- o &

| @  AD-A221 955
: AWS/TR-80/003
REVISED

L CALCULATING
; TOXIC CORRIDORS

( \

’ Capt Jon P. Kahler
AWS/DNXP
Lt Co! Robert G. Curry
1 AFGWC/DOP v &Y
" ' Maj Raymond A. Kandler | ;
DETY 24, 26WS - X

5
el
3

| NOVEMBER 1980  °

(Revised April 1929)

APPROVED FOFRI PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED.

@ AIR WEATHER SERVICE (MAC)
L Scott Air Force Base, lllinois, 62225-5008




~

REVIEW AND APPROVAL STATEMENT

AWS /TR-80/003, Calculating Toxic Corridors, November 1980, is approved for
public release. Thetre is no objection to unlimited distribution of this
document to “he public at large, or by the Defense Technical Information
Center (DTIC) to the National Technical Information Service (NTIS).

This technical publication has been reviewed and is approved for publication.

4 < -
%{f(’tcgf,Yx « (: C.Ceeec,

KFNNETH E. GERMAN, Col, USAF
Assistant DCS/Aerospace Sciences
Reviewing Officer

FOR THE COMMANDER

Db JZ

THOMAS A. STUDER, Col, USAF
DCS/Aexrospace Sciences

21 e

: %




o UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

| . N 9
- REPCRT DOCUMENTATION PAGE BEFORE CONBE Bt oRM
| ‘ 1. REPORT NUMBER 2. GOVT ACCESSION NO,| 3. RECIPIENT'S CATALOG NUMBER
| AWS /TR-80/003

A. TITLE (and Subtitle) 5. TYPE OF REFORT & PERIOD COVERED
| Calculating Toxic Corridors Technical Report

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(®) 8. CONTRACT GR GRANT NUMBER(®)

Jon P. Kahler, Capt, USAF; Robert G. Curry, Lt Colf
USAF; Raymond A. Kandler, Maj, USAF

A 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10.
o Headquarters Air Weather Service (MAC)
‘ Scott AFB, IL 62225

OGRAM ELEMENT, PROJECT, TASK
EA S W UNIT NUMBE RS

| 1. CONTROLLING OFFJCE NAME AND ADDRESS 12. REPORT DATE
! November 1980
i arvice (MAC

| v Headquarters Air Weather Serwvice ( ) 5 NOWBERGF PAoEs

Scott AFB, IL 62225 97
} 3. MONITORING AGENCY NAME & ADDRESS(If differant from Controlling Ottice) 15. SECURITY CLASS, (of this report)
| Unclassified
' 15e. DECLASSIFICATION/ DOWNGRAGING |
: SCHEDULE
|
, 16. DISTRIBUTION STATEMENT (nf thiv Report)

0 Approved for public release; distribution unlimited.

i 17. DISTRIBUTION STATEMENT (of the abatract entered In Block 20, it ditferent from Report)

\

t8, SUPFLEMENTARY NOTES

- Revised in April 1989 to provide new Tables 2( Aerozin },
i 16 ( Hydrazine ), 22( Monomethyl Hydrazine), 23( Nitrogen
Dioxide ), 24( Nitrogen Tetroxide ), and 32( Unsymmetrical

i . Dimethyl Hydrazine ) J
i . 1_9. KE\; W(:)rRD-S (C~onunun on revarse side /{ necessary and identify by block number)
H i ~Toxic Chenicals * Hazard Corridors- Spills of Toxic Chemicals -
. Diffusion- Evacuation Areas: Safety"
. Dispersion, Disaster Preparedness: Meteorology -
. Air Pallution Emergency Actions - Toxic Hazards®™ «+ 'wt—
i Toxic Corridors: Missile Propellants® )

20. ABSTRACT (Continue on raverse side If necessary and ldentify by block number)
~Method for defining evacuation areas for accidental spills of toxic chemicals
are presented. Tnese spills can present serious health hazards to people
exposed to excessive vapor concentrations downwind of the accident. Aan empir-
ical diffusio: equation is used to calculate the downwind hazard distance. The
’ width of the toxic corridor, specified in angular degrees centered along the
mcan wind direction, is based upon the variability of the wind direction.
Flexibility in estimating toxic corridor evacuat ion areas is allowed through
2 choice of four different methods involving the use of tahles homograns.,. sod., .

FORM
DD | an s W73 111 UNCLASSIFIED BRI

SECURITY CLASSIFILATION OF THIS FAGE [When Dain Eniered)




UNCLASSIFIED
SE« URITY CLASSIFICATION OF THIS PAGE(When Data Entered)

Block 20
|

a programmable calculator. Appendices present worksheets, example problemsA
procedures for determining meteorological inputs, a procedure for deter-~
mining evaporative source strength, and other items. ¢ !

S e |
e g, /‘l"r-‘(‘["'}t‘
7,

R
-

iv UNCLASSIFIED

SECUMITY CLASSIFICATION OF THIS PAGE(When Date Entered)

A

R ——




PREFACE

The Air Weather Service (AWS) is tasked by AFR 35%-1, 14 #ay 1979, (para 2-12g)
to provide diffugsion predictions for toxic chemicals r:leased to the atmdsphere. This
technical report presents several forms of a simple technique for use by AWS
detachment forecasters for determining toxic corridors in the event of an accidental
spill or release to the atmosphere of a toxic chemical. These technigues are largely
hased upon AWS Pamphlet 105~57, "Calculation of Texic Corridors," (which has been
rescinded), AWSTR 176, "Diffusion Forecasting for TITAN II Operations," and AFGL
Report, "The Ocean Breeze and Dry Gulch Diffusion Program, Volume II."™ Additional
information can be found in AWSTR 214, "Guide to Local Diffusion of Air Pollutants®.
These references and others rertaining to the Ocean Breeze and Dry Gulch programs and
toxic corridor forecasting are listed in the references.

The basic technigue of using toxic corridor tables calculated from the Ocean
Breerze and Dry Gulch equation has been in use for nearly two decades by weather units
supporting TITAN missile operations. During that period slight modifications and
refinements to the procedures have been made but the basis for the technique has
remained the same. This technical report continues the use of the above equation to
determine toxic corridor lengths and contains additional, alternative approaches for
arriving at the same answer. This additional flexibility should allow AWS
forecasters the opportunity to select the means of making these calculations that is
best suited to their particular situation.

The authors of this report wish to acknowledage the contributions made by secveral
individuals in their review of this technical report. Maj William Normington £frcm the
USAF Occupational ond Environmental Health Laboratory provided a general technical
review. Col Viector C. Furtado, Chief of Bioenvironmental Engineering, Aerospace
Consultants Division, Office of the Surgeon General, reviewed several sections of the
report and confirmed many of the exposure limits listed in the table of chemical
factors. Air Weather Cervice Mobilization Augmentee Lt Col James Dicke provided an
extremely detailed and comprehensive editorial .and technical review of the entire
report. The authors sincerely appreciate the contributions provided by all of the
above individuals.

NOTE: THE APRIL 1988 REVISION PROVIDED
REPLACEMENTS FOR THE FOLLOWING PAGES: 10,
24, 30, 31, 32, 40.
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Chapter 1
INTRODUCTION

The duty forecastcr answers the telephone and receives the following message: “A
tank truck carrying 1liquid chlorine Jjack-knifed near the main gate. The tank
ruptured and is spewing chlorine all over. A large chlorine gas cloud is moving
across the base toward the housing area. We need to know what areas should be
evacuated."

At this point, the duty forecaster must realize that a toxic corridor is required
and must know how to prepare one. A large number of lives may depend upon this
forecaster's response.

The potential for this type of accident exists virtually everywhere. It is not
necessary that toxic chemicals routinely be moved, used, or stored on your
installation. Bny installation located near highways or railroads is a potential
candidate for a toxic spill from trucks or trains that trarsport chemicals along
these routes. The call for a toxic corridor forecast will likely come when least
expected. Will you be ready to respond rapidly and accurately to such a request?

This report outlines gpecific procedures to swiftly provide toxic corridor
information based upon atmospheric diffusion considerations at the time of an
emergency. Several different approaches to calculating toxic corridors are
presented. These tcechniques are based upon the observe® and forecast wind,
temperature difference between 54 feet and 6 feet (delta-T), and information
pertaining to the toxic chemical that has been spilled or released to the atmosphere.

Toxic corridors represent emergency evacuation areas downwind of accidental
spills of toxic chemicals. These spills can occur anywhere toxic chemicals are
hanaled or transporteu such as missile sites, chemical storage areas, or along rail,
water, and highway shipping routes. Specifically, a toxic corridor 1is the area
within which the risk to people £from excessive vapor concentrations exceeds an
acceptable level.

Agsuming corroct input parameters are used, the toxic corridor calculated using
the techniques presented in this report will result in an area within which the
probability is 90 percent that concentrations above a specified limit will be
contained. In many cases, this sgpecified concentration will be an estimated or
established Short-Term Public Emergency Limit (SPEL). The National Academy of
Sciences Committee of Toxicology (1979) has established exposure limits for a large
number of toxic chemcials.

The boundary of a toxic cocrridor does not represent a clearly defined line where
one side represents a hazard and the other side complete safety. Remember, a
10-percent probability exists that an exposure limit can be exceeded outside of the
speclified corridor.

A toxic cerridor calculated using this report tepresents a quick response
approach to an emergency situation that should minimize the risks while not requiring
exceggive areas to be evacuated. The calculation procedures are simple, rapid, and
suited to emergency situations.




Chapter 2

SUGGESTIONS AND CAUTIONS IN CALCULATING TOXIC CORRIDORS

‘Lack of Tables for a Particular Toxic Chemical

Occasionally, a corridor table not included in this report may be required for
~se with Method 1. If assistance in obtaining this information is required, submit a
request throught channels to Headquarters Air Weathet Service, DCS Acrospace Sciences.

If you wish to pursue the prcocblem yourself, ask your local Bioenvironmental
Engineer (BEE) for help. First determine the appropriate exposure limit. Normally,
this will be the 30-minute Short-Term Public Emergency Limit (SPEL). Unfotrtunately,
SPEL's have not been established for many toxic chemicals. A gram molecular weight
for the toxic chemical is also needed. If a SPEL has not been established, work out
an acceptable exposure limit for the toxic chemical with the BEE. It is not the
intent of this report to provide a procedure for determining an exposure limit. Once
an exposure limit and a gram molecular weight has been ectablished, Methed 2, 3, or 4
¢an be used to determine a toxic corridor. If you prefer, produce a toxic corridor
table and use Method 1. Plan ahead for any credible emergency. Obviously, it would
be impractical to begin developing new tables during an emergency.

Wind Direction Variability (R)

Instructions for Adetermining wiid direction wvariability, which is directly
related to the lateral diffusion of the toxic chemical, are provided in the steps for
calculating toxic corridors by each method. At locations where direct readouts of
wind direction standard deviations (ogg) are available, wind direction variability (R)
is approximately equal to (16/3) J4. This makes the corridor width (W), which is
1.5R, equal to 8 9g, i.e., (3/2)-(16/3) o9 = B oy (Taylor, 1963).

Types of Corridors

Organizations that operate TITAN II sites are prime users of toxic corridor
forecasts by Air Weather Service units. Strategic Air Command (SAC) Bioenvironmental
personnel have worked closely with the 3rd Weather Wing Staff in carefully planning
the use of these toxic corridor diffusion forecasts. SACR 355-5 defines different
types of corridors based upon operational requirements. The dJdefinitions below are
examples of the ways these diffusion forecasts are used.

a. A Propellant Emission Corridor is established when planned emission of
propellants are to occur, e.g., tank venting or purging operations. The exposure
limit used for calculating this type of toxic corridor is the 10-minute Short-Term
Public Limit (STPL). Since this is a scheduled occurrence, a decision must be made
as to whether the planned task can be performed without unacceptable exposures to the
general public.

b. A Potential Hazard Corridor is established when uo relcase of piLopellants to
the environment is planned, but propellants will be in a nonstatic, e.g., propellant
transfer, mode. The 10-, 30~, and 60-minute Short-Term Public Emergency Limits
(SPEL) are uged as exposure limits for calculating these toxic corridors. -

c. BAn Operational Hazard Corridor is established and periodically updated if an

,actual propellant spill or mishap occurs. Immediate steps must be takeii {0 evacuate
unprotected personnel from the established potential hazard corridor until the exact
size of the operational hazard corridor is established. The 10-, 30-, and §0-minute
Short-Term Public Emergency Limits (SPEL) are used as the exposure 1limits for
calculating these toxic corxridors. Note: The primary difference between potential
and operational hazard corridc 8 is that the focmer is calculated in anticipation of
a potential spill and the latter after a spill has occurred.




The Time Factor

T A major consideration during emergencies created by accidental spills of toxic
chemcials is the reaction time required to evacuate people from the hazardous area.
O Plans for emergency evacuation should be established so that evacuation is started
without delay. Therefore, evacuation might have gtarted before a toxic corridor
' calculation can be made. The following steps outline one possible sequence of
events.

: a. As soon as a toxic spill occurs, the Disaster Response Porce (DRF) clears an
area of a predetermined radius around the spill site. Base Weather is notified and
I provides wind information (direction and speed) representative of the spill location
at that time. In some instances, e.qg., at TITAN migsile sites, wind and temperature
difference information normally will be provided to Base Weather from the site of the
spill.

b. The DRF begins evacuating areas downwind of the site staying as far ahead of
the leading edge of the toxic cloud as possible. The leading edge, even if visible,
may not be the toxic edge of the cloud. :

¢. Base Weather completes toxic corridor forecast calculations and relays the
information to the DRF which completes the evacuation of the toxic corridor.

d. Base Weather continues close monitoring of wrather conditions, updates the
toxic corridor forecast as necessary, and relays any siganificant changes to the DRF.

| Potential Sources of Error

Several potential sources of error might contribute to.an erroneous ecstimate of
toxic corridors. Errors can occur when measuring or estimating the temperature
difference (delta-T) and when estimating source strength and trends in meteorological
parameters. Other errors may stem from peculiarities of the toxi¢ chemical, terrain
effects that alter the wind and diffusion characteristics of the atmosphere, and the
horizontal homogeneity assumption. Each of these potential error sources are briefly

‘ discussed in this section.

Toxic corridor lengths are extremely sensitive to the delta-T values used in
making the calculations. For example, a 19F error in delta~T can result in an erior
! as large as 40 percent in the corridor length. Appendix D provides additional
} information on this error.

Source strength errors are not as critical as delta-T errors; however, source
strength is much more difficult to estimate than delta-T. Corridor lengths are
approximately proportional to the square root of the source strength. Appendix C
I contains information on this error.

| Past experience and research have shown that gases such as chlorine which are

[ considerably denser than air do not initially disperse in the same way as gases with

: - densities nearly the gsame as air. When a large amount of dense gas is released at

one time, the spill will form a density front and initially spircad iu all directions

at once. This can result in a situation where the upwind edge of a highly con-

[ centrated gas cloud travels against the wind and spreads upwind of the spill site.

! - Whether or not the upwind edge of a dense gas cloud travels against the wind depends

. upon whether or not the velocity of the denasity front is greater than the wind

velocity. The density [iviit also causes the initial lateral spread of the cloud to

be larger than normal. Vertical spread of the gas will be initially much less than

normal and the gas cloud will tend to hug the ground, especially if there is no aaded

huoyancy due to heating/combustion. The cloud will flow downhil! and tend to follow

errain features such as rivers and valleys and, again, may somewhat "ignore®™ the

tgirection of the wind. After the gas cloud has traveled a sufficient distance and

entrained enough air, its density ¥ill be similar to that of air allowing it to
diffuse in a more classical Gaussian manner {(van Ulden, 1974 and Eidsvik, 1978).

| The dense gas effect may cause toxic corridors to be longer than calcuiated,
particularly when the delta-T is negative, Preliminary results of comparisons
between a dense gas model and the Ocean Breeze and Dry Gulch model indicate that the
d!fferences betwaen calculated corridor lengths tend to disappear under extremely
stable (large, positive delta-T) atmospheric conditions. Research into the dense gas
problem is on-going and should result in more definitive quidance in the future.
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Terrain and csurface roughness elements can affect not only the atmospheric
dispersion but also rhe wind direction and speed. The procedure for estimating
delta~T (Table B-1) calls for adding -19F to the estimated value if the toxic spill
occurs in rough terrain. Atmospheric diffusion can be enhanced by the increase in
turbulence cauced by flow over rough terrain. Large buildings and terrain Ffeatures
such as hills and bodies of water can alter wind direction dowrwind of a spill.
Sinct wind speed is used in terms of several categories in Table B-~1 and does not
appear 1n the Ocean Breeze and Dry Gulch equation, a precise value is not critical;
however , the correct category is as important as the temperature difference (delta-T)
value, These effects must be considered when defining a toxic corridor.

Toxic corridor forecasts should be updated when wind direction changes occur or
are forecast to occur. These changes may be due to several causes including 1)
passage of a front or trough, 2) the onset of drainage winds in mountainous regiong
and, 3) shore line wind direction reversals over coastal regions.

There are several reascns why the temperature difference values in Table B-1
should be modified when there is a toxic chemical release in or very near forested
areas., Empirical data show that chemical plumes/clouds under forest canopies tend to
expand to much larger volumes, at shorter travel distances, than those on dgenerally
open, relatively level terrain. Field dJdata also show that wind speeds under
canopies are much lower than wind speods measured on open, level terrain at any given
time. Thus, chemical plumes/clouds travel much farther in a given time over open,
level terrains than they do in forests under any given weather situation. Although
Johnson (1980) contains an extensive table of corrections applicable to a computer-—
based model developed for the Department of Lefense (DOD), directly applying the
corrections to the methods in this report is neither possible nor warranted. Rather,
if a toxic chemical release occurs in a forest or is forecast to flow into a forest
immediately after release, the forecaster should use %the next lower wind speed
category to that normally applicable if the out-of-canopy wind speed exceeds 3 knots.
Then, add (-1) to the number in Table B-1 before entering the appropriate toxic
corridor length table. This approximation does not justify using a number more
negative than (-4) in calculating toxic corridor length, even if the spill is in
rough terrain.

Any diffusion estimation technique that uses one set of meteorological parameters
as inputs assumes the conditions described by these parameters are horizontally
homogeneous; i.e., they do not change in the horizontal. Over relatively flat and
uniform terrain this assumption is valid; however, the forecaster must insure that
factors affecting the representativeness of the input data for a toxic corridor
forecast have been considered.

The important aspect of considering potential sources of error is to know what
they are and to watch for them in your pairticular situation. Remember that the
procedures in his report are intended for emergency situations and must, therefore,
be kept as simple as possible. Time does not permit, and sufficient meteorological
data will not usually be available to run a fine-grid numerical model. Thus, a quick
and simple technique, -tempered by forecaster judgement, must be used to produce a
best estimate of the hazard area.




Chapter 3

CALCULATING TOXIC CORRIDORS

The following chanters contain steo-by-sten instructions for calculating toxic
corridors using any of four methods. Since the results of toxic corridor
calculations are wirtually the same, regardless of the method used, the rethod of
choice will 1likely depend on fregquency of forecast request, experience of the
forecaster in making this forecast, availability of a toxic corridor length table for
the released chemical, and availability of a TI-59 nrogrammable calculator. Method 1
will most likely be used if there is a toxic corridor length table for the chemical;
Method 2 if there is no table. Method 3 requires more independent data and would be
applicable for unusual corbinations of toxic chemicals and exposure limits. Method 4
may be preferred by those skilled in using programmable calculators where specific
situations can be handled by executing the general equations in this report. The
separate sections for each wethod are self-contained cxcept that the suggested
workshect is in Appendix A and procedures for determining meteoroloqical clements are
in Appendix B, In all four methods, the technigue to determine the corridor is a
quick, objective, persistence forecast. The forcvcaster should be alert to factors
that could change the wind direction/variability and speed. Atmospheric stability,
as reflected by delta-T, changes from hour to hour during the day. Calculations
should be repeated if major variables such as source strength, delta-T, wind speed,
wind directlon, or wind variability change.

Further Ccnsideration

The toxic area should be evacuated uniil the DRF determines that the hazard no
longer exists. Disaster teams should approach from the upwind side and wear
appropriate protective ecgquipment. Tt is important to realize that the toxic material
may diffuse in all directions in light and variablec winds. nxcept for denser than
air concentrated gas clouds discussed in the previous secticn of this report, the
material will move downwind at approximately the speed of the wind. For
instantancous releases, a toxic cloud will form, while short-term releases will
create a short plume. Once the source is terminated, the end of the plume will
diffuse as it moves downwind. Therefore, the toxic corridor is active until the
material has time to diftuse to an acceptable concentration.

Be prepared to transfer the worksheet sketch of the corridor to an appropriate
map. Insure that the corridor is drawn to map scale. General requirements rcgarding
maps and plotting requirements are contained in AFR 355-1. The local disaster
preparedness plan should specify the scale and map to use. Table 1 provides
conversion factors that can be 1Sed to convert feet to otner length units. These
facteors may help you in making scale drawings.

Table 1. Length Conversion Factors.

Convert Conversion
From To Factor

Feet Meters 3.048 x 10-1
Feet Kilometers 3.048 x 1074
Feet Statute Miles 1.894 x 1074

Nautical Miles 1.646 x 10-4




Chapter 4

METHOD 1l: TOXIC CORRIDOR LENGTH TABLES

. The steps to determine the dimensions of a toxic corridor using this method are
presented belcw. Where applicable, preferred and alternate approache. are given.
Toxic corridor length Tables 2 through 32 are reguired. Two copies of a suggested
worksheet are provided in Appendix A, one with sample corridor calculations (Figure
A-1) and one blank copy (Figure A-2). A flow chart for uzing Method 1 is depicted in
Figure 1.

a. STEP 1: Determine source strength (lb/min).

(1) Preferred. Obtain a source strength from the disaster response force
(DRP}. NOTE: Although weather personnel are not responsible for determining source
strength, a toxic corridor length calculation cannot be made without it. Appendix C
provides an equation for calculating evaporative source stengths based on the surface
area covered by the toxic chemical spill. Use this appendix to assist the ageacy
responsible for estimating source strengths.

(2) Alternate. For small amounts of liquid or gas (less than 2000 1t),
- assume the worst case which is total release of the material in one minute. For
large amounts of gas, assume total release over five minutes., For large amounts of

liquid, assume a source strength of 2000 1lb per minute.

, ? (3) Alternate. For releases of a large amount of material where a source
! strength cannot be determined from the above procedures, go t» alternate procedure in
Step 3.

b. STEP 2: Determine temperature difference (delta-T (°F)).

(1) Preferred. Use the mean delta-T based on at least a l0-minute record

- from a 54-6 foot delta-T instrument. (Available at TITAN II miss.ie sites. Refer to

; Appendix B, Fiqure B-1.) NOTE: 54-6 foot delta-T measurements can be made by using
’ a sling psychrometer at the 54- and 6~foot levels of a radar tower.

| {2) Alternate. Use mean surface wind speed category, solar elevation angl-=,
and sky condition to obtain an estimated temperature difference from Table B-1,
Appaendix B. Refer to the notes in this table concerning rough terrain and forested
regions prior to estimating the temperature difference.

'i c. STEP 3: Determine toxic corridor length {TCL) in feet.

(1) Preferred. Turn to the appropriate toxic chemical corridor 1length
c table. Read across from the source strength determined in Step 1 and down from the

' temperature difference determined in Step 2. The intersected value is the toxic
corridor length.

! . (2) Alternate. For releases of a large amount of material where no source
strength is available, use the distance the wind would carry the material in one
hour. This is an interim forecast which must be updated when particulars are known.

| . d. STEP 4: Determine mean wind direction and wind direction variability, R
i {degrees of azimuth). I1f the surface wind is egqgual to or less than 3 knots, go to
Step 6. .
| (1) Preferred. Use the 18-minute recorded wind direction trace and

eliminate the two furthest direction fluctuations on each side of the mean.
Yariability, R, is the difference in dcgrees between the third largest fluctuation on
I each side of the mean Jirection.

(2) Alternate. Note the wind fluctuations indicated by an anemometer dial
over a 2-minute period. Variability, R, is the difference in degrees between the
largest fluctuation on each side of the mean direction.
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(3) Approximate. If wind direction fluctuation information is unavailable,
assume R is 602 when the wind speed is between 4 and 10 knots; assume R is 309 when
the wind speed is greater than 10 knots.

e. STEP_5: Determine corridor width (W) in degrees by multiplying the value
obtained for R in Step 4 by 1.5.

f. STEP 6: Piot the toxic corridor.

(1) Wind speed greater than 3 knots. Draw the corridor center line from the
gource to the point on the wind direction circle corresponding to the direction the
mean wind is8 blowing towards (i.e., 180 degrees from the recorded mean wind
direction), as determined in Step 4. Place W/2, calculated in Step 5, on each side
of the center line. Draw the lines which define each side of the corridor. See

example worksheet, Figure A-1 in Appendix A.

(2) Wind speed egual to or less than 3 knots. The corridor is a cirecle of
radius equal to the corridor length determined in Step 3.

g. STEP 7: Trend forecast. 1f significant changes in wind direction are
expected within the next hour or two, include this information in the briefing. A
change in direction that would affect evacuation is significant. Based on continued,
close monitoring of weather conditions, relay any significant chariges in the toxic
corridor forecast to the DRF. Consider changes in winds that have occurred between
the time of the spill and the time of the forecast. These changes could alter the
shape and slze of the toxic corridor.




i TOXIC CORRIDOR CALCULATIONS
| USING METHOD 1.

