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PREFACE

The Air Weather Service (AWS) is tasked by AFR 355-1, 14 May 1979, (para 2-12g)
to provide diffusion 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 techniques are largely
based upon AWS Pamphlet 105-57, "Calculation of Toxic 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rescinded), AWSTR 176, "Diffusion Forecasting for TITAN II Operations," and AFGL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 pertaining to the Ocean Breeze and Dry Gulch programs and
toxic corridor forecasting are listed in the references.

The basic technique of using toxic corridor tables calculated from the Ocean
Breeze 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 tn select the means of making these calculations that is
best suited to their particular situation.

The authors of this report wish to acknowledge the contributions made by sevecal
individuals in their review of thi tedcnical report. Maj William Normington frcm the
USAF Occupational and Environmental Health Laboratory provided a general technical
review. Col Victor 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 Service Mobilization Augmentee Lt Col James Dicke provided an
extremely detailed and comprehensive editorial xnd technical review of the entire
report. The authors sincerely appreciate the contribut-ons provided by all of the
above individuals.
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Chapter 1

INTRODUCTION

The duty forecast.r answers the telephone and rejeives the following message: "A
tank truck carrying liquid chlorine jack-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 bow 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. Any installation located near highways or railroads is a potential
candidate for a toxic spill from trucks or trains that transport 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 specific procedures to swiftly provide toxic corridor
information based upon atmospheric diffusion considerations at the time of an
emergency. Several different approaches to calculeting toxic corridors are
presented. These techniques are based upon the observe4 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
hanoled or transporteu such as missile sites, chemical storage areas, or along rail,
water, and highway shipping routes. Specifically, a toxic corridor is the area
within which the risk to people from excessive vapor concentrations exceeds an
acceptable level.

Assuming correct 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 specified 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 corridor 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
specified corridor.

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

I'
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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
requiest through channels to Headquarters Air Weathe7 Service, DCS Aerospace Sciences.

If you wish to pursue the problem 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). Unfortunately,
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 established, Method 2, 3, or 4
can be used to determine a toxic corridor. If you prefer, prdduce 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 determining wiid direction variability, 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 ((1) are available, wind direction variability (R)
is approximately equal to (16/3) co. This makes the corridor width (W) , which is
1.5R, equal to 8 ae, i.e., (3/2)-(16/3) oo - 8 a0 (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 definitions 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
genpral public.

b. A Potential Hazard Corridor is established when iio rclcuaLe 'f piorellants 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 used as exposure limits for calculating these toxic corridors.

c. An Operational Hazard Corridor is established and periodically updated if an
,actual propellant spill or mishap occurs. immediate steps must be taken to evacuate
unprotected personnel from the established potential hazard corridor until the exact
size of the operational hazard corridor is established. The 10-, 30-, and 60-minute
Short-Term Public Emergency Limits (SPEL) are used as the exposure limits for
calculating these toxic corridors. Note: The primary difference between potential
and operational Ihazard corrid( s is that the former is calculated in anticipation of
a potential spill and the latter after a spill has occurred.

2



* The Time Factor

-IA major consideration during emergencies created by accidental spills of toxic

chemcials is the reaction time required to evacuate people from the hazardous area.
Plans for emergency evacuation should be established so that evacuation is started
without delay. Therefore, evacuation might have started 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 Force (DRF) clears an
area of a predetermintd radius around the spill site. Base Weather is notified and
provides wind information (direction and speed) representative of the spill location
at that time. In some instances, e.g., at TITAN missile 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.

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

d. Base Weather conitinues close monitoring o! i, ather conditions, updates the
toxic corridor forecast as necessary, and relays any 8ig.nificant changes to the DRP.

Potential Sources of Error

Several potential sources of error might contribute toan erroneous estimate 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 toxic chemical, terrain
effects that alter the wind and diffusion characteristics of the atmosphere, and the
horizontal homogeneity assumption. Each of these potential error sou-ces 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 1lF error in delta-T can result in an error
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
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 same as air When a large amount of dense gas is released at
one time, the spill will form a density front and initially spLoad iii 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 density front is greater than the wind
velocity. The density [LuiiL also causes the initial l--teral! spread of the clod 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 added
huoyancy due to heating/combustion. The cloud will flow downhil and tend to follow
errain features such as riecs and valleys and, again, may somewhat "ignore" the

direction of the wind. After the gas cloud has traveled a sufficient distance and
entrained enough air, its dens.ity sill 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 calculated,
particularly when the delta-T is negative. Preliminary results of comparisons
between a dense gas model and the Ocean Breeze and Dry Gulc:i model indicate that the
d fferences b&-wn, 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 mof.'re definitive guidance in the future.

