SWP Lobby 900

296-S-6 S004 202-S Silo lO,O00

• 296-S-7E SOl5 233-S Building Exhaust 8,500

296-S-7W SOl6 233-SBuilding Exhaust 8,500

296-S-16 $264 218-S Tanks 200

296-S-27 $289 222-S Lab 70,000

T-Plant Stacks"

291-T-I T785 221-T Canyon, 200 Ft 40,000

296-T-II T783 224-T East 13,000

296-T-12 T784 224-T West 13,000

296-T-13 T786 221-T Roof 40,000

296-W-I LlO0 Laundry 25,000

U-Plant Stacks"

296-U-I U771 221-U Canyon, 200 ft 12,000

296-U-2 U133 Powder Handling Offgas 700

296-U-4 U777 224-U Calcinators 2,500 •

296-U-13 U878 224-U Load-out Room 4,500

C-13
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Z-PIant Stacks'

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

291-Z-I Z810 234-5, 232-Z, 236-Z, 242-Z 240,000

296-Z-3 Z813 241-Z Sump & Vessel 1,300

296-Z-5 Z913 2736-ZB lO,O00

296-Z-6 Z802 2736-ZA 12,000
,,

West Tank Farm Stacks"

296-P-22 Wl91 SY Annuli 400

296-P-23 Wl90 SY Tanks 800

296-S-15 WllI SX Tanks 5,000

296-S-18 Wq9£ 242-S Building Exhaust 20,000

296-S-22 W880 244-S Sa'ItWell Receiver 180

296-T-I7 Wilt 242-T Cells 2,000

296-T-18 W882 244-TX Salt Well Receiver 200
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RockwellInternational
Internal Letter

[_' . Da'eFebruary 19, 1985 _' 72310-85-WG'-049

TO ",'l,,,, o,q_,, l_,,t,', I,,op,,,i, Acda,piss F A(_M _,_,,*, O,qi,_,za_ ,_; ,','e,,'a ,Icla,r,._ r,,o,,p;

Those Listed P.D. Rittmann
0

3-3542

sublet,Revision 2 of the HP-41CV Emergency Dose Program

Ref: Internal Letter 72320-84-WU-340, August 9, 1984_ P. D. RittJ_ann to
. those Listedt "User Instructions for the Emergency Response HP-

41CV Program"

The HP-41CV handheld calculator program for computing inhalation doses
following an environmental releasep has been revised as a result of the
recent C-Farm incident to include the following features:

I. The Hanford atmospheric dispersion model has been replaced by the
Pasquill-<_Ifford disperslon model. Th_s change makes the program
compatible with current reporting methods used by the Hanford
Meteorol ogy Star | en.

8

2. Calculatlon of Integrated exposures (X/Q) not dlrectly on the plume
centerl,tne is available. This facilitates the interpretation of "
environmental air sample results in cases where the release plume

_- does not blow directly towards the sampler.

3. Values for X/Q generated by other dispersion models (for example,
PNL-3777t or the Hanford model) may be directly entered and used by
the pro<jram In place of the Pasqulll choices.

4. Total curies released may be c_puted based on stack or environmental
air concentra'_.iondata, or even ground contamination data.

Attached are the revised instructions and supplementary tables. Pr_ram
documentation and method verification will be sent in a separate letter.
If you have any questlons_ suggestions, or would like a copy of the
proKjram,please contact me at the above number.

P. D. Rlti_ann

Radiological Engineering
and Effluent Controls

PDR/tJJ
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R. C. Aldrich W.D. Killand

D. D, Beers , R.P. Knight

D. E. Bihl R.A. Kulick

G. F. Boothe T.P. Lynch

M. C. Br,_tley D.A. Marsh

D. O. Brekke G.G. Meade

R. E. Broz P.D. Nelson

K. J. Cameron D. Paine

T. Chiao B.O. Pickett

G. Christensen J.J. Pietrusiewicz
J

G. M. Cooley B.J. Saueressig

" D.A. Conners R.C. Stupka

W. A, Decker R, H. Sudmann

D. R. Ellingson L.N. Sutton

H, 3. Goldberg R.E. Wheeler

C. 3. Hall R, L. Kathren (PNL)

M. E. Heyland W.D. McCormack (PNL)

D. B. Howe B.J. McMurray (PNL) "

G. S. Kephart J.V. St angeland (PNL)
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( INSTRUCTIONS FOR "ED-REV 2"

EMERGENCY DOSE CALCULATION PROGRAM FOR THE HP-41CV
Q

A. Getting St_£1;ed

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

2. Press the button labeled "XEQ" which is located to the right of the
tan colored button. The words "ED-REV 2" 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, turn it
back on while holding the "_- " button. The "MEMORY LOST" display
appears to indicate the calculator is ready.

b. Allocate 20 registers for data storage by pressing the keys
"XEO" "ALPHA" "S" "I" "Z" "E" "ALPHA" "0" "2" "0".