! IS THE TYPE OF CHEMICAq . CHEMICAL IS
o ————— N0~ — —{ \noun? e Y5 —
| 1
l
I l
: { DID YOU OBTAIN THE DID YOU OBTAIN THE
; | e — NO-.—.] AUOUNT OF MATERIAL | .. )} SOURCE STRENGTH IN
r RELEASED IN POUNDS? LB/MIN FROM THE DRF?
: ! YES YES
: i : o — —No—] WAS THE SPILL OVER 20021
: DOUNDS OF MATERIAL?
¥ ¥ B | T J
! ASSUME THE CORRIDOR LENGTH YES NO
1S THE DISTANCE THE WIND M
; WILL CARRY THE MATERIAL IN |[IS THE CHEMICAL| [ASSUME ALL MATERTAL
o ONE HOUR. (THIS IS A STOP-||LIQUID OR GAS? | {RELEASED IN 1 MTNUTE [ 7|
i GAP FORECAST WHICH SHOULD L‘IQ GAS 1
i BE UPDATED ONCE PARTICULARS A b e 1
i ARE DETERMINED.) | - |
. b v | { |
¥ v W
: FORECAST WIND SPERD ASSUME SOURCE] [ASSUME ALL \
J FOR NEXT 1 HOUK STRENGTH IS RELEASED IN [~ —== === |
N s KTS 2000 LBS/MIN.| |5 MINUTES & ¥
| | : | SOURCE STRENGET
¥ T T T T T T T T T T T T s LBS/MIN,
) CORRIDOR LENGTH IS
' O—Nﬁ«MNi UZ[IJSIF\)LI“?LES‘ WITH DELTA-T, SOURCE OBTAIN MEAN DELTA-T FROM
T STRENGTH AMD CHEMICAL, INSTRUMENT STHIPCHART OR
| | GO TO APPROPRIATE TABLE USE TABLE Bl TO LSTIMATE
* } AND OBTAIN CORRIDOR _LENGTH. DELTA-T. DELTA-T I __ °
i |
i O ' CORRIDOR LENGTH 1S
G TTET —~--™  FEET.
! CORRIDOR 15 A DETERMINE THE MEAN WIND
| CIRCLE, RADIUS - e—Nu ARE TilE WINDS > f——YES~————38 DIRECTION (D) USING THE LAST
! CORR1DOR LENGTH 3 KNOTS? 10 MINUTES DATA
: S S |
; PLOT THE CORKIDOR ON DETERMINF THE WIND DETERMINE THE WIND DIRECT (ON
' THE TGXIC CORRIDOR VARIABILITY (R) BY VARIABILITY. TO DO THIS,
N | _J WORKSHEEYT RY MAKING OBSERVING AN ANEMOMETER ELIMINATE THE TWO LARGEST PEAKS
A CIRCIE WITH THE DIAL POR_2 MINUTES FROM EACH SIDE OF THE WIND TRACE
ACC1DENT SOt -iCE AS 1 FOR THE LAST 10 MINUTES. THE
! . THE CENTER ! TIWIND VARIABILITY (R) IS THE WIDTI
: OF THE REMA:NING TRACE

DETERMINE THE CORRIDOR
WIDTH (W), W = 1.5R

‘ X
P —

| W - DEG i

! PLOT THI CORRIDOR ON THE TOXIC COKRIDOR WORKSHEET. DRAW AN ARG OF LENGTH W {DEGREES)
WITH 173 ORIGIN AT THE SOURCE AND WITH A RADIUS EQUAL TO CORRIDOR LENGTH, CENTERED ON A
LINK REPRESENTING THiE MIEAN WIND DIRECTION. THE TOXIC CORRIDOR 1S THE ARMA ENCLOSED BY
} THE ARC AND LINES FROM THE SQURCE TV EACH KEND O} 'THE ARC,

. RETAY INFO TO THE DRI,

PRIMARY
PIONE o
! ALTERNATEF ==~ = =~
Figure 1. Flow Chart for Mcthod 1. (NOTF: 1t Alan Shaffer of net 7, 24WSs, Matlor AFB, CA
. developed the original version of this flow chart. Except for a Few minor changes by
' SWW/DN and the authors of this TN, the flow chart remains as or iginally developed,)




s22LLy
vL6€09
weties
EN2E2N
£65962
868552
Zvdloz
19ES3L
geb66sl
¥68621
zLo2ut
52016
1317
L8Li€9
38895
29064
6985E
SHENE
SESLZ
8Ls61
wl58

L

926086
L6081LS
SO0Luy
(311914
BLEes2
116612
1324 1
£0D6SY
LBilEY
wesill
14813
2806L
89¢ELS
PAYR 14
86194
£01Zx
96 LNE
¥0562
t96te
ESL91
[ 1177

9

Ciutby
LeOCHY
1996LE
59£80¢
160912
Zua9slL
62416t
0505£1
0es9LL
8E9NE
£69i8
61£99
61zLs
wLugn
Lanin
09L5E
$r062
65052
£5f02
£92nt
929

s

estrin
19569¢
1311734
516852
[1'1 2%:2}
0gs9st
siilei
X% 1383
LsRi6
oswsl

‘51689

2695$
§508%
0£06¢€
608nt
EEQ0E
11:3% 1
94012
£€60L1
gL6Lt
9n2s

| ]

LESERE
§LE90E
teSesge
117 R¥-4
£Sw051L
018621
43 TN
111
izig
26859
15895
xLige
6£96¢
LsEZE
gs98¢
1111 14
gzzee
sxell
(TR
LEGE
(131

3

Wdd S«

095082
gi1zose
(41 31%
LNESLL
eigzel
€1090;
Y0198
1613
58299
ZiRES
6ZupN
oLLLE
9Es2e
9ca9e
L9s€e
(3311
11512}
(124 3¢
EL51L
oLIs
111

k4

* CIINIT XOMEDEINT DITANd WEII LUOHS MIN-OF

(CS-¥) 05~INIZONIY

fzLsee
gLloo2
922£LL
s690ni
s€546
95068
15069
gi9Ly
EQLES
7334 ¢
$5TLE
6520¢
o192
rz1e
11681
91£91
ZS2E4
atutl
9Reh
8059
111

BE89lL
§5ilst
OLL9EL
6x50114
69nLl
6£999
L8ans
siagn
ZLity
$26E¢E
eiese
SLLE?
g1g02
L9991
(1118
02821
Zinoi
1111
L62L
€L18
(1% +-
0

(d 23d) I=-vitiq

iy SAND

(0S-¥) 0S-INIZ0¥IV¥

LeksEl
Lagozt
19wl
18988
t4 1111
66416
11418
980L¢E
§661€
68652
134 114
4341 1)
ELisy
eeizt
[113%%
(47

9L6L

Z889

(1111

L16k

Sil

-

185001
ToLés
86ELL
0e82Z9
csonr
9008E
gesot
13724
2ELEZ
28261
SK991
6LSEL
w9911
(7313
6248
obel
1268
801§
Suly
Lose2
£LZ1
z-

i
FH1 ¥04 1734 XI SHIONFT &OCI¥NOD QYVIVA ‘¢ INVI

L1727
$36E9
9025s
(3331
tZeg
pLILe
61022
LE96!
£x691
1984
1Y11Y)
£x96
02Ee
8siy
L3209
0025
g22n
11371
0962
sLoz
806
Ml

9LSGw
(X333 ]
SLELE
'$11:13
rLziz
$5¢01
80691
g62¢1
biwil
LLEG

6508

6299
13311
SLew
0gon
12s¢€
6582
92
11T
oni

$19

00°000$
007 000K
00°000E
00'0002
00°g0o0t
00°05L
00°00$
0o0°o0N
vo°o00f
00°o002
00°ost
00°00¢
00°5L

] 3
00°0oN
00°0¢

g0 o2
00°5t
co"o4
06°s
00°t
RIK/827

HION3ELS
24008

10




*2295L °)9€33 11023 °6l28% C“ORED® Jommmm *P3597 L6107 “T1E6ST
QIITL °*Z1679 *3ELIS  °*0G%Ey °1209C ~e1#s2 *gnafe *1568T 20241
*99713 *55G2Z5 °*LE3TyY C"8R¥IE °6l01E °18€52 *97E0CYT *Z0091 *86221
*1915% °5332%  *33?3¢c -Mw#om *24262 °Ggl902 °*2%Sc1 L6521 °9565
*TLEYE 21657 °*30%32  CLEETZ °6POLT  °9HYHI *768TT  *R015 L1169
*9g0)€ °3)8S7 *02SIZ °60¥8T *202s1  *H9¥ZT  *10A0CT cwSAl ‘pzon
*g9EHyyZ 13537 Lvowna “7ge®T °*G6EZT  *€Z2ICT “€7TF *ERrRET *688%
*g6l12 *»%9RT *81331 “*GEEEl °6SOTT 8206 “HhHZ 4 *7695 rothy
*gu631 52121 °*539gl °G0G1T °BEGS *062L *egze *116% *29l%
*20261 CIMTET CLZITT CGYES *lvll *lee9 *licc *hBHE *950¢

*QLIET  ":OFTT  *2035 *zZ9ce "yRO9 *65%¢C Trogs Al 27 *9£97

(i1}

TEESH *128L ‘L ‘rg9s hed 244 cczee *630f “Z71%e °L1%81
‘66HL -mnmw *HIHS *68SY *HlPe 10t cEay7 *6496T *CoST
8899 "LElS *zl3Yy 260y “t6ft *TLee *FRTT AN A °g8eel
1118 *315%% *y02% *1ez5¢e *Lenz “16tC *RIAT “10461 *6S 11
*L89% *)zeey *5IvE 898l *8lf? “2%61 *RGGT %221 *8eb6

*44%0Yy *53%5¢ *I952 *HiHe *1¢C? *glLoY chHCT 9601 *H50R

*HBCE ‘L1877 *e5e? ‘e *9991 *19¢T *2h01 °ps9 *169

*2ce2 *H151 e *8cv1 *g8e11 4G h ALY ] *109 *19%

*gccet °33R *HEL 119 *11¢ b A *Gee *ea *20
L ‘9 °3 S e 4 T *0 °1-

{4 o3m -y 1130

*(134S 3iNNINW
-92) Wad S! CONV (4 930) L-vlWd SUNTW/9T) SMINNTHIS INIS SNIJAVA
¥O4 (1324) SHLISKI T NOOT¥HOUT ITXD *3ay ! V31 VINIWWY SNOUYOAHNY

*cZ8T1l 9wl
95601 “el3l
6606 *15%3
“06EL *ZLes
*51 18 *H63E
"BIHY *1381¢€
*529¢ *5367
*LeCE °8JEZ
Y4 *Z2551
*ggze *ITIT
*Lu61 *95¢1
*uLel *3ILs
ARSI *HoL
€66 ‘53¢
°LG8 ‘113
*96¢% L%
*109 “BZ¥%
‘eay *Ave
*Zue *HuT
06l Lox
*Z- tg -
‘€ 31avl

*11Ls

*e60S
*GOEY
*59SFE

*10s2

AT
*€951
*54¢€1
*3601
- X
*293
"BES
“08%
*H1%

*Jte

eTnal
n*Q0s
Doy
c*C0oc

nerpe

oene
o*cZ
necy
g° 01
(Sha}
0°1

KIk/8?
<SS

11

e
L e i mema: s as e o b s mans

tarme e g oun s scmi e




*H1959 3795 *323Ly  "@H10% *HRZEF °*TBTLZ TTIRTZ. *RETLT °*B2I€1 °5%L6 *T557 *F0LYy oeroos

*LTS38  *?5TI5  *HEIZY C°GORGE °"HEORZ  *THIHT *ZGHAT  "HRZST *AGLTT  °1598 *58173 *L61Y 0°000%
*88%)5  °5IFEY  *HBLIE  °E6B0F *TT9S2Z 91602 °fol9T *JRIET °10T01 °g6+%l *ShES *12%¢ c°000€E
*900Ty *FLISE “*?2L352 *I50¢2 10802 °*HR69T °TE9€1 ~11L01 *4028 ‘0609 *HLEY “i%5¢ ceecoz
"9EL32  *I3IHT  *FT5IZT . °CEBSLT  *LISYT *S5CeIT  *Zcgs “9Q¢i *6%Lg *ROZY *¥yle *1%02 0*0001
SE6LYE  *IFZTZT *HIIIT COLISY  *lIG2T °TLZ2ET "2872P *oLyS * 1964 *289¢ Lz ‘gLt 6*06L
CLETIZ  "HLZET 11371 *22221 °S1701 °ZHESR *H4n0 *e9zs 6204 “1652 “EETZ Al A Nenos
®6S6LT  °504ST  *HBIET  *635601 °CTI6 *CYHL ®CERC "T69% 111 *L1992 *elsl *8RZT n*no0%
56951  *252ET 58217 "18YS coore *61%9 *rc1cr *1%0% *G0TE *10¢€2 *2HP1 °I111 [shd 1714
*6862T1 *35!01 °*5315 1oL il AR "»12¢ MRS 4 *18%¢ 2874 5981 AL "e€0s5 geee?
*89¢8)1  *yIfa ‘1154 *5599 “BNGS "R6YY °609¢ *9eae Tt *e191 *3511 *6li GeeST
*e09L *L2cH b33 °959% *pege *261¢ *£76? 1861 *2261 "0ETL *923 *SYS Decl N
*08 13 *17¢6 *E03Y *181¢ *SETE * 096 cHcne *%101 *9e?1 *R16 *683 *cyy 0*ng
*2165 *37Lb *3712% *ZLlEE *9€L2 *£822 *7cat ‘0¥H1 AGA 618 *H35 *36¢ cresy
*GeslYy *3L0% *53%¢ *Ni6e *Z1e2 c0L6T “T9s7 *ZHet *146 o0l *%05 *14E 0eo¢
*298¢ *elfe *H132 *FRE? *6¢61 °0091 *4hazy *AN001 el *Hig °53% Lz oenz
*2¢efe 5687 T4 24 *6e02 *0A91 *TRET sent coLg *199 *55% 313 *6€2 eesT
*1012 °27¢2 L5t ‘9691 *elEl *1211 i el *L0l ra s *Z0% L2 *961 ()
*1681 “£291 *23el AR *296 *98l *{co 1L *6L¢ '3 *10¢ *9el 0°s
*1e8 *ell °502 *8is ‘174 *HHE *91Z *112 991 *€27 *g8 09 0°*1

*l ‘9 *S ‘Y € *2 *1 *0 *1- e~ ‘e~ - szMu4

{4 930 I-v 173C

. {133
JLINIW-0E 40 5/11 wdd 02 ONv {4 230) J~¥ 730 S (NI4/87) SHIONIYLS
39906 SPAINYA ¥0d (1333} SHIONTT ¥OGIWdNd DT¥DL  *37avi 7131 3NITINVY  “§ 379wl




*10650% °"2271Gc "€5E357 “19G0GZ *6ZLL0Z *8%9697 *I7I9E1 °*666301 °Z€618 °61803 °£geey °“€LE67 gecers

*90ZS9E “LLZETIE °282972 °*9»9%C2Z *09258T "H62167 *£04121 *0A€S6 *CLCEL *0%2%5  °)5335& °I6192 c°CcocYy
*g6051E *E522LZ °*EL3527 “ECBZ61 "THR6ST "HKEGCET °S+LH 0T *Z0£28  *49%0€?  °B6519% °Z3Ece °107¢¢ 0*neng
*4263552 “EEGETZ *19%I3T *9659S1 *EZZ662T *4209071 *GLMrCE *94809 °6NZIS *I108E TETILZ °*LGERT o°reo2
cchLEslT *1HRECT *G993ET *LE2560T °97606 °R6ZHL  *1T7196G °*fH80k  °*ZRRACE  *9€992 00051 *4#38I1 6*CcoCt
eGEinGT YEELZET *LELZIT *CB9YE "E6HRL  *%0T+9 “IohTE  *9T%0h  “6G6CE  °18627 €561 °55DT1 n*rg}
*119521 *358101 °*635[5 °h6BOL °2GLE9 °*69C2G6 *RJLTH °9¢87t *5%1627  "6993T  °%1gel  °6106 nenng
*¢80Z1T °3H176 °*T139I8 °ZRGRY °ICRGG *HEYDH  SEGZLE  CGLZ6EZ *SITHZT C9H9IT SHL3TT C6E08 n°C0o%Y
50135 *HG6ZP “LSHIL  "ZLI65 °*SGCA&E  CE9GCH  IWITE  T6CTST 8YE6T  CZ9EHT  SGHETT  T9ESe c*00e
“y3GaL  *TrCL9  *GgZZL3F °"090BY *EY86E "6£6ZE TNTI<? 61602 *GILGL  °G99TT  °1ZEW b 4747 o007
*19i19 *TETIS “ELZI5% °G9HTH *QLEGT *HLCRZ  *17GZT  NOLLT *6GGET1 °6900T1 31U *1Igh 9° 061
684  *IELNY  "565HE 16062 *CE0H7  *HI96T  *0OLCY  *HO0H?T *TI0GH “echl *T€33 *30ni regl -
*02S3€ °*IINEE  “2DI3Z  *T09EZ  °99G661 °6L6G1 *27271 °*HL1QOT °L122 *g2lc *333% *L3L? o*ng
*66FHE 10657 °Z3D57  *ALOIZ  *6HHIT  C162KT  TCEHTT GBAR *298% “60 14 A4 *13%7 00y
*61962 *56G%CZ  *E2?TZ 09181 °6c0S1 °66221 *0Q°RA *76t! *RESS *qCHYy *He1L 5217 ceCe
“GOTrPZ  *31922 *EY5L1  *0SL»1  °82221 ° 9866 *elne 8629 *EZ8% ‘08St 2 TTA °57L1 o°ce
*8613Z "IRRLT  *5T51  *9ZLZT Q%S0T C91SF *HTIARP *2eHs 1914 “6R0¢ *7022 *26b1 0°sT
*26831 *08%HT  *12tZ1 °9EECl 6997 “e669 *619¢ A A “f8ee *6J362 *os5Lt A4 e §
*LERIT  *»S101  *%ZI3 *evel *9009 “R06Y -1 *260€ *89¢e2 °86e 1 *H521 *548 0°s
*H8 1S Lyeh *tile °ZL1E *0¢ese *8H12 *e?LY *hetl *L¢07 *Cli "5 Hg *Zit n*I

°L °9 -1 Yy °c 4 °T *0 *1- *7- e - z~Mmm4

(¥ 237y t-v 730

*{733 3NN Ik-0€ 0
S/T1 Wdd €°0 ONY *(4 93Q) L1-v1iT30 (M /87 SHEININIS IIAIS SNJTHVA
#04 (L334) SHIONIT YOOI ¥¥mm 3Ix0L  *378v1 711 I0TUINTIVINIG 3N IWOYE 'S 3Nt




“9sLzt
°188»?
90566
*OLYsY
*H981¢
reevLe
‘6¢t2e
*H1651
*Z8 1LY
*5c6e1
*0%021
*LEYS
£S89
2119
“ELZS
‘eey
*566¢
*1c0e
*€0 12
*126

L

*1TH20
*)3I955
~£20RY
*52305¢
ErELe
*EISET
*yST51
*230L1
*3ELNT
*1Ls1Y
*32¢D1
3¢

‘gles

“ERTS

X454

*HyL9€

"3l 1e

*hee?

*»381

“051L

*9

313521
Lo
*21LR
LyT3
“ES55Y
2144
*?%3¢c
*021&
2592
°Letz
*zest

1Ly

*gIgkYy
*E0L6E
114 13
*e28L¢
*L6HS1
*228%1
TE9921
*g3tet
*E1501
*SE5R
*LIEL
“Eels
*E61Y
“0vLlE
*922¢
*1292
*1322
*9e8t
*1821
*H9s

‘Y

*1069¢
*s162¢
*6€tA7
*950¢c?
“HIT91
AR
*LZETT
*2Ccto1
R AYA
*sL02

*eot9
corey
*9lye
°001¢
*5292
*ElT?
%181

141

*isCt

*L9%

*E

*1H1CE
*188R92
*eE61¢e?
“lessl
*1ceel
*66ETL
*0626
T4
*e11L
*181¢
*886%
*S6%¢t
® 6L 82
43T
*6a12
2 WA
*1e61
ceHll
"1i8
432
A

t3

*oRTe?
*PIST?

MIARMR L 0

LoCTTCT

c7re0T
*6°16
°C7%y
*¢79Q9
*?UL
CRCIY
czncs
ccnezZ
T 44
*2e0?
fecyT
*H2%1
*q221
"RA6
*569
*Qne

1

*H 0061
*8%691
*EZ9%1
28Tt
A1)
*1R1L
*2¢RG
*102¢
*PRYY
*CH3E
A A
*H0?272
‘0621
*9651
*2LIET
*6T1T
*695

“HEL

*64%5

*14%2

*e

933)1-v1730

.33
—0€ 30 S/T) Wdd 02 GRY *{d D30) 1-v1730 *(NIW/T) SHIONIMLS

SNNTYYA ¥M°4 (1334) SHIONI T Y0OOIY¥END JIX0L ~°3798vl 131 2Q14IN0SIC

*1664%T *908D01 °*20ll

*286721
10211
cesCe
*5leQ
* 105y
*gasy
*x846¢E
*REHE
hr4:Y g
*60%C
*ge9el
*11el
*€ez21
*6e01
*168
34
069
124
481

*1-

IINN IR
37¥N0S
NIBY¥VD

*LE9S  *vi3)
*S1€8  °1E55
*ESL9  *LT8Y
*2€ly  *ILEE
*€3Cy  °F152
*9TEE  *99€2
*¢5z  *2112
*z652  *3231
"EICZ "3BT
*g8LT  *3l2l
*EG21 483
*3101  *92L
206 JET)
“cel *55¢
*agg *h5h
*54¢ *15€
*9ny "31e
*Z1¢ €z
el 85

2~ =
‘g 38vL

5125
*H59h
*e10v
*182:
*3872
*2isl
°2eIn

*8ZyT

nTeo0s
neecos
§°000¢
0snon2
teooey
8*r6e
eeces
o°00ey
0*ore
reree

o0y

net

NIp/a7
SS

14




*12ecs
YA
*2563%
*19Zc€
"e0fFEZ
‘01132
“HeeIl
*196%1
*8962Z1
*gCZ01
“1083
ZRS
*E£105
M PR 04
clgee
TECTE
‘e0lZ
*651¢2
*gesT
*4L9Q

¢l

IINNIW-IE) Wdd 201 CFY

*EG96h
2122y
*5275¢€
*ZEGRY
*95561
*15221
*110%7
*35421

101

‘5FRC

*33¢ ¢

o

$37¢1
3¢

.o

*ILLic

“hEZHZ
*Z28531
23971

*DO5T(E

“15%

*5962¢
“Ev06Z
*85087
*zZ5e02
ezt
*G0ecl
*%666
*t168
*C65¢
°5h29
*68ES
*QLLE
*19C¢
“9ele
*n3e?

L1161

*86£°7
c11cve
‘wii0e
*el991
“y281T
*iczot
*opce
*6Rf L
°9r5°
*R21¢
A A L
“leile
cehs?
*Bo¢?
*15¢€1
*HRET
*1i¢l
111
*C0RL

*2ht

*genze *Z2A9)7Y "106E1 *3%901
*59067 -OLiCT °LEEZT L6

* 9304671 °riort *96901 *$518

~0glE1 °LSOTT °“RAGR  °*G690
*9506  *ewll  *8BOQ  *€£99%
“IE€R  °GA90  *FCIS  *HZ0%
*l19Ll9 *CEhC *992% *892¢
sgeCce  cPeRn  °GOBE G167
<1076 Tarte  *£RZE 5162
sgzz  *FeEE  *0Q9Z | *ZHDE
*ehGe *Q7A”7 ‘ongzZ v2oL1
c165z  ercn? czI6T *€€TT
ey707 ve201  *A0FT  *£00T
ez681  *Q9»T 8911  *#53

=32 e?77?71 *LC01 *21t

*R6CT *1H0Y *P1R *L29
"zt *hAP "eCL *1%6
* 015 *red Y ) *6Eh
*LE9 *TTC °Z0% *8l¢g
*6lt *H7e VA *SEl
*c 1 0 *1-

(4 3N 1-¥ N3G

*(13dS

s04 9370) 1-7173C S{MTR/AT) SHIONIYLS 3IHN0S

SANTYYA ¥rd (1234) SHIONI T ¥OOTYL™) I¥DL *IICY T IIL FATYOWNIN NOOUVID

051
5HDL
28065
A4
*29%¢
*LR62Z
*92%e
€91
981
‘9141
*R0ET
*lL1E
*GHe
459
*€Le
"G %
"y
*92¢
*ezZ7
‘o0t

L

*h25E
*59%¢

*1e1e

*e451
*Teel
*1301
“Ees

“»59

*337
*ee

€31

*L13¢
“cobte
“1e57
*98¢€?Z
*2L3T
AL A
2Ll
*6401
*105
cZel
*Ze?
"ehy
03¢
*12¢
e
°se?
*H61

*Lat

<
-4
—

0*co0s
0°Cc00%
a*rQoe
necaoe

0° 0001

0°Ng
0*CH
cece
renz

recy

LS S VA
SS

15

i gt treocmarima e -




*1886%2
152512
*¢02531
*129¢e51
L8931
*21625
*E9%5L
*1CEL?
*19036
*IUY
*IHNY
*g148¢
*e91ed
*658932
12811
coluhl
*89HZ%
*ev131
“ec 1L
A 43

°!

*£25012
*331RTY
5587231
*)ZRIEY
*3LE25
*3L6t
*eELy?
*1fLLS
*IT35¢%

*543%

*J3447
*13aa1
R IXA
*L2251
31621
21121
*13128
*1509
*eLe?