3



Terrain and surface 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 -10 F to the estimated value if the toxic spill
occurs in rough terrain. Atmospheric diffusion can be enhanced by the increase in
turbulence caue..d by flow over rough terrain. Large buildings and terrain !eatures
such as hills and bodies of water can alter wind direction downwind of a spill.
Sinct wind speed is used in terms of several categories in Table B-1 and does not
appear in 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 regions
and, 3) shore line wind direction reversals over coastal regions.

There are several reasons why the temperature difterence values in Table B-I
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 generally
open, relatively level terrain. Field data also show that wind speeds under
canopies are much lower than wind speeds 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 Defense (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 (-l) 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 sotirces of error is to know what
they are and to watch for them in your pa~ticular 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.

4



Chapter 3

CALCULATING TOXIC CORRIDORS

The following chasters contain st(, -by-ste,) instructions for calculating toxic

corridors using any of four methods. Since the results of toxic corridor

calculations are virtually the same, regardless of the method used, the method of

choice will likely depend on frequency 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 programmable 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 combinations of toxic chemicals arid exposure limits. Method 4
may be preferred by those skilled in using programmanle calculators where specific
situations can be handled by executing the general equations ill this report. The
separate sections for each method are self-contained except that the suggested
worksheet is in Appendix A and procedures for determining meteorological elements are
in Appendix 13. In all four methods, the technique to determine the corridor is a
quick, objective, persistence firecast. The forecaster 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 variahlees such as source strength, delta-T, wind speed,
wind direction, or wind variability change.

Further Conside ration

The toxic area should be evacuated uý,,il the DRF determines that the hazard no
longer exists. Disaster teams should approach from the upwind side and wear
appropriate protective equipment. It is important to realize that the toxic material
may diffuse in all directions in light and variable winds. Except for denser than
air concentrated gas clouds (i.;:cussed in the previous section of this report, the
material will move downwin( at approximately the speed of the wind. For
instantaneous 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 diffuse to an acceptable concentration.

Be prepared to transfer the worksheet sketch of the corridor to an appropriate
map. Insuce that the corridor is drawn to map scale. General requirements regarding
maps and plotting requirements are contained in AFR 355-1. The local disaster
preparedness plan should specify the scale and map to use. Table I provides
conversion factors that can be ised to convert feet to otrner length units. These
factors 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 10-4

Fe-.t .tatute .iles 1.894 - 10-4

Feet Nautical Miles 1.646 x 10-4

e5



Chapter 4

METHOD I: TOXIC CORR7DOR LENGTH TABLES

The steps to determine the dimensions of a toxic corridor using this method are
presented below. Where applicable, preferred and alternate approachu. are given.
Toxic corridor length TAbles 2 through 32 are required. 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 ucing Method 1 is depicted in
Figure 1.

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

(1) Preferred. Obtain a source strength from the disaster response force
(DRe). 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 covereA by the toxic chemical spill. Use this appendix to assist the ageicy
responsible for estimating source strengths.

(2) Alternate. For small amounts of liquid or gas (less than 2000 11),
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 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 t- alternate procedure in
Step 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
trom a 54-6 foot delta-T instrument. (Available at TITAN II missile sites. Refer to
Appendix B, Figure B-1.) NOTE: 54-6 foot de!ta-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 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.

c. STEP 3: Determine toxic corridor length (TCL) in feet.

(1) Preferred. Turn to the appropriate toxic chemical corridor length
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
(degrees of azimuth). If the surface wind is equal to or less than 3 knots, go to
St-•np 6.

(1) Preferred. Use the 10--minute recorded uind 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 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 600 when the wind speed is between 4 and 10 knots; assume R is 300 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 toxic corridor.

(1) Wind speed greater than 3 knots. Draw the corridor center line from the
source 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 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 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 the briefing. A
change in direction that would affect evacuation is significant. 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 occurred between
the tine of the spill and the time of the forecast. These changes could alter the
shape and size of the toxic corridor.



TOXIC CORRIDOR CALULATIONS
USING METHOD 1

IS THE TYPE OF CHEMICA , CHEMICAL IS3

SNO - KNOWN? CHEICA .IS

DID YOU OBTAIN THJE tDID YOU OBTAIN THE
AMOUNT OF MATERIAL __-SOURCE STRENGTH IN

-- NO-.- -- NO---MT DR-- RELEASED IN POUNDS? I-BiMIN FROM THE DRF?