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

d. After "ED" Is loaded, it can be started up using the steps in
t: Part A.l. and A.2. above.
• j

B. AT_IOSPHERICDISPERSIO.N. Once the "ED-REV 2" prompt appears, press R/S to
begin the data entry prompts for calculating atmospheric dispersion.

I. "MET? A-_3= 1-7". This prompt requires entry of a number from l to "/
corresponding to the atmospheric stability class present at the time
of the release.

The stability class can be determined one of two way:

a. Phone the Hanford Meteorological Station (HMS), 373-2716, and ask
for the __i;_JQ_l_l,l__£_I_I___,_LtZL__.e_e_C[,and _Lix_J_J_t_11.All three
will be needed.

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

" Daytime Cloud Cover Nightime Cloud Cover
_ind Speed _ _ ._ _

<5 A A B E F

5 A-B B C E F

lO B B-C C D E

E-% 15 C C-D D D D

>15 C D D D D
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. 2. "WIND SP? N_H" This prompt is asking for the wind speed at the pointof 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 eR/S".

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

3. "DISTANCE? MI" This prompt requires entry of the number of miles
downwind to the location of interest. /4crucial 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 direction can be estimated. Be careful not to mis-

interpret FI&ISwlnd 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 i:erms of the
geographical area lt blows toward.

After the direction of travel of the plume is established, pull out a
map of Hanford and lay a ruler along th_s direction at the point of

release. Select an appropriate location e.g. Highway 240, sit_
boundary, onsite bulldlng, or air sampler. Use the calculator if
necessary to convert the ruler measurement to miles. Enter the
distance and press "R/S".

F_II NOTE: Convert meters to miles by dividing by 1609. (l mile = 160g
meters ).

4. "E.T.A. = _'. This _s the tlme of flight result
(estimated time of arrlval). In other words, how long it wlll
take the puff to travel the dlstance at the wind speed you
entered. Press mR/Sw to contlnue program execution.

5. mOFFSET? FTn. Thls prompt is requesting the distance measured from
the plume centerllne to the location of interest. If the location of
interest is very close to the plume centerllne, Just enter a zero.

6. _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 ca;_be used. Normally, Just the stack height Is entered
at thls polnt.

If a stack's height is less than 2.5 times the height of nearby
buildings, building wake turbulence brings the stackts 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-/UR. Enter the release height, and
press R/S.

_. 7_ "REL DUR? HR". This prompt is asking for the release d_ratlon inhours Any number greater than zero up to and including 24 hours Is
4wqt. , •

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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_i' 8. The X/Q value is displayed next. The display shows the stability, class and the computed X/Q value in seconds per _ublc meter. Press
' "R/S" to go on. '

9. "!NPUT LIST?". This prompt gives you the option of reviewing the
me_.eorology inputs and related results. If you do not wish to review
your input, press "R/S" and the calculator will go to paragraph C.I.,
below. If you want to review input, enter any number and press "R/S".

Press "R/S" to Vtew successive inputs.

a, "MET = PG _" shows the Pasqutll-Glfford stability class
b, "U =____ MPH" shows wind speed

" c. "X : MI" shows downwind distance
d. "Y : .___FT" shows the plume offset distance
e. "H = ____. FW shows release height

" f. "DUR = ___.. HR" shows release duration

g. "Z:Y= ___._ FT" shows the computed_y value used. lt Is a measure
of the spread of the plume horizontally from the centerline at the
dlstance chosen.

h. "_:Z= m------FT shows the computed _z value used. lt is a measure
of the spread of the plume vertically.

j. "X/Q = ..__ , sh_s the value for X/_ used in later calculations.

lO. If you would llke to enter your own X?Q fro_ PNL-3777, Revision l, or

another atmospherlc 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. R_lea_e Am_.untand.Typ.e

I. "ST, CI, AR, GD = 1-4". mis prompt offers four ways to establish the
number of curies released:

l = 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 contamlnation measurement downwind

a. eST" (enter l) This is the option touse with a stack release,

where the average stack concentration (gross beta or gross alpha)
• _ _ _ is known,

(i) "STIKUCI/CC?" Enter the average stack concentration in units
• of micro-curies per cubic centimeter of air.

