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ABSTRACT

Several user-oriented programs for the Hewlett-Packard HP-41CV are
explained. (This hand-held programmable calculator has alphanumeric display
prompting that facilitates data input and continuous memory and simplifies
field use.) The first program builds, stores, alters, and ages a list of
radionuclides. This program only handles single- and double-decay chains.
The second program performs convenient conversions for the six nuclides of
concern in plutonium handling. The conversions are between mass, activity,
and weight percents of the isotopes. The source can be aged and/or neutron
generation rates can be computed. The third program is a timekeeping
program that improves the process of manually estimating and tracking
personnel exposure during high dose rate tasks by replacing the pencil,
paper, and stopwatch method. This program requires a time module. The
remaining four programs deal with computations of time-integrated air
concentrations at various distances from an airborne release. Building wake
effects, source depletion by ground deposition, and sector averaging can all
be included in the final printout of the "X/Q - Hanford" and
"X/Q - Pasquill" programs. The shorter versions of these, "H/Q" and "P/Q,"
compute centerline or sector-averaged values and include a subroutine to
facilitate dose estimation by entering dose factors and quantities released.
The horizontal and vertical dispersion parameters in the Pasquill-Gifford
programs were modeled with simple, two-parameter functions that agreed very
well with the usual textbook graphs.
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INTRODUCTION

The Hewlett-Packard HP-41CV is a hand-held calculator with over
120 built-in functions and 2.2 kb of random access memory. The calculator's
memory is retained even when the calculator is turned off, so programs and
data need not be read from cards or other storage media whenever the program
is to be run. Further, the liquid crystal display can be used for
alphanumeric messages of up to 24 characters, which allows the creation of
highly user-oriented programs (i.e., programs that guide the user through
the necessary data inputs and thereby reduce opportunities for input
errors). The widespread use of this calculator, ds well as a frequent need
for programs of this type to prepare input to the shielding and dose
computation computer codes used in radiological analyses by the Radiological
Engineering and Effluent Controls group of Rockwell Hanford Operations,
Richland, Washington, led to the creation of the radionuclide and time-
integrated air concentration programs. The timekeeping program was
developed in response to a request by a facility health physics staff member
to improve the accuracy of the manual method used to estimate external dose.
Timekeeping is the most reliable, though least accurate, dosimetric tool
currently in use.

RADIONUCLIDE PROGRAMS

Computer codes used by the Radiological Engineering and Effluent
Controls group for shielding design, dose rates through existing shielding,
and environmental dose calculations all require careful input to obtain
meaningful results. All of these codes lack in one or both of the following
areas: (1) they cannot age the source initially or (2) they cannot accept
plutonium inputs as either masses or activities or by weight percents, given
the total mass. To speed the generation of accurate inputs, two HP-41CV
programs were developed. The first is for fission product sources. The
second is for plutonium sources. Accurate computation of daughter ingrowth
is assured by use of the HP-41CV function (eX-1), which is particularly
useful at short decay times.

RADIONUCLIDE DECAY PROGRAMS - "DK" AND "DK*"

This program builds a data base and allows for aging. The user-
prompting inputs include the alphanumeric identity, half-life, initial
quantity, and decay time. The menu for time units allows seconds, minutes,
hours, days, or years. Once a data base is entered, the program gives the
option of recording it on magnetic cards. If a data base was read from
cards, the data entry portion of the program may be skipped. This program
runs with or without a printer attached. Input data are displayed, or
displayed and printed.

In the HP-41CV, enough memory is free to permit up to 73 radionuclides
to be entered. Prior to data entry, the nuclides must be grouped by single-
or double-decay kinds. Certain double-decay nuclides may be treated as
single-decay types if equilibrium is already established. For example, in
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the 90Sr and 90Y sequence, the pair should be treated as a two-step decay
chain with a parent half-life of 28.6 yr, a branching ratio to 90y of 1.000,
and a daughter half-life of 64 h. However, if the strontium were more than
a few weeks old, the two could be treated as single decay nuclides, but both
the 90Sr and 90Y would be assigned a half-life of 28.6 yr.

Further details on the radionuclide decay program are given in
Appendix A. Included in the appendix are detailed program user
instructions, a program flowsheet, and an annotated program listing.
Program "DK*", which is described at the end of Appendix A, addresses the
need to occasionally multiply all the initial activities by a constant
factor to scale the source up or down.

PLUTONIUM PROGRAMS - "PU" AND "NT"

The program "PU" is designed first of all to facilitate weight percent,
mass, and activity8BBase among 5h$ six,igotopes of£qgoncern in most
plutonium handling: Pu, 240py, 24lpy, apy, and 24lam. Second,
the program gives total curies of alpha and betaPr total mass, and
total heat generation rates for the source. Third, the program permits the
source to be aged and gives the amounts of the uranium isotopes which build
in. Fourth, the program "NT" computes neutron generation rates (neutrons
per second) produced from spontaneous fission and alpha-neutron reactions in
five materials: oxide, nitrate, fluoride, carbide, or beryllium. The
neutron production rates are computed for both the original source and the
aged source (if aged). A sample printout is shown in Appendix B.

Detailed user instructions, data tables, a program flowsheet, and
annotated program listings are found in Appendix 8.

TIMEKEEPING PROGRAM

This program is designed to make the HP-41CV useful in estimating and
tracking personnel exposure during high dose rate tasks. The calculator is
wrapped in a thin plastic bag to protect it from contamination during field
use. A "time module" is a required accessory for this program. Typicaily,
an operator is assigned the task of estimating personnel dose using a
stopwatch, pencil, and paper. The HP-41CV replaces these tools.

Program operation is in three parts: initialization, timekeeping, and
final printout. During initialization, the program prompts the operator for
alphanumeric input of up to five names or identification numbers. Once
these are entered, the timekeeping portion begins. The buttons labeled A,
B, C, D, and E are used to update the individual's dose rate. A new dose
rate is entered, and the button for that individual is pressed. The
calculator then computes the current total dose and displays it along with
the current dose rate and button label (A through E). Two functions are
available for use during timekeeping. The first is "STATIM," which allows
the operator to compute how long it will take an individual to reach a
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specified dose limit at a given dose rate. The second is "DVIEW," which
cycles through the names initially entered and displays their current dose
rate, button label, and accumulated total dose.

Once the task is complete, zero dose rates are entered to terminate
dose accumulation. The dose totals can be read out at this time and
recorded manually or a printer can be attached to obtain dose totals for
each of the initially entered names as well as the total dose for the task.

Timekeeping is intended to be a fail-safe backup to the usual dosimetry
equipment (e.g., self-reading pencils and thermoluminescent dosimeters).
Concern that operators might become unable to track doses without a
calculator has resulted in limited use of this tool.

Detailed program descriptions are found in Appendix C. Two versions of
the program are described there: a version that optimizes speed and a
version that minimizes program storage.

TIME-INTEGRATED AIR CONCENTRATIONS

These programs began as a simple improvement over the existing
emergency response calculator program for the HP-67/97 and a dose estimation
worksheet. The program "H/Q" replaced the four separate programs and
included a subroutine to replace the worksheet. (Two advantages of the
HP-41CV version over the HP-67/97 are alphanumeric prompting to minimize
data entry errors and an option to view all the input data.) This program
was expanded to enable ground deposition corrections and building wake
effects. Finally, analogous programs using the Pasquill-Gifford (PG)
turbulence classes were developed for the HP-41CV.

EMERGENCY RESPONSE - "H/Q"

As described in the preceding paragraph, "H/Q" permits computation of
either sector-averaged or centerline time-integrated air concentrations and
estimation of inhalation or submersion doses from the passing cloud. The
program uses the usual gaussian plume model and Hanford dispersion
parameters for very stable and moderately stable conditions. Sutton's form
has been modified slightly; the vertical dispersion parameter (oz) is not
allowed to exceed 2,000 m.

The dose computation requires entry of curies released and the
appropriate dose factor for the isotope. The dose Factors used already
include a breathing rate and have units of (rem/Ci - m3/5).

Detailed user instructions, a flowsheet, and an annotated program
listing are given in Appendix D.
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"X/Q - HANFORD"

This program was developed to include ground deposition and building
wake effects into the normalized, integrated exposure calculation. After
considerable testing, a method to speed the numeric integration was
developed. To integrate from 0 to X, the interval is divided into
exponentially increasing segments (similar to a logarithmic scale on graph
paper) and Simpson's rule is applied to each. Accuracy of the integral is
better than 0.2% in all cases, and program running time is about 1 min per
distance used.

Detailed user instructions, a sample of output, and an annotated
program listing are given in Appendix E. The mathematical models used are
also described there.

EMERGENCY RESPONSE - "P/Q"

For comparison with the Hanford model, the program "P/Q" was developed
to compute time-integrated exposures for the usual PG classes A through F.
Because the available formulas poorly represented the vertical dispersion
parameter, a new set of parameterizations was developed. These agree with
the PG curves to better than 10% over the entire length of the curves from
0.1 km to 100 km. Program "P/Q" does for the PG classes what "H/Q" does for
the Hanford classes.

Detailed user instructions and an annotated program listing are given
in Appendix F.

“X/Q - PASQUILL"

To complete the time-integrated air concentration program library,
ground deposition and building wake effect had to be included in a version
of "X/Q" which uses the PG classes. Because the parameterizations of the
dispersion parameters lead to a source depletion integral that diverges with
zero release height, the program uses a release height of 0.1 m whenever the
input height is less than this.

Detailed user instructions, an annotated program listing, and the
mathematical formulas used are included in Appendix G. A sample printout is
also presented there.
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SUMMARY AND CONCLUSIONS

Because the HP-41CV fits into a moderately sized pocket, it is a
powerful tool for the workplace. In an office environment, the calculator
can be a useful adjunct to larger computer systems that lack the immediate
accessibility of a hand-held calculator. The seven programs described in
this report, together with numerous other programs currently available, are
evidence of the calculator's important function.

Future applications are dependent on future hand-held computing needs.
One potential use for the calculator is in Radiation Protection Technologist
dose rate logging at standard checkpoints within a facility. The technician
would measure various dose rates at a given checkpoint and enter the
location and the readings into an HP-41CV. The calculator would then be
interfaced with a desk-top computer to store data and eventually process the
data into summary and trend reports.
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APPENDIX A

RADIONUCLIDE DECAY PROGRAMS - "DK" AND "DK*"

A-1
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USER INSTRUCTIONS: "DK"

A.

C.

Load "DK" into the calculator (three cards), execute SIZE 225 or Tess.
If nuclide data stored on magnetic cards will be used, SIZE according
to what is on the cards then read the cards. Program "DK" will run
with or without a printer attached.

Press R/S to begin program execution. The program permits three
methods to build and use a nuclide data base.

1. Manually enter the nuclide data as it is prompted by the
calculator. Enter the initial activities for each nuclide.
Finally, enter the decay time and allow the program to compute the
final activities.

2. Read nuclide data from magnetic cards. Manually enter new initial
activities. Then enter a decay time.

3. Read nuclide data from cards and use the initial activities stored
on the cards. Enter a decay time only.

On the flowsheet, the first option is presented with the "NEW SOURCE?"
prompt. If only R/S is pressed, the second option is offered by means
of the "NEW ACTIVITY?" prompt. If no entry is made and only R/S is
pressed, the program goes to the third option and prompts for a decay
time.

Manual input of nuclide data is performed in the order described here.
The program is designed to handle only single- and two-step decay
chains. The number of nuclides which can be entered ranges up to 62
or 73, depending on the relative number of single and double decays.

1. At the "NEW SOURCE?" prompt, enter any number and press "R/S".
Alphanumeric labels and half-lives of nuclides that decay to
stable daughters are requested first. The "NAME 1" prompt refers
to the alphanumeric identification of the first nuclide, such
as 134cs, Nyclides that are part of two-step decay chains, such
as 90sr and 90Y, should be entered later unless the user is
confident that equilibrium is effectively reached (i.e., the ratio
of the parent activity to the daughter activity is fixed, and both
appear to decay with the half-life of the parent). If no single
decay nuclides will be entered, press R/S and the program will go
directly to the two-step decay chain prompts.

2. For each nuclide, the alphanumeric identification is limited to a
six-character maximum. The half-life is next, and is followed by
a unit prompt. The available units are seconds (1), minutes (2),
hours (3), days (4), or years (5). The program converts these to
hours, computes a decay constant, and stores it together with the
name.
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When all single-decay nuclide data has been entered, the program
will prompt for the next name. Simply press R/S and the program
will begin with the two-step decay prompts. The first such prompt
is "NAME PARENT" which refers to the alphanumeric identification
of the first nuclide in a two-step decay chain. Possible types of

decay chains are shown below.

Ai Az

a. A -—B -—CC B.R., = 1.000
parent daughter stable

b. B NOTE: B.R is the fraction of
Al the decays of nuclide A

in which nuclide B is the
A daughter.

AZ
— (1-B.R.) is the fraction

C of the decays of A for
which C results.

An example of "a" {is 90sp—90y —907,

An example of "b" is 3 B.R. = .946
Ba

If no two-step chains will be entered, press only R/S; the program
will go to the activity prompts. Otherwise, enter the name of the
parent. After the parent half-life (and time unit) has been
entered, the branching ratio of the parent to radioactive daughter
will be prompted. Enter the correct value and press R/S. Last of
all, enter the daughter identification and half-life.

When the final daughter is entered, the "NAME PARENT" prompt will
again appear. Press only R/S; the program will begin prompting
for the initial activities of each nuclide. If the initial
activity of any isotope is zero, simply press R/S; zero will
automatically be entered. Isotopes with zero activity will not be
displayed (or printed, if the printer is attached).

Once the activity of the last isotope in the data base has been
entered, the program will offer the option of recording this data
base on cards. If desired, enter any number and press R/S. The
calculator will prompt for the cards, track by track. After
writing the cards, the program displays the memory size
requirement for the data base. Record this on the cards for later
reference.
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The final section of the program computes the activities remaining
after a specified decay time. When the "DECAY TIME?" prompt appears,
enter the desired decay period. The decay time prompt is followed by
the unit menu. As before, select seconds, minutes, hours, days, or
years. The final activities are computed and displayed/printed. Zero
values of activity are neither displayed or printed. The formulas used
to compute final activities are as follows:

A; = Ag eMt

Azo e~A2t , (B.R.) ALO Az -Alt _ -A2t, AL 2 AZ

> ~ I

Azt Azt AAz = A220 e + (B.R.) A110 A2t e a2

Note that negative decay times may be entered to compute the activities
of some earlier time.

INSTRUCTIONS AND LISTING - "DK**

"DK*": Common Multiplier for the "DK" Data Base

This program is designed to multiply each of the activities stored in
the "DK" data base by a common number. User instructions are as follows.

1. Press GT0.. to pack memory; enter the card containing "DK*."

2. To run "DK*," press R/S or XEQ "DK*."

3. At the "FACTOR = " prompt, enter the common multiplier and press
R/S. In the absence of keyboard input, the multiplier used is
unity.
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If a printer is attached, the factor is printed along with each
nonzero activity.

The last line of "DK*" returns it to "DK" where execution
continues with the "NEW SOURCE?" prompt. If "DK*" will be used
repetitively, the last Tine, GTO "DK," should be deleted.

NOTE: The constant multiplier is in the X register, the
indirect address for the activities is in the
Y register. Memory and flag usage is the same as it is
in "DK."