*9

-2 28-TA1
*3Le531
*5tgLel
175111
*33%3L
*:530?
*135%%
*HECSY
°32:z2y

‘13tre

w3
‘59051
*»3521
35601
*5505
*X5%l

*5eta

*hGH051
L AL A
*oLes1l
"529%6
25359
*1589¢
*eli9Y
‘o811
*PEsse
*e5e8e
13-4 X4
‘fshll
A YRLA
*8e921
*»0501
*9GER
“1%9L
*2029
*e&EY
*coet

*y

*(138 FINNIW-IE T Kdd Z QWY
3I0S SNONTYYA ¥ad (1234) SH1HNI Y WOIENN0T DT YL

*HZ2%9
*Qi2ls
*51H6Y
“eE10Y
*rz1ez
*RIZHZ
*TILST
*6LGLT
*19141
*R1€271
*eZ901
*R/yHL

*£H09

*CHES

©31}) 1~v 173C

*Zv %21 *998101 *8F21R
*042111 *e%RCEe *1497)}
°116G6 °€R¢Al °GhHZQ
*£GH))1 "EQGET €07 G
*129%G €199y CISlcE
ecTLly 1640 °97gny
*QRZRE  *€£921¢ *9?052
*py1%c °*186lZ *27¢22
*QeH6? 950K FNCRT
2pT6E2 °REGHT  *RLIISGT
*THs0?  *lEg9T  *L17SFT
*GosuT  CETIEIT  °ELY6
*ByITY  °5HTH *hR9;
*glHCTl " lGE% *goge
*0%Ch *egel *%764
*2rel * 9665 *119%
*GFEQ *H1T¢ "TCIs
*GHTIC *z0c»  "2IEF
*900f  *SHEZ  °£¢7
*62¢1 * 0621 *CTeT
*c °2 *1
i+
sS4 937y v 177

*L6TEY
*glaeh
31:132
*9%ICE
el A ¥d
06681
86061
*GoHET
81911
*9EHS

*I91R

p-{od AC

PANIN/8T) SHIONIWLS
*3719y L 131 N NDTHD

*6TG9E  °5%33C
*59G2E °ZECE?
00182 *¥%¥22¢
*g282Z 23231
6661  *2IHT1
*552€T  °E¥3IS
*g0 21T  °555!
°C5665 el
“HZ98 *2s13
40014 955 %
*E909 *tiey
44 ¢120F
hl 4 23 *hghe
*ged ¢ *3312
1497 °g8881
*JE1?Z "E€Esl
Tqe81 elel
*90st *6LaT
*9G0 1 *est
29+ *Jee
*z- ‘E-
‘g 3rgvi

Ll
*52161
*TL5€el
*ZZOT1I
‘»Ztil
AL L
E1%S
M ¥4: 14
“331%
*E8tk
*5152
*GH07
1991
*z8yl
8Lzl
*ge0l
Q68

*EBZL

*01s

*e2Z

oh —

neCceecs

n*cocy
ceceoe
pecooe

o Cc0oY

fe 0y

NIw/871
SS

16




*G165LY "ISPROH "LIIINE "ERZI6Z °TSYTHZ "BEIL6T °G7ZPGY "FZe%eT “E£E£266
hebh2y "EFTIBII CLLZSIT *TYL5662 *wEECIZ *6G8GLT S1T11HT °0L1RC11 2648
*0G6799€ *TI 1%Tf *298992 *E01yZZ °“6R1GPT °CELIGT *A4yIT7T *€09GH *612¢1
0rHE57 *ZLT562Z *OELFTZ *11026€1 *6EROGT °*9FZ¢CT °GRAPRE  °BEILL *LISSS
*9G64332 omdnwrﬁ *123151 *T1GGLZT °HHIGO1 *6GEGR  "GA76Q  "RYHHbG “LCLTH
‘6GESLT *I87HrT *IEOTZT °*CSO0IT °GETTA  *01CHL  “LAUES °LLARSY ®G686Ct
*6209%( *1IFSZT *YsHIIT *E€BESE  "Z0Twl °*LT1609 °COGPHy  °CClBE L7267
*R21ZIET *ESITTIL °3I5%5 °SIL6L °“LBOYI °ZLLES “ENSEHy  °RZOHE  *99097
sE0HZTT *IZH95  *B53T8  °*BLIBY °*6INLG "99cuy  GoT)e 65662 *enrHh?
*46215 *£1F8F °*G5163? °T1IRGG *TITEQy °1ZPLE *a+CLE  “OHBET ‘69281
“ngI3L  *335i° °53EL3 *L6IBY °LGAAE *2€07E 192 *HL50Z 09161
*@6 153  *3%Elh  *7TZ3»  CGLIEE *COCRT  *L9EZZ  °67ERT CLTHHT tHH0TT
*2¢Bhy  *L3HAE  °IYIZI  *ZEHLZ  *ZHIZT  *ELGBT  CENAHT  CCTLIT TCL6R
*€355% *L&2hE  *0TIS2Z  *GOHLZ 28202  °HGGOT  "TIRZET  eHy0T Q007
slebbE  °25G52 *HEl3Z  *80TT1Z  *56KIT  °T&Z4yl 2911 °CIC6 “c0eQ
*B1032 °HFNRZ  *HIRIZ  THHTLT  CEIZPT * 20911 THIF6 “Ples *9nag
sy iv2 CLFI3Z  CEIFLL *ZSLYT  "E9ZZ1  "SIC01  c9r0e *H1€9 *LERY
°HE93 1  *ZHRIT  °GOERT  *HTICCT  °(966 “HelC *17ge *ezZils *R76¢€
*6G2ET  "ENRTIT *HZ2IIT *61%8 *0R69 *0Cls thlch “H6GE ceal?
*9209 "391¢ *a5ch *189¢c *Ls0e *e6+7 fegee? *H161 #9021
‘L *9 °5 °H °c 4 °1 e *1-
(4 937 1-7113C
{7133 3N Id-0¢ 40
S/T) Wad £°% ONV #¢2 930) L-v1730 “¢RTW/87) SHIWNZNIS 32UNIS SNITYVA

¥4 (L33 SHIONIT ¥O00I ¥w0d JIXCL

*27y L VL FOTEINTSVINIS SN INOTHD

*259CL  "6Z% Q3
*GHDF3 CTLSHY
*gheEbs *1I33¢
08 1%y  *wlalt
*Cca62%  °H32C2
"21152  *H6)51
66012  *ILH31
*5Ht61  "TI3E1
*$5991T  *BOSTY
*666e1  *2l95
55911 *She3
‘gs 18 LR
°8699 TGy
“BESS *9EcY
T4 *559¢€
*19 1% *33572
*056¢ *17s52
0162 *33a2¢2
*e%02 A
*658 *3EI
*Z- ‘e~
"6 318Vl

*TH1be

*3yh0c

*Leel?
M4 T34 1
*10521
*2.7C1
*EhES
*2903

M-A 2T

°Hell
*80vY
*LB85
434

oy -

nerOng
o°nnoYy
pencog
necen?
oeron
ne0ge
ceong
ceock
ne*rec
i d
0°0S1
6*se
ne0g
0*Ch
0°0F

neee

0°1

Niw/7€
SS

17




*986L5¢
11144
*gE£29€
°62L3%2
*662hL 1
*¥8 €161
*eH1221
*1e63d1
*s86cS

*geLIL

*19685?

*ES13Yy

‘94l e

*Tebee

“4428°¢

*LZ9€2

M A Y4

- L1991

*40sT1

*gcos

'

*H3E1Y

*13H5%D
*25923
*JOfET

7 *235532
T *5531332
2 *8tte2?
2 *trz2iat

*51c5hT *155321

*323052
M IYA N
A Ada.
*1290¢
13557
35593
*05¢5¢
*¥512¢
*Li9ne
AT T4
*35002
*3CELl
“EF0HT
3936

*2Zey

*9

T 995531

T *)5538
*39e5L
*5tu3)
ALY
T385LY
*973ckw
*11EL2
*Lsey?
°31012
*53)LL
Lzt
13517
798

*1l3c

/1) W’4 9°) ONV *(d
W4 (1334) SHLION2T

ST1YGEHZ *LEATOZ *LLOH9T *AeFPEY *7CHEQNT °9ZI6L
*1Q1L12 *0GNCRT *E€H 08T *#35)1T "RCLZ6 °STOTL
v7REL1ET *OLEGGT °"8OEOZT CCNBINT *REAKL 11719
*2612ST ®E21921 "EH0ENT °7992¢  *U94H3  CGALGY
*159701 *L1%88 °6CZZL *THhlc *0249G6% °ElBY%E
~g10Z6 °9PZ9! °10£29 °1456% °CB2ZRE °HRCCE
clELhi *COBT9 *IC90§ ‘’crork  ceeslc CREHHZ
*€5999 *gccs "Q2IGHy *TI7OF  °7CHBZ  °GHITZ
*805LG "9I9L% °*9ELEE  “€42TC  °945HZ 50881
*n0Llo% °CZ1OE *HZOIE *ClEC? *Rfh61  °FLZCT
*6520% °*OIHEE  *GB2LZ "HHRIZ "0l *LLI%1
eQghzaz °*2THEZ °"CZI6T  =7HEST  °55021 “%Heih
*tg627 *91061 °CfSST  °17%7T1 °*T1616 *ecrGl
*g5h02 65631 °0GHET  CETITT °?¢iR *eR9Q
*6ealT °TEIHT  *O0SEIT " ROGE *heal *1Ll%
“ceEYT °*H38TT °*cli6 *eRrL? *6113 *199%
*RIE2ZT °CESICT °*HLES *6TL9 *NR?S *H50%
*S20C1 *87¢Q *ior0 *LshC *0024 1:k41
*6£0L *2f8¢ *991% *h7IE *500¢ 4ol ¥4
*£80¢€ 2274 “1802 -TAA *u1el *80C1T
4 3 *7 *1 *n *1-
(4 @37 1-¥ 1130
*{123 IIMN I4d-0F 40

5301 1-ViHY ‘IKIW/87) SHIWIYLS ININIS SNJITAVA
YOOIYW¥C) 21YOL *378vL 7L 307¥M4L I INITIHD

RO 155 eIV
*GTL7z  "elILE
*2eHGYy  TEhbYIL
*1%69%  *J6T37
*18967 *G9%31
*GEfZ?  *2E557
*0y1R1  *D4521
*2/ 10T "JO%511
*LGRET  *1G653
*LFETT  “LROR
*73Ls *LLSS
reeRs *533%
*Locs *TL5¢E
*6I6+ *2h5E
*hE2Y °95d¢t
*5lHE *Z3n?e
200t *Iy12Z
‘REYT *eell
60271 5121
/b2 *heg

- T
‘01 31evl

*LH5R7
68952
*3e812
*1»8ll
*2Cs2¢
*18LCt

*13LR

n*ecos
rececy
cereoe
peepn?
peccet
geCceL
n*"eg
n°cCYy
neees
eeeee
nencT

neclL

18

peors

nery

nerg

3 A
S€

- - cein aaan gy e




*89€)33

51580
*91I%i L3
°10235¢
*196313¢
°6692¢t
*180L2
*2963%¢
*106L32¢
*e68331
*60964H T
*%0201
* 1628
*2s6tl
*Gqrge’
*£Z81s
*21L%Y
*91¢e3¢E
66637
*ehIT1

*!

ILININ=0E 40 /1) ¥dd L°C CNY
33¥I05 SINIMVA WS {1334) S419A3T NODIX¥W0D JIYN

*H3IT6S5L
*I5CELI
*150185
*$I5TLY
*Iceoc:
*33575R7
*3371¢€?
*550927
*3EFILT
JELITS;
“t15h?1
YR
yeTT
*yEnEy
A7 LH
*HGhbYy
*YCFrRE
14413
236212
*1ac¢s

hde]

*31viH2
*3E02L5
*055E5Y
*£3332%
*115332
*39c2Zhe
°258751
*3233L1
“2Lrtsl
*323:z21
*951331
‘g8l
*h1%33
*J83¢ta
*13%97
3 N
*31;52¢:
*53%32
*Th531

*2213

*EB9BES
o1y CRY
ML R
°6399¢EE
*315632¢¢
*g2h5e02
*e2es9l
*Toryinl
112221
*1Zze 01
ALY
59423
*8z 05
°C57s%
*ineee
“CI4TE

* %1911
*060151
*9€56€T
©€80011
2307

*§5690
*850%6
“1128%
*96G 1%
*GBLEE
c54162
“17%02
*16¢91

*961561
*e9r21
*69€01
*956R

*9921

*260¢

*oe7e

*1-

*133

*1RGIhYy "R LH9C *€G976Z *LH6622
*ZPZBEE *69262F *9R600Z *GLOSOT
*GEYEHE "CHO0R7 *LAUCTT "LE6TLT
*201622 *LEGLZ7 "RAAZRT "6CLEHT
*4RGGET "CEL6ST *ROTP?T "8rL00T
*6v P91 “HTQLET *€960T1 *6R89R
*RGCLET *E€EETTT *91Qr0  *11604
*hEZZZT °07E66 “IFTFrR  *RELZ9
*204HG0T 62198 “O0T1AR0  *£QEHS
s1CCCE  *HGREG C7TTOGC STy
*4C6C] °*9GEC9 *CEv8% “EGORE
*SRLTIG  *ChCZY *REKRFF  °A9Q9Q7
“£90Zh  *ZSEHE  CGQGFT  TR6912
*yTGLE ©LE9CF °crgH?  *oT¢6l
c)jogze *cgyaz  °CIPT7  *00991
*geZoz  *EOHT1Z 1771 *Qgssl
*[g927 *€26A1 °£794T *61911
©27581 "GHCST  °7I0ZT  °GE4S
CEreZT  tEHECT CCTvR tL999
*bcog  *119%  ccrif *T162
°t =2 1 *0
14 237 1-v (130
t(4 933) -5 1730 S(NTA/T) SHLIONIMLS

*336¥1 131 INVYILIC

*{sLQel °*l3Ces
°539°11 *5L1¢c3
*636021 °*33L1L
G113  *532353
"€32UT  Ly¥3DY
*9345y  *ZhI5tT
*RZ10% *%293¢
*lLBLGE *BYS5Z
*L180¢  °s2)e¢
°510682 °S583L1
*gE€912 *Hev3T
*EOIST 91321
*Cl€2T  °58iR
*EB6IT  °TE3L
AL *J9L?
°1s9l *J545
*1%99 "LeLy
"HHES “Ly3t
*oRlE *9353¢
*Gca T 1811

*2- *e-
11 8w

“Ltyted

*667tL?
°198E2
*08e51
*HhBTL1
*Z16v1
*2112

*esvel

*tisYy
“Lile
cLees
5032
*s231
*56L

ok -

0*0Cos
ne NGy
o*0CCE
geceoz
gcooet
[Ady-¥ ]
0°00s
n°00hy
0° CCY
o*oce
[
nesit
0*Cs
0eCH
0" Ct
0°02
(R ¢

0°Cc1

NI w/81
SS

19




‘90fLY
6817
COHIE
°5§9652
*g1Ll¢
TR
*RI16Y1
‘84521
‘unt
*€105
*g82RL
*98 %S
*95Y,
*Hl6¢E
624t
*c8Le
M0k 24
*1661
*19f¢1

*66¢

FLANIA-NE Y Wdd 33 ONY

SNITWVA MM (1334) SHIORI T ¥OOTH¥DY JT¥IL

*3LE5%
*3%10¢
*H2TIE
*13€6?
AR Y At
*rFEs Y
*h3h2l
ITT
*e365
‘€312
*61120
*33Ly

2223¢

*9hsRZ CLABEZ  TEHGET  *GTLCT  *9GETT  "S9%5
*51862 .a0¢ﬂm. *8LIHIT  TGTNHT C0ZNTIT *T1H4S
*E127Z “CO4RT SCR(GT °CNT?T1  *R0GH *er2e
*0L0BT  *LE/™T  °PHZ2T  *A7RA *2LL *616%
“11921 *01SOT  *£RCH *lan9 "T1%s A 284
*8rs501 °89C6 *6CHl g deid 699y voeget
*chReR *6o¢!L *GglCco M EAh *Z6L¢ *606?
M4.Y) P69 *H0¢8 fROESL °Znree *16627
*5e89 *199¢c *RZ9Y *hTLSE *3162 *G6e2e
*2595 (9% *66lE *a10¢ o x4 *S1R1
*06LY *116tE M Fad *?rae7 A A o4 * 9961
CISEE cepL? *eree *4y7oT creet CELCT
*9212 ‘0922 *9haY M *Ha11 *168
*1ew2 *9102 *9ho1 *T7ET *pecol *S61
*e602 *eFLY “0791 A Ot *ont °93¢
°H0L1 AR A *4611 cezs5 *rzi *1S6%
eLyt *6121 666 *tAl *R2Z29 “18%
“H6T1 *C6h *3Ce *Hh0 *nTs "06¢
*leR *H69 *19% ‘GCY 213 *hi?v
*935¢c *hCe *8HZ *hAT *9G6T ‘c21
‘Y ‘t 4 1 °C "=
{4+ 939} 1-v 1730
*(1348
104 933) 1-v 17130 HINTW/AT) SHEIONIWLS 3IMWAOS

1Ay L 13! I0IX] INFTIAHLA

*920¢L *210s
*99 20 A L4
*90 %5 *953¢
*15¢Y “Zele
°LLdE *5512
*Ggco? *H58 1
*9812 *3EsT
*eés TZiet
*5¢91 %311
Ry ET *198
*€9 11 *5¢8
°c1R *13s
*Z39 *Ly
056 *1i%
606 ‘€9¢
A8 *65¢
LG T
*05¢ Lo
*ele °5h1
*69 *£9

*2- °€ -
‘el Aave

h2-13%

“320¢
*113¢
*1217
*98¥%1
*2371
*1y01

626

¢ eros
oreeoy
greeoe
os*cnee
ns¢cel
0*ocL
ehdalely
g eQy
g ece
noee02
0°¢sl
c*s?
0°Cq
0nCy
c°ce

o=ne

c*1

SETEE
<s

20

(

oyt s = et e e

e dde st = e AP i o ax v e



*Z03EC *ILHISZ ETLI?Z *ZCZLOZ “LILTLT "LRZCYT
*20023€ °*33505652 *TEIIZT 052981 “LETEST “E1TSZT
*c96¢192 *H1€52ZZ *1%353T °GeEvbST 1112 “ivel01
*2¢0T1Z "5FCT3T *35T7371 *y5%621 *5G€LCT *slole

31 *CHId6  CTE7GL  C6ENIS

—

50

wr

*$CE3%1 310t °
5 °*H52RL °*BNRED  TELCES

[A)}

*GCELTT *1IERIT *522

*976€)T *3%T6%  °3TL3L *185€9 °"e&1l12¢ *HGe(EY

*G80o25 *97660 *BEISE?  "Z1L¥5  CLIOMN *leLfe
*poBsy  "t5€33 £33 CLI6RY  °I9G0Y “621¢tt

"ZHLINF  *lYeZC  "8C6C

(83
-~
~

*06sy3  *311%35 °1¢Z
*6€096 °)}1NAL  "3ZBIY  HIZYE TiTveT  °9lcel
*Cl75€ *73I3EE  °T1332Z “€ICwZ °"CTE6T *£3291
“GpR1€ "JF€l7 =3€2Fz °91sS51 °6L191 *e12el
“cublz  *IIHHT  *3ZL2Z  CGORLT C6ZH%1 *HeLTT
“zbGhz  *£3012  CT33LT  °LICET  °CE%21 *l1o1C1
“£E651 °*5502T ®£25yT  *4612T °ZITCT  *8%Z8

g5 U T *E54%1T *0E521 <“€ZG0T  °%Z.1% TAY

*696ET  *ZISTT  “LLTIT °LH33 *98n} cLels

*6815 *L5fR *2elt *056% *9Qa6Yy * 650y
*eZoc *c21? *ortl

A}

LR Ty Lot R
Ih .U .m ..N .“ .N

4

*LOG7TIT " 9%4e8 *7s2l9 *c5203 *31335¢c
*ZHE00T *19389L *HZH09 *ECRYY *55T1F
*)7908 *pGEYY °*EE€IZE  *659RT  "HIFLT
s1GErl  *1176G *E4EZy  CTEHTIE  °3TvI?
cg576% SCELRE  *7196Z °9207Z °TILsl
*CTE7H *TZHEE *10997¢ *4$23s81 *2535¢e1
slbGHE  "CHTLZ €602 "SE4ST °OTIOIT
cpTRAE  *AK0ZYZ  *9HGAT  "I9LEl *5135
cgncay *10R02 °NN09T 11811 °ZiH3
s1RCT? *60AQT  *GB6ZY  *9H0OS  *1333
s@7apT *2€9bT *ZTZ2T1 “E€Z€8  "LE55
snencl  *1GZ0T  *JGRY 'ZERS *0F1h
*ENeeT  *1EF8 “18¢73 A XA °*HLEF
*9G6hr  *0EHL 169G  "gZPY  *v1dE
cpcTe  "OT%9  *0T6%  "<HRE D)2
sqr05  *9CPS  *886%  *33s5Z  *ZTI?
CJT1E  *26%%  *THHE  *HGE?  *2Z31
cgman  *KHQE  *CHLZ  *GL0Z  °I3k1
eacze 1667  *BGKT  "HSHT CLEdl
sc7p1 0211 8GR *LF9 *HCy
°7 0 *1- °Z- g -

a37) 1-v 11°C

(133 SLINIW-0F J40 5/1) hdd 2 OKV 404 937) 1-9 1730 SININ/AT) SHIONIULS
3905 SANTHYA ¥4 (1734) S419M37 MO TWECD AN T373VE 01 ANTWINIA TCT PV

*hRREZNZ

*29912
*0633%
*081at
*8¢70L
"RLTIS
*H6hHl

*BH39

*533h
‘ezey
1182
=3322
*0y02
*09L1
*oenl
*hell
*2001
rZoL

“10%

oh -

0°000¢€
o*onoc
ceCo0T
o*ng’
0eeCs
oeney
n0°eoe

grcoz

0°g
e*1

NI W/787
€S

21




“6293¢€¢

*20e23¢
*6963)32
czeo112
AL
*es6L 21
*92¢6el 1
*689¢5

*8965L

*0g6% 3

*6€056S

*0L2%¢

*6681¢

‘v

AL T4

*EES5 1

“s6T1L1

“696€1

*6815

L8y

*3

*31 %352
*3350632
*y1cE2?
*32c191
312121
*I3LAI1T
EAALY]
*33661L
‘L5682
*3TL5S
°ILI3Y
*I39¢E
*I3ELT
kAL L4
"ggl1Z
°550L1
N3T34!
28811
*L5¢8
*Ltoce

9

LTE?77 *202002 *L2LTLT “1BZCHT °176711 " Ru%Es

*129927 *DSLHBT °i6TEGT "ET1SZT °P7RECCT °T838L

*1ras3t

*061H51

*GELSGT "L21ZET “L1%6/0T *f1909 <°96089

*LEbEZ1 *SCCIOT *GL9L8  °TGECL  °LLZSS

*150RIT °*SH5L06 °TEZSL “6E»TT  °65Z6% toglne

*s¢

5

N
™~

.~
uy
-~

°31

‘8

™~
-y

L

W

N

2
3

*‘e?

uy

*12ely
*3280%
11332

°32€

™
“~N

(3
*52L32
133l
*gZ3571
*p€Es?l
*LL101
*2¢eTL

*ele

*p67EL °*BCHHO  *60CES  *6767%  °T1Zuet
15669 °*6112G °»GCEYy *I%CHE  *6HTIZ
*21196 *L1nL% *l6E8E °0T8CE  *AOFYE
“1g58% °©3060b °*H2ZTLE  °E€AG97 °"lBBUC
*ZBIBE “146ZE *R069Z "7 cSTI7 ° 65691
*592v€  "2Z%87 °912f£Z °879RT  *lE9Y1
*620%2 "0Z661 69291 °%G0E1 *26201
*9156T *6LTOT °EITET °€09NT  °TCER
2500l "62%71 °HELIT *0GHs  C0ENL
*L1051 °0§%21 19101 °A6GTR  °OT49
*J6T21 *ZTTOT °8€28  °*92%9  °902S
°gZGOT °*HZiR  *62T1  “ITLG  "T6%Y
*JbGR  *9RCL  “lBIS  TE¥9H  T649E
0665 "99&%  "C€SO%  °¥GTF  *lsSe
*£292 *Sitz  °SLil G797 0211
‘Y ‘€ *2 1 *0

t4 22303 1-v 173¢C

*{333 INININII

°Zqlls
“%2409
*£e1ze
s EHheZy
c2L962
*10062
‘6107
*9H5581
00097
*66571
*21211
*1681

*18¢c9

* 1696

*016%

“g96 ¢t

MR S A2

‘6612

*g561

*gs8

‘ﬂ'

JINNTIH-0E 40 5/1) Kdd 2 OGNV ‘U4 937) [-v1730 *(NTA/971) SHIONIULS

3AN0S SNOTMYA ¥C4 (1334} SHIONI YOATHNOY 2T 1 *37gvi 121 X07Td

*£5205  °GL35t
*EGRYY  *H551E
*§59BE  *HDILZ
*1ev1e  "0Zh22
*92¢2Z *Tils1
*$0067 °*966¢1
*gevsT D111
*G9LFT 5135
*LLRIT *2L%3
*94G5 *123%3
*€2¢8 *LESG
*2¢86G *331%
*lLELY aLY 43
*qZeYy *»10¢
‘6h9g  "II32
°y9s2 *Titz
4552  °281
*g102  *08HT
*HGHT *LENT
*1€9 Gy

*Z~ “E-
‘vl 3EWL

*532%2
*23317
“06381
081461
*BE?0T
*RLTH
*hSh L
*e2%39
*3€L6
*563%

*0ZCh

L1182
°grRZe
*CHCC
‘oLY
"0gyt

A XA
*200T1
*zZoL

*l0t

oh -

aecees
n* oGoY
neeoote
orooez
0*n00T
arngL

neens

ceCCy

(=]
.
nN
~
22

01

NI wW/en
SS

., T o—



*2FE5HZ CFLRETZ LGP 3T *2IGZGT *62#92T °£HZE0T €079 °*H2769 *9886% *IECLE “¥IbIZ °y88LI 0°000s

*€9€22ZZ “yH¥I051 *30D3231 *O0I09ET *662211 * 02126 °9T6FL °*0808S °*06%%% °*520€E *2153€EZ 05551 0*000%
*EGRIST *ZLSHIT °*OBLSET *ZHELTT *22€L6 18461 °*9LLE9 °TTI0G “"GBERE *b5by2 °32:32  *T3LET 0°Cco0¢e
428561 °*IIVEET *IE3ETT *9PhEss  °*SH0KL  °G56%9  °6AITS °*00L0% *L211¢ *€%1€Z  °BOG?T °LIT111 o*0eo?
*96 1531 *399E5 °LG35¢ °SIBI9  *ZEEGS *BEZSY  “ARZGE CTZGRZ  “B8YRIZ  °*BTZ91 °3ISTT °2es8l 8°0001
cETZRS  *LTI3IB  °ZH3I33  CEHGLE  °Z6ILY  *TEQEE  *RICIF  °BQOOHT  °0688T  “Z5KET  *T355 *3ql? eecse
*0253L  *IWIG9  CISL33  *ZZR9H  CLIRBE  CT102TE  *lFyG7 18567 *OTEST  °*G9€I1  *1313 *68%5 0°009
*$%789 *IHGAG  “IZ2L5% *Ll3LT1Y *819%z "Z2ZPZ 90077 °*GZR)T  *HGOET  °GEI0T *DEZL 111 0°00%
*0fRRG  *3)6)5  *5532% *QZ00€ “8IRKZ  °L6EYZ  *FIS6T *6LEST  *IBLIT *G¥lS *3e2? cezZZh o*coe
‘ge28ly  *e?01y  *ZW3yz  *2I26Z *652ZH2T CZ186T  "lag9T 185421 6966 *E2 1L *9323 *0thE 0°Coe
1921 °*HS5€SE  *2323z  *iv26Z *I¥6CT  *H60LT  *9TLfY “lll0l  *g¢s2e *Q219 cltey *0962 0*0s1
“H1632 °*CIBHZ  *I90I2  *ZHOLY  “L99HT “6L6TT °270¢ *7s¢6l *CBES i A-TA4 *EIE %102 e ¥ Y
“HRHEZ  °3HTOZ  CITTLT  *Oledl  °*ETRTIT  *6216 “nel *Hel9 *659% *qB YL *3ghe *H391 C*Cs
“yH63Z  *IISLT °55250  *GIBZT  “HZ9O0T *Li98 * 7759 "CLyS "CATH *TT1e 5122 *20s1 n*oy
*0403 T °I268T  °3PTET  °*L5011 *1916 c3IEYL *1"09 “cZLy *s19f ‘%397 #1571 *9s821 neQe
*419%1  °3552T7 °*z6901 °1e60 *shhl * 0809 *519% *Hele *i<6? *0R 12 °63s1T €601 nece
*€9921 *ZIRDT  °37725 *3rle *H2Ho *9vZs LA *acece *He6e *IReT *Zhel =735 0°51
G821  *e7AR *T5%L "E529 *L1ze “19¢y *RIHE 9892 *860¢ *82Zs51 *)5)1 *8el o°et
102 ‘g2 19 *1325 “0T %Y *959¢ *orE2 *0LFZ "eeRl *2Hy7 *0LC1 531 *115 0*s
951 *3JLe *30¢2 *Tesl ‘1e9t1 *Reel 6501 %28 *2€9 M- 412 *32¢ hi §

'] *S *3 Yy *e *Z 7 ‘C 1= ‘- ‘e~ i z~Mmm4

(4 237 1-v 1130

S(3ICIXYOIC NANINLIN »]4 T34S JINNIW
-0€} Wdd € CNV ¢4 930) 1-v1730 *INIW/3D) CHIINIA IS IMYNIS SODIHVA
W04 (L2334) SKLONIT ¥OCI WY0d 2IX0L *378y1 721 C1Iv 2M4LINV ONIANd 61 31gvl