(ii) "STACK CFM?" Lo_ up the appropriate value on the tables at
the end of this guide.

b. "CI" (enter 2) This allows dlr_t entry of the number of curies
released. The next prompt will be "CI REL?".

c. "ARe (enter 3) This enables one to interpret downwind air
C:: concentration measurements. The X/Q computed earlier must be at
':" the locatlon the air sample was taken.
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..... (i) "AIR UCIICC?" Enter the average air conceltration measured

_.!;i:' at the air sampler. Use gross beta or gross alpha.
(ii) "HRS S/V_LEb? ''Enter the number of hours over which the

sample was taken.

NOTE: As long as the sample period 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.

d. "GD" (enter 4) In the absence of downwind air sample data, the
measured surface contamination can be used to estimnte air
concentrations and even the total curies released.

(i) "DPM/SQ.CJvI?" Enter t!,emeasured surface contamination

downwind. If direct survey data is available, the detector
face area must be taken into account. Use the followlng
table:

Face Are.Q

P-I 1 15 Cm2
PAM "54 Cm2 "

(ii) "D_P.SP? CM/S" Enter an appropriate value for the ground

t.';. deposition speed. Typically this is around 0.I cm/sec,
v. although it may be higher for certain chemical forms (iodine)

and varies with humidity, surface moisture, vegetation.

NOTE: An excellent way to measure deposition speed is by having air
5ample and ground contamination recults for the same
location. The deposition speed is computed by dividing the
ground contamination by the air concentration_ and then
dividing this result by the sample time_ where the sample
tlme Is long enough to include the entire release.

2. After entering the necessary information, the program now computes and
displays the estimated curies releases, as well as the average air
concentration durlng the release at the downwind Ic<:agion.

a. "REL.___wCI M This is the number of cur_es released. Press "R/S"
to continue.

b. "GRJ)UCI/CC = ___--" This is the computed average ground level
concentration during the release at the downwind l_ation. Press
"R/SN ¢o continue.

NOTE: Because this message is 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 nALPHA" button and watch it scroll left. Be

_.:-, sure to press the "ALPHA" button again to take the calculator
" , out of WALPHA" _de, i.e., make sure the small word "ALPHA"

does net appaar on the right side of the display.

•

D-6



WHC-EP-0368

_;-' 3. "a, FP, AP, NEW = I-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 l, 2, 3, or 4 and
pressing "R/S". The results of each choice are explained below.

a. "a" (enter l)x This chooses the alpha emitter menu,
"12_, 6%, AM, U = I-4".

The choices are summarized in the table below.

" Number

12% 1 I80d, 12% Pu-240

6% 2 180d, 6% Pu-240

AM 3 Am-241, class W

U 4 Uranium

If a "l" 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 cc_ne next.

If "4" is entered, the program prompts with "UO, U03, UNH = I-3".
"UO" is class Y uranium compounds such as U02 or U308. "U03" is
class W, and "UNH" is class D.
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• b. "FP"(enter 2)" This choses the fission product menu,
"SR, I, MFP, CS = I-4".

The choices are summarized in the table below.

Number

C_ategory nF=D_ILE3( E.xDlane_ttlon

SR 1 Sr-gO plus Y-g0 in
a 50-50 mix

I 2 1-129 or 1-131

MFP 3 180d, 12_ Pu-240,

mixed fission products

CS 4 Cs-137

If a "l" or "4_ is entered the dose r,_sultscome next. If a "2"
is entered, the next prompt is "I'129, II31 = l, 2" which allows
one to choose either isotope.