LEL "DK*

Fo 83 BIE 23 FS? 98
24 G10 81

Lata er 25 FS2C 81
26 G70 21

bi 27 15 ¥

, 28 SF 8

nee 294LBL 81

pl
38 156

A 31 G10 08

pr 2 FCC 08
FIL 62 2 Foc 0

La 34 ENTER?
tn a I50LBL @2

or 36 20

a 37 RCL 63

re % 38 %=8°

16 RRCL IND § 39 GTO 83

158 ¥ 9 30Y

18 lot ¢ 41 GTO 08
i ¥

on

19 8T¢ IND ¥ 2b. x

2 oe to ¥ 44 GID “Dv

27 OVEN 45 EM



SAMPLE PROBLEM

SINGLE HALFLIVES
05174 C,A06ER VF
(9:37. elt
Bal37ei, ale" Nr

THO STER BHALFLIVE®
SRA TL iimEl GF
BR. 1.90582
Y 98 6.4808) KP

ZE33  6.4B8T1 BR
B.R.= {.0888¢
Hp33 3.518E1 L2%

CURIES
{5134 1.080E}
C5137 5.0880
Eaii7#4,730E0
SRE 2.4E0E!
Y 98 1,968)
P95 6.8AREY
Np33  2.808EL

Frm oo 5; T= ¥
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FIRST, THE NAMES AND
HALF-LIVES OF THE
ISOTOPES ARE ENTERED.

SECOND, THE INITIAL
ACTIVITIES ARE
ENTERED.

NOTICE THAT 2r-98 AND Nb-95
HAVE DECAYED TO LESS THAN
1.0 E-89 Ci AND ARE NO
LONGER PRINTED/DISPLAYED.

FINALLY, EACH INITIAL
ACTIVITY IS MULTIPLIED
BY A COMMON FACTOR.

THIRD. THE ACTIVITIES
CAN BE AGED.

3.806: TAY
3134 3, “IEE
137 ¢, 2088

peg C.Afci
%  2.88C

7095 4,345)
Weds 6, 60EE

T= 2.8065) YF
£8134 3.93E-4
C5137 2.51E8
Ball7e2,32E0
SR9B 9.04t8
Y 98 9.54En
ZRS 1.88E-58
HBS 4, 16E-54

T= 3.8@8E2 YP
£5134 4,956.44
05137 5. 118-3
Bal3ve4, B4E-~
SR98 1.228-2
Y 98 1.22E-2

FRCTOR=:, #954

rT, WE
pal3r®-, --£#

SRUE 4, 0%

Y GR 7.80%
JP9S 1282

HR9S 1.68E2
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NEW SOURCE? 

NO

 

ENTER REQUESTED
NUCLIDE DATA

Y| *ES >
NEW ACTIVITY?

pd ENTER REQUESTED
ACTIVITIES

  
   
 

 

   

   

 

RECORD DATA? 

NO

 

ENTER CARDS.
RECORD SIZE ON CARDS

y

3 DECAY TIME?

      
 

YES, ENTER
DECAY TIME   

COMPUTES AND  DISPLAYES/PRINTS
FINAL ACTIVITIES

 

*YES FLOW PATHS ARE OBTAINED BY ENTERING ANY
NUMBER AND PRESSING R/S. PRESSING R/S ALONE PS8408-66
CAUSES EXECUTION ALONG THE NO FLOW PATHS.

FIGURE 1. Flowsheet for Program "DK."
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123+LBL 84
12% 5F Bi
138 “PRPENT®

FLAG 1 IS SET FOR
THE PARENT ONLY

4

1326080 BC
an

a ER . ROTinfi =

PREPT BRANCHING RATIO
PROMPT

TTR INR af
130 FI 5
138 "B.F.= -
139 ApLL
i3F A¥iER
{ef -RdEsT

134

135
136

r
y
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PROGRAM LISTING

 

 

 

 

sr fa CTO AR “3a sep- TESTS FOR A NULL
jaca3 BY Foe no —JB £=d SINGLE DECAY
147 ALT LET F000 we 234 GT47 POINTER
tad [To ta 18 GTO 8% 23a SF ae
ToTas NEW ACTIVITY Toe Bi = a
145¢LE, 0d ~— exrpy an co 1ETecE: Li SILHEL22
12€ 510 8s 188 RI. #7 IZ oe
{a7 1% g° 189 570 gf 27% AFLL IHL #0 RECALLS NAME
te 1a a IF THE TWO-STEP 234 130 a6
145eib 20 POINTERIS ZERO, 234 I5L Be
— 197 [TA A i
1+5 Ar 131 G77 i@

J

PROCAM GOESTO 275 REL IND BR —e- mecausd
158 SF iI {37e0] 20 236 YED 83 —— Ae

150  CUPIES® 293 TF 22 237 F3™ Be
153 AVIEY 194 *PECORT pata 738 cT0 gz SINGLE DECAYS

157 CF 133 PRONFT 232 RCL ©
3 9% £07 20 dp &5a154 SCI 7 1% cin] TeesEOeu 240 x8 DOES NOT SHOW

155 RI. 8. 197 G73 2: 241 OVIEK ZERO RESULTS

156 STD AA 198 FLL A3 242 PLL IHD AR —=— RECALLS A;
- ean IF THE SINGLE 3 zp = oo

13 7=8 DECAY POINTER IS 15: ol 243 ISG oe
RAL ZERO, PROGRAM RE RCL wl 244 RCL [HD Gf —es— RECALLS BR
(53 SF pe GOES TO LBL 01 281 FR( RECORDS DATA 24T o
153 SF BE . S FROM REGISTER 00 =

{ABLE iF 262 WITH: ~%= TO LAST REGISTER 246 150 AE
—_— 0 IS IN THE 2 y USED Sim pg
161 LY —— X-REGISTER 203 FL # 247 Lop

ied TULA ALREADY 267 ADV 242 [RCL HD PF -e— NAME DAUGHTER

167 ARCL THE: 64 285 1 £3 249 15; ad
cL owi= f= 2HE » COMPUTES NEEDED eq po. ILL iG —e— RECALLS A

ioe k= (1 ag? MEMORY SIZE FOR 258 Po ID Ba 2
{15 PROMOT 287? 1 THIS DATA 2% *
EE Ra 4 CY Yun IF Aq =0,
thn 2 wb 252 i4=8 PROGRAM SKIPS

. . AGG “51=» = . THE BUILD UP
{67 ST+ 8b es RI C 53 6T0 8) CALCULATION
168 100 21 ARCL 254 B+

165 A3TH 211 Avlgy 255 LASTS
Come 213 BO y=

1% Tle 217 PSE 256 Yay IF A; # 5, GOES

171 Gp 21inB_ 2 257 LTu #5 TO LBL 00
{CAROL 214 Ady 258 RIM )

{73 570 IND Be 215 OF 22 259 PCL £2
174 = 21 "DECRY Tike ™ 260 ST

(7% QYIEK 217 PROMPT enti #

172 F27 gd SINGLE DECAYS EET al NO NUMBER ENTRY Zee EYL
(77 6TF ad GTO 00 225 0T0 “Ie ~+=START OVER 267 ISG 83 FOR Aq =15 Lot

To A oeTs n ny LP (AglpteAz e”i2
ma paar 54 FLAG 1ISSETFOR  J2F T= a un | 2
EER THE DAUGHTER ot wee as 264 RLL HD ae At=A1 BR)
178 470 an ONLY LED Ey BH =e UNITS e685 ROL C

185 150 0 2 hs 266 -
51 tr ae 397 oT im
i855 Bl a or £ MAKES SURE Jb ¥

Z4LEi 224 SF 7] -=e— EXECUTION STOPS 2a °TA R2
AB2eLEL8 mar ont. WITHOUT PRINTER 268 G10 85 4
153 155 96 225 801:

226 RCL 82
KETENE:3
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PROGRAM LISTING
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20694BL a6 AB9eLBL

82

ac

270 XY? 298ARCL7 } DOES NOT SHOW

271 ROY 291 Ha? ZERO RESINTS.

aie - 292 AYIEN

273 LASTA 293 156 @0

274 ROL £1 294 GTQ 22

2% Et 296 GTO @@

]

USEDW THs LOOP.

277 §T* 2 297¢LBL 82

278 RIN 298 PCL 03

275% / 299 STO #8

288 LAST 3498 Xa?

281 RCL Bi 381 GT 22

282 * 302¢LE_ aa

283 EX! 383 aby

284 * 384 FC? 55

285 CHS 385 CF 21

286eLBL a1 386 GTO 28

267 XEO 88 387 END

285 +

Daughter buildup computed as follows:

-A2t

A,*\2 e -{(A1 = A2)t

Mo> her STO e -

-zt

A,*rz2 © =(A2 -\)t
Az > Ai: - e -1

MEMORY USE: FLAG USE:

00: Pointer in use 00: Single-decay nuclides

01: Negative decay time 01: Two-step decays

02: Single-decay pointer

03: Two-step pointer
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APPENDIX 8

PLUTONIUM PROGRAMS - "PU" and "NT"
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USER INSTRUCTIONS

A. Load "PU" by executing SIZE 081, reading in the data cards (3 tracks),
and finally reading in the program cards (10 tracks). The printer is
required for program execution. Place the print mode switch in the
"MAN" position.

XEQ "PU" (or just press R/S after reading the cards). The first
prompt, "%, M, OR AC ?," requires the user to inform the program
whether the initial data to be entered is the weight percents, masses,
or activities of the various isotopes. Use the alpha keyboard to enter
either "%", "M", or "AC." Press R/S; the program will begin prompting
for the appropriate data entries. Enter the data requested and press
R/S. Zeroes will automatically be entered if no other number is input.

After printing tables of the initial percent, mass, and activities; the
program prompts for a decay time in years. If no decay is desired,
enter nothing; press R/S. If decay is desired, enter the decay time,
in years, and press R/S. After printing tables of the final percent,
masses, and activities; the program prompts for a second decay time.
If a second set of tables is desired, enter the appropriate number of
years and press R/S. (The decay time may be negative to compute masses
and activities of an earlier date.) If a second decay time is not
desired, simply press R/S.

The next option allows one to keep the initial weight percents, but
adjust the total mass of Pu plus Am. To change the total mass, enter
the new mass and press R/S. To go to the next option, enter nothing;
press R/S.

The program now asks where to go next. The menu is displayed:
"PU, AGE, M2, NT."

"PU" - Starts the program from the beginning (see instruction A).

"AGE" - Prompts for a decay time to age the source (see instruction D).

"M2" - Prompts for a new total mass (see instruction E).

“NT" - Permits computation of neutron production rates for various
compounds; however, this program is separate from the present,
and must be loaded into the calculator (see instruction F).

User Instructions for "NT."

1. Press GTO.. to pack memory; enter the two cards containing "NT."
It is not necessary that "PU" be in the calculator, but it is
imperative that "PU" has been run so that the proper data base has
been created.



RHO-HS-ST-5 P

XEQ NT and the program prompts for the chemical form of the
plutonium: "02, NO3, F4, C, Be?". To request oxide, for example,
enter "0" and "2" from the alpha keyboard and press R/S. If bare
metal is of interest, enter any chemical form and just ignore the
alpha-neutron result in the neutron production rate.

The program returns to the chemical form menu. I[f no additional
forms need to be computed, press R/S and the program will return
to the "PU" program at the menu prompt discussed in instruction E.
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SAMPLE PROBLEM

+ PU DECAY #*
REV 3 2-12-84

NAME GRAS
PU23E 16.667 1.B80+83
PU239 16.567 1.490483
PU248 16.667 1.0pA+g3 Sascrmass
PUP41 16.667 1,000+83

[

1000FOR BACH
PU242 16.657 1.008483
AN24! 10.667 1.800482
GRAMS TOTAL ¢€.090+63
TOTAL WATTS: 6.963+82

NAME CURIES
Pu23t  1.713+84
PU239  &.281+8}
Pu248  2.269+62
PU24t  1.831+85
PU242  3.933+08
AM241 3.434400

TOTAL ALPHA: 2.883404 [1
TOTAL BETA: 1.831+85 CI

10.0 YEARS ~~pecavmee.

NAME CURIES
U 234 4.665-81
U235 b.167-87
0236 6.712-85
NP237  1.332-82
Pu238  1.582+84
PU239 5.20848!
PU248  2.266+8:
PuU24i 6.369404
Puz4z  3.933+88
AN241 4.680483
0237 1.560408

TOTAL ALPHA 2.880+84 [1
TOTAL BETA: 6.369+84 CI

KARE  % Lean
U 234 1.245 7.4748!
U 223 8.885 2.824-4!
U 23 8.817 1.8I0+88
NP237 8.315 1.08848!
PU233 15.485 G.24b+82
PU239 16.667 9.,997+82
PUZ4B 16,554 3,905.47

RHO-HS-ST-5P

PU241 18.382
PU242 16.571
AN241 22.728

B. 179482
1.098+83
1, 363463

GRAMS TOTAL 5.993+43
TOTAL MATTS: 6.930482

NO CHANGE IN
TOTAL MASS AT~s—THIS TIME: GO TO
“NT** AND CHOOSE
“02.

PUulZz n-rsec
ox—h 1.626467
S—F 5.344425
Total 2.161427

AFTER 18,4 YERPS
o— 1,62244°
S—-F 3. 145480 PRESS R/S ONLY AND
Total

NAME %
PU238 16.667
PU233 16.667
PU248 16.667
PU241 16.667
PU242 16.067
an241 16.667

2.13¢+87

GRAKS
4,797+8}
4.757+81
4,797+81
4.797401
4, 797481
4,797+41

GRAMS TOTAL 2.873+92
TOTAL WATTS: 3.348+61

HANE CURIES
PU2I8  8.215+87
PU239  2.975+08
Pu2de 1.68848!
PU24l  4.943+03
PU242  1.886-01
AM241 1.647482

TOTAL ALPYS: 1,0850+87 I]<a 1000 Ci TOTAL
ALPHA ACTIVITY.

TOTAL BETH: 4.943+83 C1

GO TO “NT” AND
~att—CHOOSE Pf, THIS TIME.

NOTICE THE AGED
ACTIVITIES ARE GONE.

PufFd4 nsec

or=r 1, 1894S

S—F 2.564405

Total

B-5

1.192+42
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XEQ PU

 

 

 

   
  

 

  

  
 

 

 

   

XEQ NT

  

 

COMPUTE FORM?
0,. NOs. F,. C. Be

 

ENTER
CHEMICAL FORM

   

COMPUTES
AND PRINTS INITIAL AND FINAL

NEUTRON/SECOND

 

FIGURE 2.

  

  

Flowsheet for Program

  

    

      

  

 

    

NEW TOTAL MASS?
M2)  
 

 
CHOOSE PROGRAM:
NT, M2, AGE, PU

  

 

 

CHOOSE INPUT

% M AC

ENTER ENTER ENTER
TOTAL GRAMS GRAMS CURIES

ENTER
%

1 ENTERENTER YEARS DECAY? DECAY
NEW TOTAL (AGE) TIME

MASS  

  
      
  

COMPUTES
AND PRINTS
FINAL CURIES,
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PROGRAM LISTING

Ler "PU

END 181s BYTES

BleLBLFI"
2 SF 12
83 ABY
84 =x PY DECAY +-
a5 PRA
8 CF 12
87 [LX
8% STO 07
#3 CF 29
18 4
11 SKPCHR
12 “REY 3°
13 ACA
14 SKPCHR
15 =2-12-84*
16 ACA
17 PRBUF
18 *%, MH. OR AC 7°
19 AON
28 PROMPT
21 ROFF
22 YER 25 —e— MimALZSS
23 SF oa
24 ASTD X
25 G70 IHD ¥
THOLEL ~—MASS INPUTS.

27 LX

23 STO 68

29¢LBL 86

3@ “GRAMS -

31 ARCL IND o8

32 PROWPT

33 STO IND 84

34 ST+ 88

35 I56 94

36 CLX

37 156 84

38 GTO a6

39 XE@ 25

48 KER 26

41 GTO 21

4ZOLEL "7" aWT% INPUTS.

43 apy

44 CLR

45 ORCL #6

46 “FGRAMS?"