YIS YES
WAS THE SPILL OVER 20001

* *--o--POUNDS OF MATERIAL?

ASSUME THE CORRIDOR LENGTH YES NO
IS THE DISTANCE THE WIND
WILL CARRY THE MATERIAL IN JIS THE CHEMICALI SSME ALL MATERTAL
ONE HOUR. (THIS IS A STOP- Ll UID OR GAS? RELEASED IN 1 MDNUTE
GAP FORECAST WHICH SHOULD I I
BE UPDATED ONCE PARTICULARS LIQ GASI I . . I
ARE DETERMINED. - .

FORECAS WNSEDASSUME SOURCE ~~ALL
FOR NEXT 1 HOUR STRENGTH IS DRLLASD IN - 1
IS KTS 2000 LBS/MIN. 1 NTE,,

SOURCE STkENGTH
Sis LBS/I2N.L

CORRIDOR LENGTH IS... NAUTICAL MILES.
WITH DELTA-T, SOURCE OBTAIN MEAN DELTA-T FROM

ONE NM 6 076 FT STRENGTH AND CHEMICAL, INSTRUMENT STRIPCHART OR
GO TO APPROPRIATE TABLE L USE TABLE 131 TO ESTIMATE
AND OBTAIN CORRIDOR LENGTH. DELTA-T. DELTA-T IS 0

CORRIDOR LENGTH IS" . . . . F E E T . I S
CRRIDOR IS A DETERMINE THE MEAN WIND

CIRCLE, RADIUS -- NM ARE THE WINDS > YES DIRECTION (D) USING THE LAST
CORRIDOR LENGTH 3 KNOTS? 10 MINUTES DATA

_PLOT THE CORtlDOR ON DETERMINE THE WIND DETERMINE TH4E W1ND DIRECTION
THE TOXIC CORRIDOR VARIABILITY (R) BY fVARIABILITY. TO DO THIS,
WORKSHEET BY MAKING OBSERVING AN ANEMOMETER ELIMINATE THE TWO LARGEST PEAKS
A CIRCLE WlltH THE, DIAl. EON 2 MINUTES FPUROM EACIH SIDE OF THE WrND TRACE
ACCIDENT SOt ýCE AS j FOR THE LAST 10 MINUTES. THE

THE CENTER WIND VARIABILITY (R) IS TIHE W'DTII
-- -- �____l THE RErMPiNING TRACE.

DETERMINE THE CORRIDO(R -

IWIDTH (W), W 1.5R

DEG

PLOT THE) CORRIDOR ON TI'EFTD!xrC CORRIDOR WORKSHEET. DRAW AM ARIC 01- IG;N7TII N _()(UGRl:ES)
WITHT ITS ORIGIN AT THlE SOURCE AND WITH A RADIUS EQUAL TO CORIIDUR LENETH, u:NTEI*:RE ON A
LINE R1'-PRt-SKNTIN(; THE MEAN WNI) DTIRECTION. THE TOXIC CORRIDOR IS THE AR,.A ENCIOSED BWI

THE ARC AND LINES FROM THE SOURCE ''A 1; EAC0H k; 'A __ .__ T

RELAY INFO TO THE DPI, PRIMARY
_________-[lONE ____

ALTERNAT E. ..

Ficjure I. Flow Chart for Method I. (NOTE: I.' Alan Shaffer of Det 7, ?4W;, Mail. ,r A1'9, CA

developed Lhe orziginal versioin of this flow chart. Except faot a F[w uinim- chiany(s by
fWW/TUN ,id the author.'s )f this TN, the flow chart remain ,; as oriiginalIy 6,.volopoe.)
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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 Factors (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 zalculaticn (Figure A-l) and one blank copy (Figure A-2).
A flow chart for Method 2 is depicted in Figure 2.

a. STEP 1: 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 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 amounts of liquid or gaseous material (less than
2000 lb), assume the worst case which is total release of the material in 1 minute.
For large amounts of a gas (2000 lb 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 pLocedure in
Step 5.

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-T instrument. (Available at TITAN II missile sites. Refer to
Appendix B, Figure 8-1.) 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, 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.

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

(1) Preferred. Turn to Table of Chemical 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 E:mergency 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 particulartoxic chemical of concern, the CF may be obtained from Figure 3. Enter the ordinate
of Figure 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 line at the point of intersection is the CF. The
Bioenvironmental Engineer (BEE) may be able to provide the G•M,•.... and cxposure 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 able to provide the GMW and exposure limit for the chemical of
concern.