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

c. "AP" (enter 3): Thls ch_sQs the activation produc_ _nu,

_.L':,. "CO, C, KR, H = I-4"
"- These choices are summarized in the table below:

Number

,30 1 Co--60

C 2 C-14

KR 3 Kr-85

H 4 H-3

If a "lr is entered, the program prompts with "INSOL, SOL = 1,2". +
Insoluble chemical forms of cobalt are oxides_ hydroxides,
halides and nitrates. Other cobalt c_pounds 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
_i! factors. After pressing "R/S", the "NA_4E?_*prompt appears

t_ether 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 presslng the shift key (tan
colored), then pressing the number. Up to 24 characters may be
entered, but the program wt11 only retai;, __t_, so abbreviate

accordingly• The next prompt, "l YR R/UCI?", is asking for
numeric input of the new dose factor for first year dose in units
of rem per mlcrocurie 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 entered.

4. Dose results are displayed as follows"

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

_i..: b. After the name d_splay co_es the first year dose result, which has
_ the general format

" (orQan name) IY - MR"i ,, _ , , •

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

c. The 50 year dose comm_ti_nents have the same format as the first
year committments. Press WPkLPHA"to take another look, or "R/S"
to continue.

5. "INPUT LIST?" As before, this prompt gives the option of reviewing
- input data. If you do not w'bh to review input, then press "R/S"and

the program returns to the beginning prompt "ED - REV 2". If you
would llke to review your input, enter any number and press "R/S".

- Press "R/S" to view successive inputs•

D. Runnlng Additional Cases

I. Check whether the small word wUSER" disappears on the left side of the
display. If it d_sn't, press the USER key to place the calculator In
"USER" mode.

D-g



' WHC-EP-0368

!,

_:;_":; 2 The top two rows of keys (blue labels A through K) are assigned sothat changes can easily be made at any point In the sequence of
data entry described In parts B and G above. For example, to
change the distance down wind, press the key with the blue label
nO" 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 N_W " 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 will be shownp and then will come the dose results.
Key reassignments for "USER" mode are listed below=

Internal Blue Program Display When Pressed
, _ In_USER,,_Mode _

,,,,

ED K "ED-REV 2"

MET A "VS, MS, .N, UN = 0-3"

MPH B "WIND SP? MPH"

DIST . C "DISTANCE? MI" .

OFFSET D "OFFSET? FT"

t< HT E "REL HT? FT"

bUR F "REL DUR? HR"

AMT G "ST, CI, AR° GD = I-4"

ISO H "a, FP, AP, NEW = I-4"
J

INPUT I "_ET = ...__" and other input data

XIQ 3 "Er'TER X/Q"
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_.,.?i. 3. General Notes:

a. On any data entry pr_t, 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 2" prompt to the dose result simply by
pressing "R/S" again and again.

b. Menu prompts are arranged so that the more ser _. consequence results
;

from a lower number entry as a general rule, ,;:>, when in doubt, take
the lower number choice.

c. 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.

d. Plutonium and uranium quantities are commonly given in units of
ma_s_ 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.

12Z Pu: .097 Cllg or ° 44 Ci/Ib

6% Pu: .075 Ci/g or 34 Ci/lb
Jl,

' U: 8.2 E-7 Ct/g or 3.7 E-4 Ct/lb or

.82 Ci/Mt or .74 Cl/ton

UNH Solution: 4 Ib U/gal as received from PUREX
lO Ib U/gal entering calclner

e. In the event of a criticality, the inhalation and external doses
from the short lived inert gases and IcKJlneshould be estlmated
from the table on the next page. This table provides upper bounds
on possible doses at each distance for an event with l.O E+I9 flsslons
spread over elght hours. Current values for atmospheric stability and
wind speed are not nee_Jed.
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Typical High
Stack Number _ _ Flow Rate Xcfm)