47 PROMPT

RHO-HS-ST-5 P

43 STO #2
49 (LX
58 STO 85
51 FIX 3

SoeLBL
53 Xo
54 ARCL THD @@
55 PROMPT
56 STO IMD 83

57 5T+ 85
58 15C 88
59 CLX
£8 ISG 83
51 G10 81
2
63 ARCL 86
64 “Fi: *
£5 ARCL 03
£6 PRA
C70LBL 78 ~a— OUTPUTFROM|
63 XED 25 Totamass’
§9 ¥EQ 28
78 £LX
71 570 05
72¢LBL 62
73 FIX 3
74 CLA
75 ARCL IND @9
76 RCL 08
77 RCL IND 03
78 18
75 1?
$0 +
81 RDN
82 ARCL ¥
83 *F *
84 1
85 STO IND 04
86 SCI 3
87 AEG {4 ~<a PRINTS TABLE.

82 RCL IND 82
89 +
90 §T+ 65
91 IC 6%
9; 156 082
97 156 83
94 CLY
95 15C 04
9 GID 82
97 XEG 27

COMPUTES MASSES

FEELTT ~e—ACTIVITES
93 XEQ 25 FROM Mass.
188 ¥EQ 29
181 (LX
182 STO #2
183+LBL #3
184 + =
185 ARCL IND 08
186 *F *
187 RCL IND 64
188 RCL IND 01
189 x
118 RCL #9
11] #
112 224.83
113 RCL 88
114 1G 68
115 670 18
116 RIN
17 17
113¢LBL 10
119 +
128 /
121 STO IND AS
122 §T+ 82
123 ¥EQ 14 —at— PRINTS.

124 156 81
125 1S 94
126 ISG 85
127 G10 83
128 RCL 78
129 XEQ 38
13861622

1¢LBL “Al"= ACTIVITY INPUTS.

2 YEP 29
133 OLY
134 STO 82
135 C1 3
136¢LBL 84
137° ¢1 -
138 ARCL IND o@
129 PRONPT
146 STO IND 05
141 ST+ 82
147 =~
143 ARCL IND #8
144 “fF =
145 YEG 14 <et— PRINTS.

146 ISG 95
147 CLK

 w
i
s
]



PROGRAM LISTING

148 CL
143 ISG 28
158 GTO 94
151 RCL 72
152 YER 38
152 %ED 25
154 XE@ 3
155 KEQ 25
15¢ XEG 26
157¢LBL 22
159¢LBL "AGE"
159 Amy
168 CF 27
161 “YEARS DECAY?"
162 PROMPT
163 FL? 22
164 G70 "M2"

FLAG 00. CLEARED
165 CF 88 ~=— yx sounce is AGED.

166 FIX 1
167 95
168 RY?
1e9 FIX #
178 RDN
171 Rv
172 RSTO L
173 CLA
174 SF 12
175 ARCL ¥
176 “fF *
177 ACL L
178 PRA
179 CF {2
188 CHS
181 STO &7
182 Xe@ 23
183 8C1 3
184 14.8!
185 87+ 82
186eLBL 65
187 RCL IMD 8!
189 RCL #7

183 + Ast compuTED
198 EX AND STORED.
191 RCL IND 8%
192 »
192 STO IMD €2
19¢ I15C 8)
193 18C 82
196 156 8%
197 GTQ #5
19% RCL 31
199 RCL 43

RHO-HS-ST-5P
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206 +
281 ST 32 —=— AjU-237
282 RCL 38
283 RCL 24
284 NER 22
203 £70 45
286 RCL 28
287 RCL 24
283 Xe@ 23

209 RCL 45
cig -
211 CHS
212 RCL 28
213 RCL 38
214 -

215 LASTY
216
217 7

218 RCL 78
219 %
228 RCL 45
221 RCL 84
222

223 +
224 S70 45 ~—e— ApNp-237

225 RCL 25
226 RCL 24

227 ¥E0 23
222 RCL 79

229

238 STD 42 ~e—ArU-234
231 RCL 26

232 RCL 22

233 ¥Q 23
234 ROLL 76

235 »
236 5T0 43 =a-— aju-228
237 RCL 27
238 RCL 23
239% EQ 23
246 RCL 77
241 *

242 STO 44 —a—AgU-228
243 RCL 28
244 RCL 3A

245 XEB 23
246 RCL 78
247 *

245 57+ 5] —e—ArAm241
249 YER 29
250 YEO 24
251 .e8]
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PROGRAM LISTING

25: ST+ 89 269 XE@ 36
257 OLY 270 XEQ 24
254 $10 92 271 XE0 3
255¢LBL BE —=~TINTABLE. 272 XED 24
25 + * 273 XEQ 26
257 ARCL IND oe 274 G10 22
258 “+ 275 AW
250 RCL IND 95 760LBLHZ”
268 %EQ 14 277 OF 22
261 ST+ 82 278 “HEM TOT MRS:®
262 156 89 279 PROMPT
263 (LY 280 FC? 22
264 15C 65 281 GTO 18
265 C10 86 282 S70 88
266 RCL 52 293 AY
267 RCL 49 284 SF 12
268 + 285 PRA

Formulas Used:

286 CF 12
287 OLX
288 STO #7
289 G70 26
298¢0BL 18
291+LBL -Ta®
292 ADY
293 “PU. AGE, M2 NT"
294 RON
295 PROMPT
296 ROFF
297 ASTD ¥
298 G10 IND X¥ computes

Z990LBL —e—ip (1-o-hr-k2n)
340 - dg-dp
381 LASTY

302 LASTX

383 RCL 87

ODa———— merge cmmem—

 

 

-\ t

A; = Ao ©

-A2t A2Aj0 -Aa2t ™
= + -Az Ag © i = As (e e

A2A30 As ; -Ast 2) As ( -Ast 1)

As = Ay = Az] Az = As (e Ce TX - As \© &

As Azo -Ast )

ME VIERY C -€
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PROGRAM LISTING

6d
3s E1Y
386 +

Y

o
m

O
s

LAsTY

PLL a7
*

E4x-i

HS
x

RTH

N
E
]

b
t

OE
Y

AD
F
T

a
)

ow
e

”
oe

C
a
F

B
e

a
t

To
u

i

1

4
NL
21541BL 24 —~=— FULL MEMORY

i

1

J
t
a
d

t
a
d

fr
ed

bi
ad

1
ed

C
a
d

t
a
d

t
a
d

ee
d

Ca
d
1
a

cu
d

319 LASTY

wd
]

Le
e}

2
h

E
n

346 PTH
J4velBL 26
34% SEQ 2%
349 0p
158 473 45
ax kat3
382 AR
ESRI HE
1544.5 @7
13% uk

p
o

INITIALIZES

POINTERS

INITIALIZES
S  —es— DATA INPUT

POINTERS

COMPUTES %
~at— FROM MASS AND

PRINTS % AND
MASS TABLE

356 RCL IND &2
[RY I

RHO-HS-ST-5 P

a 18
PCL THD 84
RIL 2%w

e
o
f

e
n

£
oF

Ba
C
u

F
u

re
e
E
n

LL |
*

FS? Be
3hS STO IND 3

5 BND
WY
“ u

Hi]
wy
#7
PER
ApCL ¥
h n

sc 2
76 RCL IND a4
voaE@ 14

76 RCL [WD B82

ta
d

Ba
d

Gu
d

La
d

ta
l

Fa
l

te
d

Po
)

Fu
)

d
n
n
F

o
r

OE
Y
o
d
3
e
r

e
s
|

“
a

te
d

Co
d

Co
d

Co
d

t
e
d

1n
d

ia
d

T
e
d

Ga
d

“
d

W
l

E
n

a
a
d
[
a

e
e

g 4

BE S5T+
i ISG

382 150
387 IS
384 [Ln
385 1%

O
D
O
N

O
E

Ca
)
T
o
B
L
N

o
h

F
a

386 GTO &°
JerelBl 27
Jee GRAMS -
389 ARCL 26
398 RIL @°
31 REG 14
392 CLA
263 ARCL OE
794 “HEATIS -
39% RCL #5
9a+LBL 14
EER
9% PTH
394 Ark
488 ac’
481 PPBIF
402 RT
4uleiBL 2°
44 RIV
48% * NRRE
485 CHGRERCY
487 PFi
485 FY
FSeLE,

B-12

CURIE"

421 “ALPHA =
4zc RCL 8°
423 XE0 1A
424 [WH
4:5 AECL Be
42% “FBETR *

42geLEL 14
2% ACA

438 Als
431 = CI"
432 alk
433 PPEUF
434 RTH

COMPUTES MASSJuiALLA.
475¢BL 3] ~=— frOM ACTIVITY

4%CLF
437 570 0
4380(BL 98
479 RCL IND 85
448 RCL IND B2
444
443 REL @
447

444 224,87
445 REL 28
446 15C a8
447 670 18
443 RIN
4e7 17
45R0LEL 19
43 +
429
451 STG IH] 62
454 5T+ 98
455 136 81
45 156 9°
457 156
58 617 8

433 PTH
478 END

o
w

L
a
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MEMORY USE: FLAG USE:

00: Name 00: Set for data entry; cleared for
01: A aging.
02: W/g 0l: Set to indicate Pu(NO3)».
03: % 02: Set when computing aged n/s.
04: M
05: A
06: “TOTAL "
07: -age
08: Total mass
09: 5.161+05

LABEL 25 LABEL 24

00: 14.019 00: 10.019
01: 25.030 01: 21.030
02: 36.041 02: 32.041
03: 63.068 03: 42.052
04: 69.074 04: 53.062
05: 75.080 05: 42.052

Name A(yr-1) W/g Af Mf
 

10: "U 234 " 21: 2.835-06 32: 1.801-04]| 42: 53:
11: "U 235 " 22: 9.849-10 33: 5.818-08] 43: 54:
12: "U 236 " 23: 2.960-08 34: 1.754-06] 44: 55:
13: "NP237 " 24: 3.239-07 35: 2.024-05145:(56: % My Ag

14: "PuU238 " 25: 7.899-03 36: 5.687-01] 46: 57: |63:| 69: 75:
15: "PU239 " 26: 2.872-05 137: 1.929-03 47: 58: }|64:| 70: 76:
16: "PU240 " 27: 1.055-04 38: 7.055-03 48: [59:165:| 71:77:
17: "Pu241 " 28: 4.814-02 39: 4.230-03]49: 60: |66:] 72: 78:
18: "PU242 " 29: 1.844-06 }40: 1.160-04] 50: 61: |67:] 73:79:
19: “"AM241 " 30: 1.604-03 41: 1.143-01}51:|62:|68:] 74: 80:

 

   
     20: “"U 237 " 31: 2.450-05 52:

B-13



LEL THT
EHD 489 ETE

gLeLE NI”
#2 CF al
87 °F 0:
2. 7 23
8 *02.§03.F4
86 AON
87 PROMPT

a3 AOFF
po eC 23
0 G70 “Ia” ]
1; 307 2
12 ASTO a3
13 SF 12
14 “p=

15 ACA
16 117
i7 ACCHP
15 CLA
13 ARCL 03
28 ACA
21 SF 13
22 = M/SEC
23 ACH
24 PRBUF
25 75.1
26 G10 33 ry
270L6L 3:
28 878
29 661
39 nih
31 532
3% YEO 34
33 470 89
44LEL "Be" —~a— Fuse.
35 255.7
3% 219
7 zo
38 154.3
39 ¥EQ 34
ny
41 189%
42 +
43 £70. 88
AeBL "Fa" ~a—rur,,
E115
46 1824
47 183
45 728
43 YEG 4
56 100
eH *

2 G70 #9

MENU.

NO ALPHA ENTRY ~»
RETURN TO “Pu”.

n
o

i”

RHO-HS-ST-5 P

4 SF
39¢LBL “fiZ" <a Pu0y.
36 782
57 #13
38 £39
59 S542
68 AEG 34
61 ENTER?
62 FSC 81
63 ¢
644181 189
65 4
66 ALCHF
57 RIN
68 “-H
69 SF 13
78 XED 15 ~=— posry
7 SF
2g :
73 RCL 69
74 153

75%
76 RCL 70
77 45
78 *
79 +
89 RCL 7!
81 4497 >
82 +
83 +
84
8s
86 2
87 +

&5 RCL 74

82.33
9%
g1 + J
92 YEG 35 == PRINTS SF RESULT.

93 +
94 5F 12
85 "T=
96 ACH
a7 TAL -
86 SF 12
2a ¥EQ 39

18% ADY
{Rt RCL 97
182 £57 82
183 (LX
184 ¥=a"
185 GTQ =HT-

SIPLBL “N(3"~—PuiNOglz.
5 ;

SPONTANEOUS
RESION nisec
COMPUTATION.

 
. PRINTS TOTAL n/sec

RESULT.

B-14

133 S70 82

{52eLBL 1°

186 SF 82
187 FIX 1
188 = AFTER *
189 THE
110 ARCL ¥
tii *F YEARS"
112 PRA
113 SCI 2
114 SF 12
115 46.1
116¢LBL 33
117 870 85
118 69.9874
119 S70 #4
126ei8L {1
121 RCL IND 85
122 STO IND 04
123 ISG 85
124 15G 04
125 GTO 1!
126 ={*
127 RSTO ¥
128 RCL 83
129 X=?
138 G70 32

PUTS FINAL
~g— ACTIVITIES IN

REGISTERS 69TO 74.

MOVES INITIAL

ACTIVITIES.

x
132018 34 ~— COMPUTES an

134 RDN
133 RCL 7] ~e— Pu-240.
136 +
137 ¥3¢

136 RCL 78
139 »
148 +

141 ROY
142 RCL 49
143 RCL 74
144 +
145 *
146 +
147 RCL #2
1423 RCL 73
142 »
156 +
15: RTH

wattsPu-239.

gf Py-238.

afAm-241.

tm Pu-242.

133 ACh
154 CF 12
155 LF 12
156 ACH
157 PRBUF
138 ERD
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APPENDIX C

TIMEKEEPING PROGRAM
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USER INSTRUCTIONS

1. XEQ SIZE 100; switch to USER mode. (Actually, the allowed memory size
ranges from 021 to 215; using SIZE 100 is just a suggestion.) Read in
the cards. The calculator must be in USER mode during card entry to
read the USER mode assignments given to the first and third rows of
keys.

XEQ "INITIAL" (or switch to USER mode and press shift STO). This
subroutine zeroes the storage registers and then requests alphanumeric
input for up to five names or identification numbers. Six characters
are the maximum permitted in each. Press R/S after entering each name.
If fewer than five names are needed, simply press R/S (before pressing
any other key) when the next name is prompted for. The "* READY *"
display indicates that all the names entered have been stored and the
calculator is ready for use as a timekeeping tool.

Record each individual's dose rate, in mR/h (or mrad/h) by using the
number keys to enter the number and then pressing the A, B, C, D, or
E key in the top row. The calculator displays the most recent dose
rate entry and the individual's accumulated dose in the following
format.

dose rate, mR/h (A, B, C, D, or E) dose, mR

The number to the left is the current dose rate; the number to the

right is the accumulated dose rate.

Once the dose rate is stored, the accumulated dose is not updated until
a new dose rate is entered or the A, B, C, D, or E key is pressed with
no number entry. To facilitate these updates, the subroutine "DVIEW"
was created. Simply press shift XEQ and the calculator will
automatically update and display each individual's dose. To remove the
calculator from the repeating loop, simply press R/S.

When the work is complete, enter zero dose rate for each person.

Final doses may be obtained by pressing shift XEQ. The current dose
rate should be zero. To obtain a final total listing by name and the
total for the group, press shift RCL. If the printer is attached, the
date and day of the week will also be printed. See the sample
printout.