-0.513
CF - 30.476 (Cp - GMW)

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 Factor (DF).

(1) Preferred. Turn to the Table of Diffusion Factors (DF) (Table 34).
Read across from the source strength (Q) determined in Step 1 and down from the
temperature difference determined in Step 2. The intersected value is the Diffusion
Factor (DF).

(2) First 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
Figure 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 1 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:

DF 0 Q0.513 (AT + 10)2.53

where Q - the source strength in pounds oer minute, and

AT - the 54-6 foot temperature difference in degrees F.

e. STEP 5: Determine Toxic Corridor Length (TCL).

(1) Preferred. Toxic corridor 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 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.

f. STEP 6: Determine wind direction and wind direction variability, R (degrees

of azimut-E).- 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 difference 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 600 when the wind speed is between 4 and 10 knots; assume R is 30o when
the wind speed is greater than 10 knots.

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

* h. STEP_6: Plot the toxic corridAor.

(1) Wind speed greater than 3 knots. Draw the corridor center line from the
source 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 6. Place Wq/2, calculated in Step 7, 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 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. If significant changes in wind direction are
expected -w--in 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 in 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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Figure 2. Flow Chart for Method 2.
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Table 33. Table of Chemical Factors.

CHEMICAL FACTORS (CF)

0-mim 30-min 10-min
SPEL EEL ST L

TOXIC CHEMICAL GMW (PPM) CF (PPM) CF (PPM) CF REMARKS

Aerozine 50 (50%
Hydrazine/50% UDMH) N/A * * * * * * *Use CF for hydrazine

Anhydrous AmmoniA 17.031 75.01 0.78 300.01 0.38 20.01 1.55
3 2

Aniline 93.129 20.0 0.64 100.0 0.28 None -

Bromine Pentafluoride 174.896 0.33 4.0 1.5 1(T) 1.75 None - () - Tentative

Carbon Disulfide 76.139 20.03 0.71 100.01 0.31 None -
Carbon Monoxide 28.011 lo0.O o.52 500.o1 u.23 )G.O1 0.55

10 .0Chlorine 70.906 2.01 2.40 remarks 1.944 1.0 3.42 *60-min EEL: 3.0 ppm
31

Chlorine Pentafluoride 130.445 0.3 4.64 1.5 1(T) 2.03 Mone - (T) - Tentative

Chlorine Trifluoride 92.448 0.63 3.88 3.01 1.70 None -

Diborane 16.859 0.74 8.59 5.01 3.76 None -

Ethylene Oxide 44.054 80.03 0.46 400.0 0.20 None -

3 1
Fluorine 37.997 2.0 330 ].0.0 1.45 None -

FLOX (Fluorine/Oxygen
Mixture) N/A * * * * None - *Use CF for iluorine

Fuming Nitric Acid N/A * * * * * * *Use CF for Nitrogen
Dioxide

R-70 (70% flydrazine/
30* Watei.) N/A * * * * * * *.J!;•, Cl' for HydrazinpHyrzn 205 2.1 I3.2nO