INI2VEQLIN
ZEribol 148 1 ,momamp 66nily 9699ss ENILSN 60819E Evggez Lis6ie 686291 €92914 91i8L 00°0005
62416 LES6ER 610£1L 899265 ZeN96% L9us0% CSESZE 6£9552 228661 09ESwt 189E04 2020l 00 °cooR
ok iE rgEv2L §€2519 69918 196928 yERENE s0l092 g£9s022 £5689i S1¥521 o9 ¥68 0L509 60°000¢
g5es89 LEESES GOL6SN S9961n LidlaE 9ELngz g€66L22 SHLbLt Se2LEL £98101 u992L S616% 00°0002
¥2909N 1221w 2L1068E 990n62 LogEwz £11661 6920651 1t5521 29196 Z8ELL 81605 wlewt 00" 0004
6i9uiy £1155E s2izof sgitse €5E012 E6LL1LL 8uBLEL zLEgoL 893528 88519 LE6E wyl62 00°0SL
wO8oEE z166882 11337 } s$s80902 158011 1E£G6E1 196111 12618 18¢l9 22006 1896¢ 85142 00°06s
wlfook Tz99L62 9¥8912 woLERL 1Lgest 33 { I4) 15866 9S8l 86009 ti9an Z28LE susie 00° 004
191652 60£222 818884 9LS8S!L SoNLEL S$EL0L 0598 16919 2ERLS J6%8BE 954L2 68581 DG DOE
L6012 095081 6SEESL 96182l 9Lil501 2oele ZLE69 61645 SLLZw 292L¢ oo0€2z 86061 no°oog
6l9tLelL 93.5§1 LligeEl r2iLiL gzies iEesl LLE09 SEwln JEEQE El59e orZ61 920€E1 Go° 051 4
S052n1 0Es921L e9nlol 96206 sZ8Nl 8019 vEO0bY Lezsge 21662 LebLe Lz9z 08501 0g-o0L a
992LE} 691601 £2i26 2Lyl 855%9 wzles 9cE2t Le2EE €91S2 Lo6gL T §216 00°5L 2
99£E0L 89983 0LESL en2es 13 741 zzgey L9ENE 66692 18902 2SESL 15601 witl 00°05%
seL2s LLo6L w9119 Low3s £9.9% 0618€ 4ng0€ 8LO%2 wyhgl 169€ 1 9916 2199 DU 0K
LES6L Leesy §46LS L9989k Luf0y 00s62 sLice nl6EL E18Ll 9248 S0.LS 00°¢
00949 £ 2 31 99GLy - 82S6E oLliee £9l92 €189 se621 %556 whB9 k€9t 00°52
LELSS LLQLK §090# 20LKE %.282 060E2 131 3 g5l gL2g §065 866¢ 00°51
0L2Gk 2E83¢ 2862¢ GoLLZ %9622 LTI wegilL LS0§ gzls 96k L42E 00701
E2LLE zizle ELLEZ Libl 26091 ewiEl 9828 ikE9 Ziln L9fE slLe2 00°s
£59¢81L 81611 22101 1058 gnoL 95.% 2194 629¢E oBLZ €902 ginl i56 1R
i 9 < * £ ] 1 o t- 2- £- - RIN/SET
HIDNIH1S
(4 930) 1-Y¥l13a 324708
ZE  IAND
INIZYHQAH

Add %2° '1INIT XON3IDI3WI 2158104 WHEIL LY¥OHS NIK-OF

3HL ¥0d 1334 NI SHIONIT ¥CGIHE0D QEVZIVH '9T TGVl '




‘076332
*6EQIGe
*65 1312
*995521
*0e0eel
671301
*51293
‘06891
*Coe3?
*188eS
‘6893
*lLLeie
*094%9¢
*8566¢2
*09¢)2
*9¢eG63 1
*192%1
*88611
“1c13
‘9GSt

‘L

-J)¢g

*3150%7
*J15v12
*ZZ7vsBT
*19Ms1
*3€6821
*35016
*365¢1
*965673

*1253

$i

°
(3]
o~
~N
ALY
~t

} wdd 5

*213%2¢

]
o
-
5
-
uy
Y

*3€ztl
*»18293

*12335

. .
L ] ~
[l uy
(¥4 ) “~
[ah] w
m o1

[
(T3]
™
~
©™
N

38251
*z512L

METER!

[AS]

*8%321
*55221

“thy8

*1532

gNY *(4 93C) L1-Vv1IM2
403 (133431 SHLONT T ¥ngluycd JT XMl

°068lLT
*862EST
*$322cl
974101
*c82sl
*Y56%9
*E5:26
Ly 0Ly
*2550%
“636LE
424k
*RE651
*05121

SheThyET

3

*86621
*BT101
"QT LR
*1s6CL
*636Y
"9L12

L)

*ECS?hT
*65R0221
*269501
°JoersR
*C1%29
*LlhQcg
“hrlew
*H00KE
“Zcote
‘tect?
*Ze6¥2
*37591
*22HET
*CLhIY
*aze 0T
*geew

“Lect

"BLRS

*6T11Y

*vCel

"RLEGIT *HAFCH

*16lECT *F22¢8

*066568
*reted
*RG6MTS
*ClLhEY
“LTLGE
*Heg8le
fe8%le
*2eeee
* 66261
tasHel
*Zae6l
*GLLE
"oEy8
*15709
*11hS
"1Cey
"HOEF
“ELHT
*Z

!

SINIW/3 D

*gzoT}

*Qa7cC

*rage7

~cepr?
*TT521
*HGHGT
*67arT
*ns)p
Tueny
uﬂJNU
s lo%E
ctHyy
*769¢
> 6407

L Ach i |

*cleel
*Q€H60o
*N3%Qc
*1G636%
R 2 4
*o2tld
*R1GZ2Z
*e800¢
cpzZell
“HLOYT
tEH127
*6CG8
*1149
*$919
*RIES
"ATEY
*12lc
*irecCe
*1212
626

Y

1 o377y 1-v 1730

*o02es
*Q?2104
EHZEh
*1216¢F
*91047
*REZ1Z
“0g2L1
*48E5T
*CL28T
*gRLCT
*10€6

‘8150
* 9626
*171%
*HICH
*60€€
*56az
*61€2
*¢291

*212

.-

* (7345 ILINNIW
CHIANIN IS T¥ADS SNITUVA
*373c 1 Y7L ACTIITHD NIONNAAH

*ZZLiy  °T3ls?
*e)2lt *ZYL3C
°»D3 12z *00567¢
"CLC97 21921
*t7reer *wflel
*G3LST  *3IHCTT
*G3382T  *HEls
*92H11T  *3%13
*£G6RS *223¢
*2308 “3IdLa
*$253 *525%
"RE8Y 157t
*ne6e *€)37?
°50¢6¢ *3iaz
*H2d¢ 512
*2GHe *25ll
6117 *11s81
*12it *3z21
*9371 ®193
*22¢ *lie

*Z- e
L1 3w

*gsic?

S A-TA
°6J46sl
°e5321
*cZ38
1L
*H819

*3155

*LeEE?
*8531
*e531
"C09hT
v28T1
*e2d1

*1e8

neCees
0°300%
pereps
rerece
eeocot
[ead o373

or*ere

oy

necz
necy
cect
0°s
o"T

K178
5S

T

£
m
H




*201ys¢
*062292
*20€322
*508e31
*€088271
0TIl
09 DS
‘86433
‘E€GH59
*0 14596
*0L93%
90 ve
*101L?
*50LN2
"6 T1e12
e2reLt
‘1e6y1
-*2e 121
*2043
*eele
‘L

—DJE) Wdd & ONV

*z327%¢
*¥55%72
“EZTHSI
°33QLsY
*3RHITY
*32£65
*IZHeLL
16057
*LLGAS
*58¢3%
352 1Y
AN { Y4
*7Ive
*25112
*»9781
*153H Y
“£7321
*LINDT
*esetL
*ys 1t

°9

*ILZy12
*562151
°5L3r1
1

[}

*315¢
*eH8cS
‘19523
*Z3L3?
*5%335
*70305
*5621y
*I¥st
“ShIb?
*23137
*55521

*JEssT

*5E38
*HS17
‘ez

956511
*T15%331
*T1L%8ET
*93%211
A %:%: Y
666105
62256
*5325%
TL5%2Y
*?18hE
°08Ls?
*k9802
*0569T1
*3T151
*2%0z1
*eo6s0t
*0%15
“EZWL
*70Z3
*gLe?

b 4

‘(4 930) 1-v1T3C
¥0d (1334) SHION3T d001d¥YT) JIIX0DL

“0AT5%1
CESOFET
"LEIBTT
‘6E2€6
~REEG9
*ele9s
22
‘¥ BOY
*tzzse
51982
c689h7
*icell
*2s0HT
*zeszt
‘erTeol
AN

Y37

°Hcla

"ETEY

*6RAT

°E

LSININ/ZT)

*0ya12T
799801
*Zsles
*ok10L
“rotes
*6£09%
"e6ElE
"ByELE
cgilee
*eoece
egtce
*62iN1
M FA AR
*stelt
*oeeg
"ZLL
“agic
*92Cs
*Z?st
eyl
°Z

°QLLK
*151292
9376}
*nnTTQ
CLTR7
iré L1 24
*HO00E
*hGLO7
*aancy
ArdF Ao 4
hGEARC
carcly
"RNZS
*e’1z7°
rqon;
*cclg
*CI6%
cECOYy
9287
cfcet

‘1

*R196L
*50599
*6C16S
*ADORY
cEH9€E
*12062
*olgt?
*a201e
*14187
*hELNT
IRAYYAS
‘eCee
*cezl
cCSH9
®19ce
*Z22chy
*1C6¢

*691¢

*0

{4 230) 1-v 1730

CEHRES
*8l1HZ8
*RLESH
*Gll3¢e
*TLLS?Z
*ggeze
65081
*Q0 191
*g68¢cl
‘98711
*8eleo
‘4789
a3
“Ehey
*592%
"H0bH¢
*6867
*Lz%Z
*I0LT
* g%t

. 1-

*1313dS 3INNIN

SH I9NI¥ £S5 399N3IS SADIYVA
*378Y 1 )L 30NN L NIOOACAM

‘089¢y  *L511c
*CGHRE L3117
0T9€E  *GL5F2
*85212  *2lv51
*0t161  *GH3IZT
*63631  celL11
*COHET  *2FE%
*gos1l  *32g3
*51E21  °85€L
*aleR *SL55
Rzl *I5 13
*690¢ *f17¢
5114  °Ges?
*599¢ L13¢
99 1¢ °3622
“1lsZ “HE3T
*g8122  *2351
~Z081 *5221
*£921 *105
*¢ss *h5¢

.o -
‘81 318Vl

‘Ll
*Zgs5h
*943%
g1 4%
2 42
“1851
*ZLit
*5251
*2n21
"TLI1
0.8

013

4

L.

neenOz
eeceut
n*cet
0°neg
fe0CH
0e00¢
geco?
rergt

n*s!

206

cr e
cece
(SAd D |
(AR ) ¢
c*s
c°1

NY/87
¢S




168521 °59255 %323 °TI¥ZLI *59IS55 "97S5%  CCES9E  *€0I9Z *IRGTZ 12631 *Z¥311 2381
50035  °532¥2  *y3RIL *BI66T  “5TiAY runon¢ *6162¢ *A66GZ  *6096T °966HT  *E3£IT  °*DEDL
*BGGH3  °REGZL  "LJILF  COWLTS °weBZH  “TEOSE  "HNIRZ “98072 *BI69T °8S5S5ZI  °35%3 *5209
*8193% *El1S86 *3E0J3 C€202% *65€8%E <°264HBZ °Q€RZZ TRE6LT  CTHLEL *DDZCT  °Hl2L *9¢6%
*LZT13%  *»B7I%»  °»3IV3:f  TBHY6Z *HT4HZ  °BEL6T  CEA6GT  TLGZ1  *679% 8y 12 *553% *Z3bE
*H261y *319%g *r3Z3Z  *BOH®SZ  *HOCTIZ  *EQZLT  Ce0PEY 94801 *80€8 A "55EY *BL&E
‘ULz *IESRZ ZL3H?  C9ESOZ  “ECTLT  *dl6£1  CTITZIT  °60CE8 *84L9 *533% “ElSE *51%2
*BL02C  CINRGE  °»1S512Z *40%81 °*8S?261 ‘*T19%Z1 °AH6K6 *qc8l 8109 *L9%Yy *331¢e 1512
*169662 °132Z7 *r0531 *623ST *%FTET °1GI01 *179% ‘89 *261¢ ‘yc8¢e v.w¢wm *198T
*8LOTZ  *23Q3IT L3z 1  TLSBZT  *ZK9CT “ltlF cinol *cQss W ATAd *0e1f *E€22 *2I%1
*9e13T *J093;T  *35Z:1  CT:ZIT1  °5776 *hEGE “gH03, *06L% *6E9F M o ¥ X4 42 *»CET
"HHL21 *Z2€507 *5325 oLl *394%9 *elis 9y -T431 *ose? €681 *35€l 2
*T1CelT  "s1ieRr “Ibsl “EEEQ °1526% “eRZH "THbe catL? *1L0¢ *resl L5231 2yl
*1£25 *3T%¢ *5287 *8¥95 "EBIYy *HZRY *AIDF *1142 *L1981 "lLet *3Ls *Z3?
“496L AT L *£335 “flL8y SOy conge * 9492 *nece *4661 “EB 11 ‘h%3 *1Ls
‘6943 *3%55 *ZTLy *B5Ez *IR7¢ *cese *0et? “0691 4521 *196 °533 ¥
*IRGS *331LYy “332% *eT-" ‘1e82 *Z1¢e °Cg8T 86451 11Tt 6528 155 *00%
EESY °3R9¢ “edee T ¥4 *heZ2 *R181 Y Al *%911 *106 tels oL T4
“Ll1e 372 *H1z2 Thb6T “Trot *9TEeT *ecny “ceB *3e9 *2r *lte °322
TI6ET *esT1 “yIol *1s¢@ *3c A *Zah ceas b7 X4 *237 iRl *cor

< .y . s .z o2 .7 n o 1- .z~ e .-

{4 °37) 1-v 113¢C
"(133 IIMNTIW-0e N
S/1) Wdd 22 CONY (4 9301 EI-VLIT7 S(NIW/BT) SHIONI¥IS IPINTS SATTAVA
839 (1334}% SHLIONI Y W0OOINY0D JIXDL ‘61 3N8VL

“371v 1l 31 FOTIIAS NIOGMWOAH

0°0008

0° 000y
acenee
0°0022
0°0001
0°06L
0°00s
ehdal ol
000t
o°cez
cceaer

0%cl

27

0°Cs

0°*¢s
0°1

NIw/97
ss




SIEETS  °LENLL  *ZIvEI  *2TblE  *2H002 *E921Z *eA0N1 *hOHET 11201 S¢%L *5Ehs
*6RIGH *RP25% *ICIZT °*E1082 622527 °POAPT °N7ZGI *RGHTT °C916 *QaRs *)83y
SEOGHE  *330C€F *TBE3Z  *TLTHZ  SHECCT  °59E91  CTIET TRTCOT  *HC6L *L98¢ 531y
*4p0ZC “27€LZ °*ILETZ  *ZE9S1 °G5LZIT  *THIET  Cc99CT “rgcr *614 *59l% *55¢€€
scpezz  *33751  *18I30  clelrl  Ce0HIT Tvlte AAN ceLes cgevy *GE Lt rza2ed
*66F5T  *IWIIT  *z:lyl  CDLBIT  °L%RE *SE 08 *PHe9 *190S *188¢C *18Q¢ *5512
*96J51 *31GFT  °SIHIL  °1%9% *26oL *L2s9 p ArAS c1y *261te ok A ¥4 *5931
*160»1 °z5§227 “*BEZJIT  °*RSSE 871! *1Z8¢ *116G+ *nl9E 1182 rLeez LA
€221 =)¥$ T °EE33 AR S *0s13 ezzcea R *191¢ *9Z%2 *ICeT 5821
L1485 *t6h3 *HLlL *62C3 *SE6Y *6LC% TFe7e *7lse *0L61 “29+1 *eR21

*G543 *33?2L *3513 *a61s ‘CTeYy AR Hhraz /122 “Q0LT 4T *205

3139 *131% *3rch *th9t *DEnNe * 5942 *6LAT *G6sSt *1611 ‘580 °1€9
*Ge8y *3h14 *t23z *65567 TeEaY? cecce *LneT *€921 * 196 ‘Pl *21s
“Ziey *359F *Zhle *6e37 *gRIZ “reLt thEYT *0Z17 c€ap *J 40 LSk
*1Zl¢ *Z51¢ e Lz *LRe *1vel M Ak *2L5 Thh! teec 433
*2éoe *Z562 *2322 *6ve1 *eeat *2¢71 *gny *ARL *sC? ‘SHy *J2t
*L092 “Le7e *95351 *G55T *e2¢T *Ce(l ‘178 *Tg9 *?79 A2 *?Lc
*g112 *LTRY *zysl *9621 *HL0T *1iR *ar) *e6s *HeY *sle *Hec
*H5 1 *tt?1 12321 °e0s *ecl *c1sS *ERH caepe *l52 *d¢e ‘15t
*QcQ *346 ‘Hlh *RbE ‘Ccre *69¢ otz *CLT ‘CeT *L6 °53
"L °o °3 4 te 4 “1 *C *1- *2- "€ -

{4+ 230y 1-¥v113C
*{HAQN ¥WJ4 134S

JIANIW-0E} Wdd 33 CAV Std 333} 1-v173C e T /NTY SHlaN3NIT 3NDS
SNOINYA Y¥-d (12341 S4i9037 YOCI ¥yrd J1%01 *370y ) V3L % ANV E ' T-dVW  “0c¢ 219wk

*Z83¢
*heze
N -T4
*10€2

AT

*0z1l
8021
*ot3
*30L
507
ey
*lhe

143

perees
c*Co0%
0°code
sennn2
acenot
reccL
c°0Cs
e o0%

pecce

neo1
neg
ce1

NIw/97
cc

28




s6QIHT  °3992T °SELIT °6¥05S 48°7 “L219 “9ThHYy *£98¢t * 6567 *96 12 L3951 *1307 n°nong

*681€T  “HIETT  °507> *0L0B 16979 *Ho% ¢ thars "CHye *££Q2 *6661 *L5el *IHS neneoy
*0fell *l3!5 *1523 *EIHY “ells "H11Y cgnif *2162 *1122 *3591% *33¢21 °318 o*Ccooe
ceH 75 “3751 °yeld *6695 *g29% *628¢ *210¢ *H1v2 *6HB1 “eLel *5t5 ‘€933 recenz
*121%9 *3G5S *51Ly *E€I5¢ *3R2¢% *€897 *es1? * 2591 *9621 *296 *539 *e9Yy o*rcol
*8865 *H51 % 7LDy *6lbE 4 *g1¢€? *ecel UM A *e111 *0¢8 *25¢% *10% 9°06¢L
*6EShH *e58¢ *10fk ¥ X4 teng? "UEPI " 6081 *GR1l *RCe ‘4l9 *13% *92¢ 0*0Cs
*840%» *2r b 5952 ot X 4 X4 *eq0? "LL9 ceHeET *L501 ‘018 °100 *52% *062 ocncsH )
*Zbht *3562 *hhs? MY 3% ¥4 AN A “iv%1 *TATT *716 *669 515 *aLE *1s2 neele w
*1€82 A2 a4 *L33Z "9l *6F %1 61t AT *1%12 *866 1y *10e g0 neeee i
*LY%Z *3522 *z8Ll Y- c1+21 *H1CT *hIQ *LEQ °ChYy *€G ¢ *562 LT o°Cat
MRS YA A RRETA *69Cl "cee *C1L "(2s A *ERE 114 *281 *z21 0°6il )
ce5el *35711 *5101 *Zs8 *Lc! *LLS cE N vH9¢ *6L? *10? 89T *001 neces
A XA 3301 *G5I5 *03¢L *0e9 616 *C1y *H7¢ 4 °s8 1 *Zel *6FR g ey
LT 515 13t *932 *heg cShhh *aGe ecez AT 561 11 ‘Le o°ng
*Us *thl *hE3 . °EES A A *19¢ * R M XA *4L1 621 *25 .29 gene
*1sl *HH0 *i9s5 *09% “1fE *I1¢ *neZ °n61 *0s1 *211 *33 *bs 0°6l
*c19 x4 hhh “ELY *60t *gce A *h61 *221 °1s *59 Shy 0°07
*LeY ‘LSt *1ic 3z “Le =Ll el 211 °98 *€9 *GY -*1E nec
281 *171 *3cl *c1l 56 *eL *20 &Y *Le *8? o 4 el 0" 1
*L *3 *3 4 ‘e *Z *T *c R O *Z- ‘e~ oy - zawmma

t4 939} 1-v 1130
* (1233 IININ-CF 30

/1) Wdd 20% ONV ¢4 930) L-¥1HI SINIK/31) SHIDNIMIS 3WNIS SNDTUVA .
W04 (£2334) SHLION3 T YOOI ¥¥MD JIXN1 =3 73v L 131 3ANAITHI] INITAHLIZN ‘12 8wt




SOWBEY
£5€699
££21 68
28686¢€
26s6L2
of2142
825561
9Eivll
192054
8un22t
%9501t
LogSs

¥EORL
tE€i09

lZ9ES
6329%
G8SLE
134 43
wEE9Z
wSe8L

808

.
L

929145
E6ERSN
zZ9€1 2w
9n22%¢
SEBBEZ
gz69¢2
§90891
6886¢1
€2ZE6TY
LE0SOL
52906
909EL

Losts
ees1s
10094

€896¢

g€zt
[ 3% FXA
06522
0ERSL

££69

9

(HRW) 3IRIZYHAXR TXH13IWONCH

L2159 62906¢ SagE2E glukge si1zeie 8rl99t
Ligeiw - LLEBAE Li1sesge Llgste 132681 SLigui
106L5E LLsoot 681622 g0sEQS 962EIL LDERZL

699062 CELwN2 z6E202 062591 2£92E1L 21zl
wolEo2 Liotli 6281ivl 628511 %626 820¢L
w5Lsit NO9Lnt 63€221t SESES 05108 BOOEY
eulewi G8e61t 68E66 6911 0£159 SLILS
g0ELZL 516901 gE988 s8tel 58085 ongSy
148601 8wZ26 LivgL LSvz9 91108 §LEGE
E1268 wZ6nl siten gelos *0L0k €86 LE
2LE9L h9no 2655 gLty 6Ll5c 13114
Lisey %0525 82SEn 8#6SE 52582 2ing2
6E6ES 00ESH §6S.LE 1,908 oi9we LEEGL
oLgEn E6L9€E £050¢ L16%2 6661 90LS!
1L06E gigee g02L2 71222 L2823 Loowl
oLLEE LLege LLeER 89161 iBESL 58021
98¢€L2 w6622 £9061 8YSSL ZER2L 2186
£T9E2Z §E£861 et N9l ZENEL gLLOL 6248
18161 fLi9t 6SEEL 0i601 *5L8 8L83
(17341 26211 19€6 SHoL SEL9 0284
8889 Subn ooLw gNEE lg9e teee
s v £ 2 t [

(4 p3Q) I-vitiq

9t :HWO
(MWW} FFIZYEAXH TAiR1IINONCH

Wdd 8% ‘IIWIT X5A3IDHIAI 517804 HWE3Ll 1EORE KIW-0E
‘T IMWVL

ofLLZ!
SLEELL
58286
Lesél
17341
Sgeen
Lo026t
LO6KE
1910E
(13} I
geLLe
89114
Eigul
1€021
6ziol
i52%

6152

L8%9

6925

269¢

L9l

3H1 ¥04 1333 RI SHIONI] HOQTNEROD QEF¥IVYH

1846
09548
Ls6eL
96265
5251
L288¢E
6062
256s2
\6t2e
81i8l
1696t
ralzt
56601
LESB

5964

ZL89

5:2°1

SiEw

LELSK
BEROW
SEZSE
81982
#6002
Eoell
Esonl
gEeszt
v1801L
tels
8i6.
S619
DLES
ELEN
Lugt
6LEE
95¢2
g2tz
6881
| 13

088§

00°000S
00°000W
oc“Co0E
o0°0002
00°000¢
00°06L
05°00S
oc oot
G0 00E
00°002
00°0§1
co 0ot
00°S5L
00°05
co oy
00°0%
oo-oe
00°61L
o001t
00°s

[os R}
NIN/SET

HIOR3I3LS
3o¥nos

30




68261 *9392T *SLI2T  °*5%05 *zrsl YA *9TRY “Ff9BE *6G667 *951¢ *L3s1 * 1301 0T nens

*621ET  *HICTT  °5075 °*oLoe *1629 "hoyo Shoty TChhe *6L92 *6961 “Ls5el °355 tAdalal 4

*08ell  *135.. *1523 *E£362 *ell¢d *H11Yy ceTie *2inz 2t *3591 *2221 *918 0°C00E

M 3 X4 *3761¢ *hel? 5696 889y *678¢ *ZL0f *H1H2 *6481 *eLel *5L5 *e93 recenz

*L1%3 °3LGs *s1Ly *EIBE °982¢ *t§92 €512 *2591 *0621 *296 °93%9 *Go% Gereot

*885S “HSly 1L Dy *61%t *seRe *67¢?2 *pcol *Nnoyl *R111 *0e8 *256 *10% nengl

-2 3 3-1:24 *toee "Lz tenez *ceet *61GT *GRIl 806 *HL9 “13% *32c aecls

*84¥0Y 2t vt °5552 i ¥ 14 2gG02 L1191 *oHel *1601 *o18 *10¢ 527 *052 ihdalel

26 4L *3582 *hb32 A% 4 2Lt 1541 *T91T *7is6 T *61¢ *Ole *16¢ 0°0CeE

*2e82 *LENZ 1332 *Jz 11 *6FHT P AN TERE *1451 899 *1ey *10¢ °t0e Ukl ol 4

*LH%H2 5522 *zptri ‘1601 *1+21 *H1cl AR *6EQ *ChY “€9¢ *552 A ¢ o°cet

“STi1 *TLHT *5321 *549C1 *c1e "Cli TrLG A ceht °6ce *Z81 ‘g2l nesl <

*E6el °3511 *5101 AL iy XU *LLS 24 *HoC *6L7 i Aoie *’e1 *cot neerg

M4 A °3301 "gi% *03¢ *ce9 *slis AR *HZc *6%2 °q8 1 *Zel *6R g0y

°2Le1 *5 15 13 *339 *9hs Sabh *ecg ez °H12 ‘661 AN “Lt e re

*1ie °twl *yE3 - RS *Zh4y *19¢ * K27 *r2? *HLY *521 *Zs *e9 aene

*1si AL ‘Lys ‘0% *1ft *li¢ *06? *961 *0sl AN °33 "ks ee°el m

*019 *g?¢ *hhb celf 189 cgceé M ANA *ActT 21 *16 4 Shi 007 w

*12y ‘Lot ‘11t *232 112 *Lel I *Z1t *98 *€9 *5y I 43 0°¢c w

°181 °171 *Jel *ctl “Gh ‘tL AL by Lt *8¢ b 4 el 0°1 w
A "9 *3 Ty ‘t *Z T *0 *1- *Z- e~ *y - memma w