To facilitate stay time computations, there is a subroutine called
"STATIM," which may be executed at any time by pressing shift SST. The
calculator prompts for the dose limit; enter this and press R/S. Then
the 41-CV prompts for the dose rate; enter this and press R/S. The
calculator then computes the number of minutes it will take to reach
the dose limit if the person stays in that dose rate.



MEMORY USE:

RHO-HS-ST-5 P

SAMPLE CASE:

 

00: A
0l: B Time
02: C storage
03: D registers.
04: E

05: A
: B Dose rate

07: C storage
: D registers.
: E

10: A
11: B Accumulated
12: C dose storage
13: D registers.
14: E

15: A
16: B Alphanumeric
17: C name storage
18: D registers.
19: E

20: Total Dose

FLAG USE:

F 05 Set if no A.
F 06 Set if no B.
F 07 Set if no C
F 08 Set if no D.
F09 Set if not.

USUAL FINAL PRINTOUT:

FRIERY  8%/87-19%:

FINAL DOSES

TY AUT

BT oSA EFmF

FE; ae

GEORGE ImE

JANE i1emi

TOTAL= 3i1imFE

NORES ¢ LETTERS NA ONsenMODE3 53 Np ——

SUE stonTe
POGLPH

Eiri
{NO 4TH AND STH
INDIVIDUALS).

Fe Bes H i <a ENTER 3600, PRESS A
“oud TR }  <ag—— ENTER 3800, PRESS B.

TE S10 4 <ss—— ENTER 3600, PRESS C.

—
F588 <TR> 14

3588 <B> 13

3Ieaqa <0 12

2589 <A: 23

2608 <BR> ZZ
Fed Cs 22

3688 <> 33
3e@@a <B: 32
2688 <C> 321

26880 <A> 42

368 <B> 41

ILE Cr 41 PRESS R/S,THEN
~ati——ENTER 7200 mR/h

- AND PRESS B.
TEER <B>» &1

agXEQ “DVIEW" AGAN.

EAH {A> E1
Te KBr TS

3 <C> B23
watf—— PRESS R/S.

6 .A> 25
a <B> 138 Enite AND
86 <C. 1@!}
1838 <BR. 138

ENTER 1800 mR/hr,
PRESS 8B.

FRTIAY #5 a, ~—— (PRESS SHIFT AND
ACL).

SIHAL DOSES

SUE B5mF
SALPH 13amR THIS MESSAGE
NOT ZEROED ~w— INDICATES THAT THE

PAUL  181mR  mwisworzmo
WHEN PROOSEWAS

TOTAL= Z1emR RALPH'S ACTUALDOSE
ESTIMATE16SOMEWHAT
HIGHER, DEPENDING ON
HOW LONG HE
ACTUALLY WAS IN THE
LAST DOSE RATE
ENTERED OR UPDATED.
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PROGRAM LISTING

 

 

 

74 PROMPT 7 60
LEBLTINITIAL 35 EL 23 7% *

LBL DVIEM 36 G70 99 7% 18
LBL "STATIN or 89 OY
LBL ae 36 ASTD IND 81 ¥=y?CEL] ec 39 F§? 55 82 FIX 1
CEL CS 4 PRA cemsaraa 83 5.7."
HELL ED 41 OF [Nj X—e—FOREACHNAME 84 ARCL ¥
= 41 ENTERED. 85 °F MIN®

LEL>FRDU 43 + a FIX 8
— 44 156 ¥ 87 AVIEN

END rel BUIES 45 CTO 10 58 RTH
—_— a6oLBL 99 ToeLBLHA"
0LLL 47 AOFF 90 FOOT 22) mneyomaeec
BZ CRG 4 ADV 91 RCL 85 meas oose
. u 2 43 = + READY +* 92 FS? 05
FA 58 SF 27 53 RTN
B6 “NAMES: ¢ ° A ooswoarma of CL: . SZeLBL TVIEL. 00% 95 ARCL ¥#7 “LETTERS MAX pthdnb a ors ae
8 BEEP 54eLBL 11 97 RCL 08
8 AVIEW 55 any 9% TINE
BRE 56 YEQ AA" 99 STO 69
ors 57 PSE 180 %(>Y
op 5§ XE *BE* 181 HNS-
pl 59 FC? BE 162 HR

157 bo he “cee 164 T+ 18
eante 62 FC? 87 165 + <A) *
a 63 PSE 186 ARCL 16
ts nino 17 64 ¥EQ DD" 187 AVIEM
2 oo ae 65 FC? 88 108 RIN
re ) INITIALIZES 6f PSE 109¢LBL “BR"

21 “1 NANE INPUTS. 67 YEW "EE" 118 FCC 22
areI 68 FC? 89 HURL 86 oo secon
54 ot §¢ PSE 12 FS? 66) name was
oe p70 19 03 113 RT Soasion
ee 7LoLBL "STATIN 14 CLR PERFORMED.
og 72 “LINIT, WR" 115 ARCL ¥
2a 3 PROT 116 4) 06

J 74 “RATE, WR/HR 117 RCL 8
ZBL 18 5 PROMPT 118 TIME
31 CF 23
32 LL. OF ©
7703INE

C-5



PROGRAM LISTING

119 ST0 Bt
120 %03
121 HNS-
122 HR
123 *
124 T+ 1
125 *F <6)
126 ARCL 11
127 VIEW
128RTH
129LBL~0C
136 FCC 22
131 RCL 7
132 FS? 97
132 RTN
134 CLR
135 ARCL ¥
136 %¢) 67
137 RCL 82
133 TINE —e—MODULE
139 570 82
148 ROY
141 His-
142 HR
147 *
144 T+ 12
145 FC)»
146 BRCL 12
147 AVIEM
148 RTH
149¢LBL DD"
158 FCC 22
151 RCL 98
152 FS? 08
152 RIN
154 CLA
155 ARCL &
156 %¢> 98
157 RCL 83
158 TINE
159 §T0 @3
168 XY

 

RHO-HS-ST-5 p

161 HNS-
162 HR
163 #
164 5T+ 12
165 "F <I) *
166 ARCL 13
167 AYIEN
168 RTN
T699LBL“EE
178 FCOT 27
171 RCL 89
172 FS? 99
173 RIN
174 CLA
175 ARC. X
176 %¢ 89
177 RIL 84
178 TIME
179 5T0 84
188 XOY
181 HNS-
182 HR
183 *
194 ST+ 14
185 "F <E) -
186 ARCL 14
187 AVIEM
BRN
38 FC? 55 90S DAY
191 C10 19 Gatcoeanion
192 FIX 6
193 OF 12
{94 ADV
195 DATE
196 DOM
157 GTO IND X
193¢LBL 09
199 * SUNDRY *
26 CTO 98
2014LBL 8
282 * MONDAY
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283 GT0 90
2840BL 82
285 = TUESDAY *
266 GT) 90
207+LBL 83
208 “MEDNESDRY"
209 GTO ee
216+LBL 84
211 = THURSDAY"
212 G70 #8
213+LBL 85
214 = FRIDAY =
215 G70 o8
2164LBL #6
217 = SATURDAY"
218+LBL 90
219 +
228 DATE
221 ADATE
222 PRA
223 SF 12
224 fly
225 "FINAL DOSES"
226 PRA

200m
278 (LY
223 $T0 26
238 FI¥ 9
231 15.819
232 ALY
233 5
234eLBL 87
235FS? IND X) LeAvEs pravvouT
236 ( . 2! }  EncoueTeEns
237 1A
238 ARCL IND Y
239 5
248 +
241 RCL IND &
242 5T+ 28
241 EQ 82
244 RIN



PROGRAM LISTING

245 5
246 -
247 ROL IND ¥ aDECALSCURRENT
24% * NOT ZEROED" —=—ERROR MESSAGE.
249 40°
250 AVIEN
251 RDN
252 1
251 +
254 156 ¥
255 G10 #7
256eLBL 01
257 ADV
258 *TOTAL="
259 RCL 20
268 XEQ 22
261 ADY
262 ADV
263 ADV
264 RADY
265 RADY
266 RTN
267¢LBL 82
268 FL? 55
269 G10 09
270 ACR
271 CLA

274 OV?

RHO-HS-ST-5P

72RD)
2731 £2

275" -
276 RIN
271 €2 |, FORMATTING

270 Rye STEPS.
27 ek
239 SORT
281 RY?
262 *F -
287 RDN
284 5F 13
285 ARCL X
296 “FN”
287 GCA
288 CF 13
289 “p*
299 ACA
291 PRBUF
262 TN
cSIeLBL 86
998 of =
295 ARCL ¥
296 "HMR"
297 AVIEN
29% PSE
299 END

 J
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Condensed, but Slower Version of Timekeeping Program.

LELYINITIAL
LBLTDVIEMW
LEBLYSTATIM
LBLTPRDOSE
ERD 634 EvTEC

GIeLB. “INITIE"
82 CURE
#3 OF 12
#4 CF 2%
85 FIX 2
86 "NAMES 6°
87 “HLETTERS MAX"
88 BEEP
#9 AVIEN
18 PSE
1 8F 12
12 p=
13 RSTO 15
14 SF 83
15 =g=
16 ASTD 16
17 SF 86
18 “C=
19 A570 17
28 SF @7
21 pr
22 ASTO {8
23 5F 82
24 “g*
25 ASTO 1°
26 SF 89
27 15.019
28 AON
29 5

J8sL8L18
MNLF 22
2 “Lb OF -
33 ARCL IND Y
34 PROMPT
FC? 23
36 GTO 08
WE
38 ASTD IND ¥
29 F537 55
42 PRA
41 CF IND *
42 1
41 +
44 156 ¥

45 570 if

46eLB. 8A

47 AOFF

47 ARV

49 = x READY »-

58 SF 27

51 PROMPT

52LBL “DVIER'

53 CF 22

SdeLBL 1!

55 ADV

56 XEQ R

57 PSE

93 KEG B

59 FL? Be

68 PSE

£1 REQ C

&2 FC? &7

63 PSE

64 AEQ I

£5 FC? 88

66 PSE

uf HEG E

68 FC? 89

69 PSE

78 G10 {1

72 "LIMIT, MR"

73 PROMPT

74 "RATE, NRHP

75 PROMPT

ft 7

77 68

73

79 18

86 #< ¥

81 ¥{=y7

82 Fld |

37 5.1.

84 ARCL

85 + Mi

86 Fy 2

27 AVIEM

38 RTM

g9e¢LBi 28

98 £57 22

RY

ZFC

93 RCL IND &

94 F5” IND ¥

Y
N'

95 RTH
9% ASTG L
97 CLA
98 RRCL ¥
99 ARCL ©
108 XO INDY
181 5
82 §T- 2
163 RDM
184 RCL IND Y
185 TINE
186 STO IND 7
187 805Y
188 HMS-
189 HR
119 *
111 10
112 8T+ 7
113 RDM
114 ST+ IND ¥
115 ARCL IND Y
{16 Aven

121 GT0 29
1229(BL B
127 6
124 * <B> *
125 G10 26
T260LBLC
ar 7 |, INITIALIZE, THEN ROUTE
128 = 40» EXECUTION BACK TO

129 610 28
T30+LEL J
13 8
132 « «py ~
133 G10 28
[34#LBL E
135 9
136 = <b>»
137 GIG 28

; ; :
 

 
T38¢LBLPROSE"
139 FC? 55
148 CTD {9
141 FIX 6
142 CF 12
143 ABY
144 DATE
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Condensed, but Slower Version of Timekeeping Program.

145 DOM
146 GTO IND X
1474LBL 08
143 = SUNDRY
149 G70 88
158+LBL 81
151 © MONDAY ©
152 G10 88
153¢LBL 82
154 = TUESDAY =
155 G70 09
156¢LBL 83
157 “MEDNESDRY*
15¢ GTO @8
159¢LBL 84
168 = THURSDAY"
161 610 00
162¢LBL 85
163 = FRIDAY ~
164 GTO @8
165¢LBL 86
166 = SATURDAY"
167+L8L @0
168 “+ =
169 DATE
178 ABATE
171 PRR
172 SF 12
173 ADY
174 “FINAL DOSES”
175 PRA
176+LBL 18
177 CLX
178 S10 26

179 FIx #
158 15.819
181 ADY
182 5
183¢LBL 67
184 F572 IND X
185 G10 1
186 CLR
187 ARCL IND Y
188 5
189 +
198 RCL IND X
191 ST+ 28
192 XEQ 62
193 RDN
194 5
195 -
196 RCL IND X
197 = NOT ZEROED"
198 ¥+8?
199 AYIEW
208 RDN
281 |
202 +
203 ISG ¥
284 GTO 07
205+LBL 81
206 ADY
287 "TOTRL="
288 RCL 28
209 XE 82
218 RADY
211 AY
212 RABY
213 apy

C-9

214 ADV
215 RTH
216+LBL 82
217 FC? 55
212 GTO 88
219 ACA
226 CLA
221 RMD
222 1 E3
223 $7?
224 ~ *
225 RON
226 1 E2
227 X11?
228 “F *
229 SRT
238 XY?
23 ck -
232 RON
233 SF 12
234 ARCL ¥
235 “HM
236 ACA
237 CF 13
238 “rR”
239 ACA
248 PRBUF
241 RIN
242+LBL @8
243 “F ©
244 ARCL X
245 "HIR*
246 AVIENW
247 PSE
248 END
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SPEED COMPARISON USING "DVIEW"

 

ORIGINAL
CONDENSED

NAMES. & LETTERS ri. HABES » LEVTERS Han

AAR AH

EEE BEB

CCC cc

Lob on

EEE EE
G0 OUT OF USER MODE

~=——GTO 11, ENTER 9000 >=
PRESS R/S.

S@pa <a> Aa THISENTERS 9000 mA/iv SpE <A> &

6 <B> @ DOSERATEFOR

A

AND 8 <B>» 9
Bg <C>» 8 CYCLE. 8B <C> Aa

8 <Dh> @ a <I>» 8

8 <E> B 8 {E> @

apg {A> 25 IAB <{H:> 42

a <g> a a {Bx Aa

a <C> a 8g 4c» a

6 <DD> 8 a {D> ©

a <> 1 BB <E> @4

Sg<A: 7a Fagg <a> 84

8 <B> @a 8 <B> A

8 <C> 9 8 <C> @

a <Dh> & 8 <D> ©

Bn <E>» BA a {E> 8

ape <A> 185 age {Hx 126

Gg <B> BA a <B> @

a <C> 8a a <C>» 8

8 <Dh> @ 8 <DD> 8a

8 <g> @ B {E> A

2068 <A> 141 9a <A> 168

8 <B> og a <g> a

8 «<C> Aa a <C> @

8g <Dh> a a <DD> 8

a <g> Aa a {E> 8B

QaDBa <A-r 176 Sg@B <Ax 21a

ag <B> © 8 <B> 9

Ba <C> @a 8 <C> @a

Bn {h> A B {D> ©

8 {E> B68 a <E> @

roaTs mi/sec, SO 35.2 mR 2G - 42.0 nn avenae

ACCRUES IN 14.08 sec. THUS, A SINGLE wHiCH TAKES 732200 = 16.8 sec.
EXECUTION OF “AA” TAKES 2.82 sec THUS, A SINGLE EXECUTION OF “A

{INCLUDESA PSE). _— REQUIRES 3.36 sec

DIFFERENCE (8S 0.54 sec.
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APPENDIX D

EMERGENCY RESPONSE - "H/Q"
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USER INSTRUCTIONS

A.

B.

Enter program (read three cards).

Press XEQ "H/Q." Program may be run with or without a printer. If the
printer is off or not attached, all displayed results will stop program
execution. To continue, simply press R/S.

Input requested information; press R/S after each entry.