Hydraziae 32.04, 20.0 1 1.11 2n-0 1.11 15.01 1.28 Tentative limits 1/10 of

Hydrogen Chloride 35.461 3.01 2.74 50.01 0.65 4.01 2.43 existing

Hydrogen Fluoride 20.00b 5.01 2.87 10 01 2.oi 4.01 3.22

Hydrogen Sulfide 34.080 20.03 1.07 100.01 0.47 None -

MAF 1, 3, and 4 (Mixed
Amine Fuels) N/A * * * * * * *Use CF for UDMHi

Methylene chlorideý 84.933 400.0 0.14 2000.0 0.06 None

Monamethy1hydrazine 1 1 1
(MMD) 46.072 30.0 0.75 30.0 0.75 9.01 1.38

Nir-rogen Dioxide 46, W6 3.01 2.43 20.01 0.92 l.01 4.27

Nitrogen Tetroxide N/A * * * * * *Ufe CF fox Nitroq.!n

Nitrogen Trifluoride 71.002 150.03 0.26 750.0 0.11 None - Dioxide

Oxygen Difluoride 53.996 0.15 12.8 0.21 8.99 None

Pe rchlor oothy lene 164.902 80.03 0.23 400.02 0.10 None

Perchlorv! Fluoride 102.450 4.03 1.39 20.01 0.61 None -
4 2

Pentahorane 63.127 0.6 4.72 4.0 1.78 None -

3 1Sulfur Dioxide 64.063 4.0 1.77 20.0 0.78 None -

Trichlorethylene 131.389 80.03 0.26 400.02 0.12 None -

Trichlorotrifluoro-
3 2ethane 187.377 2000.01 0.04 10,000.0 0.0181 None -

UnsVmmetrical Di-
met hylhydra zinc 60.099 50.0 0.50 50.0 0.50 50.0 0.5

Note; I: . From Ccmnuittee on Toxicology (FE;Ls from Nov 71) linting; SPfri/E'PL,; Irom dlii 80 1.iA iwj.)
2. From AFM 161-30, Vol I1, "Liquid Propellant.;," i1 Apr 73.
3- 1/5 of 30-minute EEL.
4. 1/7 of 30-minute EEL.
.,. i2of 30-minute EEL.L
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curved diagonal lines as labeled.
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Chapter 6

METHOD 3: UNIVERSAL NOMOGRAM

9 , 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-.l) -.nd one blank copy
(Figure A-2).

a. STEP 1: 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 Appekidix to assist the
agency responsible for estimating source strengths.

(2) Alternate. For small amt unts of liquid or gas (less than 2000 lb)
assume the worst case which is total release of the material in I minute. For large
amounts of a gas (2000 lb 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 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-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 6-foot 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-i,
Appendix B. Refer to the notes in this table concerning rough terrain and forested
regions prior to 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 along the constant source strength line until the diagonal line
representing the temperature difference value determined in Step 2 is intersected.
From this point of intersection extend a line horizontally 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
1,zaau molecular weight (CMI) i. ntcrzcctcd. The GMW for the twxi chemical of
concern can be found in Table 33 or 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 intersect 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.
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d. 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 toStep 6.

(1) Preferred. Use the 10-uinute 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 difference 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 600 when the wind speed is between 4 and 10 knots; assume R in 300 when
the wind speed is greater than 10 knots.

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

f. STEP 6: Plot the toxic corridor.

(1) Wind speed greater tnan 3 knots. Draw the corridor center line from the
source 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 4. Place W/2, calculated in Step 5, on eavlh 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 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 w-Onti the next hour or two, include this information in your briefing. A
change in direction that would affect evacuation is considered significant. Based on
continued close monitoring of weather conditions, relay any significant changes in
the toxic corridor forecast to the ORF. 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 size of the toxic corridor.
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TOXIC CORRIDOR CALCULATIONS

USING METHOD 3

IS THE TYPE OF CHEMI YC S
- ----- -KNNO--

DID7YOU OBTAINIH1 rDID YOUJ OBTAINTE

t - -NO----AMOUNT OF MATERIAL ------ NO--- SOURCE STENGTH IN

I I I~SLDIN LB NREFLOASED IN POUNDS?LXtF?
Yj' S YES

W THE SPILL OVER 2000
I ,- PO UDS OF MATERIAL?

ASSUME THE CORRIDOR LENCTH YES NA

IS THE DISTANCE THE WIND I

ONE HOUR. (TIHIS IS A STOP- ILIQUID OR GAS? RELEASED MINUTE -

GAP FORECAST WHICH SHOULD r GýS

BE UPDATED ONCE PARTICULARS

~~VE win ME oM s AElss
FORECAST WIND SPE ASSUME SOURCE ASSUME' ALLN
FoR N-XT 1. HOUR STRENGTH IS RELEASED IN-

KTs 2000 LBS/MIN. 5 MINUTESS
ii i•SOURCE STRENGTIH
1 • is LBS/MIN.

CORRIDOR LL'NGTII IS
O NAUTICAL MILES. 1 OBTAIN GMW AND C FROM TABLE 33 OBTAIN MEAN DELTA-T

ORNE NM 6107(, FT OR BEE. GM __ .FROM INSTRUMENT STRIP-

I Ip |TO ES•TIMATE DELTA-T.
I • [DELTA-T IS o

CORRIDOR LEN-GTH IS I S USING NOMOGRAM (FIG. 6)
I."- ........... - ELT. --- DETERMINE CORRIDOR LENGTH

CORRIDOR JS A DTRIETEMA 1N

CIRCLE, RADIUS NO ARE THE WINDS > YES DIRECTION (D) USING THE

1CR1IDOR LENGTH3 NCrLS10MNT DA

PLOT THE C-ORRIDOR ONi DETER141NE THE WIND DETERMINE THE WIND DIRECTIN
TH.E TOXIC CORRIDOR I VARIABILITY (R) BY VARIABILITY. TO DO THIS,