3 937 2-v 1130

{133 IINNIN-0% 2D
G/T! Wdd 20 ANY (4 930) 1-91 B3I *{NTW/27) SHIWIANLS 37d4NIS SN0 1uvA .
¥0<4 €1334) SHLIINI T ¥0aI ¥¥M 21IXN1  *37Wvl M1 IOIHITHT INITAHLIN " 1¢ 313V

5T e e — N el e—m emeem N S - - J— - e e e— : R i, - . - - -




(HEKW) 3NIZVEQXH TTXBIINONOK

SoNBES FT9LNS 22159x 6§2906¢€ 5¥R£2¢€ 8Lux92 g1z212 grl991 0ELLZ) 51846 ££QL9 1645k 00°0006
£6£695 E6EBRY Ligwixw - LifBE li888e LigsE2 ¥92681L zZilewnt SL6ELL 09548 g3LE09 8€804 00°000%
E£SZL6N 2eELZw 106L5E ti500€ 68t5¢2 gosgoz 962£91 Logez!l 592396 15624 2¥02s StesE 00°000f
26695¢€ 9nZ2eE 683062 OELNE2 26€£202 062591 0EGZEL 2LZH0L L296L 95285 ggTeN g1982 00°0002
265642 sEg6€e r0LEC2 liotlt 628wl 62864t Zu626 §20EL o%655 5254 02962 %6002 00°0001
[IXAY I 826902 ¥SLSLi wo5lul 69te2l 9656 06108 BEOOEY 1743 § L28sSE 95582 €0ELL 00 05L
825661 290891 exlani Se861 1 68€66 69118 0£159 clils 1026€ 66062 FA-FA 14 £a0kt 60005
SELSLL 6896%1 goELZ! 816501 9£988 68€2L 98085 x9Sy 1964E 25682 Z1581 £ES2L 00°00GH
19L05: g£2e621 Lw8601 84226 LingL Lskz9 L1086 BLEGE %910¢ L6€ee ZL6Si wi801 00°00€
grv22i LEDSCI £1268 w264l 51129 22205 ¥0L0N £e61E 66at2 3818 2lb2i £9.8 067002
8¥9SC1 52906 clL6SL W3%9 265¢ES BOLEY 6116E G666l2 gEL 12 1696t ) ebiilt gLSEL 00°0Slt
20858 909€L L1529 #0525 gestn BHSSE %2982 ziwze B9tLL wul2i 06065 L] 00°001L
£Eowl Los€s 6E6ES 00ESH SGSLE 1Lg0¢E 0L9w2 LEES! cigel G6601L ERBL oLEs 00°SL Q
1EL09 68E1S oLeEN E6LIE £050€ 116%2 64861 90L51 181:F.43 1£68 0LE% ElEy 00°08
LZ9ES 10094 LLO6E £182¢t goelz 3ieze LesLy Loowt 62L01 S96L 1886 Lu8E 00°0%
6929 6896€ O1LEE L1ER2 i€ 89i61 18€51 sgoztL Lsz6 2L89 206k 6LEE 00°0¢F
085.E 9E22¢E 0BELZ %6622 £9061 89651 26w2t 9186 616L 9314 186€ 9692 50702
EZxzt civie gegte 65861 BUN9L CEREL BLlOL 6918 Legxg 513k SERE 92€2 " po'st
$EE92 66822 LeL6l wLigL 6SEEL 01601t #5L3 9L89 6925 LL6E 06Le 6881 00°01
¥SH91L 0£861 Seutl 2621t L9€6 StoL SE19 0z8k 269¢€ inlz §561 #2€1 50°$
ze08 £€69 388¢ Suby coLy SREE Le9z L2 li91 oozt 958 028 00" 1
i 9 s - y £ 4 1 0 - 2- £~ n= NIK/SE7
RIDNTNHIS
(4 53d) I-viT3a 3sun0s
9% AND

(HWN) 3NIZVEQAK TXHLIIWOKOW

Hdd 8%° ‘lINIT XJK3IDAINI 317804 KEIL IEGHS NIK-OF

JHI ¥0d4 1334 NI SHIONST HOCI¥EOD CEVIVH °ZZ TMVL

e



IQIXOIQ X3IDOAIIN

%00LCE E4EEQ2 9L9£22 L69LE1L SELGSL S81L21 sso020t 88108 SZhl9 9655¥ wZSzE 12022 00°000¢
85LELT S9BNER Z8n661L 2ESLYL 0688EL 62xELL 91016 xSl teLes 900" 90062 BESE)L 00° 090k
1£29¢€2 6£9202 Ziely (1111 7! EEQELL S9816 8258L 2oLi9 w92l 480SE 9062 ®4651 20°006GE
L98161 585451 0ELEEL oosltl 62E1L6 JR:1 1.9 L8LEQ SLL0S §8EBE 96x8e L2Eoe 2Z9LEL 0D 0002
fSaLEL SEESEL 096.6 olLzze 50289 LolsS 56944 6L1L5E 10692 65661 ¥2ri Y€ 00° 0001
900911 91566 615%8 Z860L S4B8S 6508 % £958¢€ 00EQE ot2ee g2zl 0g2z1 12€8 00" 06l
czZZns zzgo08 Lu9R9 269.% S6LLw £E06E 1251¢€ hAX-E T 16881 w6581 2866 8SL9 00°005
€208 oozt 2zz19 Pixis 9292k I98-134 £E6L2 g9%612 21891 ogw2! 2068 1209 50'00%
0052L 06129 2282s L9Enn Lilgg SEDOE 00142 LEEBL 90541 gglot 189L 0025 00°nof
58986 11605 2062y 0£09E 01862 (131 14 ylsst 0BESL 18L11 suig g8ce9 €22 00°002
50806 18SEN SLoLE LgotiE 2LL62 L4012 68891 alzel 59151 9RGL 2BES L2114 00° 051
agcitn LEESE £900€ Srese z2g602 S60L1 LLLEL gllot 9628 6218 2LENw 962 oo°col .
2096¢ 0%50¢ [ 31314 t8lte 69081 Sthlkl SEBLL 6626 g2l :3:4 ZLLE ®652 00°54 —
1682 sogue g90le £69LL 8991 64611 2196 €65l 98LS 4Y41 £90E tloe c0" 0% @
68252 zzLze 68151 08151 280E1 %8901 £163 9ELY 091§ otgt 2ELE 0581 00° 0t
os2z2z 98081 11291 SL6EL lg211 8126 $6€L 218§ 25htk 1141 L5€2 0661 00°0¢
zl081 20561 LotLEL 25011 1916 18%1 L1509 oele 919t %892 Si6t 9621 . 00°02
26551 SLEEL 09ELL L4586 6c5L 09%9 €818 €10k 0ZtE gLE2 2591 gLl 00°81
29921 £980i L2256 6Ll 2249 gues ot 80EE 4€52 1881 ki 3H] 00°01L
588 ELSL 9949 0ERS 2oSH LLi9E 0562 B2 gLiL BLEL o6 ig9 00'$
L38E REEE 2ege gL€e 2i61 091 g621 SsiLol gLL LLS (49 ] 5L2 LAt
L 9 s ] £ [ i 0 b 2- £ k= XIN/581
HIDNFELS
(4 23qQ) I-v1i13a 32400§
9% MWD

JCIXOIQ M3DOYLIIR

Wdd 2 ‘LINIT XON3DHINI DIV9Nd WE3L L¥OKS XIW-DE

JHL 804 1333 NI SHIONIT N0QT4¥0D QHYZVE "£7 T19V1




rcolof
g6iele
igggee
Log16L
¥Shyl
90G31t
02Zx6
62018
00524
S§98S
60906
n9eiv
209$E
91602
6glse
gs2ee
ziog:
26560
x3921
GL88
19%¢

L

brgzg2
S98xE2
6Egeoz
S8SH9i
SEESLL
01666
22908
0802L
om"No
L1508
i86EN
X334
(13713
s0842
22122
98051
20541
SLEEL
£2801
€19l
vEEE

9

9.19¢€22
28w66L
zZiszls
06LSEL
0961L6
615%8
Lu989
22219
2z9es
2c62y
slolt
®300€
6E652
83012
[3-FA-48
11291
L91el
0gELL
Lzz6
99%9
zg8e

S

158L9%
2£6L91
SyStn}
oonitl
oLEzg
(4117
g59L¢
LA
L9Enty
0E09E
Lgote
6nzs2
¥8Llz
E69L1
08LSH
S19EL
850418
151
bull
122
gLee

%

JAIXCUIIL NIOOELIIN

SELSS gLl §60201 8108 SZrt9 96554
N688EL 6ZRELL 910L6 KL1GLL 19ivg 1950%
€€@61L S9315 8258L 2cliy wgZLw S30SE
6ZELS L8y6L LRLEY SL106 8RERE 96482
50289 10L5% s6owy 61L45¢% L0692 60651
In8es 6508k £y58¢E 0pEOt OLeee 6z2ZLy
S6LLN €E06E 12Ei€ 01982 16831 w6651
9292% (§¥:3 13 €E6LZ gngie 21891 09821
LLigE SEDOE 0012 LEESL gusHl g9lol
0L862 134 T4 vLlch! ogest 18Lit 54l¢
2Lise L0tz 68891 0L2EL 59101 gucL
ZE652 s6clLl LULEL 8LLOL 5528 6219
o0goet awiwt SEQLL 6626 €211 88ES
899uL €l611 2196 €662 98L§ 562k

ZYHEL #g30L £L58 9ELY 2915 [J%:19

8211 8126 96¢L Z18% Zshn S0EE
L9\6 L84L Loo9 0ZLw 919¢E §8s2
605. 09r9 £816 gLck 021E yi€e

N2h9 9828 zw 30€€ vEST L1881

[4:31] LisE 0562 glEZ 9LLi giti

ZL6L 0ist zset 5101 81l LLE

£ 4 t a 1= 2=

(4 93G) I-v¥1I13q

9% :RHD
JUIX0¥LIIL NIDOALIN

a
™

g ‘IIWIT AJN3DUIAI OITHAL WHIL LYCHS NIW-DE

IH1 804 L334 NI SHIONIT HCITHUOD GEVIWH 47 TGV

¥252¢
90062
92052
Lzkoe
vheul
052zt
2866
2068
1894
8EZY
2gis
2Lew
ZLLE
£20¢€
2€Le
LsE2
cL61
2591
erEL
oné
Zly

MI

12022
6E951
xwb91
29LEl
[TL1]
12¢¢
8SL9
Lz2ag
0025
"2y
(2143
6962
r552
vio2
cGB1L
9651
9521
ity

00° 000§
007000k
0G " 000f
00°00G2
£0°0001
09°0GL
00°0GS
00°00¥
a0 °00€
po-one
90° 051
50°001
00°¢L
00725
0001
00°0¢
00'02
00°slt
00°01L
ge*s
00°1L
NIX/S81

HIOoNI¥LS
jzunos




*BO3YTET 5H522T11°5€5L35

TEHGZLTTI®ISI3IIT YT y53

*SCLTITD
“TTL1E3
*9785LS
*81835%

*8 I15cd Y

*G6») 1t
687252
1210 ¥4
“H1H251
‘048t c1
*svy) 11
“15256
‘96 €Ll
*L1l3?
*9€rs
*1003¢
*6H321

*4

2’ 1)

1°392232
*333%3¢
*InsESY
“EL19ZY
ALY
*)91R93€
TTILLY.
*32F912
*»»2781
*Z51071
“1F 7901
*1%2Y5
*ZH212
*15€97
*13213
*H250%h
*£097¢
*3rent

bz

Wdd 1°

*3Jitzl
*J2323=3
“EEGSTY
caLs513:
955252
*H612327
5123727
*reLz3t
325351
*583(I[¢T
*LZ2235
s "3
“12y5?
*592 73
*2393Y
*3T55¢<
1832

Lzt

oMy *(3 930) i-viT37
¥O4 (1334) SHI9NIT ¥001¥¥0d 21 Y01

*D16702
*I5%LTL
*5%0619
*162205
*3eE2Z5¢
*S56KEDC
*IC6FHE
651022
°386581
*30Ensl
*?eleel
*15¢eh
*9L2se
*03s5l7
*£0z8%
*Ll3ELY
*0380%

*GRTcE

*ga10t

*h

*996999 * 8694HC
*57A9E5 18156
“pT1ZETS *eZi6l
“2EROT™ "BTHOHCT
*101262 *€SG8E7
*220252 *128507
*269502 *6G1197
*£GGZRT 160641
*506161 *T1€9321
*326421 "Gi%4CT
*y2E0TT *CH106
*3nEll  *291¢€9
*17070 °40€1S
©32096 *CGLGH
“6EESH  *Ll14BE
*1026F  *4907%
*hIAEE  *H5GE7
CTTGL7 69522
*0RZ&T  "suisl
“Lyy8  * 9689
. °7
(2
SONTE/BT)

coInLSH
tmn;h,ﬂﬂ
*71c0¢g
‘5617122
“9T418T
cegrear
*RCTHCT
“6796 1T
=720 01
“1c8fQ

“67c2 !

[X-2-1. Yo ¥ 4

*101T4

*4120¢€

*1101¢

*p7)C?

*R51772

*67097

*5c97 1

sfgGe

*1

449517
*G2790¢%
*2gey92
*229%12
AU U1
*091621
*L6ESOT
*166E6
*NoII8
* 69859
*2€896
*9295hE
*OHE2E
*RH682
* 068452
*c1202
AL
Co9THi
*1266
A A%

*0

939 1-¥113C

AT
MORRA 2% 4
*0ZH202
* 305401
‘012511
20565
*Gel0r
*200724
*eZ1?9
*15%CS
tHEGES
*1Ns0¢
*8LlH2
*Rs02Ze
* 9904 1
*59661
*19¢e¢61
*16837
“yneL

"0EtEE

*(133 JIONIW-0f JO

SHLANTIN IS IIMNIS SN0 TAHVA

*378¥ 1 771 3ICTAINTIIC NINXD

9L 2651 758571
*?sIHt1 *62Zv21
*LS235T °*TITLIT
‘060221 *ES5IL2
*12Z6c3  *€1D219
*L18L€l *€£326
*DESSS  *S%LzZY
*‘3IHues "53213¢
*4T19%  °9582%
*HShle LT3
*g1fF2E  *15):z2
64922  *e31I1
*e6ERY *DIZ21ET
*EDHOT CTILTTY
*eSIHT 65221
"GeHIT  *5513
*8145% e R §
*gg0Q *ILS
*S49a¢ *323%
ey eIy

*2- g~
‘§¢ 31evl

*“82E¥5

*3CTYH3
*Lasel
*0%»5R;s
*ECETY
“I€352
“EHLRZ
ceTes?
*ueee
*53021
L3361
*LeE6H0T
*z88e

*eesl

*Sel?

‘o6LY
“06BC
*32L2
*HETT

iy ~

0*Co0s
ceoecs
c*cecoe

G oanz

0rods
o~ 0Ce
n*coe
o*cst
0°G2
ceCs

o*0%

o°t

NMPLE
ss




*5e0%2
332 14
5543 1
12081
YA PR
*2805
*9ltl
*6147
*9L19s
*0 19
*LL6E
*1842
4922
*6 122
*2H11
*ST141
*1et
166
*569
*%0¢

*L

S/1) Wdd D8 ONV

*1 1932
“.3e81
*y3851
*58821
*5228

15t

*LZe9
*EwIS

*593%
*y38¢
RA541
*15¢2
AL R
41N
LA
A LA
*LH0T
*) 68

*95¢

*192

*9

*tistl
L1751
*Hivel
*y%531
*533L
L1393
*yles

*T6LY

Loty
*9T1ET
*9TETT
1615
*tYh3
*L156%
*EisY
*sZ0%
*Eive
*1282
*HELZ

*soLT

¢t4 930) 1-vi733
W04 (1334) SHIONIT ¥OOI¥H0D 21X01L

°26121
*e2807
*29¢6
*0292
*ChES

*L09Y

]

Ad

rey

oLy

o0y

*5182
*6€€
8102
*H1HT
*ghil
*H7 01
‘ree
*8rL
619
*E0g
42
*Hel

€

1966
*Ces8
*299L
*€z229
*19¢4
291t
*950¢
*g7ie
*1se?
* 0161
* 8491
*6S1T
*RE£F
*9t8
*eel
€986
*90¢
MR & 4
*e67
*9z1

4

S{NIW/87T)

*NL6L
*c7112
*Ph10
*Eh6Y
T Sh%E
*RINE
*26%2
*LR17
M Aclh ¢
*2cql
*27¢7
176
*ccy
*119
*619%
‘0ly
*qry
*nce
*1c?
*In

1

*eLeo
65666
*1e8e
x4:1%
L ¥ ¥4
"7lel
* 1261
*RATLT
*rRsT
*H021
‘60T
c0z.

*1AG
XA
*G5h
‘01
*51¢
*662
*1RY

*6L

“G

(4 93M 1~-v 1130

{133 3IINMNTIN-0C A0
CHLONIN 1S 3IWN2S SNITAVA
*378Y 1 1)1 INITVAHL3IWITHINIL

*¥eh
0w

217

*R6T
61
*19

°1-

*0ls€ “Iys5e
2 1€ *1Lzz
*Lylz *5551
*1eee *1561
€961 *3 111
M-343 °275
*9501 *13¢L
Lle *L5?
*eEYR *13%
*c59 *23Y
*15% *12%
*H1y *s5¢
343 ek 24
nle “y12Z
*65¢ *631
01 *251
*181 *621
Lyl °ca
*e01 “HL
G “Z¢t

cZ- e~
‘92 314wt

“0s

a4

.y -

oeccees
0*000%
cereee
geccez
aseeny
nersl

neceg

c°1

NI #/81
SsS

34




*429ZH1
*eedt?1
*9L1531
09153
“084H29
*806¢S
*9gley
*8405¢
*069¢€ €
ce9oeLe
*6097¢7?
*HHeI1
crevel
*H8611
0y 1
*REE3
A 243
*GRRS
*H21y
*go81

oy

G/ 1) Wdd % CNV

*3L€227
°1» 1601
*3IITHS

*Z3%3L

oy,

*I5¢¢
AXE LS
*35GLE
*I5HEE
*33%32
celre?
*2522?
*251h1
L2611
°33701
‘3738
‘hact
5173
*3%36
*3ITce
5657

°9

*255831
*56975
08652
*335%23
“Z2a33Y
*FLZ5:
*30512
*JISy32
Prar?
*I€E551
*Ta2¢er
*»G321

°J51L5

*$5218
*ZSRI2

*oL1LY

*16L92
°z68:z7
°ct902
CEHLIT

Al AR

*GoT1

‘{3 930) L~-y1730
W04 (12341 SHION3TT ¥OCT¥¥0) JIX0L

*0teee

*ZHysh 9
*3896¢
"6226%
*G5691¢€
c9vele
*o0122e
*809kT
‘06011
*1Reel
*91611
*Z6tR
*9189
*6l009
“6y2¢
°*092%
*9L09Ff
*GRAZ
*Zhre
*916

-

“EQT16S °G2HlY
*01126 °GHKhZZY
*8lash *76bAf
T lELYE  AFI67
*y88SE *CLLoO?
“EEE2Z  “CP6LY
“6£18T  *€66HY
*2219T *rIRZT
clGEET TEARTTT
*9efE1IT *9506
*18l6 *ahe ]
*%GR9 “anGe
*2195% *17Yy
G964 *HAAE
*HBCY A 42
*6lHe 1Y x4
*Z200¢ *60%2
*8ER? *0csY
MR AV S *1181
*aeyl *ore
4 *1
(!

fENTw/BT)

“£9Z2i€
*rEZee
"€1982
*gazee
*0zeol
*0B0%1
*9CH1Y
* 66101
*noeag
*151L
*1919
*1eey
"orse
*0€TE
*1022
*¥612
€681
*lest
2201
4

*0

n31) 1-¢ 113C

*Hyce 2
* 99952
93612
*6eHL1
10521
‘98L0t
“091L1¢8
‘€182
*1%19
*GLyS
“H2LY
‘otevr
*6r92
*e5¢el
* 6502
0891
*06HT
LTt
*cZ8
*1G9¢

*1-

*{133 IINNIN-CE d0
SHIINFN LS IJANIS SNOTYVA
*37gvi 1 ICTAINT S TAYITHIYId

*BRT1TZ *»Ilsl
*1658R1T °5lbtl
*%0 31T "JE911l
hA FARGEERE A 4 4
*0826 *5 193
*90Ce "TILs
*€0 59 °3EIY
*35LC LTy
*»0C6 *595¢E
-¢0W¢ *3532
*RpcE *1082
*Lsye *ESLt
*95661 *92h1
*08L1 ‘oLzt
*Sest *5521
iyl *0s3
*GlI0T 33
*418 *€23
*219 ‘Ley
*89¢ *15%

g~ ‘e~
“id 3rave

*EEZ0TY

R TAN)
*yLEl
*g5¢3
*28% Y
*LFBE
*IHTE
*1322
o & 24
"EINT
"ESFT
1811
“H95
038
2yl
*209
*02Zs
*eeh
*95¢
*cel

)y -

0°0CCs
0000y
0°000c
o°cooz
a*coot
o°Cst
0°00¢s
o°noy
(1 hddy 3
0002
0° 051
c°sL
0°Cs

0° 0%

NIW/87
SS

35




‘610734
*9991ch
‘eEYCLE
*96%2J¢
*8Le11e
ce68281
*Ghe3 b1
614281
*20er 1T
*le8es

‘66018

‘GETI3

*6BG53Y
‘e
*080s5¢

*BYT
*286%¢
*99551
*16€cl
8719

*L

=0E 4D L/T} Wdd 7*2 CAV (4 333) f-v1730 *(¥Tw/a3) SHID

“p5T5 Ty
°537)LE
“3L¥51¢
*Z22+552
AR
L3895y
M XAIRAI
CIyIETT
*5k135

“3E951

*3313y

*3hT13%

(L]

*Ly16

*G%325E
“103r1:
b £ L X4
152322

*Zyuysl

o S-FA ¢
AT At
5101

"3y

*FI1982
*521%92
*gpele?
*Z6068T
901521
*KDSI1LT
*¥5835
*Z301?
6T 669
*8l833
‘1E05%
147 47
*358L2

*eighe

"hehedl
*Z%0351
IEATAA!
*13358
*ehlE

b

*0rgsh?
4 1-1:2 4
1725081
LA LR
"TESLOT
“LLize
AT
*ECZLY
*geslc
*EElLYy
°ZEnE
*tl1%82
*921¢¢
*579cCe
*8621L7
*EGQHHyT
coLyZ1

*821¢1
*LrC)

°201¢

3

*615007
“CeealLY
*T6ZHGT
°81eg2Y
hR-2 8 P2
*691¢<s
*o%619
*LEBYS
TeselY
*09% et
*EBIEE
*452¢e?
18881
* 993891
teeant
*4CEIT
*%8101
“1128
*956LC
324

4

(3

$10TWYA W04 (13331 SHI9NIT Y0II¥YId J1¥01

cqgepor
PGAHERT
*qrpf2l
*ocsCCY
LT

“Lalce
cQREss
*6COeE
*ORKLE
*INgNS¢
°979Q7
*hCcOQ7

*ESTsT

*9T15¢E T
*19017
bR A

*z1t9

-1

*£24921
641211
*51216
*C106L
-aecsg
“TLLLY
*n0g2e
*€09%E
66952
*94Z4Z
12602
*T19951
*PDSTT
* 02901
*€9T6
2271
*12469
*c125
*559€
" 009t

*C

o33y 1-7 17130

*14896
*49t98
*915%L
*€2s09
AL L4
*E€659¢
12162
*9056¢
*69pRZ2
*GLSRT
* 92091
*0e211
1216
*6eR
*610L
*101is
ca16%
*G66¢
*5622
*9z21
1

(133 IIONIW

N3Y1S 3247735

*31v 1 D1 3NVEDIVIN 3

*9geTL “LLZIs
*T1T%3  *1elsy
*41€85 *I3%5¢
92Z6Hh  LH2I2E
*E8HTE  *15H22
*EQUZ *FLEST
*Z902Z CteElatl
*9LO5T  *SEINT
*31691 *50121
*BELET ‘586
*96811 *93%3
*9¢cen *3853
1Ll *JE3y
*6€39 *LoeY
*c12¢ *9TLE
*2€3% "3
*159¢ %3132
®6957¢ “3112
:f Lok4 *28%1
‘016 *5 b3

*2- ‘e~
‘gg 38Vl

“BTLYE
*2?60:
*h1L22
*15912
*so02sl
*51TEY
°5520T
*2056
56180
*6593
‘ShLs

*8Z0h
ozt
*91&C
A T4
%00
“EILT

“2enl
*§4221
*0by

.‘-l

0°0C0¢S

0°060%
peeo0t
crecoz
0°0001
0° 05t
orees
0*0o%
zrong
0002
0*0ct
negi
0°cs

o*ov

NIw/81
SsS

36




*LTST31 *30i53
*4,2131 *H»328Bc1
*2195¢1 *118511
*ZHHETT “1TC1S
"96H3L  *251337
*65633 *2€33¢
*@0L3G  LANLY
*2895% °3797%
*9g992% *III3E
*918¥s  *33252
*6€0)€ LG
05012 16037
SL60LT 33T
*gyvesl  °slifl
*og1el 33211
*689d 1 *?I15
6125 *39%5¢L
‘S8R YL *e?%3
*lyés *"125%
‘8622 AN
°L ‘9
-3¢ 47 §/1

SA3IYVA %NCd

*o5h22z1

“3hS5LTT °H3066

*ZFLLIT *EFbs3

1532

3 *Zl#H6S

*51sts  *ZyIBYy

Yy "BRIETY

*8330%% *lBOHE

*3aLL

[3
uy
uy
~
.y

v
oy
o~
w
™~

LI

) Wdd
1224}

R 01 4] 4437
€ °*622Z3¢
2 *zCele
2 cCgefl
I °*08BR21
T *13»0t
T *0tEs
*nsCr
*RECY
*1%3s
*236%
*112¢
*90%T

*h

b ONV *(d3 233) i-v173C
SHIONI T ¥O0I M%) JIXDL

TIF0TIT *E1076

*51128
v2580L
AV A
“I7eCH
*EblhE

- 1404

*e%112
*193i1
A RA
*B2301
“E29R
*6elLl

*el Q0

1V A3
*72237

*95T1

oy

*A6TCL
*g9clie
*E98LS
*1669%%
*hEE2¢C
¢ 61482
“e20€2
*Z2ecne
*ectil
ceZHuT
AR AN
1218

*eell

*iien

[

sobero
"FIRES
CACHOH
*1T11¢
© 97497
erez?
saTget
*qrCnT
" 5675 T
*IiCTT
* 6366
* 1659
*¢3QC
" 513C
M AR
“74GF
*gong
*61H7
cheil
e50y

*1

CT{HIY
*E822%
*2uHat¢
*0C6a?
*69107
*GT621
*165%1
‘11621
*961T1
*4506
“a99 e
"A6HS
*Qo4Yy
=133
*9ghe
*1612
*RCH2
*achl
*T1€1
*0C9

*0

237) 1~¢ 1130

{132

HMIR/ATY SHLIANIALS
278y L 101 201X01C

“gle9¢
*hBEZE
"GH51L2
*lbg22
60651
*e22¢cl
*9HTITT
‘0¥%66
*9l58
* Q99
0109
*212%
*1Z%¢
*160¢
AT
*BElC
*5%81
‘8691
*Cs01
*Co%

*1~

LN IW
33IENOS
¥n IS

*5669¢2 *JElS7
*eRCHZ "25TLT
*HHi3Z  "l5LRY
*g#231 “"B1JZt
*L081IT  *22%3
CLRTOT I3
412z *2355
*6LFL REXE]
*99¢9 *ibzh
*TL 15 °325%
*194% *23TE
*921¢ "lEZZ
*5€67 *1131
*€922 s 131
*Hes51 *HSET
*teel AR
“50¢1 “tLs
ARA! test
*512 *353
‘lve ey

*- i 2
"62 37gw!