1. Release height (h) in meters.

2. Wind speed at the point of release (u) in meters per second.

3. Downwind distance to receptor (x) in meters.

4. If sector averaging (22.5 degree sectors) is desired, enter any
number. For centerline X/Q, do not enter any number.

5. Stability class - enter one of the following:

VS = Hanford very stable

MS = Hanford moderately stable

UN = Sutton's unstable

N = Sutton's neutral

6. Specific meterological parameters are entered last. Tables of
recommended values are given in Tables 3 and 4. Stable conditions
require a wind meander parameter; neutral and unstable conditions
require input of Sutton's parameters.

NOTE: The wind meander is used by only the horizontal dispersion
variables (oy). Thus, when sector averaging, wind meander is not
prompted.

Once X/Q has been computed, the program asks "INPUT LIST?" which means
the option to review input parameters and computed values of Oy and the
vertical dispersion variable (o,) is available. If a listing is
desired, enter any number and press R/S. Press R/S to view successive
parameters if no printer is attached or if the printer is off. If the
listing is not desired, enter nothing; press R/S.

NOTE: When sector averaging, the parameter oy is replaced with the
quantity (x/8)/ w/2.
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E. The next option facilitates dose computation for each isotope using
unit dose factors and curies released.

- If such a_computation will be done, enter the first dose factor
(rem/Ci.m /s) and the activity released for each isotope. The
program computes the dose from each isotope and displays it. Once
all isotopes have been computed, the program prompts for another
dose factor. Press R/S and the sum total will be displayed.

- If no dose computation is desired, enter nothing; press R/S and
"H/Q" will execute from the beginning.

F. Finally, the user may simply want to change one or two input parameters
and rerun the X/Q calculation. This capability is realized in two ways:

1. Switch to USER mode.

a. To change h, enter the new h and press A.

b. To change u, enter the new u and press B.

Cc. To change x, enter the new x and press C.

d. To switch to sector averaging or to remove this option,
press H.

e. To change stability class, press 0. The MET choices will
then be displayed. Enter the new MET and press R/S. The
program will store and execute the new MET, prompting for the
necessary parameters. If no change in these parameters is
desired, enter nothing; press R/S. Program "H/Q"
automatically begins execution.

f. To execute the program, press E.

2. Execute "H/Q" from the beginning.

a. As each item is prompted, enter either the new value and
press R/S or the previous value by pressing only R/S.

b. Previous values of h, u, and x are recalled to the x-register
just prior to their prompt and may be vtewed by clearing the
display. Centerline X/Q will be computed unless sector
averaging is requested.

G. Mathematical formulas are listed in the "X/Q" program instructions.
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VALUES

TABLE 3. Values for Wind Meander (ogu).

Release Wind Speed

duration 1 m/s 2.5 m/s 5 m/s 10 m/s

10 min .024 .10 .20 .30

60 min .04 .15 .25 .35

120 min .06 .25 .35 .45

240 min .10 .40 .50 .60

480 min .18 .60 .70 .90

TABLE 4. Values for Sutton's Parameters, Cy and C;.

Release level Wind speed Cy,C, nel Raga

C .35 .21
1 m/s y

Cz .35 .17

Cy .30 .15
Ground 5 m/s

Cs .30 .14

Cy .28 .14
10 m/s

Cs .28 .13

1 m/s Cy,Cz .30 .15

Elevated 5 m/s Cy,sCz .26 12

10 m/s Cy,Cz 24 11    
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XEQ H/Q

 

 

ENTER h, u. x,
STABILITY CLASS:
VS, MS, N, UN
 

  
 

v
 

 
VS AND MS
ENTER 0pu

  

 

 

DISPLAY YES
h, u, x, Ogu

or Cy AND C,

  

 

 

J —
 

 
N AND UN

ENTER Cy, AND C,

  
¥ —
 

 
COMPUTE y/Q

  

   

  

      DOSE NO   COMPUTATION?

 

ENTER FIRST
DOSE FACTOR FOR

THE ORGAN

 +
 

 

FIGURE 3.

 
ENTER Ci RELEASED,

AND ADDITIONAL DOSE
FACTORS AND RELEASE
AMOUNTS. TOTAL ORGAN

DOSE IS TALLIED   PS8408-67

Flowsheet for Program "HQ."
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PROGRAM LISTING

LBL "HE
END £58 BYTES

AleibL "HRT

oz OF 27
pz OF 20
94 RCL At —~=— Rerease nmonr®
AS “REL. HT" 1
96 PROMPT
B7eLBL A

82 S10 0!
#9 FS? 27
ig STOP RECALLS PREVIOUS
11 RCL 82= wm spee0
12 “HIND SP7 ¥/%
13 PROMPT
j4e1BL 8
15 870 8:
{1 RCL 85 —=— RECALLS X.

17 FS? 27 } COMPUTES TIME OF
18 £10 © FLIGHT IN USER.

19 “DISTANCE™ k=

 

38 “SECTOR AYE™"
31 PROMPT
2 FC? 22
33 610 1
J4e{BL H

35 FOC00 |Ceamsracor
36 SF Aa IF CLEAR.
FS 27
2 STOP
I9eLBL |
4 CF 22
41 “MET? V5, MS. hi. UN
42 AON
43 PROMPT
44 QOFF
43 £57 23 STORED. OTHER-
45 ASO 6a Jwes previous
47 GF W) <=— INDICATES (o,U) OR

C, AND C, MUST
BE PROMPTED.

RHO-HS-ST-5P

BoEt
29 (F 01
S8 FLO 55 }
51 CF 23
52 GTQ IND Ag
T3eLBLUN
54 FCC 62
55 G10 #1
56 LQ
57 570 82
53 RCL 87
50 =CY, £7 7
68 PROMPT
61 STO 97
62 ST0 88
62 £70 81
Ga*LBL"h~

c SKIPS C, AND C,
PROMPTS IF CLEAR,

ENSURES PROGRAM
WILL NOT STOP AT
AN AVIEW.

SKIPS Cy. C,
PROMPT F CLEAR.

—— 0.9=1-1/2 (0.20).

66 G10 #1
67 L875
6% STO 99
69 FS? 88 )
78 GTO #8
71 RCL 07
72 “CY 7°
73 PROMPT
74 STO 87
754LBL 06
76 RCL 6
77 02
78 PROMPT
79 S70 65
Ga*LEL 01

wpe 0.878= 1-1/2 {0.28).

OMT

AVERAGING.

32 ROL 83
83 RCL 89
R24 4%
85 2
8¢ SORT
87 /
ge +
Ba 2 EI
90 $Y"
91 Rody
92 ST0 85
93 LASTY
94 RCL €7
95 *
% SF 81
5 610 22 |

p MAND UN

I
N
L

ENSURES
0752000 m.

pvN AND UN 
D-7

grypee
9% [IZ —— b

188 -37  —-—-e
101 -25 E-—-— a2
182 GTC 8F
Tae.vo
164 49
185 1% —-—b
186 -34 mo
187 -83 E-° w= 42
{6Z+LB.00
169RIL84
116 X12
111 =

112 E4%-1
13 +
114 ¥OY
115 RCL 84
116 *
17 +
11% SORT
119 S70 #5
120 FS> 89
121 £70 22:
122 FLCC 62
123 GTO #0
124 OF 22
125 “SIGTHETAY
126 PROMPT
127 FC? 22
125 CTO 08
129 S70 67
138 232
131 *
122 13
133 +
134 §70 9g J
135 RCL 87
136 x42
137 2
138 *
139 «
146 STO 89

Og
VS AND MS

SKIPS 0, WHEN
SECTOR
AVERAGING.

SKIPS {0oU) PROMPT
WHEN CLEAR.

 »



PROGRAM LISTING

T3T#LEL Wt
42 RCL 4
143 RCL 89
144 7
145 CHE
146 E421
147 RCL 49 9
142 * Pb VS AND MS

149 ELL 24

158 +

{51 RCL 8%

152 *  153 SART J

154¢LBL 22
155 Av

156 "CENTERLINE"

157 FC a8

158 GT #8

15% “SECTOR AVE."

i140 RCL 82

161 &

182 ¢

hr [omeee wiragi.
iat SORT

{oi +

16&e 5 @

168 So

Th oF 2

171 §

172 R

173 R

74 ¢

175 #42

176 CHA
177 #2 execution stores

178 ART =ATAVEW UNLESS
179 RCL 85

138 /

181 RCL #o

18s
187 Fi
185

oF 2
T0 @¢
Ci. @

Les u
f
)
e
e

C
N

{i

ATTACHED.

ny

1a ool a:

186 7
187 ST] 16 --—x/0

188 S71 J
134 -

  

w
h

RHO-HS-ST-5Pp

{5% GRCL BR
191 vk=-
192 ARCL 4
197 QVIEK
194 CF 22
195 “INPUT {1277
196 PROMPT
197 FC? 22
195 GTC &2
19% "H = =H
208 RCL 4°
2a) YEG ET
282 "U = » --—y
283 FIX 4
204 AECL 82
285 + M/E"
206 RYIEM
287 *¥ = —-—x
282 RCL 83
209 ¥ED 85
218 F820 8 } SKIPS (0U) IF
211 GID 9g METISNORUN.
212 F57 a9) SKIPS iow

213 570 81

J

avenomaon

21¢ FIZ 3
219 "S1Gl= "—-— togV)

216 RRCL &7
217 AVIEW
218 G70 @:
219¢LBL Bi
228 FIx 2
221 ~{Y =
222 ARCL &°

v ~~ Cy

223 FL° #6 oneran

224 AViEk AVERAGING.

225 [7 = v —-C,

236 PRCL 83

227 RYIER

I2BelBL 2!

229 BLL Br
220 “IY = ---o,

27 ZEG #9
232 RCL @5
213 #07 =v —-—0,

£34 48 a3
2I9+LBL 42
236 Al
577 =
27 1.2

235 570 12
ram mya«3 £1£39 TLE

D-8

z48 ST0 1]
2414LBL 42
242 OF 22

PLUME DOSE
~t— COMPUTATION

LOOP.

24I Fly &
244 =RaMI-CIeS ©
245 ARCL 12
246 PROMFT
247 FLY 22
248 GTO ae
249 «C1 -
258 AkCL 12

251 "b=?"
252 PROMPT
x1

294 ROL 18
255
256 57+ 1!
257 “NO,

238 ARCL 12
259 “b=
268 FIX 4
261 RNID
262 ARCL X
263 FE"
264 QAVIEK
265 186 12
266 G10 12

268 FIX 3
269 ROL 11
278 %=47
271 GTO "HC
272 TOT, PER="
273 ARCL 1:
274 AVIEM
275 G70 82
2h4LBL 05
277 FIA A
276 9g
279 RIT

ONLY WAY QUT OF
LOOP IS NO ENTRY.

RETURNS TO
BEGINNING IF NO
DOSE WAS
COMPUTED.

OTHERWISE,
DISPLAYS TOTAL
DOSE.



MEMORY USE:

00:

01:
02:

03:
04:

05:
06:
07:

08:
09:
10:
11:
12:

Stability class
Release height (m)
Wind speed (m/s)
Downwind distance (m)
Time of flight (s)

Oz
ag

(Ju) or Cy
A or C,
a or (1-n/2)

¥/Q
Dose sum, rem
Pointer

RHO-HS-ST-5 P

D-9

FLAG USE:

00: Sector averaging
0l: Met is N or UN
02: Whenever label 0 is

run





RHO-HS-ST-5 P

APPENDIX E

"X/Q - HANFORD"
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USER INSTRUCTIONS

A. Attach printer and partition calculator memory as follows before
reading in the program (7 cards): SIZE = 23 + 3N, where N is the
number of downwind distances to be used. In the standard HP-41CV, the
maximum SIZE allowed with "X/Q" is 096, which allows 24 distances.

Execute "X/Q" and enter the following necessary information, pressing
R/S after each input.

1.

2.

3.

Release height (h) in meters.

Wind speed (u) in meters per second.

Deposition speed (vq) in centimeters per second. Zero is
automatically entered if only R/S is pressed.

Building area (S) in square meters. If building wake effects will
not be included, simply press R/S without entering a number. Zero
area is automatically entered.

If sector averaging is desired, enter any number. To leave out
the sector average option, enter nothing; press R/S.

The first distance to be used. The program then prompts for each
distance. If sector averaging is selected, the program also
prompts for the population at each distance. Please bear in mind
the following:

a. To reduce program running time, enter distances in increasing
order.

b. Zero is not an allowed distance.

Cc. Unit populations are automatically entered if no other values
are input by the user.

d. Distance (and population) data are not altered by program
execution. If data from the previous run (or data card
entry) will be used, press R/S when the first distance prompt
appears.

When all distances have been entered, press R/S at the next
distance prompt.
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7. Hanford atmospheric stability class. Because the calculator is
now in ALPHA mode, simply enter the appropriate letters, as

follows:

VS - Hanford very stable
MS Hanford moderately stable
N - Sutton's neutral

UN Sutton's stable.

{
{

If all four stability classes will be run, enter nothing; just

press R/S.

8. Specific meterological parameters (listed here) are entered last.
Recommended values are given in Tables 5 and 6.

VS & MS: Enter value of wind meander (ogu) or the
release duration if wind speed is 1 m/s.

N & UN: Enter value of Cy and Cj.

If all four classes will be run, the program prompts for all the
necessary parameters before beginning X/Q computations.

Once the output is complete, the input data may be changed and the
program run again. To restart from the beginning, press R/S. To
change only a few items and execute, switch to USER mode and input the
changes using local alpha labels as follows:

1. To change h, enter the new h and press A.

2. To change u, enter the new u and press B.

3. To change v4, enter the new vq and press F.

4. To change S, enter the new S and press G.

5. To switch to sector-averaged X/Q or to remove this option,
press H. Be sure to enter population data, if necessary.

6. To change distances (and populations if sector averaging), press C
and enter the requested information.

7. To change stability class or stability class parameters, press DO.
The program begins executing with the "MET? VS, MS, N, UN" prompt.
Enter your selections according to the instructions given in the
preceding steps B.7. and B.8. Please bear in mind the following.

a. The wind meander parameter required by VS and MS classes is
stored so that it never needs to be reentered unless it
changes. When it or release duration is prompted for, press
R/S and no changes will be made.

E-4



RHO-HS-ST-5 P

b. Sutton's parameters are also stored and only need to be
reentered when changing from all four classes to a specific
class (or vice versa).

To execute a run without changing stability class, press E.
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VALUES

TABLE 5. Values for Wind Meander (ogu).

Release Wind Speeds

duration 1 m/s 2.5m/s | 5m/s 10 m/s
|

10 min .024 .10 .20 .30

60 min .04 .15 : .25 .35

120 min .06 .25 I .45

240 min .10 .40 .50 .60

480 min .18 .60 .70 | .90

TABLE 6. Values for Sutton's parameters, Cy and Cj.

Release level Wind speed Cy.Cz Unseacd Monia

C 35 .21
1 m/s y

C, .35 .17

Cy .30 .15
Ground 5 m/s

Cz .30 .14

Cy ! .28 .14

10 m/s
Cz | .28 .13

T m/s Cy.Cz .30 15

Elevated 5 m/s Cy,Cy .26 .12

10 m/s Cy,Cz .24 11  
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SAMPLE OUTPUT

RHO-HS-ST-5P

The sample on the left was produced using the sector-averaging option.
Only one atmospheric stability class was chosen, Hanford moderately stable
with a release duration of 1h.