WORKSHEET BY MAKING OBSERVING AN ANEMOMETER ELIMINATE THM TWO iARGEST PEAKS
A CIRCLE WITH THE |DIAL FOR 2 MINUTES FROM EACH SIDE OF THE FIND TRACE
ACCIDENT SOURCE AS I FOR THE LAST 10 MINUTES. THE

THE CENTER j WINU VARIABILITY (R) IS THE WIDTH
|OK THE REMAINING TRACE

E DIT MINE THE CORRIDORIWIDTHi (W), W = 1.5R

D = DE

DEGC

'i)TT rin.; COIINI DOR ON THE TO)XIC CORRIDOR WORKSHEET. DRAW AN ARC OF LENGTH W (DEGIU-2S) WITH ITS
ORIGIN AT THE SOURCE AND WITH| A RADIUS EQUAL TO CORRIDOR LENGTH, CENTERED ON A LINE REPRESENTING
THE MEAN WIND DIRECTiON. THE TOXIC CORRIDOR IS THE A•EA ENCLOSED BY THE ARC AND LINES FROM THE
SOURCE TO EACH END OF THE ARC.

I IIIRLAY INFO TO THE DRF, PRIMARYSPHONE- = -- ALTERNATE- -I

0 Figure 5. Flow Chart for Method
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Chapter 7

METHOD 4: PROGRAMMABLE CALCULA•TOR

The steps to determine the dimensions 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 Bioenvironrmental Engineer (BEE). Following the I.i:;t
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-l) and one blank copy (Figure A-2). A flow chart for using Method 4 is
depicted in Figure 7.

a. STEP 1: 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 equation for calculating evaporative source strengths based on the
surtace 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 lb) , assume the worst case which is total release of the material in I minute.
For larye amounts of a gas (2000 lb or inore), assume total relea-,, over 5 minutes.
For large amounts of liquid, assume a source strength of 2000 ]b pr minute.

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

b. STEP 2: DeLCLULitC LLctiperature ditterence (delta-T (OF)).

(1) Preferred. Use the mean delta-T based on at least a 10-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 usincj
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,
Lnd sky condition to obtain an estimated temperature difference from Table B-l,
Appendix B. Refer to the notes in this table concerning rough terrain and forested
regions prior to estimating the temperature difference.

c. STEP 3: Determine the gram molecular weight (GMW) and the appropriate
exposure f--iTt (normally a 30-minute SPEL) for the particular toxic chemical of
concern.I.

(1) 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, request this information from your local BEE.

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

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

(2) Alternate. For releases of a large amount of material where no source
strength i.s 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.

*NOTE: The TI-59 program presented in this report was provided by Maj Lomax, a
Staffinet at Det 10, 2WS, Eglin AFB FL. A more specializ ,d TI--59 program was provided
to Air Weather Service/Aerospace Sciences by another Staffmet, Capt Dargitz ft )m Det
30, 2WS, Vandenberg AFB CA. Although Capt Dargitz's program is tailored for liquid
missile fuels and may be somewhat site-specific, his approach is unique and may be of

, Jintecest to others with similar interests or concerns.
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e. STEP 5: Determine mean wind direction and wind direction variability, R
(degrees of azimuth) It the sutface 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 degiees 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 difference in degrees between the
largest fluctuation on each side of the mean direction.

(3) Approximate. If wind direction fluctuation information is unavailabe
assume R is 600 when the wind speed is between 4 and 10 knots; assume R is 300 when
the wind speed is greater than 10 knots.

f. STEP 6: Determine corridor width (W) in dogrees by multiplying the value
obtained for R in Step 5 by 1.5.

q. STEP 7: Plot the toxic corridor.

(1) Wind speed greater than 3 knots. Draw the corridor center line from the
source 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 thc center line. Draw the lines which define each side of the corridor. See
example worksheet, Figure A-I 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 4.

h. STEP 8: Trend forecast. If significant changes in wind direction are
expectedW--it-- the next hour or two, include this information in your briefing. A
change 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 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.

TI-59 User Instructions

This programn may be used with or without the printer. (TI-59 Master Library Module

must be installed.) It defaults to the 90-percent corridor 1'rigth nonexceedeace poba-
bility (Pr). This is the probability tfat 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 B3reezc and Dry Gulch equation (se Glossary). The probability factors for
specified nonexceedence probabilities are listed in Table 35. Once the PPARis changed,
it will remain at the new value until it is changed again or the program is reentered.