_l -A-1 &_52 PUREX 200 _ 130,000

296-A-I A540 Q-CelI 4,000

296-A-2 A542 W. Sample Gallery 3,600

296-A-3 A543 E. Sample Gallery 3,500

296-A-SA A545 LAB West 8,000

296-A-SB A546 LAB East 18,000

296-A-6 A547 E Sample Gallery & U Cell 13pO00

296-A-7 A548 W Sample Gallery & R Cell 20PO00

296-A-8 A549 White Room Exhauster 16,000

296-A-IO A550 Equip, 9isposal Tunnel 5,000

296-A-14 /L544 Outback (293-A) Exhaust 5,000

.' 296-A-24 A539 Ammonia Scrubber Waste Cone. 1,700

296-A-31 A562 Storage Gallery 12,000

296-A-32 A563 Vacuum Pump Exhaust 1,800

296-A-33 A579 Wall Exhauster, EF-3-5 4,000

296-A-34 ASTg Wall Exhauster EF-3o6 6,000

296-A-35 /L580 WalI Exhauster EF-3-7 7,000

296-A-36 Ik582 Wall Exhauster EF-3-8 4,300

296-A-37 A583 Wal I Exhauster EF-3-9 8,000

- 296-A-38 A584 WalI Exhauster EF-3-10 2,300

296-A-39 IL515 SWP Lobby Exhaust Unknown
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B-P ]ant/WES_
¢
, Typical High

Stack Number _ J_EIZIL_ F.iO.l(__tZ_J_

291-B-1 B691 B-Plant Canyon 200 Ft. 40,000

296-B-5 [3886 271-B l,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 E058 244-AR Vessel Vent 150 ft. 450

296-A-I3 E052 244-AR Canyon 4,000

296-A-17 Eosg A, AX, AY, AZ Tanks 4_000

296-A-I8 E060 lOl AY Annulus - 1,200

296-A-19 E061 I02 AY Annulus l,O00

(iI 296-P-I El20 Tank IOS-A 1,500

296-A-20 El97 AZ AnnuIi 2_000

296-A-21 E645 242-A Evaporator 16eO00

296-A-22 E843 242-A Vessel Vent 600

296-A-2_5 E080 244-A Catch Tank ISO

296-A-26 E297 204oAR Unloading Facility 2,000

296-A-27 E270 AW Tanks lmI00

296-A-28 E272 AW AnnulI 4,600 "

296-A-2g EgOl AN Tanks 900

296-A-30 E903 AN AnnuII 5,000

296-B-28 E885 244-BX Saltwell Vessel 200

291-C-I E073 201-(3,200 ft. Il,000

296-(3-5 Eo6g 244-CR VauIt 3,000

Iv, rv'#"

_!i':" 296--P-18 E068 Tanks 105, 106-!3 3,500

296-P-27 None Tank 111-C 400
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,_,'::-
S-Plant StacH@ :

Typical High
Stack Number _._ _ Flow Rate (cfm)

291-S-I SOOG 202-S Canyon, 200 Ft 20,000

296-S-2 S032 202-S Sample Gal.lery . 1,500

296-S-4 S008 202-S SWP Lobby 5,000

296-S-6 S004 202-S Silo lO,O00

" 296-S-7E SOl5 233-S Bullding Exhaust 8,500

296-S-7W S016 233-S Building Exhaust 8,500

296-S-16 SL_54 218-S Tanks 200

296-S-21 $289 222-S Lab 70,000

T.-PIant__;tac_:

i.!._ 291-T-I T-/85 221-T Canyon, 200 Ft 40,000
•. t

295-T-Il T-183 224-T East 13,000

296-T-I2 l-/B4 224-T West 13,000

296-T-I3 T-/B6 221-T Roof 40,000

2g6-w-I LIO0 Laundry 25,000

U-Plant Stack.s:

2g6-u-I U771 221-U Canyon, 200 ft 12,000

" 296-U-2 U133 Powder Handling Offgas l,O00

296-U-4 LF777 224-U Ca Icinators 2,500

296-U-13 U87B 224-U Load-out Room 4,500
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z-Plant Stacks:

TypIc_l High
Stack Number _ _L_IIL_ FIow Rate_(c fm)

291-Z-1 Z810 Z34-5, 232-Z, 236-Z, 242-Z 240,000

296-Z-3 Z813 241-Z Sump & Vessel 1,300

296-Z-5 zg13 2736-ZB 10,000

296-Z-6 Z802 2736-ZA ] 2,000
t.

=West:Tank Farm Stacks"
B

296-P-22 Wlgl SY Annul i ' 400

296-P-23 W190 SY Tanks 800

296-S-15 Wll I SX Tanks 5,000

296-S-18 wog6 242-S Building Exhaust . 20,000

296-S-22 W880 244-S Salt Well Receiver 180

C;._.!i... 296-T-17 Wll7 242-T Cells 2,000

296-T-18 W882 244-TX Salt Well Receiver 200

P_Qrtable Exhausters..
,,

_6"P-6 4,000

296-P-Z5 1,000
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