The sample on the right was generated by clearing the sector-averaging
option and choosing all four classes.

kkok WE Hack
REV 4 3-13-84

RELEASE HEIGHT. 2.8 mn
WIND SPEED: 1.8 » sec
DEP. SPEEL: #,188 cms
BUILDING ARER. 486 ca
* SECTOR RYERAGED X-¢ *
DISTANCE POPULATION

86ae i
15588 2849
TOTAL 289i

rrntAcmtetti ce A21m

oBey 8.048 nosed

MOD. STRELE

# x0 Fd

#908 3.93-66 2.919

15508  1.34-88 A744

DISTANCE POPs#./&
8088  1.93-8n
19508 z.0%-82

TOTAL.  2.69-22

seokok ME oka

REY 4 3-13-84

RELEASE HEIGHT 8. a
WIND SPEED. 1.8 sssec
DEP. SPEED: 6.168 cm/sec
BUILDING AREA: 494 za n

obs. 8.048 assec

VERY STABLE
¥ Xs Fd

Bled 4.25-8° 6,619
15588 1.45-85 €.45%

ofey 8,840 «isc

MOD. STABLE
= RoR Fd
ges 1.83-85 9.8:¢
{5588 7.17-86 9.744

iy = 8.2 Lz = 8.17
NEUTRAL

® ¥r Fd
gaee  2.39-8¢  .%
19508 7.42-67 4.E%

Cv = 8.25 {z = 8.3¢
UNSTARELE

x ®oR Fd
8088  4,69-87  §,9%%
15568 1.42-87 8,952
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MATHEMATICAL MODELS USED WITHIN "X/Q"

A. Hanford very stable and moderately stable.

/

o. =A [t +a (e% 1]
Y

where

t = x/u, x being the downwind distance and u, the wind speed

A = 13 + 232 (ogu)

_ A
a = ———

2 (ogu)

If

u=1m/s,

then

ogu is computed from the release duration as follows:

Og = (release duration)/3000 + .02

such that

.024 < ogu < .18

2 2

g. =a (l -e k t ) + bt
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Values for a, b, and k2 are listed below:

Parameter Very stable Moderately stable

a 34 m2 97 m2

b .025 m2/s .33 m/s

k2 .00088 s-2 .00025 s-2

B. Sutton's neutral and unstable.

2 2 _ 2 2 -
o. =%+c x'*™ and go. = 3c. x (70)y y 2 2 and c, < 2000 m

C. Building wake effects.

¢. and oc, are replaced with Zy and z, as follows:

S = S_
y y 27 and Ly = 0, * 27

such that
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D. Integrated ground deposition loss.

Fq is the fraction remaining at distance x.

1 - Fq = fraction lost to ground deposition.

2
v X

= -4/2 4d —hIn Fy = T a f 0 exp —_—

22

=
|

N

Typical values for v4 are as follows:

0.1 cm/s for most particulate matter

1.0 cm/s for halogens (e.g., iodine).

E. Time-integrated air concentration.

1. Centerline X/Q

X Fa hn’
exp —Q Tull, 2 :,

2. Sector-averaged X/Q, 22.5 degree sectors

2_ 8F4 2 ox -h

Q Tuxiz m P 2 E

Sector-averaged X/Q values are normally used when determining
population dose or when the release duration exceeds 8 h.

I
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MEMORY USE:

00:

01:

02:

03:

04:

05:

06:

distance pointer

integration pointer

u (wind speed)

integration x

X increment

2
z,
2

Ly

2 -n

Cy

Cz

(zy / oy)?2

(Z, / 0z)2

S/ 2n

piecewise sum

overall integration sum

Cy N

C; N

vq (depletion speed)

A

a

h (release height)

Cy,Cz UN or specific MET

distance pointer save

Ist distance

1st population

1st (X/Q) (population)

RHO-HS-ST-5 P

E-11

USER MODE LABELS:

A: input new h

B: input new u

C: input new x values (and
populations, if sector
averaging)

D: input new MET choice and
run

E: execute program

F: input new vy

G: input new S

H: choose or remove sector
averaging (sets flag 03
if clear, and clears
flag 03 if cet)

FLAG USE:

00: vg = 0.0 cm/s

01: u=1.0m/s

02: S > 0 ml

03: sector averaging

04: MET is one of Sutton's
forms (N or UN)

05 MET is UN or MS

06: all 4 stability classes
are run

07: These 3 flags sequence
08: the stability classes
09: when all four classes

are run

10: used in the building
wake logic



PROGRAM LISTING

LBL THA
EK 1565 TES

A————

RLVEL oT
#2 OF 27

 

pl [OF 29

D4siB:do SPEEDS USER MODE
BS F572 27  F TOEND AT THE
Br STGE BEGINNING.

oF th = © he
RECALLS PREVIOUS

BE FLY 208 *peiease HEIGHT.
83 PR.APT
18408 b
11 870 28
12 F53 27
13 G70 4»
14 JEQ Bd
15 "b= 7 Moe
i6 RCL 82 —~-—
17 PROMET
i8+iBL ©
1% S70 &:c
26 CF &
2d
22 yey
27 SF #1
24 F5? 27
25 CTO 45
26 YEG 45
27 wd = 7 ORE
25 OL —e—ZmOWMLEE
20 PROMPT  wowsenis
J8eLBL F ENTERED.
TOF oe
32 ¥=@°
13 5F eR
34 ST 47
35 F357 27
3 6TH 46
37 SER 86
38 "BLDG. ASER °°
39 fry ZEROWeeENTERED UNLESS A

40 PRONET NUMBER 15 meu.
aisLEL
42 OF 87
43 2

RECALLS PREVIOUS
WIND SPEED.

FLAG 01 SET IF
U=1 misec.

FLAG 00 SET IF
Vg=0 cm/sec.

w
a f
n

ct
Ta

oe
r
n
d

B
a

F
e

g
n

~
a

o
r

n
e

-d
q .

RHO-HS-ST-5 P

48 apn FLAG 02 IS SET FOR
don BUILDING WAKE.

do 3F

Su Fit 27
Si GD 44

a2 KER 87
3 CF 2
EL
35 "SECTOR Av, 7°
So PROMPT
aR 20
6TH ¢
SOB HF
6FOC 92 |SETeFAGOY
61 SF 83 Jweer
62 F357 27
63 610 46 cisrance and
d+Bl [ ~=—POPULATION DATA

85 1.1 Looe:
ok STO #8

67 STC 82

RS 22

£2 +

78 STO 84

71+LBL #8

72 FIZ B

FEISh

74 ARCL 2p

75 F=24

76 CL%

77 PROMPT

78 ¥(=@? }
7% GTO v2

g@ STO IND 94

81 3

52 FL” 83

83 GTO A. }
Bd FlX 8

85 I56 64

ge “FOP.

8 RRPCL Bf

£8 Fm

291
9¢ PROMPT

31 STO IND 84
-

az 2

ONLY WAY TO
LEAVE THE LOOP.

SKIPS POPULATION
PROMPT WHEN
NOT SECTOR
AVERAGING.

9348, £.
4 87+ ad
9% Isc ob
9 G70 BR

£E-12

S7eLEL 82
98 BCL BA
9% RLL #32
168 -
[8] g=a"
i8z GID 83
162 RIL 04
184 RCL 83
185 -
igs 3
147 faty
198
18% 23
118 +

111 sTG 22

113 F357 27
114 GTO 46
115 F57 83
116 2EQ 89
117+LBL T
118 CF 8s
119 OF 23

 

TESTS FOR ANY
INPUT DATA.

128 “NET? V5, MS. H. Un"
121 ROM
122 PROMPT INDICATES (0,V) OR
{23 5F 13 ~=a— cy AND C, PROMPT

124 CF 22
125 AOFF
{26 FC? 22
127 SF #5
128 F§? 23
129 A570 21
13018: F
121 CF 85
132 CF 87
133 CF 8s
134 CF #2
135 FC? 85

  

126 GTO IND 2%
137 FC7 18

133 G10 of

{39 CY § 7°

{48 PROMFY

141 FC? 27

142 G70 #1
143 570 15

i44 “CT n=
145 PROMPT

146 574 1p

18 NECESSARY.

FLAG 08 SET IF ALL
FOUR WILL BE RUN.

} SINGLE STABILITY.

DO SINGLE
STABILITY.

SKIPS (0U) AND
AND C,
MPTS.



PROGRAM LISTING

147 "CY, {2 Uk ©

148 PROMPT

149 8T0 21

158 CF 22

151 eLBL 81
152 SF 7

153¢LBL "VE

"154 88 E-5 —-—2

195 570 &7

156 -34
157 STO ae

158 48

13% 14% ab

168 STD 8%

isi GTO Bi

162¢LBL "M5"

163 SF 8%

164 F52C @7

165 SF 68

166 ~4 £1 ~=—-2

167 1/3

168 STD 87

169 -97 <a oa
ire STG @2

{71 .32 ~—b

172 S10 83

173 F5? 68
124 GI 48

175¢LBL 8!
176 OF 84

177 FCC 18) aww tog
172 GT] 47

178 FC 8
188 G10 A

{81 “REL. DUR.? FIN"

182 PROMPT

182 FC? 22
184 G70 47
185 3 ET
186 7

187 .4z2

18¢ +
18% 824

a

COMPUTES {oo}

158 ¥{=Y: WHEN Ue 1 missc.

191 ¥O0

192 .18

£93 HY?

194 XY

195 £70 #2

197 =SIGTHETA: ©

PROMPT #F CLEAR.
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198 PROMPT
19% £07 2:
268 GT 47
2A1#LBL 07
42 5T0 ¥
263 2322)
284 *

205 13 b A

206 +

287 S70 {8 J
20¢ XO)
209 X12
21g 2
211 +

212

213 S10 19
214 GI0 47

 
ZISVLBL 0~e—HEADERAND.
216 SF 12
247 "kx YQ sek"

-218 PRR
219 CF 12
228 “REV 4
221 ACA
222 9
223 SKPCHR
224 "3-13-84
225 RCA
226 ABY
227 AY
228 FIX 1
229 “RELEASE HEIGNT:-
238 °F
231 ARC. 26
232 ACR
a3 8
234 G10 88
2750BL05 nf

PRINTS U.

236 FI¥ 1
237 "WINB SPEEL  -
23% ARCL #2
239 ACA
248 = M/SEC”
241 GTQ BE

2428LBLBo<e—PRATS Vy
247 FIX 3

244 *LEP, SPEEL. -

245 ARCL 17
246 ACA
247 = CMsSEC

E-13

248 GTO ge
ZA9¢LBL UB: ~—PRINTS WAKE

256 Fx 8
251 "BUILDING ARES -
252 ROL 12
253 2
254 x

255 Pl
236 *

257 ARCL ¥
258 ACA
259 = SQ N°
Z689LBL 0%
21 SF 13
262 ACA
263 PRBUF
264 CF 13
265 RIN AvERAGmg.
EEOLEL 09 ~—roraanons.

267 "% SECTOR AVERAG
265 "HED 5/8 *-
269 PRA
278 = DISTANCE  POP*
271 “HULATION"
272 PRA
273 RCL 22
274 STO 00
275 CL¥
276 STO 84
277 FI% @
208¢LBL 16
279RCLIND 68
288 ACK
281 ISG 08
282 RCL IND 88
283 156 00
284 ST+ 84

285 CLA
286 @
287 RCL ¥
288 LOG
289 INT
299 -
291 SKPCHR
292 RDN
293 ACY
294 5
295 SKPCHR
£296 RADY
297.156 98



PROGRAM LISTING

298 GTO 10
299 “TOTAL
389 ARCL a4
381 ACA
382 SEPLHR
383 24
384 ADY
385 95
JBo#LBL 1: PRINTS DASHED
387 RCLHR LINE.
388 D5E v
3e9 £70 ii
310 aby
311 RIN
3I2¢LBL “R*
313 1.75
314 GTO Bi
315¢LBL "UN"
36 SF 85
317 1.8
3igeLBL 8!
319 S70 #7
328 SF 84
321 FO°C 18] sxwsc anne,
322 GTC #{ } PROMPTS F CLEAR.
323 iy = 7
324 PROMPT
325 FC? 22
326 GTO 8)
327 570 98
328 §T0 89
329 F857 45
338 G70 8)
33 i=
332 PROMPT
333 870 89
J344LBL 47
335418. 81
33 FCC 27
337 G70 4%
338 ¥ED 84
339 ¥EG 85 PRINTS INPUT DATA
He NER 06 Mee UPR
341 ZEQ #7
342 F527 83
343 XE 83

244eLBL4F008anoMs.
345 apy
346 FEO pd
367 GTO A:
34g FIy 1

RHO-HS-ST-5 P

149 SF i2

358» =
351 ALA
352 ¢
353 ACCHR
234 CF 12
355 16
356 ACCHPR
357 lf oo

358 RCL 18
359 13
358 -
361 232
de ¢
363 ARCL X

364 “+ M/SEC"

365 ¥EO 83
Job “YERY"
357 FS? BS~==— CLEARS FLAG 0S.

368 "MDB.
369 + STABLE"
376 G70 82
I71¢LBL Bl —ee—OUTPUT HEADERgirthNM FOR N AND UN.
2 FIX 2
373 of
374 ACCHR
373 SF 13
Ie ty =»
377 ARCL 88
378 + :
379 ACA
38a CF 13
381 ACCHF
382 "2 ="
383 ARCL #9
384 XEG 08
385 = NEUTRAL"
386 F357 83
387 = UNSTABLE"
J8BeLEl B2 —==— COLUMN HEADER.

38% SF 12
398 PRA
391 = RB/8 Fd”
392 PRA
383 OF 12
394 RCL 22
395 S10 a2
396 FS” 88 }
357 GTR 43
398 GTO 8

AVOIDS NUMERIC
INTEGRATION.

E-14

T95HLEL49
400 F57 OF
481 CTC 43
482 RCL IND 96
403 RCL 93
494 %(=y? } TESTSNEW X
485 610 12 Pmevious.
206oLBL01
467 CL
485 STO 63
489 STO 13
410 STO 14
NE:

 

—ag— BEGINNING UPPER
LIMIT

412 ¥ED 57 —ea— 18T INTEGRAL.

413¢LBL i?
414 RCL #3
415 18
416 *

417 RCL IND @9
418 ¥{=y7
419 GTO 62
428 X(3Y
421 .9
422 *
423 AEG 57

DOES FINAL
INTEGRAL.

424 G10 12
425¢LBL 82
426 RCL 83
427 -
428 XEO 57 —-— cantf

429 ,5319 ~=—o0s319-

2

f=.

438 RCL 82
431 /
432 RCL 17
433 %
434 RCL 14
425 =
436 CHS
437 Er

w
i
n

~—— 418 COMPLETE.