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

Probability Distance
of Not Probability
Being Exceeded Factor ("L

J.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 0.770
0.20 0.726
0.15 0.674
0.10 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 PROCEDURE 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 PPAR PPAR Al PPAR

6. Enter gram molecular weight of
chemical GMW r GMW

7. Enter exposure limit in PPM PPM B PPM

8. Enter source strength in lbs/min (Q) Q C- Q

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 may be changed by reentering the new value,
pressing the appropriate key (A-D), and then pressing E for the new corridor length.

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

32.05 GMW
20. PPM
40. Q
-2. L).-T

2.04 PPAR
CORRIDOR LENGTH CORRIDOR LENGTH

1414.869997 FEET 1770.757542 FEET
.2679678025 S. MI .3353707466 S. MI
.2328576534 N. MI .2914292104 N. M1
431.2523751 M 539.7268989 M.
.4312523751 KM. .5397268989 KM.

Sample Input/output Sample Input/output

Default value of P=1.63 for Value of P altered from default
probability of 90 percent that value to 2.04 giving a piobability
the calculated toxic corridor of 97 percent that corridor length
length will not be exceeded. will not be exceeded.

0
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The TI-59 program for calculating toxic corridor length is listed below.

TI-59 PROGRAM LISTING
BANK 1

STEP KEY KEY STEP KEY KEY STEP KEY KEY
NO. PRESSED SYMBOL NO. PRESSED SYMBOL NO. PRESSED SYMBOL

000 76 LBL 052 42 STO 104 43 RCL
001 10 E' 053 39 39 105 23 23
002 69 OP 054 05 5 106 55 +
003 00 00 055 09 9 107 43 RCL
004 92 RTN 056 71 SBR 108 21 21
005 76 LBL 057 23 LNX 109 55 *

006 19 D' 058 91 R/S 110 43 RCL
007 42 STO 059 76 LBL ill 22 22
008 09 09 060 11 A 112 54
009 73 RC* 061 42 STO 113 45 yx
010 09 09 062 21 21 114 43 RCL
011 76 LBL 063 04 4 115 35 35
012 18 C' 064 01 1 116 65 X
013 69 OP 065 71 SBR 117 53
014 04 04 066 23 LNX 1.18 43 RCL
015 92 RTN 067 91 R/S 119 24 24
016 76 LBL 068 76 LBL 120 85 +
017 17 B' 069 12 B 121 01 1
018 42 STO 070 42 STO 122 00 0
019 08 08 071 22 22 123 54
020 04 4 072 04 4 124 45 YX
021 42 STO 073 02 2 125 43 RCL
022 09 09 074 61 GTO 126 37 37
023 76 LBL 075 23 LNX 127 95
024 22 INV 076 76 LBL 128 42 STO
025 73 RC* 077 13 C 129 25 25
026 08 08 078 42 Sio 130 36 PGM
027 84 OP* 079 23 23 131 24 24
028 09 09 080 04 4 132 12 a
029 69 OP 081 03 3 133 42 STO
030 38 38 082 61 GTO 134 28 28
031 97 DSZ 083 23 LNX 135 55 ÷
032 09 09 084 76 LBL 136 43 RCL
033 22 INV 085 14 D 137 50 50
034 69 OP 086 42 STO 138 95 -
035 05 05 087 24 24 139 42 STO
036 92 RTN 088 04 4 140 29 29
037 76 LBL 089 04 4 141 36 PGM
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 E 145 26 26
042 22 INV 094 43 RCL 146 36 PGM
043 44 SUM 095 39 39 147 24 24
044 09 09 096 65 X 148 15 E
045 73 RC* 097 43 RCL 149 42 STO
046 09 09 098 34 34 150 Z? 27
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 STO
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Bank 2

STEP KEY 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

161 71 SBR 171 24 CE
162 23 LNX 172 98 ADV
163 43 RCL 173 43 RCL
164 09 09 174 25 25
165 85 + 175 91 R/S

BANK 3 LABELS

STORED STEP KEY KEY

VALUE LOCATION NO. PRESSED SYMBOL

0. 30 001 10 E'

0. 31 006 19 Dc
0. 32 012 18 C'

0. 33 017 17 B'

3.28 34 024 22 INV
0.513 35 038 23 1,NX

29.75 36 051 16 A'
2.53 37 060 11 A
0. 38 069 12 B
1.63 39 077 13 C
0. 40 085 14 D

22304300. 41 093 15 E

33333000. 42 160 24 CE

340U0000. 43
16272037 44
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

_ _j
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TOXIC CORRIDOR CALCULATIONS
USING METIOD 4

S TH TYPE 0FCHMCA CH MICAL I
NO - J IS ?YESI kFNOWN?