*21371 0oCo0y
*81I07 Jacc0ne
*LET? nerenz
*20L3 eeneoT
*DZ5% 0°05!¢
*956¢C ne0os
*%35¢ 020y
*3L0F 0°0cE
*16h2 0°007
*5612 0061
‘0181 0°6l
*2221 0° 0%
*H601 o Cy
1T cere
*%5¢ neee
*132 0°sT
*lEs ceot
*9Lt og
“591 15h
"y NI®/2T
$s

37

Lisme gl mm e ey % ae e s

i
:
!

inm s st aar -




Rp—

°000L2 °*931€Z °92950 °*»2GIT *5a981 “RBIIT  °116°P *HeOlL *e0%¢% *T1CY *158¢ “LesY 0°0009
*cgOb2  *)9923Z *3v5il  *lzlv»l °B1Z2Z1 ‘*RLEF conng *16c9 MGARCA S *List *2sse *32L1 gcoony
0232 *373LT °3%T:zl  °STI21 *IH%S5C1 " 605° *eNRa *R7H5 “gsTH *GROC *1322 16kt ¢orcoe
*BLRIT  *ILHHLT L5221 °L2E0T *°Z96E 2669 *119%5 *ROMY *lLEE *22¢2 °33L1 ‘Tzt occoo2
*LZ8TT  °*?¥T1CT  °LT33 “teiL 00069 *Co6% *226¢ *ResE *39¢2 1611 €621 *2%8 00001
*Cc02T  °¥si3 *3eEht L AZ4 315 *gZey CZREE *6992 *Z»02 *91st *1831 c7el oeced
*88 78 311 *5€J7 *1L05 AN *HEHT *CSL? *c912 *8691 *1e27 "gL3 *H63 0°00s
*THEL “15€0 *3dcs *E2GY *celt *29(C¢€ 1652 *TE61T TR A *R501 *cat *0es o.ocm
*Lit? ‘TeLys A 14 *2C6E “GfZ¢ *2%92 0212 * 9997 *9121 *Ly6 3L *LsY [\adulil2
*08 15 A4 A “wllic 631t *g292 *9H12 *2711 ce5el *9e01 *6GL 34 *lit c*co?
694y *HEIE *32¢ *5tl? *L19ze *1661 9241 *1911 *HES 499 ey *12c o*ocl
°2¢1e *3302 *z3ze 9161 6861 *1521 *1+%01 *els “L29 ‘9 *Zte *gec? 0°sl =4
A4 TA *Z31e "E531 *9561 *0R21 *4%501 "% *%9¢Q *s0g *BLE *532 °zel 0*0s
‘692 *IYs5T “E531 “8BET *16711 *C%6 *Hcy) €65 *HSH ‘lEE il 14 €T 0*0%
2561 *5t91 °yeyt *8511L -1 *113 169 *118 *26¢ *162 L3 *ov1 g*Cet
0651 43¢l 3511 *El6 *90Q 689 *R76 *C1y *gle A ¥4 ‘891 ‘31 o2
*2Let et *565 *6E3 *369 * 896 * 9G4 *RGE X4 402 “go1 ‘86 c*sY
‘5111 *355 °212 *2Ze9 *68S *Z9% *0te ‘162 i T4 *591 ‘811 *08 crol
*18lL e 533 *8Ly ®96¢C °Elt * (97 °%02 *9st 11 °c8 *35 o°*¢
*28¢ 3 X4 -1 24 *60¢ LY *Zr1 “H11 68 *R9 *1s *9¢c *52 c*1

‘L °9 *s 4 °t *Z ‘1 *0 *1- . *Z- ‘t- *y - NIW/87

(3 929) l-y1130 *
*{133 2iMIN-0t 4I
/1) Wdd 58 ONY *t3 930) L-v1B0 *{NIW/BT) CHI5NIY IS IDWNDS SNOTYUVA
¥O4 €1334) SHIONZT WOOIW¥O03 JIX0L °*3WYL TIL NIVAHIIIYOIHIINL  TOE 38wl




“81¢er
*1s8t
4433
*8692
*1681
“1¢91
*cZel
*Ze
°0 201
°g28
v
108
*i0%

*L9¢

wdd 2022 CNY

*y3ITF
*elit
*Jsee
*51ee
*z291
*55€T
*LeTt
*» 107

*11¢
*397?
*317
°331
*gsT
L)1
LYy

*9

(] .
) w/
9 T
- -4
N ™

°
(& ]
W
~rt
Ah ]

*»32

*331
*2ET1
*15

14

44 9230 i-vi73C
f1334) SHLOMITY ¥OQT w0 JIXOL

-
1~
-~

e ]

.
U
L}
«©~

*0617  *68L1
“BG6T " 5661
°589T  *SLEl
*69€T 8111
*6Gk *€gl
*g2e *919
*719 *645
*6-S *06%
"L1s “22%
*074 “Eue
“2o¢ ~967
*vec7 c102
*9n2 *£91
*poT *051
“5¢1 seet
°571 *501
111 16
06 ol
&9 25
c9? “e2
€ .7
SNTR/ET

[

A
“0S2Y
*H6TY
" Lee

*&79

oy
133
*6°¢
~ciz
spez
s901

*cel

“HNT
cha
51
* 66
‘14

-2

*1

*8211
*9001
*o9p
*50L
*h5h
*9zZh
*94¢
*£0€
*597
*a12
*191
sTeT
*g9cr
*c6
*7¢
*99
s
‘LY
cce
.

°0

e3qy) 1~y 13

* %98
*0LL
* 599
*0bS
*8l€
*ace
"6e9¢
A X4
*¥0¢
*997
3 A
°CCT
*18

OMN

19
“hy
eq¢
T4
‘1T

'Al.

*(133 LrNIA-0E 43 /1)

SHIOIM IS I/MNYS SNINAUYA HOd
*3IWVL 131 TNYHIINIMTSIYLINNTHITAL

*149 LY
*as *30%
*€sy  *25E
<134 332
‘182 *002
*797  CEL1
161 ‘391
911 521
151 801
€21 *ag
°93 1 3t
7] -
00 €y
*»s 3¢
99 €€
“RE Lz
€€ £z
92 57
61 €1
- .y
- .
"TE 3avl

-1

*1s

- T4

*3c

oercee
0°000Y
0* 00t
groeo
0° 0001
0*0a!
0*00s
[andal o4
0°d0c
eeoo02
0°0st

05l

0°02
G°cl
ceCt
0tG
o°t

NTk/797
SS

39

T




150155
£0896)
(33-TEd
2aL8nE
S96EN2Z
150012
29604
oLuwzst
08SLEL
Se89L.
58126
€l8wl
co9%9
69425
E6L9n
€LEQY
16L2¢
g6z8e

6L622

Sxlle
ogLgey
199.9¢
Le9862
xL2602
095091
2599%L
§8L0EL
(TT1AY
26916

LlosL

L22%9

LAY 11
g00SK
3xi0%
ZEgnt
|-F-4%-14
692ne
LLL6L

£19€:

5809

9

85860y
65615¢E
9221t
949ES2
Leilly
6SEESL
665221
930111
*1856

seelLl
w31L9
%34 31
9904k
L228E
gsonsf
1% FT4
16B8E2
£.502
2nL9

2ELL

BELS

S

£5004E
S86E0E
gige9e
2zoElL2
Frx41 1
6LecL
£09x01
$62E6
€6%08

LLESY
Loags
Lgse
EE4113
soLzi
2E98”
20Lln2
#9002
VRELL

og9cH

£586

SiLEw

L]

€lg232
10252
13 71%4
E099L1
L50€21
9LlL90L
¥2198

YeELL

2EL9S

(514 §

£929¢

LEELE

oLizE

91992

LElEe

c8t02

vE9SL

25tul

2125}

9918

P ¥513

13

Hdd g%

(HRQN) 3IRIZYEQLE TAHLIIHIQ TY2ILENALIERN

LiLee?
S18502
9isLle
g2Zanl
cloiot
co2le
9280.
S91E9
86088
[ LT43)
0618¢€
g(oLE
£9i92
ifL12
SRESL
9ziL9l
SESEL
t2Ltl
0256
1499
2262

4

LLi681
821591
gyl
6ZL5HY
56016
ZL669
LEBYS
8905
OELEN
2165¢
L1114
68g9¢2
viniz
4 TR
55651
ieHE
20E9¢
S0r6
6E9L
£ESES
"we

{4 92q)

005541
29624
856111
€ES06
22L¢s
6L64S
13133
¥Z86¢L
09E6E
Lo6le
|- 251 4
15861
EL891
SOLlE|
2z221
SNSoL
5948
08€L
c009
902w
AT R

o

i=vlil2g

09

113 191}
66E6E
19458
55989
2Le8Y
St
902¥E
9060¢
02£92
LLE1r2
hengl
oG6x1
§2621
86401
29E6
gL08
19¢9
199§
865y

gzet

SRND

(ANCN) ANIZYFAIR TIHLIWIQ TY2INIIKHIGHN

1374
SELEL
L99E9
[171%4
£E29¢
2921LE
16E52
(11 114
ES6!
69851
L6GEL
ezl
%656
ebil
0569
968¢
olL8%
2028
(4R ]
26ke
La0i

Z-

¢ 'lIMIT ASN3IDBIAI 2I79Nd K¥3IL LEOHS NIW-OE

3HL 804 1334 NI SHIDNST 300IBN0D SIVIVE

*Z€ VL

S1068%
2£92¢%
OLNSY
Zeest
91862
11214
zZi1ial
ESCi9l
9£6E1
61ELL
546
4173
g9
§558
L56%
ol
RLRE
L662
(38
9o0Li
Lel

Is66E
SEQLE
Suln€
1i6ne
66%il
1117}
ggzil
9E60 )
-39 15
x99.
Npoa.
OLES
sE9n
E9if
9GEE
9682
zs€e
6202
gv91L
5511
909

-

0070008
00°000Y
c0°000¢
§0°0032
¢o‘o00t
00°06L
00°005
0o uOk
60’0t
po°gco2
oe 0§t
00004
c0°5l
oo“es
00 0%
1A 13
eI+ 14
0061
0001
00°§
Q34
KIN/$97

HiIDNZULS
zanog

40




Chapter 5

METHOD 2: CHEMICAL AND DIFFUSION FACTORS

The steps to determine the dimensions of a toxic corridor using this method are
presented below. Where applicable, preferred and alternate approaches are given.
The Table of Chemical Pactors (Table 33) and the Table of Diffusion Factors (Table
34) are required. Two copies of a suggested worksheet are provided in Appendix A;
one with a sample corridor calculaticn (Figure A-1) and one blank copy (Figure A-2).
A flow chart for Mcthod 2 is depicted in Figure 2.

a. STEP l: Determine source strength (lh/min).

(1) Preferred. Obtain a source strength from the disaster response force
(DRF). NOTE: Although weather personnel are not responsible for determining source
strength, a toxic corridor length calculation cannot be made without it. Appendix C
provides an equation for calculating evapcrative source strengths based on the
surface area covered by the toxic chemical spill. Use this Appendix to assist the
agency responsible for estimating source strengths.

(2) Alternate. For small amounts of liquid or gaseous material (less than
2000 1lb), assume the worst case which is total release of the material in 1 minute.
For large amounts of a gas (2000 1lb or more), assume total release over 5 minutes.
For large amounts of liquid, assume a source strength of 2000 lb per minute.

(3) Alternate. For releases of a large amount of material where a source
strength cannot be determined from the above procedures, go to alternate procedure in
Step 5.

b. STEP 2: Determine temperature difference (delta-T (°r)).

(1) Preferred. Use the mean delta-T based on at least a l0-minute record
from a 54-6 foot delta-T instrument. (Available at TITAN II missile sites. Refer to
Appendix B, Figure B-1.) NOTE: 54-6 foot delta-T measurements can be made by using
a sling psychrometer at the 54- and K-foot levels of a radar tower.

(2) Alternate. Use mean surface wind speed, solar elevation angle, and sky
condition to obtain an estimated temperature difference from Table B-1, Appendix B.
Refer to the notes in this table concerning rough terrain and forested regions prior
to estimating the temperature difference.

¢. STEP 3: Determine the Chemical Factor (CF).

(1) Preferred. Turn to 7Table of Chemiral Factors (Table 33). Find the CF
for the particular toxic chemical of concern and the appropriate exposure limit.
This will normally be the Short-Term Public kmergency Limit (SPEL). The limit must
be expressed in parts per million by volume.

(2) First alternate. If Table 33 does not contain a CF for the particular
toxic chemical of concern, the CF may be obtained from Figure 3. Enter the ordinate
of Pigure 3 with the gram molecular weight (GMW} and project a line across the graph
until the line extending from the exposure limit in parts per million is intersected.
The value on the diagonal 1line at the point of intersection 1is the CF. The
Bioenvironmental Engineer {BEE) may e able to provide the GMW and cxposurce limit for
the chemical of concern.

(3) Second alternate. If Table 33 does not contain a CF for the particular
toxic chemical of concern, the CF may be calcualted directly using the equation
below. The BEE may be ablc to provide the GMW and exposure limit for the chemical of
concern.

CF =~ 30.476 (Cp " GMW)"O.513
where Cp = exposure limit in parts per million by volume, and

GMW = gram molecular weight.
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d. STEP 4: Determine the Diffusion Pactor (DF).

(1) Preferred. Turn to the Table of Diffusion Pactors (DF) (Table 24}.
Read across from the source strength (Q) determined in Step 1 and down from thc
temperature difference determined in Step 2. The intersected value is the Diffusion
Factor (DF).

(2) Pirst alternate. If Table 34 does not list a DF for the particular
chemical of concern, the DF may be obtained from Figure 4. Enter the ordinate of
Figuze 4 with the source strength from Step 1 and project a line across the graph
until the appropriate line representing the temperature difference from Step 2 is
intersected. The value of the curved-diagonal line «t the point of intersection is
the DF.

(3) Second alternate. If Table 34 does not list a DF for the particular
chemical of concern, the DF may be calculated directly from the source strength
determined in Step 1 and the temperature difference determined in Step 2. Calculate
DF using the following equation:

0.513 53

DF = Q (AT + 10)2'

where Q = the source strength in pounds per minute, and
AT = the %4-6 foot temperature difference in degrees F.
e, STEP 5: Determine Toxic Corridor Length (TCL).

(1) Preferred. Toxic cocrridor length is the product of the chemical factor
from Step 3 and the Diffusion Factor from Step 4, i.e., TCL = CF * DF.

(2) Alternate. For releases of a large amount of matcrial where no source
strength is available, use the distance the wind would carry the material in one
hour. This is an interim forecast which must be updated when particulars are known.

f. STEP ¢: Determine wind direction and wind direction variability, R (degyrees
of azimuth). If the surface wind is equal to or less than 3 knots, go to Step 8.

(1) Preferred. Use the 10-minute recorded wind direction trace and
eliminate the two furthest direction fluctuations on each side of the mean.
Variability, R, is the difference in degrees between the third largest fluctuation on
each side of the mean direction.

{2) Alternate. Note the wind fluctuations indicated by an anemometer dial
over a 2-minute period. Variability, R, is the diffevence in degrees between the
largest fluctuation on each side of the mean direction.

(3} Approximate. If wind direction fluctuation information is unavailable,
assume R is 6009 when the wind speed is between 4 and 10 knots; assume R is 300 when
the wind aspeed is greater than 10 knots.

g-. STEP 7s Determine corridor width (W) in degrees by multiplying the value
obtained for R in Step 6 by 1.5.

n. STEF 8: Piot the toxic corridor.

(1) Wind speed greater than 3 knots. Draw the corridor center line from the
gounrce to the point on the wind dircection circle corresponding to the direction the
mean wind 1s blowing towards (i.e., 180 degrees from the recorded mean wind
divection), as determined in Step 6. Place W/2, calculated in Step 7, on each side
of the center line. Diaw the lines which define each side of the corridor. See
exanmple worksheet, Figure A~1 in Appendix A.

(2) Wind speed equal to or less than 3 knots. The corridor is a circle of
radius equal to the corridor length determined in Step 5.
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i. STEP 9: Trend forecast. I1f significant changes in wind direction ate
expected within the next hour or two, include this information in your briefing. A
change in direction that would affect evacua‘ ion is significant. Based on continued
close monitoring of weather conditions, relay any significant changes in the toxic
cocridor forecast to the DRF. Consider changes ir winds that have occurred between
the time of the spill and the time of the forecast. These changes could alter the
shape and size of the toxic corridor.
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Table 33. Table of Chemical Factors.
CHEMTICAL FACTORS (CF) _
30-min 30-min 10-min
SPEL EEL STFL
TOXIC CHEMICAL oMW || (epM) CF (PPM) cr {{epM) | o REMARKS
Aerozine 5C (50%
Hydrazine/50% UDMH) N/A * * * * hd * *Use CF for hydrazine
1 N 1
Anhydrous Ammonia 17.031|1 75.0 0.78 300.0 0.38 20.01 1.55
3 2
Aniline 93.129| 20.0 0.64 100.0 0.28 |INone -
3 . - i
Bromine Pentafluoride | 174.896) 0.3 a0 |l 1.5h e §1.75 {|wone - |11} - Tentative
Carbon Disulfide 76.139 20.03 0.71] 100.01 0.31 |{None -
Carbon Monoxide 28.011 100.0]' 0.52 500.01 J.23 90.01 0.55
Chlorine 70.9006{} 2.0% 2.40|] Efarks | 1.94411.0 {3.42|] *60-min EEL: 3.0 ppm
3 .
Chlorine Pentafluoride| 130.445)} 0.3 a.6a| 1.5%(m | 2.03 |[rone - (T} - Tentative
Chlorine Trifluoride 92.448 O.GJ 3.88 3.01 1.70 {{None -
4 .
Diborane 16.859(] 0.7 8.59 5.01 3.76 {{None -
3 1
EBEthylene Oxide 44.054]f 80.0 0.46 400.0 0.20 |INone -
Fluorine 37.997 2.03 3.30 ].0.01 1.45 {jNone -
FLOX (Fluorine/Oxygen
Mixture) N/A * * * * None = *se CF for f§luorine
Fuming Nitric Acid N/A * * * * * * {] *use Cr for Nitroyen
Dioxide
H-70 (70% Hydrazine/
30% Water) N/A * * * * * * |l *Use CF for Hydrazine
1
Hydraziae 32,045 20.¢Q 1.11 20,07 1.11 15.01' 1.28(f Tentative limits 1/10 of
1 1 axists
Hydrogen Chloride 35.461 || 3.0 2.74{! s0.0 0.65 ||a.0 | 2.43]| existing
1 . 1
Hydrogen Fluoride 20.006 5.0 2.87 10 01 2.0L]14.0 3.22
1
Hydrogen Sulfide 34.080 20.03 1.07 100.0 0.47 {INone ~
MA¥ 1, 3, and 4 (Mixed
Amine l'uels) N/A * » * * " * *Use C¥ for UDMH
3 2
Methylene chloride 84,933 400.0 0.14 2000.0 0.06 {{None ~
Monamethylhyrdrazine 1 1 1
(MMD) 46.072 {|30.0 0.751} 30.0 0.75 }19.0 1.38
1 1 1 .
Nitrogen Dioxide 4G 0006 3.0 2.43 20.0 0.92 Jj1.0 4.27
Nitrogen Tetroxide N/A * » * * * * *Use CF for Nitrogen
. it ioxide
Nitrogen Trifluoride 71.002 1‘30.03 0.20}{ 750.0 0.11 |{None - || poxide
Oxygen Difluoride 53.996 0.15 12.87 0.21 8.99 |{None -
Perchloroethylene 164.902 80.03 0.23 400.02 0.10 [None .
Perchloryl Fluoride 102.450 4 .03 1.39 20.01 0.61 one -
4 2
Pentaborane H3.127 0.6 4.72 4.0 1.78 one -
sulfur Dioxide €4.063 4.03 1.77 20.01 0.78 one -
3 . 2
'r ichlorethylene 131.389 {]|80.0 0.26 |} 400.0 0.12 [None -
ITr ichlorotrifluoro-
3
lethane 187,377 |f2000.0°| 0.0494]19,000.0% 0. 018|pone -
Unsymmetrical Di- 1 1 1
methylhydrazine 60.099 1150.0 0.50 ] 50.0 0.50 }|50.0 ] 0.50
Noteos: L From Committee on Toxicology (FELs from Nov 79 listing; SPELS/STPLsS from Jul 80 List ing.)
2. From AFM 161-30, Vol If, "Liquid Propellants," 10 Apr 73,
3. 1/% of 30-minute EEL.
4. 1/7 of 30-minute EEIL.,
Y. 1/2 of 30-minute EEL. et
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Figure 3. Nomogram for Determining Chemical Factors (CF).

CF = 30.476(cp - omw) 0:313
diagonal lines as labeled.

The CF values are indicated by the
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Figure 4. Nomogram for Detexrmining Diffusion Factors (DF) .

DF = 00'513 (AT + 10)2‘53. The DF values are indicated by the

curved diagonal lines as labeled.
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Chapter 6

METHOD 3: UNIVERSAL NOMOGRAM

The steps to determine the dimensions of a toxic corridor using this method are
presented below. A flow chart for using Method 3 is depicted in Figure 5. Where
applicable, preferred and alternate approaches are given. The toxic corridor length
nomogram, Figure 6, is required. Two copies of a suggested worksheet are provided in
Appendix A; one with sample corridor calculations {Figure A-1l) snd one blank copy
(Figure A-2). :

a. STEP l: Determine source strength (lb/min).

(1) Preferred. Obtain a source strength from the disaster response force
(DRF). NOTE: Although weather personnel are not responsible for determining source
strength, a toxic cozridor length calculation cannot be made without it. Appendix C
provides an equation for calculating evaporative source strengths based on the
surface area covered by the toxic chemical spill. Use this Appendix to assist the
agency responsible for estimating source strengths.

(2) Alternate. For small amcunts of liquid or gas (less than 2000 1b),
assume the worst case which is total release of the material in 1 minute. For large
amounts of a gas (2000 1b or more), assume total release over % minutes. For large
amounts of liquid, assume a source strength of 2000 lb per minute.

(3) Alternate. For releases of large amounts of material where a source
strength cannot be determined from the above procedures, go to alternate procedure in
Scep 3.

b. STEP 2: Determine temperature difference (delta-T (OF)).

(1) Preferred. Use the mean delta-T based on at least a 10-minute record
from a 54-6 foot delta~7T instrument. (hvailable at TITAN II missile sites. Refer to
Appendix B, Figure B-1l.) NOTE: £54-6 foot delta-T measurements can be made by using
a sling psychrometer at the 54~ and 6-fouot levels of a radar tower.

(2) Alternate. Use mean surface wind speed category, solar elevation angle,
and sky condition to obtain an estimated temperature difference from Table B-1,
Appendix B. Refer to the notes in this table concerning rough terrain and forested
regions prior tou estimating the temperature difference.

c. STEP 3: Determine Toxic Corridor Length (TCL) in feet.
(1) Preferred

(a) Enter Part A of Figure 6 with source strength determined in Step 1
and project aleng the constant source strength 1line until the diagonal line
representing the temperature difference value determined in Step 2 is intersected.
FProm this point of intersection extend a line torizontally into Part B.

{b) Enter Part C with the appropriate exposure limit (Cp) provided by
the Bioenvironmental Engineer (BEE), or taken from Table 33. Extend a horizontal
line from this exposure limit until the diagonal line labeled with the approprate
yiam molecular weilght (GMW) 15 intcrsocted. The GMW for the toxic chemical of
concern can be found in Table 33 or o¢obtained from the BEE. From this intersection,
project a line vertically into Part B.

(c) Read the toxic corridor length from the diagonal line at the point
where the projections from Part A and Part C intexsect in Part B.

(2} Alternate. For releases of a large amount of material where no source
strength is available, use the distance the wind would carry the material in one
hour. This is an interim forecast which must be updated when particulars are known.




4. STEP 4: Determine mean wind direction and wind direction variability, R
(degrees of azimuth). If the surface wind is equal to or less than 3 knots, go to
Step 6.

(1) Preferred. Use the 10-minute recorded wind direction trace and
eliminate the two €furthest direction fluctuations c¢n each s8ide of the mean.
Variability, R, is the difference in degrees between the third largest fluctuation on
each side of the mean direction.

(2} Alternate. Note the wind fluctuations indicated by an anemometer dial
over a 2-minute pericd. Variability, R, is the difference in degrees between the
largest fluctevation on each side of the mean direction.

(3) Approximate. If wind direction fluctuation information is unavailable,
assume R is 60° when the wind speed is between 4 and 10 knots; assume R is 30° when
the wind speed is greater than 10 knots.

e. STEP 5: ©Determine corridor width (W) in degrees by multiplying the value
obtained for R in Step 4 by 1.5.

£f. STEP 6: Plot the toxie corridor.

(1) WwWind speed greater tnan 3 knots. Draw the corridor center line from the
source to the point on the wind direction circle corresponding tu the direction the
mean wind is blowing towards (i.e., 180 degrees from the recorded mean wind
direction), as determined in Step 4. Place W/2, calculated in Step 5, on each side
of the center line. Draw the lines which define each side of the corridor. Sec
example worksheet, Figure A-1 in Appendix A.

(2) wind speed equal to or less than 3 knots. The corridor is a circle of
radius equal to the corridor length determined in Step 3.

g. STEP 7: Trend forecast. If significant changes in wind direction are
expected withIn the next hour or two, include this information in your briefing. A
change in direction that would affect evacuation is considered signiticant. Based on
continued close monitoring of weather conditions, relay any significant changes in
the toxic corridor forecast to the DRF. Consider changes in winds that have occurrved
between the time of the spill and the time of the forecast. These changes could
alter the shape and size of the toxic corridor.