438 G70 81
439+LBL #3
448 RCL IND oa
441 ST0 43
442 CLX
442 STO 84
444 XEQ 58
445 570 81
44p |
447+LBL 81
443 S10 #4
445 CLA

THESE ARE

Vg=0.
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PROGRAM LISTING

450 FIX 8 380 15 08 558 STC 87
45! ARCL 83 81 GT49 551 RCL 15
452 + - 502 FC° 3 SKIPS POPULATION 552 ST( 85
453 ACA 583 G10 8} } TARE¥CitAn. S3 RCL 16
454 501 2 SR4 REL 22 954 S10 #9
£5 FLY @° COMPUTES o, 585 570 86 555 670 48

456 ¥EQ 5% NO BURDING WAKE. 585 (1X SGEHLEL82 ~—marae Oo"
457 RCL #1 507 ST0 94 55¢ SF @5
458 PI 568 ADY 558 1.8
459 / 589 = DISTANCE PO™ 559 810 @7
468 RCL 82 oe nv O68 RCL 21

461 7 11 PRINTS TABEOF 541 ST 88
462 RCL 96 Jigelat 13 FORRATION 562 S10 89
463 FC? 03 ws seCTOR SI3 FIX @ bir 563 GT0 48 eTEGRATION
464 GTO 61 } roanTT SMA SEAWLBL 57 —- SUSROUTME
465 RDM 515 ARCL IND 86 565 18 ON EACH DECADE.)
466 RCL 03 Me +t 366 /
467 7 517 ACA 567 STO 64
468 (82454 —u— 0.02454~= S18 2 568 1.81
TELL81 519 ST+ 88 569 STO 01
47@ SORT 528 RCL IND @8 a/@eLBL 14
471 / 521 8CI 2 : S71 XEQ 58-
472 ROL 84 322 ACY 572 57+ 12
477 % 523 §T+ 84 573 ISG 01
474 ACY  <m— XO VALETO 524 5 574 XEQ 58°
475 2 PRINTER. 525 SKPCHR 575 ISG 81
476 FCO 83 } SKIPS POPULATION 326 ADV 576 GTO 14
477 GTD 82 WEIGHTING IF CLEAR. 5727 SC i 577 STO of
478 LOY 328 G10 13 78 2
479 ISG 00 32% 7 T0TAL 79 /

488 RCL IND 09 536 Ach 588 5T- 13
48; * 531 RCL 84 581 X(» 13

482 ISG AP 532 ACX 582 RCL #4

4£3 STO IND 86 333 PRBUF 563 «
484 8 534¢LBL 8] 584 5T+ {4
485¢LBL 82 335 OF 65 RTH
486ST+80 536 F5? 87 } 5864LBL 59
487 2 537 GTO "MS" 537 RCL 12
488 SKECHR 533 FSC 88 } AiLtoom 588 RCL 63
489 FI¥ 3 539 4T0 6 Same 589 F3? #4
498 .1 548 FSC 89 596 GTO 81
491 RCL 04 341 GTO 82 S91 RCL #2
497 N{=y? 342 RADY 592 /

497 FIX 4 541 ADV 593 ENTER?
494 RND S44 SF 27 } entens use mooe 594 ENTERt | o,2fon

435 ACY 545 GT0 46 AND STOPBAT 48. sag ROL 1G ve AD ws.
496 7. J464LBL 8] =pon meurRAL 59¢ 7

497 1 547 5F 04 STABRITY. 597 CHS
498 SKPCHR 548 SF 89 595 Ef¥-i
492 Iv 549 1.7° 599 RCL 19

508 +
GRY +
682 RCL 15 4 
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PROGRAM LISTING

683 670 2
664$LEL 81
ERLE
685 YH,
£7
68s
699 BLL BR

621 ST+ 83

£22 RCL 12
6227 FS7 84

624 G0 @t
£25 RCL @9
626 RCL #3

$27 RCL B82
£28 7
629 *

£38 LASTH
631 AZ

£32 BLL 97
£37 x
634 E¥E-1

£35 RCL OR
636 »
£37 4
£38 £70 AZ
6134BL W2
hdl RCL 87

A41 ROL 8°

642 4

643 2
fad 7

t4S RLL 2°
Adc Bil

647 *

£42 4 Ec

249 ¥{=YT
658
£51 Bhi

0,2 FOR

N AND UN.

 

$ 0,2 FOR
VS AND MS.

 
—~ag— 0,2 FOR

N AND UN.

ENSURES
0, < 2000 m.

£93
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ah2elBL #r
633 S10 85
834 STO 86
665 FL Bz
636 GTO #3
857 4
65% |
B5% +
ool 570 1
661 STO !
onl FL? 85
663 Xe 59
06d 9
663 RCL 18
ook RCL §
6b7 #
668 X¢(=Y?
66% GTO 82
678 RCL 10
671 RCL i
672 ¥L=Y7
£73 GTO @i
£74 5F 18
RASA
6764LBL 8!
877 2
678 X37?
679 G12 84
(88 STO 18
681 STO if
682 CF 18
683 G10 #2
684+LBL &;
083 it2
886 NM
687
682 FL? 18
£59 18
638 FSO0 16
891 11
£92 AW

570 IHD Y,

)

} SKIPB WAKE
CORRECTION.

skips 1,2
TION
IF UNSTABLE.

3 BUILDING WAKE
LOGIC.
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E544BL 2
£95 RCL 11

£96 ST 63

£97 RCL 19
098 57x dp

F994LBL be

768 RCL 28
781 ¥i2

702 RCL 85
Te: Ss
784 CHE

785 E47
786 RCL 85
787

768 SRT

789 5T+ 13
718 ENR

IN

Voz e~
12012
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APPENDIX F

EMERGENCY RESPONSE - "P/Q"
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USER INSTRUCTIONS

A.

B.

Enter program (read three cards).

Press XEQ "P/Q." Program may be run with or without a printer. If the
printer is off or not attached, all displayed results will stop program
execution. To continue, simply press R/S.

Input requested information (listed here), pressing R/S after each
entry.

1. Release height (h) in meters.

2. Wind speed at the point of release (u) in meters/second.

3. Downwind distance to receptor (x) in kilometers.

4, If sector averaging (22.5 degree sectors) is desired, enter any
number. For centerline X/Q, do not enter any number.

5. Stability class - enter one of the PG classes, A through F.

Once X/Q has been computed, the program asks "INPUT LIST?," which means
the option to review input parameters and see the computed values of oy
and co, is available. If a listing is desired, enter any number and
press R/S. Press R/S to view successive parameters if no printer is
attached or if the printer is off. If the listing is not desired,
enter nothing; just press R/S.

NOTE: When sector averaging, the parameter Oy is replaced with the
quantity (125x) v/w/2.

The next option facilitates dose computation for each isotope using
unit dose factors and curies released.

- If such a computation will be done, enter the first dose factor
(rem/Ci-m /s) and the activity released for each isotope. The
program computes the dose from each isotope and displays it. Once
all isotopes have been computed, the program prompts for another
dose factor. Press R/S and the sum total will be displayed.

- If no dose computation is desired, enter nothing; just press R/S
and "P/Q" will execute from the beginning.

F-3



RHO-HS-ST-5 P

F. Finally, the user may simply want to change one or two input parameters
and rerun the X/Q calculation. This capability is realized in two
ways:

1. Switch to USER mode.

f.

To change h, enter the new h and press A.

To change u, enter the new u and press B.

To change x, enter the new x and press C.

To switch to sector averaging or to remove this option,
press H.

To change stability class, press D. The MET choices will
then be displayed. Enter the new MET and press R/S. The
program will store and execute the new MET.

To execute the program, press E.

2. Execute "P/Q" from the beginning.

a.

b.

As each item is prompted, enter either the new value and
press R/S or the previous value by pressing only R/S.

Previous values of h, u, and x are recalled to the x-register
just prior to their prompt and may be viewed by clearing the
display. Centerline X/Q will be computed unless sector
averaging is requested.

G. Mathematical formulas are listed in the "X/Q - Pasquill" program
instructions.
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MEMORY USE:

00: Stability class
01: Release height, m
02: Wind speed, m/s
03: Downwind distance,
04: Oy

05: az

06: v/Q

07: Dose sum, rem
08: Pointer

PROGRAM LISTING

LEL PQ
ERD 7 w

n BYTE

BleBL "F/G"
FOF or
43 RCL Bl -=—ease HEIGHT.

24 “REL HT=? k=
85 PROMPT ~amENTERRELEASE
BEOLEL A
87 510 61
8% £5 37
#4 5TOP
10 REL 62 ~=—soeen.08
{1 “HIND SP" W/5"
12 PROMPT —w—SNTERWIND
T3eLEL B
14 510 82
15 FS? 27
16 ST0P
17 RCL 03 pranceOe
18 *DISTANCE™ #it
19 PROMPT ENTER DISTANCE,
204LBL T
2i Ty 67
22 £57 27
27 £TOP
24 OF 98
2° OF 2
26 "SECTOR AYE
27 PROMPT aoanavANY
28 FC° 22 NUMERIC INPUT

29 LTh §

ep hb

3 FLL aa

3 SF #8
ro

dF

71:

SETS FLAG 0
IF CLEAR, CLEARS
FLAG O IF SET

“ Ji

r
l

IF

RHO-HS-ST-5P

ToeE. I

% OF 03
37 “MET? A.B.C.7 5,
38 “HE
39 AON
48 PRONPT —=—grAre.
41 ROFF
42 F5? 23
43 RSTO 09

 

4delB: E
45 FC? 5%
46 CF 21
47 RCL aw
48 “f-
49 ASTD ¥
8 E=Y?
51 G10 @!
52 *B°
33 RSTO Y
94 %=%?
55 G10 @2
1
5% ASTG ¥
58 X=Y?
S49 670 83
ta -D
#1 RSTO ¥
6 %=Y?
£3 GTO 84
wd “E"

63 ASTD Y
66 %=Y?
67 GTO 85
58 "Fe
83 45Tg
78 ney
71 GTO
72 4
71 1%

PREVENTS
EXECUTION STOP
AT “AVIEW",

FLAG USE:

00:

77 246

78 146

79 2.7

8¢ RCL 83

81610 88
G0LEL
87 18%

24 182

83 26

36 RCL 83

87 _SERT

85+LBL Ba

94 %

95 RCL 43

9

a7 GT0 8g

8g {34

168 RCL 82

1g! .3

182 RCL #2

183 50PT

199 +
118 G70 v6
1ileLBL 86
112 98
113 RCL 82

Sector averaging

CLASS B

CLASS C
agPARAMETERS

AND 03.

~at— PARAMETERS
AND 03.



PROGRAM LISTING

129
171 47
122 +
123 G10 #6
TI40LEL V3~=—SARAMETERS.
125 86
126 38
127 8°
1254LBL OF —e—CLASSEANOF
129 RL 87
132 #
131 LHI+Y
132 *
Tade EL on

134 2 £3
135 $047 | on52000 m.

136 #(:Y

137 570 a5

138 Ab

12% ROL e2

142 CENTERLINE“

141 FL? ga SKIPS SECTOR

142 GT0 28 }

142 "SECTOR RYE.

144 12%

145 *

146 Pi SECTOR
tar 7 AVERAGING

145 7
14% 3GRT
158 *

15: G70 8
1524[Bl Bi}~a—COMPUTES oy.

153 ®t
i54 %

i535 ROL #2

196 SBPT

1% 2

15

155

166 +
ie1 SORT

18F ~

ie3eiBL al

15e 5TO a4

165 pyliey

{8g GF 2] --—

ier RL # AVIEW.

165 RCL 85

Ie?

RHO-HS-ST-5P

178 YH
171-2
192s

173 E42
174 RCL B5
175

18% 7 s— X/Q COMPUTED.

182 570 oh

{83 FIX ¢

184 CF 29

185 X76

186 GRCL 24
187 "k=e

188 51 2

189 ARCL A6

198 AVIEH

191 CF 22

192 “INPUT LIST?
193 PROMPT —-— SEASDY

194 FC? 22 NUMBER.

195 G10 &7

{3% *H ="

147 RCL B81

198 AQ 95

198 =f = =

26a fArcL ez

28} + Moo

262 AVIEW

283 FIx 2

284 "X= =

285 ARCL 82

206 *F KN

287 AVIENR

208 RCL #4

203 "ZY = =

21a Eg es

i1 RCL 85

22 =r
1

zi4elBL @7

P
o
a

P
o
i
P
O

T
a
d
P
O
R
T

T
D
T
D

F-6

221
222 FiY &
223 “ReMICI¥E -
224 ARCL €2
225 PROKPT ~e— SHTERDOSEFACTOR
226 FLY 22 ONLY WAY TO
227 GTO #8 LEAVE TiS LOOP
228 “ti -

IS NO ENTRY.

229 APLL 83

238 “+ = 7°
231 PROMPT

212 +

213 RCL As

234 »

235 STv #7

236 "NEL -

237 ARCL 88

238 "p="

229 FIN 4

244 RCL X

241 °F R*
242 AVIEK

243 5G 86

244 GTQ 88

245+LBL 8a
246 FI¥ 2
247 RCL &7 es

BEGINNING IF NO
DOSE COMPUTED,

243 X=87
24% GT0 "P/g-
258 “107. REM='
251 RRCL #7
252 AYIEY
252 670 #7

TOTAL.

2544LBL RS
255 FIX @
256
257 XY?
238 FIX |
25% RCL Y
208 “+ M°
261 AYIEW
262 EHR
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APPENDIX G

"X/Q - PASQUILL"
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USER INSTRUCTIONS

A. Attach printer and partition calculator memory as follows before
reading in the program (6 cards): SIZE = 20 + 3N, where N is the
number of downwind distances to be used. In the standard HP-41CV, the
maximum SIZE allowed with "X/Q" is 122, which allows 37 distances.

Execute "X/Q" and enter the necessary information (listed here),
pressing R/S after each input.

1. Release height (h) in meters.

2. Wind speed (u) in meters per second.

3. Deposition speed (vq) in centimeters per second. Zero is
automatically entered if only R/S is pressed.

4. Building areas (S) in square meters. If building wake effects
will not be included, simply press R/S without entering a number.
Zero area is automatically entered.

5. If sector averaging is desired, enter any number. To leave out
the sector-average option, enter nothing; just press R/S.

6. The first distance to be used. The program then prompts for each
distance. If sector averaging is selected, the program also
prompts for the population at each distance. Please bear in mind
the following:

a. To reduce program running time, enter distances in increasing
order.

b. Zero is not an allowed distance.

C. Unit populations are automatically entered if no other values
are input by the user.

d. Distance (and population) data are not altered by program
execution. If data from the previous run (or data card
entry) will be used, press R/S when the first distance prompt
appears.

When all distances have been entered, press R/S at the next
distance prompt.

7. Pasquill-Gifford atmospheric stability class. Because the
calculator is not in ALPHA mode, simply enter the appropriate
letters or letters up to a maximum of six. Each stability will be
computed in the order entered.
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Once the output is complete, the input data may be changed and the
program run again. To restart from the beginning, press R/S. To
change only a few items and execute, switch to USER mode and input the
changes using local alpha labels as follows:

1. To change

2. To change

3. To change

4, To change

5. To switch
press H.

6. To change
and enter

7. To change
executing

h, enter the new h and press A.

u, enter the new u and press B.

vd, enter the new vq and press F.

S, enter the new S and press G.

to sector-averaged X/Q or to remove this option,
Be sure to enter population data, if necessary.

distances (and populations if sector averaging), press C
the requested information.

stability class or classes, press D. The program begins
with the "MET? A, B, C, D, E, F" prompt. Enter your

selections according to the instructions given in step B.7.

8. To execute a run without changing stabilities, press E.

G-4



RHO-HS-ST-5P

SAMPLE OUTPUT

The printout on the left below was obtained using sector averaging and
selecting PG classes D and E.

The printout shown on the right was generated by clearing the sector-
average option and choosing all six classes.

dk NSD ahk
Hk XQ dow PISQUIL.  T-5-84
PASQUILL  3-5-54

RELEASE WEIGHT 6.1 »
RELEASE HEIGHT 4&.% ¢ HIND SPEED: 1.8 a ze:
KIND SPEED. 1.8 wrser

DEP. SPEED. 8,185 cmrasg

BUILDING AREA 48E sa »

* SECTOR AVERAGET #/€ #

DISTANCE POPULATION

8.0% i

15.58 Zhen

TOTAL: 288!

FASPUILL D
® xo Fd

8.96  1.51-86 ES:
15.58 6.27-87 4.800

DISTANCE  POP=h 0
g.88  1.81-8
15.9 1.25-47

ToTAL 126-42

PASGUILL E
Be Fd
g.8  Z.el-#c  9,BRY
15.5% S.80-8° A.7%

BISTANCE POPs.
g.88  C.01-8f
19.5 1 %-f0

TOTAL 1,983

DEP. SPEET 0.188 cwsec

BUILDING GREG 48B cq &

PRASDUILL F
2 Hs Fd

e.68  2.20-8° B71

15.58 2.79-Bn  §,pdd

FASRUILL E
= XoR Fd

8.88 9.b4-0o 6.843

15.58 4.@1-fy B75

PRASQUTI! LI
= won Fd

8. ae 4, a-ir g 53k

15,56 i.@28-8- 8,80:

FRSGOILL ©
X Ho Fd

2.88 1.{4-86 @,920
15.58 3,92-87 4.988

FRSRPUILL B
no Xr Fd

8.88 1.598 R957
13.56 9.89-0% 8,58

PRASOLITLIL. &©

A Hort Fo

8.80 1.2587 P97

19.58 7-8 3, %T



RHO-HS-ST-5 P

MATHEMATICAL MODELS USED BY "X/Q - PASQUILL"

A. Pasquill-Gifford curves for Oy and o, are well approximated by the
formulas given below, where x is in Km.

TABLE 7. Pasquill-Gifford Curves.
 

 

Stability oy =ax/ (1+ SY) az*

A a = 240 146 x (1 + 2.7 x2)

B a = 185 102 x (1 + .26 A

C a= 139 83 x / (1+ .3yk)

D a= 90 47 x / (1 + 1.1 x)3

E a= 66 38 In (1 + .85x)

F a= 46 18 In (1 + 1.3x)  
 

NOTE: Plots of these functions are shown in Figure 4.

*The vertical dispersion parameter is not allowed to exceed 2,000 m.

B. Building wake effects.

co. and oc, are replaced with zy and Zz, as follows:

2 _ 2.8 = S_I” =o + 57 and I” = o_ + or
y y

such that I Z, <306_ 0
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C. Integrated ground deposition loss.

Fq is the fraction remaining at distance x.

1 - F4 = fraction lost to ground deposition.

v x 2 2

np. = </2 4 dx -h 10 m
d T u 0 z p Z cm-Km

Z 2Z,

Typical values for vq are as follows:

0.1 cm/s for most particulate matter

1.0 cm/s for halogens (e.g. iodine).

D. Time integrated air concentration.

1. Centerline X/Q

XxX __ta exp [85
Q muloz, 2 I

2. Sector-averaged X/Q, 22.5 degree sectors

2
X _ -008F4 2 exp - h

Q TuxZ, hi 2 2

Sector-averaged X/Q values are normally used when dose population
js determined or when the release duration exceeds 8 h.
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MEMORY USE: USER MODE LABELS:

00: distance pointer A: input new H

01: integration pointer B: input new u

02: u (wind speed) C: input new x values (and pop-
ulations if sector averaging)

03: integration x
D: input new MET choice and run

04: x increment
E: execute program

05: £2
F: input new vy

06: £2
y G: input new S

07: A
Oz H: choose or remove sector aver-

08: b aging (sets flag 02 if clear,
and clears flag 02, if set)

09: a
FLAG USE:

10: (zy / oy)
00: vq = 0.0 cm/s

11: (27 / 07)?
01: Ss >0m

12: S / 27
02: sector averaging

13: piecewise sum
TABLE 8.

14: overall integration sum Flags Used to Define the MET Class.

15: MET save Flags

16: MET remaining MET 03 04 05

17: vq (depletion speed) A

18: h (release height) B Set

19: distance pointer save C Set

20: 1st distance D Set Set

21: 1st population E Set

22: 1st (X/Q) (population) F Set Set    
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PROGRAM LISTING

LEBEL TX
hE iEAEE

etre
Ri#Lh, "W/W

az oF”
ws, F 2%
4gelEL dr
#5 = + READY + a”
ge cr IV MODE.

§7 PROMPT
Br tH = Me
pa ALL IR
18 PROMPT —as— ENTER RELEASE
LAER
—

2
ed

-
w
t
t
u

’ Fh<O1m,
2 THEN SET
wi=yd h=0.1 m.

YA

gry 1s
FCT 27

5 GTdn
3 NEG 94
Woz MS
51 RCL B:
27 PROMPT ~a— Sheth WinO
ZIeLEL F
24 STD 9°
oF Fg 27
2% [TD 4
27 YEG 85
7g Vd = 2 CR
28 CL exten anouwD
36ppowpT ——peommn
Te©
EET)
32 ¥=n" } FLAG 00 SET If
15 oF a Veo
7° Tp iT
3 FEN 27
7 LTD 4
W856 #F
7% =BLIG. OPEL ©

~
r
N

fa
E
t

d
n

ba
t

B
t

p
h

a
e

pe
n

et
e

"
4
a

4r ENTER BUILDING
. FPQMET ~=— CROSS-SECTIONAL
i ——AREA, m-
4:45. €

dar gp
22
wt
of Fl

RHO-HS-ST-5P

58 CT 12
4 ¥an
5 &F fi
€¢ Fe a=

, ..52 [7 an
€3 83: #7
54 CF 2;
55 <GECTIE EVE, On
qf oF 8: CHOOSE SECTOR

57 PROMPT ~—DvTeaeav
sa fC7 pz Numeem
58 576 ©
G8eLBL H
JA FL 82 } SETS FLAG 2 F
2 6 82 Froeer
»3 F527

MCT 4 am
354L8L © acesAnD

an 1.1

£7 STD ud

68 STO 82

£4 148

78 +

71 STO nd

72¢LBL dk

73 FIP
74 wl -

75 ARCL av
7 k= 7 KR"

77 (LY
76 PROMPT
78 {{=8?

Be GTO 87

81 570 IND +=

a2 3

£3 FL™ el

34 GTC 8!

BS FIA R

Be ISG 84
ar “For.

28 HFCL eR
29 vl Tin

a5 |
G91 PROMPT

gz CTC IND pe

$7 2

DOESN'T LEAVE
DISTANCE LOOP
UNTIL X 5 0

taebl Wi
95 7+ 4d

9c I5C ap

G-10

57 67% 4%
9B4LEL 07
95 RIL BF
18E RCL 83
tei -
the ¢=4" } profidiy
182 670 #7
104 RCL 84
185 PCL 87
186 -
197
185 1@4Y
184 /
116 20
111 +
112 510 t€

114 F5" 27
115 570 45
116 FS" 82
117 XEQ 99
113¢LBL J
119 CF 23
128 "MET? A,B,C.0 ,°
121 "HF"
122 AON
123 PROMPT —=— CCECovers,
124 ROFF
125 FS” 23
126 ASTD 15
127+(BL E
126 DEG
129 RCL 1S
138 S76 16
1310LBL 47
132 CF @7
133 CF 4
134 CF #5
13° * "
36 ARCL 15
137 RSTO UL
138 ASAT

a CLEARS FLAG 43

129 =p ©
STN Z

la 37 16 ROUTES TO.LEFT-

i4f =» ) MOST LETTER OF

zest yf Sama
147 ARCL L
lad NGHF
{45 GET ¥
146 RSTO 81
147 Y#yT
142 G70 JHE 2J 



PROGRAM LISTING

149 Av
158 C.87
151 Rhy
152 §F 7

53 AY END OF PROGRAM
i154 G70 4n -=s— EXECUTION

[SSOLB] U4 —~e— HEADER

156 SF 12 HEIGHT
197 “ski ¥/0 desc

158 PRG
159 CF 12
{s@ = PASBUILL

161 “+  3-5-34
142 PRA

fed ADV
{6d FIX 1

169 =RELERSE HEIGHT

166 "F *
167 ARCL {8

165 ACA
16% = n°
178 GT0 B¢
TINE 05 = omy0
172 FIX |
173 “WIND SPEED
{74 ARCL @2
175 ach
176 = M/SEC
177 G0 #4 PRINTS GROUND
1784Bl Bf —=e— DEPOSITION
179 FIX 3
188 9

18) RCL 17
182 ¥2Y°

183 FIn ©

184 “DEF. SPEED
195 RCL ¥
186 ACA

187 = "M/SEC"
182 GY4 #82 PRINTS
18G¢1Pl 7 —=— BULDING
198 FI7 7 WAKE AREA
191 ~BUILDBING PRES

192 RIL 12
{93 2
144 +

195 PI

1%
197 ARLE ¥

193 ACR
193 ~ SQ M-
ZRA¢LRL W3

RHO-HS-ST-5P

28¢ SF 17
202 ACR
283 PRBUF
264 CF 13
285 RIN
206eLBL 03

IF SECTOR
AVERAGING,
PRINTS
DISTANCE AND
POPULATION
TABLE

207 =+ SECTOR AVERAL:
288 “FED X70 %

209 PRA
218 = BISTANCE
211 “FULAT ION"

212 PRR
213 REL 19

214 STO 94
215 LY
216 STG £4
2i7+LBL 18
28 FIX 2
219 RCL IND e2

228 ACH
221 I5G va
222 FIX &
223 RCL In] #8

24 186 An
325 ST+ Rs
226 CLA
227 #8
228 RIL A

229 LOG
230 INT
2 -
232 SKPOHR
233 RIN
234 ACY
235»

236 SKPCHR
237 AY
235 ISG a
23% GTN 18
248 =TOTAL
241 APLL wg
242 ALS
243 SKPCHY
244 24
245 AM
cd 95
2474LBL 11
243 ALCHE
249 DSE ©
258 G10 ©

1

Fap~

24 CHARACTER

G-11

251 PR
252 RN
PRIALBL © fr eeCEA
254 248
ass 2.7
256 144
257 GT 82
TSGLEL © BT —=— Cens.
259 185
2h 24
261 142
262 SF #5
263 G10 &2
2644LBL = 0° = CLASSC

268G70 81_
260¢LBL - [° —w— ClASSO
278 WW

21 1d

272 47

273 SF 45

274 GT a1

TELT° emCASE
276 66

277 85

278 28

279 §F @2

288 GTO #2

TOISLEL *T° aCIASSE
28 46

283 1.2

284 18

285 SF 81

2869BL71
287 SF #4

ZEILEL 12
288 STD #7

294 RIN

29; STO #8

292 RDN

293 S70 #4

264 FCM 27

295 410 #4



PROGRAM LISTING

29 YEN #4
297 ¥EQ 85 |eersau
296 XEQ @6 |Meuron
299 ¥Ep 67 |W usen mooe
MEE |oo
301 EQ 89
T0zeLBL 7
303 AV
3nd SF 12
305 = PASBLILL®
386 ARCL 61
387 PRA
39 ¥
369 PRA
38 OF 12
711 ROL 19

= $70 90
DIF08 )mumemc
id 670 83 } WTEGRATION
IE GT) 9
316+LBL 49
317 F5° Be
18 67g 63
315 RCL IND 00
328 RIL 83
321 W{=Y7 TESTS NEW X

322 GTO 42 } Evins.
JZISLEL 81
Ze
325 §70 43
326 STO 13

127 §70 14
328 881 ==(qT wreomAL
320 YEQ 57 —=w— 1ST INTEGRAL.

338880 12

24 Fd

331 RCL 82 10 TIMES THE
332 ig PREVIOUS
777 8 UPPER LIMIT.

334 RCL IMD @R
335 w=ye

336 GTO B72 —-—
TIT Ww 5
Gf
“go50d
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34g

347

348

34% ROL AZ

58

351 ROL U4

352 4

3 nt

354 EY

35% 670 a

n

x
3

e
n

~
~e—— F418 COMPLETE.

356#LBLBa

357 RCL ING 84
358570 #3
359 Lx
360 ST0 64 3comer
361 XEQ 58
362 £70 81
33 1
JodeiBl 8)
365 STO 04
366 CLA
367 Fx 2
36% ARCL 83
362 7b -
378 ACA
371 SCI 2
372 FL? 8)
373 ¥ER 59
374 RCL 21
375 PI
76 /
377 ROL 82
78
379 RCL #6
86 FC? 82 } AVOIDS SECTOR
381 GTO @: AVERAGING.
332 RIN
383 ROL #3 SECTOR
354 ¢ pho

COMPUTES0, IF

} WAKE.

95 AY XI0VALUE TOeniffmeman.

G-12

20 [2
T19y ——— 5.3192 2/3:et Al 3Vh 3%:

337 FL 4
NR 4Th og
399 KY
488 15C on
481 BOL IND BE
462 +
483 156 28
494 ST) IHD Bf
485 8
4864LBL @2
467 5T+ 6
48% 2
489 SKPCHE
418 FI¥ 2
411.1
412 REL 24
413 ®{=Y?
414 FI¥ 4
41% BND
416 ACK
4i7 XY?
412 1
419% SKPCHR
426 ADV
421 15; a8
422 GTO 49
423 FC° ef
424 GT0 <7
425 RCL =
426 570 8a
427 Lu
428 STO a4
42% AB
43@ ~
431 “heXopr
43z PRA

F
d

DISTANCE

WHEN SECTOR
AVERAGING,
THIS STORES
(X/Q*(POP.).

SKIPS
DISTANCE AND
POPULATION®*X/Q
TABLE.

FP

DOES TABLE OF
DISTANCES AND

4374|7 -=— POPULATION

4 FIE 7
435 in
43 ARCL IND BG
437 =

43% ach
439 7
dq 5T+ pit
441 RCL IND #R
442 801 ¢

447 ACY

 

WEIGHTED X/Q
VALUES.



PROGRAM

445 SKPCHF
447 ADV
448 156 08
443 GTO 13

LISTING

458 = TOTAL.
451 ACR
452 RCL 84
453 ACY
454 PRBUF
455 ABV RETURNS TO

436 GTQ 47 -—=— BEGRNNG.

457¢LBL 57 —=— wrroRraTION
458 10
459 /
468 STO 84
40! 1.01
462 STO 81
463¢LBL 14
464 ¥EQ 58
465 ST+ 13
466 ISG 61
467 XEQ 52
468 ISG 01
469 GTO 14
478 570 81
471 2
472 /
473 §T- 13
474 X(3 13
475 RCL 04
476 *
477 57+ 14
478 RTN
479+181 58
438 RCL 04
481 T+ 83
482 RCL 97
483 RCL 93
484 FS? 03
485 CTO €2
486 *
437 FS? 04
488 GTO 01
489 RCL 83
499 5? 65
491 SORT
492 RCL 03
497 +
494 RCL 88
435 +
43%
497 +

2 i
wo (10 25)

RHO-HS-ST-5P

2498 1 == oawn (14 205) 54s uv
499 G10 83 347 G70 81
S8@eLBL Pf 548 S70 19
381 RCL @2 349 570 11
362 FC? 85 358 GTO #2
383 SQRT SoieLBL 8f
384 RCL 83 552 ¥12
505 * 333 OY
501 554 /
567 + 395 FL 43
588 FS? 85 396 11
399 SRT ua? FS? 43
918 / 538 1e
311 G10 83 559 OY

S13 RCL a8

S914 *

519 LNI+X

S516 *
Si7elBL 83

519 2 £3 ] Evetnes
 

02<2000 m.

522 ST0 85
523 FC? 91 } AVOIDS BUILDING
524 GT) 83 JWAxeLooc.
525 ROL 12
526 K(OY
527 /
528 1_
529 +
530 S70 13
531 XEQ 59
532 9
533 RCL 10
S524 RCL 1!
535 *
536 ¥{=Y?
537 £10 82
536 RCL U1
539 RCL 18
54¥{=Yy?
541 GTO 81 SEISrLAG es.ms
542 RAD -a—~ ONLY IN CLASS A,

543 OY 8 >160.000 nS).
544LBL 0:
945 3

G-13

568 STO IND ¥
JoleiBL @2
362 DEG
563 RCL 11
564 ST* 65
365 RCL 18
366 ST* 86
BRIOLBL 0a
368 RCL 18
969 Kt2
578 RCL @8%
51s
572 CHS
373 EY
574 RCL 85
33 /
376 SORT
577 57+ 13
378 RIN

STOEL59
a8@ RCL 12
381 RIL 83
582 RCL AS
383 *
384 xtZ
385 RCL 63
386 SORT —ea— wTEGRAND.
587 2
388 /
589 1
394 +
391 /
592
593 ~
394 1
993 +
39 570 10
397 EMD

T0 86
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