50




TOXIC CORRIDOR CALCULATIONS
USING METHOD 3

Q |—"‘“——"'""’—"N°"""" xo::;: TYPE OF CHEMICAL] YES
| | [ )
| DID YOU OBTAIN THE {'DID YOU OBTAIN THE
| ————- NO— — —{AMOUNT OF MATERIAL jg— — ~= — — —NO— — — =« SOURCE STRENGTH IN
L RIELEASED IN POUNDS? LB/MIN FRIOH THE DRF?
: l YES YES
| | NO WAS THE SPILI OVER 2000
tol = T T T T pouNDs OF MATERIAL?
¢ Y H H
ASSUME THE CORKIDOR LENGTH YES N!)
I5 THE DISTANCE THE WIND ¥
WILL CARKY ''HE MATERIAL IN 1S THE CHEMICAL] fASSUME ALL MATERIAL
ONE HOUR. (THIS IS A STOR- LIQUID OR GAS? | JRELEASED IN 1 MINUTE™— — — 1
GAP FORECAST WHICH SHOULD ?& c:;s |
BE UPDATED ONCE PARTICULARS ‘,Q 3 !
ARE DETERMINED. ) | S - |
' Y i ) i
] . FCRECAST WIND SPEED ASSUME SOURCE ASSUME ALL |
d FOR NEXT 1 HOUR STRENGTH 1S RELEASED INT- ______ - :
i Is  KTS 2000 LBS/MIN. 5 MINUTES '
i . ' i [SOURCE STHENGTH
! b e e e e m e~ IS LBS/MIN.
{ ¥ M———
¥ CORRIDOR LLNGTH IS l
! NAUTICAL MILES. OBTAIN GMW AND C_ FROM TABLE 33 OBTAIN MEAN DELTA-T
! ONE NM = 6076 FT OR BEE. GMW = Y . FROM INSTRUMENT STRIP-
. | c = . - CHART OR USE TABLE Bl
| b TO FSTIMATE DELTA-T.
| I DELTA-T I§  °.
. | I
, ! CORRIDOR LENGTH IS USING NOMOGRAM (FIG. 6)
! e 4 FEET. DETERMINE CORRIDOR LENGTH
. CORRIDOR 1S A DETERMINE THE MEAN WIND
| CIRCLE, RADIUS = NO ARE THE WINDS > YES DIRECTION (D) USING THE
CORRIDOR LENGTH 3 KNOTS? LAST 10 MINUTES DATA
' r--___.__.___.___.___._l L
PLOT THE CORKRIDOR ON DETERMINE THE WIND DETERMINE THE WIND DiRECTION
THI: TOXIC CORRIDOR VARIABILITY (R) BY VARIABILITY. TO DD THIS,
WORKSHEET BY MAKING OBSERVING AN ANEMOMETER FLIMINATE THE TWO LARGEST PEAKS
[-A CIRCLE WITH THE DIAL FOR 2 MINUTES FROM EACH SIDE OF THE VIND TRACE
, ACCIDENT SOURCE AS T FOR THE LAST 10 MINUTES. THE
; THE CENTER : WIND VARIABILITY (R) 15 THE WIDTH
i . \ OF THE REMAINING TRACE
1
DETERMIBE THE CORRIDOR
I;ID‘I‘H (W), W= 1.5R
* ¥
D= DEG |
W= _____ DEG
' ¥

X PLOT THE CORRINDOR ON THE TOXIC CORRIDOR WORKSHEET. DRAW AN ARC OF LENGTH W (DEGREES) WITH ITS

i OR1GIN AT THE SOURCE AND WITH A RADIUS EQUAL TO CORRIDOR LENGTH, CENTERED ON A LINE REPRESENTING
B THE MEAN WIND DIRECTION. THE TOXIC CORRIDOR IS THE AREA ENCLOSED BY THE ARC AND LINES FROM THE
SOURCE 170 LBACH END OF THE ARC.

Y
FELAY INFO TO THE DRF,
PHONE __ .

‘ Figure 5. Flow Chart for Method 1.

PRIMARY —

ALTERNATE — - e ——
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Chapter 7
METHOD 4: PROGRAMMABLYE CALCULATOR

The steps to determine the dimcnsions of a toxic corridor using this method are
presented below. Where applicable, preferred and alternate approaches are given.
Input values pertaining to the toxic chemical of concern may be either found in Table
33 or requested from your local Bioenvironmental Enginecr (BEE). Following the list
of steps is a listing of a TI-59 Calculator Program*, sample input/output, and
procedures for making the toxic corridor length calculation. Two copies of a
suggested worksheet are provided in Appendix A; one with sample corridor calculations

(Figure A-1) and one blank copy (Figure A-2). A flow chart for using Method 4 is
depicted in Figure 7.

a. STEP l: Determine source strength (lb/min).

(1} Preferred. Obtain a source strength from the disaster response force
(DRF). NOTE: Although weather personnel are not responsible for determining source
strength, a toxic corridor length calculation cannot be made without it. Appendix C
provides an equaticn for calculating evaporative source strengths based on the
surface area covered by the toxic chemical spill. Use this Appendix to assist the
agency tcesponsible for estimating source strengths,

(2) Alternate. For small amounts of liquid or gasecous material {less than
2000 1b), assume the worst case which is total release of the material in 1 minute.
For larye amounts of a gas (2000 1lb or more), assume total releanr over 5 minutoes.
For large amounts of liquid, assuwme a source strength of 2000 lb p.r minutc.

(3) Alternate. For releases of a large amount of matecrial where a source
strength cannot be detecmined from the above procedures, go to the altcrnate
procedure in Step 4.

b. STEP 2: Delecwiue Lewperature ditterence (delta-T (OF)).

(1) Preferred. Use the mecan delta-T based on at least a l0-minute record
from a 54-6 foot delta-T instrument. (Available at TITAN II missile sites. Refer to
Appendix B, Figure B-1.) NOTE: 54-6 foot delta~T measurcments can be made by using
a sling psychrometer at the 54~ and 6-foot levels of a radar tower.

(2) Alternate. Use mean surface wind speed category, solar elevation angle,
and aky condition to obtain an estimated temperature diffcrence from Table B-1,
Appendix B. Refer to the notes in this table concerning rough terrain and forested
regions prior to estimating the temperature difference.

c. §2§¥L_}: Determine the gram moulecvular weight (GMW) and the appropriate
exposure limit (normally a 39-minute SPEL) for the particular toxic chemical of
concern.

(l) Preferred. Use Table 33 for these data.

(2) Alternate. If the exposure limit or GMW for the toxic chemical is not
listed in Table 33, reguest this information from your local BEE.

d. STEP 4: Determine toxic corridor length (TCL) in feet.

(1) Preferred. Follow the "711-59 User Instructions" for calculating the
toxic corridor length.

(2) Alternate. IFor rcleases of a large amount of material where no source
strength is available, use the distance the wind would carry “he material in one
hour. This is an interim forecast which must be updated when particulars are known.

*NOTE : The TI-59 program presented in this repuct was provided by Maj Lomax, a
Staffmet at Det 10, 2WS, Eglin AFB FL., A more specializ d TI-59 program was provided
to Air Weather Service/Aerospace Sciences by another Stafimet, Capt Dargitz frvm Det
30, 2WS, Vandenberg AFB CA. Although Capt Dargitz's program is tailored for 1iiquid
missile fuels and way be somewhat site-specific, his approach is unique and may be of
intecest to others with similar interests or concerns.
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S

e. STEP 5: Determine mean wind direction and wind direction variability, R

(degrees of azimuth). If the surface wind is equal to or less than 3 knots, go to
Step 7.
(1) Preferred. Use the 10-minute recorded wind direction trace and

eliminate the two furthest direction fluctuations on each side of the mean.
Variability, R, is the difference in degirees between the third largest fluctuation on
ecach side of the mean direction.

(2) Alternate. Note the wind fluctuations indicated by an anemometer dial
over a 2~-minute period. Variability, R, i3 the difference in degrees between the
largest fluctuation on each side of the mcan direction.

(3) Approximate. If wind direction fluctuation information is unavailabe
assume R is 60° when the wind speed is between 4 and 10 knots; assume R is 300 when
the wind speed is greater than 10 knots.

£. STEP 6: Determine corridor width (W) in degrees by multiplying the value
obtained for R in Step S by 1.5.

9. STEP 7: Plot the toxic corridor.

(1) Wind speed greater than 3 knots. Draw the corridor center linc from the
gouzce to the point on the wind direction circle corresponding to the direction the
mean wind is blowing towards (i.e., 180 degrees from the recorded mean wind
direction), as determined in Step 5. Place W/2, calculated in Step 6, on each side
of the center line. Draw the lines which define each side of the corridor. See
example worksheet, l'igure A-1 in Appendix A.

(2) Wind speed equal to o¢ less than 3 knots. The corridor is a circle of
radius egual to the corridor length determined in Step 4. .

h. STEP 4: Trend forecast. If significant changes in wind direction are
expected within the next hour or two, include this information in your briefing. A
changye in direction that would affect evacuation is considered sigificant. Based on
continued close monitoring of weather conditions, relay any significant changes in
the toxic corridor forecast to the DRF. Consider changes in winds that have occucred
between the time of the spill and the %time of the forecast. These changes could
alter the shape and size of the toxic corridor.

TI-59 User Instructicnsg

This proyram may be used with or without the printer. (TI-59 Master Library Module
must be installed.) It defaults to the 90-percent corridor lrngth nonexceedeace proba-
bility (Pr). This is the probability tHat the specified exposure limit will not be ex-
ceeded beyond the calculated corridor distance. This probability may be changed by
changing the Percent Parameter (PPAR) which is the same as the probability factor (P)
in the Ocean Breeze and Dry Gulch equation (sce Glossary). The probability factors for
specified nonexceedence probabilities are listed in Table 35. Once the PPAR is changed,
it will remain at the new value until it is changed again or the program is reentered.

Table 35. Probhability Factors (Miller and Miller, 1964). -

Probability Distance
of Not Erobability
Being Exceeded Factor (")
4.97 2.04
0.95 . 1.87
0.90 1.63
0.85 1.48
0.80 1.38
0.75 1.30
0.50 1.00
0.25 06.770
0.20 0.726
0.i5 - 0.674
0.1c¢ 0.614
0.05 0.535
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The procedures for entering the calculator program and calculating corridor
lengths are listed below:

STEP PKOCEDURE ENTER PRESS  DISPLAY
‘ 1. Turn on calculator {and printer) CLR
2. Slide side one (1) into the lower slot 1.
3. CLR
4. Turn card around and enter side
three (3) 3.
5. (Optional) Enter new BPAR PPAR a' PPAR
6. Enter gram molecular weight of
: chemical GMW A GMW
i
I 7. Enter exposure limit in PPM PPM B PPM
8. Enter source strength in lbs/min (Q) Q C 0
) 9. Enter delta-T value DL-T D DL~-T
10. Compute corridor length (L) No Entry E L in feet

Any of the entered parameters way be changed by reentering the new value,
pressing the appropriate key (A-D), and then pressing E for the rnew corridor length.

! The following sample input/output is usetul for checking the program after it has
been entered into the calculator memory.

; 32.05 GMW
! ‘ 20. PPM
40. Q

-2. vL-T

2.04 PPAR
CORRIDOR LENGTH
1770.757542 FEET
.33%3707466 S. NI
.2914292104 N, MI
539.7268989 M,
.5397268989 KM.

CORRIDOR LENGTH
- 1414.869997 FEET
.2679678025 S. MI
i .2328576534 N. M)
Al 431.2523751 ™
.4312523751 KM.

Sample Input/output

Default value of P=1.63 for
probability of %0 percent that
the calculated toxic corridor
length will not be exceeded.

Sample Input/output

Value of P altered from default
value to 2.04 giving a piobability
of 97 percent that corridor length

wes 1
will not be exceeded.
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The TI-59 program for calculating toxlc corridor le‘ngth is listed below.

TI-59 PROGRAM LISTIKG

PANK 1
STEP KEY KEY STEP KEY KEY STEP KEY KBY o
NO. PRESSED SYMBOL NO. PRESSED SYMBOL NO. PRESSED  SYMBOL
000 76 LBL 652 42 570 104 43 RCL
001 10 E' 053 39 39 105 23 23
002 69 op 054 0S 5 106 55 %
003 (W] 00 055 09 9 107 43 RCL
004 92 RTN 056 71 SBR 168 21 21
005 76 LBL 057 23 " LNX 109 55 3
006 19 D' 058 91 R/S 110 43 RCL
007 42 STO 059 76 LBL 111 22 22
008 09 09 060 il A 112 54 )
009 73 RC* 061 42 STO 113 45 pay
010 09 09 062 21 21 114 43 RCL
011 76 LBL 063 04 4 115 35 35
012 18 ol 064 0l 1 1l6 65 X
013 €9 op 065 71 SBR 117 53 (
014 04 04 066 23 LNX 118 43 RCL -
015 g2 RTN 067 91 R/S 119 24 24
016 76 LBL 068 76 LBL 120 85 +
a17 17 B! 069 12 B 121 01 1
018 42 STO 070 42 STO 122 00 ¢ -
019 08 08 071 22 22 123 54 )
020 04 4 072 04 4 124 45 X
021 42 STO 073 02 2 125 43 RCL
022 09 09 074 61 GTO 126 37 37
023 16 LBL 075 23 LNX 127 95 -
024 22 INV 076 76 LBL 128 42 STO
025 73 RCH 077 13 c 129 25 25
026 08 08 678 42 sTo 130 36 PGM
027 84 OPp* 079 23 23 131 24 24
028 09 09 080 04 4 132 12 P .
029 69 oP 081 03 3 133 42 STO
030 38 kY:} 082 61 GTO 134 28 28
031 97 DSZ 083 23 LNX 135 55 3
032 09 09 084 76 LBL 136 43 RCL
033 22 INV 085 14 D 137 50 50
034 69 QP 086 42 STO 138 e =
035 ) 05 087 24 24 139 42 $TO
036 92 RTN 088 04 4q 140 29 29
437 76 LBL 089 04 4 141 36 PGH
038 23 LNX 090 61 GTO 142 24 24
039 19 D' 091 23 LNX 143 19 D*
040 02 2 092 76 LBL 144 42 STO
041 00 0 093 15 £ 145 26 26
042 22 INV 094 43 RCL 146 36 PGM
043 A4 SUM 095 39 19 147 24 24
044 c9 09 096 65 X 148 15 B
045 73 RC* 097 43 RCL 149 42 STO
046 09 09 098 34 34 150 27 z7 -
047 69 op 099 65 X 151 05 5
048 06 06 100 53 ( 152 04 4
049 92 RTN 101 43 RCL , 153 17 B*
050 76 LBL 102 36 36 154 05 5
051 16 A' 103 65 X 155 42 3TO
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Bank 2
STEP FEY KEY STEP KEY KEY
NO. PRESSED SYMBOL NO. PRESSED SYMBOL
‘ 156 07 07 166 02 2
157 04 4 167 01 1
' 158 05 5 168 95 =
' 159 76 LBL 169 97 DSz
! 160 24 CE 170 07 07
S 161 71 SBR 171 24 CE
! 162 23 LNX 172 93 ADY
i 163 43 RCL 173 43 RCL
: 164 09 09 174 25 25
‘ 165 85 + 175 91 R/S
BANK 3 LABELS
! STORED 5TEP KEY KEY
: VALUE LOCATION NO. PRESSED  SYMBOL
i 0 30 001 10 E'
: Q. 31 ) 006 19 Dt
- 0. 32 012 18 c!
i 0. 33 017 17 B'
- 3.28 34 024 22 INV
: 0.513 35 038 23 LNX
* 29.75 36 051 16 A’
1 2.53 37 069 11 A
; 0. 38 059 12 B
| 1.63 39 077 13 C
| 0. 40 035 14 D
‘ 22304300. 41 093 15 o
33333000. 42 160 24 CE
34000000, 43
: 16272037 44
i O 21171737. 45
. 36403024. 46
; 31403024. 47
30400000. 48
: 26304000. 49
. 1000. 50
: 153235. 51
: 3524163235. 52
. 27173122, 53
3723000000. 54
1532312124, 55
1617311517, 56
24313717. 57
3542132740 58
. 33331335. 59
1
|




TOXIC CORRIDOR CALCULATIONS
USING METHOD 4

— e e NO— 4 TS THE TYPE OF CHEMICAL] YES | CHEMICAL 15
| KNOWN?
[ TOID Y0U OFTAIN TTE DID YOU OBTAIN THE
[ i NO— — AMOUNT OF MATERIAL j=w - — — — —NO= -~ --} SOURCE STRENGTH IN
| I RELEASED IN POUNDS? LB/MIN FROM THE DRF?
T T
| | YES YES
L]
b L
_ No. | PAS THE SPILL OVER 2000
oo i POUNDS_OF MATERIAL?
T 1
I |
0 B Y*’lﬁ I“JO
1S THE DISTANCE 'THE WIND

WILL CARRY THE MATERIAL IM 'ﬁ.’%“nb CHEMICAL) [ASSUME ALL MATERIAL
ONE HOUR. (THIS IS A STOP- LIQUID OR GAS? RELEASEN TN 1 MINUTE
GAP FORECAST WHICH SHOULD T .

BE UPDATED ONCE PARTICULARS LIQ GAS

ARE DETERMINED.) |

o ]

v
FORECAST ﬁrxo SPEED ASSUME S%URCE ASSUME'ALL
FOR NEXT 1 HOUR STRENGTH IS RELEASED INY . .
IS Krs 2000 LBS/MIN. 5 MINUTES !
| T
t 1 SOURCE STRENGTH
l e e = s LBS/MIN.
CORRIDOR L.*EN(;TH s OBTAIN GMW AND C FROM TABLE 33 OK BLE.
___ NAUTICAL MILES. GMW -~ T . OUTAIN MEAN DELTA-T
ONE MM = 6076 T R FROM INSTRUMENT STRIP-
] [ CHART OR USE TABLE Bl
| TO ESTIMATE DELTA-Y. J
' DELTA-T 1S
| CORRIDOR LENGTH IS FOLLOW THE 10-STEP TI59 PROCEDURI
_________ > . FEBT. FOR CALCULATING COKRIDOR [ENGTH.
CORRIDOR 15 A
CIRCLE, RADIUS - jugp——— NO-—_f ARE THE WINDS > bomeen YES— pJDETERMINE THE MEAN WIND
CORRIDOR LENGTH 1 KNOTS? DIRECTION (D) USING THE
- T TAST 10 MYNUTES DATA
g ——— o — — —_ —
PLOT THE CORRIDOK ON CLTERMINE THE WIND DETERMINE THE WIND DIRKCTION
THE TOXIC CORRIDOR VARTABILITY (R) BY VARLABILITY. 70 DO THIS, ELIAINATE
WOKKSHEET BY MAKING OBSERVING AN ANEMOMETER THE TWO LARGEST PEAKS FROM EACH SLDE
A CIRCLE WITH THE DTAL, FOR 2 MINUTES OF THE WiND TRACE FOR THE LAST 10
ACCIDENT SOURCE AS { MINUTES. THE WIND VARLABILI(Y (R}
THE CENTER i 15 THE WIDTH OF THE REMAINING TRACE

DETLRMINE THE CORRIDOR

WIDTH (W), W = 1.5R

5= ~TET
W= DEG

PLOT THE CORRIDOR ON THE TOXIC CORRIMOR WORKSHEET. DRAW AN ARC OF LENGIH W (DEGREES) WITH ITS
ORIGIN AT THE SOURCE AND WITH A HADIUS EQUAL TO CORRIDOR LENGTH, CENTERED ON A LINE REPRESENTING
THE MEAN WIND DIRECTION. ‘THE TOXIC CORRIDOR IS THE AREA ENCLOSED BY THE ARC AtD TLINKS FROM THE
QUECE TO_EAGCH _END QL Tk ARC.

RETAY TRIG 10 THE DRF PRIMARY
PHONE

e ALTERNATE — = = .- '
Figure 7. Flow Chart for Method 4.
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STEP KEY
NO. PRESSED

156 07
157 04

STORED
VALUE

0.
0.
0.
0.

A
[¥ R S

0.513
29.75
2.53
9.
1.63
0.
22304300.
33333000.
34000000.
162720137
21171737.
36403024.
31403024.
30400000.
26304000.
1000.
1532135.
3524163235.
27173122.
37230600000.
15312112124.
1617311517.
24313717.
3542132740
3333133135.

KEY
SYMBOL

07

30
31
32
33
34
35
36
37
38
39
i0
41

STEP
NO

166
167
168
169
170
171
172
173
174
175

LOCAT ION

59

KEY KEY
PRESSED  SYMBOL
02 2
01 1
95 =
97 DSz
07 07
24 CE
93 ADV
43 RCL
25 25
91 R/S
LABELS
STEP
NO.
001
006
012
017
024
038
051
069
069
077
085
093
le60

KFEY KEY
PRESSED SYMBOL
10 E’
19 D'
18 c!
17 B*
22 INV
23 LNX
16 AY
11 A
12 B
13 C
14 D
15 B

? CE




TOXIC CORRIDOR CALCULATIONS
USTNG METHOD 4

i TS THE TYPE OF CHEMICAL] YES. CHEMICAL IS

— = — o — — NO —

| KNOWN?
; { BID YOU OBTAIN THE BID YOU OBTALN THE
: | —m — —~ — —NO—~_4 AMOUNT OF MATERIAL f— —~— — - —NO— — --J SOURCE STRENGTH 1IN
| RELEASED IN FOUNDS? LB/MIN FR?M THE DRF?
: | I YES YES
; | '
i |I 1 ______NO__[WAS Tm;' SPILL OVER 2000
. | i POU]NDS or MATERII\L'I.’
. THE !’BRRXDOR_LENaTH ) Yi‘IS ::qo
IS THE DISTANCE THE WIND \ Y
: WILL CAKRY THE MATERIAL IN TS TR (UEMICAL] [TAGSUME ALL MATERIAL
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AKE DETERMINED.) { P -
| ¥ , ¥ ¥,
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) T 7
‘ | 1 v—‘F;OURCl-‘. STRENGTH
i e — - —-—— == 1S LBS/MIN.
(
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. _ NAUTICAL MILES. GMW = S . ODTALN MLAN DELTA~T
| ONE MM = 6076 PP Y FKOM INSTRUMENT STRIP-
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I | DELTA-T IS .
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,. oo FEET. S FOR CALCULATING CORRIDOR LENGTH.
[ CORRIDOR IS A
CIRCLE, RADIUS =L_ NO e ARE THI WINDS » poem—ome YES DFAFRMINE THE MEAN WIND}
CORRIDOR LENGTH 3 KNOTS? DIRECTION (D) USING THE
'TAST 10 MINUTES DATA
e P ———< |
|! PLOT THE CORRIDOR ON DLTERMINE THE WIND DETERMING THE WIND DIRECTION
; THE TOXIC CORKIDOR VARIABILITY (R) BY VARIABILITY. TO DO THIS, ELIMINATE
: WORKSHEGT BY MAKING OHSIERVING AN ANEMOMETER THE TWO LARGEST PEAKS FROM EACH SIDE
A CIRCLE WITH THE DIAL FOR 2 MINUTES OF THE WIND TRACE FOR THE LAST 10
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THE CENTER 1 IS THE WIDTH OF THE REMAINING TRACE
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w= ke

i
|
[
: !
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y | SQURCE TO EACH END OF THE ARC..
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e - )
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Figure 7. Flow Chart for Method 4.
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Chapter 8

SUMMARY

Toxic chemicals are routinely shipped by rail, barge, and truck within and near
populated areas. They are rtored at Department of Defense (DOD) instaliations and in
the surrounding civilian communities and are used in many tasks. Movement, use, and
storage of these chemicals creates the risk of accidental spills or releases of these
chemicals to the atmosphere. When this happens, they could rapidly become a health

hazard.

This report has presented four methods based upon the Ocean Breeze and Dry Gulch

equation that can be used by weather forecasters in producing rapid estimates of the

diffusion of these toxic chemicals. The end product is a toxic corridor forecast for
which there is a 90-percent probability that toxic chemical concentrations exceeding
a specified value will be contained within the corridor. This concentration 1level
will normally be a Short-Term Public Emergency Limit established by the Committee on

Toxicology of the National Academy of Sciences (1979).

The four approaches for producing toxic corridor length forecasts are:

a. Use toxic corridor tables to estimate the corridor length based on a delta-T

value and a source strength. Each chemical requires a separate table,

b. Use a table and graph to separate the diffusion equation into

factor and a chemical factor. The corridor length is the product of this pair of

farctrrs.

a diffusion

¢c. Use a nomogram to calculate corridor length based on the gram molecular

weight of the chemical, source strength, exposure limit, and delta-T.

d. Use a programmable calculator to calculate corridor length.

The procedure for estimating the corridor width is the same in each approach.
Step-by-step instructions direct the forecaster in producing the forecasts. A com-
plete, separate set of instructions for each of the four approaches ({(called methods
1, 2, 1, and 4) is included. Table 36 summarizes the four methods. Additional in-

formation is provided in the appendixes to this report.

The toxic corridor forecast produced by each of these techniques is
mate solution subject to several errors. These errors include:

a. Errors caused by an error in the measurement of delta-T.
b. Errors caused by an errcr in estimating source strength.

c. Terrain-induced errors that alter the diffusion characteristics
mosphere.

In general, this report is intended to aid the forecaster by allowing
in producing toxic corridor diffusion forecasts,
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Appendix R

f TOXIC CORRIDOR WORKSHEET
- o WORKSHEET WITH EXAMPLE

hame of Chemical Aerozine 50

1., Source strength 4y lbs/min (from environmental health service,
disaster response force, or egstimated)

o 2. 54-6 foot delta-T -2 OF (from instrument or table)

B 3. Toxic Corridor length 1415 feet (from toxic corridor table)

o 4. Mean surface wind 2909/4 kt ; wind variability (R) 40
' degrees (from wind trace, Instrument dial, or estimated)

| 5. Corridor width (W) 60 degrees (W = 1.5R)

6. Toxic corridor plot

} 7. Surface wind trend forecast (no changeyYchange to 9/ kt)
i 360

270

‘ 180

i Figure A-1l. Toxic Corridor Forecast Worksheet with Example Calculations.




TOXIC CORRIDOR WORKSHEET

Wame of Chemical

‘1.

Source strength . lbs/min (from environmental
digaster response force, 6r estimated)

56-6 foot delta-T OF (from instrument or table)
Toxic Corridor length __

Mean surface wind . s wind wvariability
deqrecs (from wind trace, instrument dial, or estimated)

Corridor width (W) __degrees (W = 1.5R)

Toxic corridor plot

Surface wind trend forecast no change/change to ©/ Kkt)

350

210 SOURCE

180

Fignre A-2. Toxic Corridor Forecast Worksheet.
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Appendix B

PROCEDURES FOR DETERMINING METEOROLOGICAL ELEMENTS

The mean 10-minute wind speed or direction is determined directly from the chart
trace by adjusting the position of a straightedge held parallel to the chart edge,
until there is an equal amount of the trace on both sides of the straightedge. The
mean wind speed ot direciton is the value intersected by the straightedge. Direction
should be rounded to the nearest 59 and speed to the nearest 1 knot.

Where delta-T instrumentation is available, the mean 10-minute delta-T (54-6 tt)
for a particular time period is determined in exactly the same manner given above,
using the strip chart recording of delta-T instead of the wind record.

The range of the wind direction fluctuation (R) is obtained by subtracting the
two largest fluctuation "“peaks® from each side of the wind direction trace and
measuring the width in degrees of the remaining trace. This can be done by moving a
straightedge, held parallel to the chart edge, toward the center of the trace, After
three ptaks show, read the direction and round to the nearest 5°. Repeat the
operation for the other side of the trace and record the difference in degrees
between the two readings.

when the wind direction is oscillating about North, first one pen will trace and
then the other, resulting in a trace on both sides of the chart. The method for
computing R with such a trace is essentially the same as given above except that the
straightedge is moved from the center of the chart outward toward each edge and the
difference in rcadings should be subtractcd from 3609 to get the width of the trace.
Several sample traces illustrating the procedures for obtaining the meteorological
elements are given in Figures B-1 and B-2 extracted from AWSTR 176 “Diffusion
Forecasting for TITAN II Operaticns” (Miller and Miller, 1964). Note that these
examples are for a 30-minute time interval,

Table B-1 should be used to estimate temperature diffecence, 54-6 foot delta-T,
if instrumental data are not available. An example is included in the table. Pay
special attention to the notes concerning rough and forested terrain.
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Appendix C

TOXIC CHEMICAL SOURCE STRENGTH DETERMINATION

The determination of toxic chemical source strengths is not the responsiblility of
weather personnel. Unfortunately, a toxic corridor cannot be determined without this
input. Accurate toxic corridor forecasts reqguire that reasonably accurate
parameters, such as source strength, be used as inputs upon which the calculation can
be based. A source strength estimate that is an order of magnitude ton small (i.e.,
10 percent of the true value) will result in a Toxic Corridor Length (TCL) estimate
that is approximately 30 percent of that resulting from the proper source strength
input. A source strength estimate that is 75 percent of its true value will result
in a TCL that is B6 percent of that resulting from the true input. Figure C-1
displays the relationship between erroneocus source strength inputs and TCL errors.

Figure C-1 illustrates that corridor lengths will be within +10 percent of "true"
as leng as source strengths are within 120 percent of "true.¥ Estimating source
strengths resulting from spills of toxic chemicals is always an extremely difficult
task. Virtually every spill incident presents a completely new sget of conditions
under which the source strengths must be determined. Becaugse of the difficulty
encountered in making these estimates, the Air Force Engineering and Services Center
has gstudied the problem, and the equation shown below was one result of their studies
(Clewell, 1980 and Ille, 1978).

0.08v% A (1 + 4.3 x 1073 sz) % (c-1)

(=]
]

where = source strength in kg/hr

Q

v = wind speed in m/s
A = 8pill area in m2
T

= toxic chemical pool temperature in deqrees Celsius

Z = dimensionless factor that depends upon the toxic chemical under
consideration.

The factor Z is calculated from molecular weights and vapor pressures of the toxic
chemicals of concern. The equation for Z is

T
P GMW.
vy, h

Z =

where Py, is wvapor pressure (subscripts b and h represent the toxic chemical of
concern and hydrazine, respec ‘ively), and GMW is the gram molecular weight
for the chemical of concern (-ubscript b) and for hydrazine (subscript h).

The source strength equation was developed in terms of hydrazine where 2
represents a factor to be used in converting the equation for use with other toxic
chemicals. It should be apparent that Z equais 1 when a wsource cocirength for
hydrazine is required.

Except for temperature, which remains in degrees Celsisus, the above eguation has
been converted to its equivalent 1in terms of English units. This was done to
maintain a consistency of units throughout this report., The equation in terms of
source strength in 1b/min, with wind speed in knots, spil' area in square feet, anl
pool tcmperature in degrees Celsius is

3/4

Q=1.66 x 10-4 v¥/* a (1 + ..3 x 10-3 sz) 2

Table C-1 contains vapor pressures, gram molecular weights, and 2 factors for a
nunber of toxic chemicals.
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Table C-1.

Source Strength Factors (Z),

GMW, aud Vapor Pressures for Selected Toxic Chemicals.

VAPOR PRESSURE
at
TOXIC CHEMICAL temp A
psi mb in Hg GMW FORMULA FACTOR REMARKS
Aerozine 50 (508 Hydra- 3.1 213.7 6.3 80 53.0 N2H4/(CH3)2N2H2 16.5 Mixed 50/50%
zine/S0% UDMH)
Annydrous Ammonia 158.17 10,902 321.9 } 80 17.03L NH3 270.7
Aniline 0.027 1.861 0.555] 80 93.125 (.'(’l-lle-X2 0.253
Bromine Pentafluoride 8.4487 ' 584 .97 17,27} 80 {174.896 Brl-'5 149.2
Carbon Disulfide 6. 987 ‘ 481.60 14.2? 80 76.139 082 53.5
.Catbon Monoxide i 28.011] Co
Chlorine 115.383 t 7,952.8 234.85) 80 70.906 C].2 az2.3
Chlorine Pentafiuoride 58.76 | 4,0%0.043) 119.%99 77 [170.445 cir, 770.4
Chlorine Trifluoride 26.6 El 833.410 %4.141} 8o 92.448 Clx~‘3 247.2
Diborane ' 16.859 BZHG
Ethylene Oxide 27.0  |1,860.98 4.96 | 80 | 44.0%4 C2 4O 119.60
Fluoxine l 37.997F 1r,
FLOX 32.798 1-2/02 Mixed 30/70%
i;:;;gqf[“;t;lic hoid 1.21 : 83.4 2.46 71 63.013 IlN03 7.7 WENA/IWENA
'II';?;:‘JI;‘;TLIF;;A?CIL?TB 2.7 186.1 5.5 77 | 63.013} HNO, 17.1  |RFNA/IRFNA
Hydrazine 0.3 21.4 0.63 80 32.04% N2H4 1
- 7 ine
go:cw:tz:)HYdrdz}nk/ 27.832 N2H4/H20 0.333 [EMixed 70/30%
Hydrogen Cloride 808 .79 55,746.0 1,646.24§ 80 36.461) HCL 2963.9 [Pressurized
Hydrogen Fluoride 18.70 | 1,288.94] 36.060 60 { 20.006) nr 37.6  |63S Only
Hydrogen Sulf ide 320.6 22,509.0 664.7} 80 34-080 HZS 1118.6
Mar 1, 3, & 4 (Z= 0.4, 0.2, and 0.6 for MAF 1, 3, and|4 respectively)
Methylene Chloride 8.99 619.6 18.3] 81 84,9113 CH2C12 6.7
Monamethylhydrazine
(MMH) 1.0 8.9 2.041 80 | 46.072] CH JNHNH, 4.6
Nitrogen Dioxide 15.70 1,082.1% 31.96] 80 46,006 NO2 100.0
Nitrogen Tetroxide 14.6 1,006.3 29.72¢§ 70 92.011 N204 13%.0
Oxygen Difuloride 1306.0 296,795.0] 8,704.4 ) 80 53.996] OF 23,3¢9.2 Jvressurized
perchloryl Fluoride 176.1 |12,137.7 358.4 4 77 flo2.450] clo.¥ 1813.3 |o2s Only
Pentaborane 4.0 275.7 8.14 | 77 £h3.127 B5H9 25.4
Sulfur Dioxide 55.903 3,793.6 112.031 80 64,067 502 354.4
Tr ichloroethylene 1.16 80.0 2,36 9.8 [131.389 (.'HCIC(’.]_2 15.3
{eh R o
:z;a:torOtrlfluoro 6.50 448.0 13.2 77 h87.377 CC12FCC1F2 122.4
Unsymmetrical Di-
methylhydrazine (UDMH) 3.1 213.7 6.3 80 | ©0.099 (CH3] 2N?n2 18.7
Nitrogen Trifluoride ' 71.002 NI-‘q
i
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Appendiz D

TOMIC CORRIDOR LENGTH AS A FUNCTION
OF TEMPERATURE DIF~ERENCE ERRORS

Toxic corridor length calculations are quite sensitive to temperature difference
(delta-T) values that are used. The sensitivity is greatest when the atmosphere is
unstable, i.e., delta-T <. The sensicivity decreases as delta-T increases. If the
procedures for estimating delta-T are properly followed, any error should normally
not be more than 1°F. If an error results when delta-T is estimated through use of
Table B-1 in Appendix B, the error will most likely be in a positive sense, e.g., a
"true"” delto-T of O0OF might be estimated as +1°OF, For this reason, toxic corridor
lengths will usually be on the conservative or safe side, i.e., the corridor lengths
will be longer than necessary rather than shorter.

A positive 1°F error when the "“rue" delta-T is -3°F (i.e., delta-T estimated as
-20F) will result in a 40 percent overestimation of the corridor length. An error in
the opposite sense, i.e., delta-T estimated as =-49F, will cause the same corridor
length to be underestimated by 32 percent.

When the "true" delta-T is positive, corridor length errors are smalier for
similar errors in estimating delta-T. Suppose the "true" delta-T is 6C°F and the
estimate is 5SOF. The toxic corridor will be underestimated by 15 percent.
Conversely, a 7°F estimate of delta-T would result in a corridor length that is too
large by 17 percent.

Figure D-1 graphically displays the resulting toxic corridor error percentages as
a function of "true™ delta-T and the error (E) that might occur in estimates. The
error (E} ranges from -39F to +3°F. An examination of the potential errors in toxic
corridor lengths that might result from errors in estimating delta-T clearly signals
the importance of using the best estimates of delta-T. Rote that positive errors in
delta-T may result in excessive evacuations of populated areas while negative delta-T
errors could result in insufficient evacuations and a possibility of casualties in
some nonevacuated areas.
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Metnod 1 Method 2 HMethod 3
Length 910¢ 9143 (Table) 9500
9360 (Figqure)
Width (1.5R) 980 980 980
Por Method 2: CF = (.78 (Table 33 or Figure 3)

* 10 mg/m3 converts to 2.9 PPM by volume. See "Exposure Limit"

Appendix E

EXAMPLE TOXIC CORRIDOR PROBLEMS

Situation: Spill of Anhydrous Ammonia

sSpill Area: Unknown

Time of Day: Sunset

Sky: Clear

Ambient Air Temp: 30°C

Wind Speed/Direction: 6 kt/235 degrees; from Figure B-2{c)
wind Variability (R): 65 degrees; from Figure B-2(c)
Delta~-T: 0°F; from Table B-1

GMW: 17.03; from Table 33

Exposure Limit: 75 PPM; SPEL from Table 33

Source Strength: 1000 lb/min; estimated by DRF

TOXIC CORRIDOR LENGTH (FT) AND WIDTH (DEGREES)

DF = 11,722 (Table 24)
PP = 12,000 (Pigure 4) )
X =Cr - DP
S8ituation: Spill of Aluminum Fluoride (AlF))
8pill Area: Unknown
Time of Day: Midnight
8ky: Clear (no snow on ground)
Ambient Air Temp: 20¢C
Wind Speed/Direction: 6 kt/235 deqr..es; from Pigure B-2(c)
wind Variability (R): 65 degrees; from Figure B-2(c)
Delea-T: SOPF; from Teble B-1

GMW: 821.98: ‘rom BEE

Exposure Limiv: 10 -9/33' 30-min Emergency Exposure Limit (No SPEL exists}; from

BEF

Sousce Btrength: 100 lb/min; from DRFP

converainn procedures.
17

Method

9108
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TOXIC CORRIDOR LENGTH (PT) AND WIDTH (DEGREES)

Method 1 Method 2 Method 3 Method 4
Length No Table 18,264 (Table) 18,000 (Figure 6) 18,246
18,300 (Pigure}

width (1.5R) 980 980 980 98°

Por Method 2: CF = 1.63 (Fiqure 3)
CP = 1.82 (Equation)
DF = 10,035 (Table 34)

DP = 10,000 (Figure 4)

X =CPF - DF

' 3. Situstion: Spill of Bydrazine

Spill Area: 4000 feet? -
Time of Day: Sunrise

Sky: Clear -
Ambient Air Temp: 24°C

Wind Speed/Direction: 11 kt/335 degrees

Wind variablility (R): 120 degrees; from Pigure B-2(d)

Delta-T: QOF -

GMW: 32.045 ‘

Exposure Limit: 20 PPH; SPEL from Table 33

Source Strength: 14 lb/min; from Appendix C

=

! TOXIC CORRIDOR LENGTH (PT) AND WIDTH (DEGREES)

i Method 1 Method 2 Method 3 Methad 4
| Length 1504 1510 (Table) 1400 1482

1439 (Piqure)
wWidth (1.5R) 1800 1800 1800 180©

For Method 2: CF

1.1 Figure 3
CP = 1.11; Table 133
DF = 13603 Table 34

orF

13900; Pigure 4

E
[ ]

CfF - DF




Appendix F

SPECIAL TOXIC CORRIDOR TABLES FOR TITAN II SITES

This appendix contains additional Toxic Corridor Tables for use with Method 1.
They have been included because of speci:l requirements for multi tyjes of hazard
corridors at TITAN II missile sites. Nc e that tables based upon 19-, 30-, and
6. - minute Short - Term Public Emergency Limit (SPEL) have been provided for
Nitrogen Tetroxide, Hydrazine, and UDMH. Also the 10-minute Short-Term Public Limit
(STPL) was used to produce tables for Ni* ogen Tetroxide and UDMH. These tables are
also contained in SACR 355-5.
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TABLE OF THE ELEMENTS

ATOMIC WEIGHT

ELEMENT SYMBOL ATOMIC NUMBER (C = 12)
actinium Ac 39 -
aluminum Al 13 26,9815

R americiua Am 95 -—

i antimony sb 51 121.75

- argon Ar 18 39.948

b arsenic As 33 74.9216
astatine At 85 -
bariumr Ba 56 137.34

' berkelium Bk 27 -

| beryllium Be 4 9.01218
bismuth Bi 83 208.9306
boron B 5 10.81
bromine Br 35 79.904
cadmium cd 48 112.40

_ calcium Ca 2 ' 40.08

i californium ct 98 -

K carbon c 6 12.011
cerium Ce 58 140.12
cesium Cs 55 135.9055
chlorine Cl 17 35.453

i chromium Cr 24 51.996

! cobalt Co 27 58.9332
columbium Ch (see niobium) -
copper Cu 29 63.546

7! curium Cm 96 -
dysprosium Dy 66 162.50
einsteinium Es 99 -—
erbium Er 68 167.26

: europium Eu 63 151.96

' fermium Fm 100 --
fluorine ' F 9 18,9984
francium ¥r 87 -
gadolinium Ga 54 157.25
gallium Ga 31 69.72

. germanium Ge 32 72.59
gold Au 79 196.9665
hafnium HEf 72 178.49
helium He 2 4.00260
holmium Ho . 67 164.9303
hydrogen H 1 1.0080

} @

.. .. - Cie e a e o a e e daes b me D U S Y TP g ppon yeproe




|
f ATOMIC WEIGHT
: ELEMENT SYMBOL ATOMIC NUMBER (c = 12)
indium In 49 114.82
Q iodine I 53 126.9045
| iridium Ir 77 192.22
; iron Pe 26 55.847
i krypton Kr 36 83.80
lanthanum La 57 138,9055
- lawrenciunm Lr 103 -~
i lead b 32 207.2
- : lithium ~ Li 3 6.341
. lutetium Lu 71 174.97

i magnesium Mg 1z 24.305

: manganese Mn 25 54.92380

‘ mendelevium Md 101 -

i - mercury Hg 80 200.59
molybdenum Mo 42 95.94

- ’ . neodymium Nd 60 144.24
neon Ne 10 20.179

! neptunium Np 93 237.0482

‘ nickel Ni 28 58.71

| nicbium Nb 41 92.9064

nitrogen N 7 14.0067
nobelium No 102 --

! ’ osmium Os 76 190.2

: oxygen o] 8 15.99%4

pailadium Pd 46 106.4
phosphorus P 15 30.9738

i platinum Pt 78 195.09

- plutonium Pu 94 -—

polonium Po 84 -

! potassium K 19 39.102
|' : praseodymium Pr 59 140.9077
o » promethium Pm 6l -

! protactinium Pa 91 231.0359

_ radium Ra 88 226.0254

] ‘ radon Rn 86 --

}I rheniui Be 15 186.2
rhodium Rh 45 102.9055

: rubidium ®b 37 85.4678

. ruthenium Ru 44 101.07

. samarium Sm 62 150.4
scandium Sc 21 44.9559
gelenium Se 34 78.96
gilicon Si 14 28.08¢
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! ATOMIC WEIGHT

ELEMENT SYMBOL ATOMIC NUMBER (¢ = 12)
silver Ag 47 107.868

; sodium Na 11 22.9898

i strontium Sr 38 87.62

| sul fur s 16 32.06

| tantalum Ta 73 180.9479

i technetium Tc 43 98,9062

i tellurium Te 52 127.60

' terbium Tb 65 158.9254
thallium T1 81 204.37
thorium Th 90 232.0381
thulium Tm 69 168.9342
tin Sn 50 ' 118.69

; titanium Ti 22 47.90

T tungsten W 74 183.85

i uranium U 92 238.029

. vanadium v 23 50.9414

! wolfram W {(see tungsten) -

: I xenon Xe - 54 131.30

! ytterbium Yb 70 173.04

i yttrium Y 39 88.9059

| zinc 2a 30 65.37

: zirconium Zx 40 91.22

|
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GLCSSARY OF TERMS, ABBREVIATIONS, AND SYMBOLS

TERMS
Delta-T. Tecmperature difference between heights of 54 and 6 feet.

Emergency Exposure Limit (EEL). A short-term exposure limit which is used in an
accidental release of a toxic chemical. These releases should be rare. The workers
are knowledgeable of possible exposure and are subjected to periodical medical
examination. These limits were established by a panel of experts appointed by the
National Academy of Sciences - National Research Council, Committee on Toxicology.
Concentrations are such that reversible toxic effects and discomfort, short of actual
incapacitation, may well occur.

Exposure Limit. An atmospheric concentration of a toxic chemical that must not be
exceeded. Exposure limits are established for the industrial community and the
general public. Some of these include the Short-Term Public Emergency Limit (SPEL).
Emergency Exposure Limit (EEL), and Short-Term Public Limit (STPL)., Exposure limits
may be expressed in Parts Per Million (PPM) by volume or in mass per unit volume
(e.g., milligrams per cubic meter). Since the technigues contained in this report
call for exposure limits in PPM, the conversion factors listed below may be used to
convert to PPM from mass per unit volume units:

To convert to PPM (Vol) from
mg/m3, multiply by 24.3/GMW or from
ng/m3, multiply by 2.43 x 10~2/cMw

where GMW is the gram molecular weight of the toxic chemical for which the exposure
limit applies.

Hazard Corridors. 1The term “hazard" is frequently used interchangeably with the term
"toxic™ when reference is made to a corxridor to be evacuated as the result of a
release into the atmosphere of a toxic and, occasionally, explosive chemical. A
hazard corridor considers both toxic and explosive risks to the public and will be
the larger corridoz determined from the appropriate considerations. If the corridor
determined from exyplosive considerations is contained within that determined from
toxic considerations, the hazard corridor will be identical to the toxic corridor.
Weather personnel will be involved only with calculating "toxic" corridors which may
or may not be determined to be "hazard™ corridors by appropriate disaster response
personnel.

Ocean Breeze and Dry Gulch Equation. This is an equation developed at the Air Force
Camrridge Research Laboratories (now the Air Force Geophysics Laboratory) to
determine downwind peak concentration of airborne contaminants from a continucus
point source. This empirically derived@ eguation was developed from data collected
during extensive diffusion experiments with tracer releases simulating ground-level
continuous point sources, Using independent data, the normalized peak concentrations
obtained from this equation have been found to be accurate within a factor of two, 65
percent of the time and within a factor of four, 94 percent of the time. The
equation is

Cp/@ = 1.75 x 1074 x71-9% (a7 4 10949

2

This report is concerned with downwind distance, X, at which a predetermined
concentration, Cp, will occur for a known scurce strength, Q, and temperature
difference, delta-T (AT). The equation above was inverted and solved for the
downwind distance X. In the process, appropriate changes were muade to the
coefficient to convert from metric units to English units and a factor was added to
convert Cp/Q from units of seconds per cubic meter to units of PPM per lb/min. The
converted equation, which was used to generate the Toxic Corridor Length Tables in
this repcrt is




x = f[3.28 (B1)°7 (@) (o1 + 10)2-53]

downwind distance in feet. As used here, this distance Jdefines a toxic
corridor length,

where X

P = a probability factor used to determine the probability that a specified
concentration is not exceeded outside the corridor. Calculations in this
report assume a 90-percent probability; therefore, P is equal to 1.63.
Probability factors corresponding to other probabilities can be found in
Table 35.

GMW = gram molecular weight of the toxic chemical.

C_. = peak concentration in parts per million by volume (PPM} at a height of ap-

P proximately 5 feot above the ground at a given downwind travel distaace, X,
in feet. By definition, this peak concentration occurs on the axis of the
diffusing cloud. Toxic corridor lengths are calculated by using a speci-
fied exposure limit for Cp in the ahove equation.

Q = source strength in lb/min,.

AT = the temperature in OF at 54 feet minus the temperature at 6 feet (NOTE: A
negative AT means a decrease of temperature with height and a positive AT
means an increase with height.)

Operational Toxic Corridor. (This term was established by the Strategic Air Command
in connection with TITAN missile operations.) If an actual propellant spill or
mishap occurs, an operational toxic (or "hazard" as it's sometimes called) corridor
will be required. The calculated corridor will be periodically wupdated as
meteorolrngical and/or source strength information becomes more clearly defined.

Propellant Emission Corridorx. (This term was established by the Strategic Air
Command 1n connection with TITAMN missile operations.) This corridor, which was
formerly termed the "Intentional Released Corridor,” will bhe established when planned
emissions of propellants are to occur (e.g., tank venting or purging operations). As
this is a scheduled occurrence, a determination must be made as to whether the
olanned task can be performed without unacceptable exposure to the general public.

Potential Toxic Corridor. (This term was established by the Strategic aAir Command in
connection with TITAN missile operations.) This corridor, which is sometimes
referred to as a "Potenctial Toxic Corridor," will be calculated when propellants are
in a nonstatic mode where no release of propellant to the environment is planned.
This corridor should be updaced as meteorological and/or potential source strengths
change during an operation.

Public Emergency Limit (PEL). See Short-Term Public Emergency Limit (SPEL). The
Committee on Toxicology (1979) renamed PELs as SPELs to avoid possible confusion with
the OSHA term "permissible exposure limit,"

Short-Term Public Emergency Limit (SPEL). This exposure limit will normally be used
in calculating Potential and Operational Toxic Corridors at TITAN missile sites. It
is a short-term exposure limit which is used in an accidental release of a toxic
chemical involving the general public. These releases are expected to be rare
events. A SPEL assumes that some temporary discomfort may accruz to the public, but
that any cffect resulting from the exposure is reversible and without residual
damage.  These limits werc cstablished by a panel of experts appointed by the
National Academy of Sciences - National Research Council, Committee on Toxicology.
Consultation with members of this panel led to the selection of the exposure limits
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used in this report. The Committee on Toxicology recently renamed the "PEL" to
"SPEL" for "Short-Term Public Emergency Limit." This was done to prevent confusion
with the OSHA "Permissible Exposure Limit" which has a different meaning and intended
use. In some zases where the Committee on Toxicology has not established a SPEL but
' has established an Emergency Exposure Limit (EEL), this report has conservatively

cstimated the SPEL as a fraction of the EEL. For example, a 30-minute SPEL may have
been estimated as 10 ppm or 1/5 of 50 ppm, the 30-minute EEL for that chemical.

: Short-Term Public Limit (STPL). This is an exposure limit that will normally be used
| to compute Propellant Emission Corridors at TITAN missile sites. Several tables for
] 10~minute STPLs are published in Appendix F primarily for use by weather personnel
i supporting SAC TITAN missile sites.

Solar Elevation. The angle between the sun and the horizon.

Source Strength {SS or Q). The rate in mass per unit time, expressed in this report
: in pounds per minute, at which a toxic chemical is released into the atmosphere. The
| source strength of a liquid spill of toxic chemical is determined by its rate of
X evaporation.

Temperature Difference {(delta-T). The temperature change in the vertical. Delta-T
is used to estimate the stability of the lower atmosphere and, thus, the amount of
. vertical mixing. Table B~1 is based on delta-T values calculated by subtracting the
| temperature (OF) at 6 feet above ground from the temperature at 54 feet above ground.

Toxic Chemical. The chemical which could constitute a health hazard, if it is
released into the atmosphere.

‘ Toxic Corridor. The area within which the forecast concentration of a toxic chemical
equals or exceeds a specified exposure limit. Toxic corridors are expressed in terms
of length (X) in feet and width (W) in degrees of azimuth.

Wetted Area. Surface area covered by a spilled liquid chemical.

i Wind Variability (R). As used in this report, R is the difference in degrees between
| ' the third 1largest fluctuation on each side of the mean vind direction when a

1l0-minute wind direction trace ig used. As an approximation to this when only a
2-minute observation of a wind dicection indicator is available, R is the difference
J in degrees between the largest fluctuation on each side of the mean wind direction.
! R is an index of the lateral diffusion of a toxic chemical in the atmosphere.
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ABBREVIATIONS AND SYMBCLS

A&
AFGL
AWS
BEE

Cp

CcP
D
Delta T
DFP

AT

DRF

E

EEL
GMW

in Hg
ng

MY
mb

*

Area

Alr Force Geophysics Laboratory
Alr Weather Service
Bioenvironmental Engineer

Peak concentration of aa airborne toric chemical - See Ocean Breeze and
Dry Gulch equation in the Glossary of Terms for more information on this

term.

Chemical Factor

Mean wind direction in degrees of azimuth
Tewperature differential between 54- and 6-foot heights
Diffusion Factor

Same as Delta-T

Disaster Response Force

Error (see Pigure D-1)

Emergency Exposure Limit

Gram Molecular Weight

Inches of Mercury

Milligram (10~3 gram)

Microgram (10~6 gram)

Millibar

Probability factor (see Table 35)

Public Emergency Limit; replaced by SPEL
Percent Parameter. This is the same as the probability factor (P).
Table 35)

Parts per million by volume

Pounds per square inch

Vapor Pressnre

Source strength in mass per unit time

Wind direction variability in degrees
Short-Term Public Emergency Limit; repiaced PEL
Source strength in mass per unit time
Short-Term Public Limit

Toxic Chemical pool temperature in 9C
Toxic Corridor

Toxic Corridor Length

Wind Velocity

Toxic Corridor Width in degrees of azimuth
Downwind distance in feet

(See

Source strength correction factor for evaporative sources (See Appendix

)




Name of Chemical

1.

TOXIC CORRIDOR WORKSHEET

Source strength lbs/min (from environmental health service,
disaster response force, or estimated)

54-6 foot delta-T OF (from instrument or tablé)
Toxiec Corridor lenyth feet (from toxic corridor table)

Mean surface wind : wind wvariability (R}
degrees (from wind trace, instrument dial, or estimated)

Corridor width (W) ____degrees (W = 1.5R)

Toxic corridor plot

Surface wind trend forecast no change/change to ©/ kt)

270 SOURCE

M

180
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