DI YO1 OBTIN TD YOU OBTAIN THE
- -- NO- AONT OF MATERIAL - -- NO-- - SOURCE STRENGTH IN

R IN POUNDS L.T/.M•.N FROM THE DRF?

I YES YES

Wis TIHE SPILL OVE-.R •00
I I O-POUNDS OF MATERIAL? ]

I[ I05M THE CORRIDOR LENGT yps I I<NO
IS TiE DISTANCE "HE WIND
WILL CARRY THE MATERIAL IN IS TlE CHEMICAL A-SUML ALL MATERIAL
ONE HOUR. (THIS is A STOP- LIQUID OR GAS? RTN 1ASPT TN I MINUTE

GAP FORECAST WHICH SHOULD
BE UPDATED ONCE PARTICULARS LIQ GAS

IARE DETERMINED.) I I

FORECAST WIND SPEE JASSUME SO -URCE ~ M' ALLiFOR NEXT I HOUR STRENGTH IS !IRLULEASED IN-
IS KTS 2000 LBS/MIN. 5 MINUTESL

I SOURCE STRENGTIH

- - - -1 IS LBS/IMIN.

CORRlDOR LENGTH IS OBTAIN GMW AND C FROM TABLE 33 OR D EL.
NAUTICAL MILES. MW -- P C OBTAIN MEAN DLTA-P

ONE NM = 6076 FT " FROM INSTRUMENT STRIP-
CIART OR •SE TABLE B/

TO ESTIMATE DELTA-.

ICRRIDOR LENI El ILLO THE 10-STEP 15 POCEDURI,
- . . IOR CALCULATING U'WRIDOR I.ENGTII.

CORIDO IS~ A

CIRCLE.Pr I US - NO-- ARE THE WINDS >' YES DETERMINE THE MEAN WIN
CORRDOR LENGTH I)M KNOTS? JIRECTION (D) USING THI'

IlASTr 1( MINUTES DATA

PLOT THlE CORRIDOR ON PLEI.NE THE WIND DETERMINE THE WTND DIRECTION
TiIE TOXIC CORRIDOR VARIABILITY (R) BY VARIABILITY. To DO THIS, ELIMINATE

WORKSHEET BY MAKING OBSERVING AN ANEMOMETER TUE TWO LARGEST PEAKS FROM EACH SIOE

A CIRCLE WITH THE ODAl FORl 2 M3NIJTES OF THE WiND TRACE FOR TUE LAST 10
ACCIDENT SOURCE AS MINUTES. TIlE WIND VARIABILIIY WR)

THE CENTER I; THE WIDTH OF TIlE RHEMAINING TRACE

• L''..I I II TECOF!DR

[WIDTH (W),w .R I

- i__
PLOT THE CORRIDOJR ON THE TOXIC CORRIPOR WORKSHEET. DRAW AN ARC. OF 1.1-NGTH W (DECRE(;ES) WITH ITS
ORIGIN AT THE SOURCE AND WITH A RADIUS EQUAL TO CORRIDOR LI'NG-I., CElNTERED ON A INE REI'RES-NTTNG
THE MEAN WIND DIRECTION. THE 1OXIC CORRIDOR IS'fiTE AREA ENCI)SED BY THE ARC Atli) LINES FROM TIIETJC TO •A§'_l

JA NF O H PRIMARY

POEA LTIERNATF ....

Figure 7. Flow Chart for Method 4.
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Bank 2

STEP KEY 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
161 71 SBR 171 24 CE
162 23 LNX 172 98 ADV
163 43 RCL 173 43 RCL
164 09 09 174 25 25
165 85 175 91 R/S

BANK 3 LABELS

STORED STEP KEY KEY
VALUE LOCATION NO. PRESSED SYMBOL

0. 30 001 10 El
0. 31 006 19 D'
0. 32 012 18 C'

0. 33 017 17 B'

"3.28 34 024 22 INV
0.513 35 038 23 LNX

29.75 36 051 16 At
2.53 37 060 11 A
0. 38 06q 12 B
1.63 39 077 13 C
0. 40 085 14 D

22304300. 41 093 15 E
33333000. 42 160 24 E
34000000. 43
16272037 44
21171737. 45
36403024. 46
31403024. 47

30400000. 48
26304000. 49

1000. 50
153235. 51

3524163235. 52
27173122. 53

3723000000. 54
1512112124. 55
1617311517. 56

24313.17. 57
3542132740 58

33331335. 59
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TOXIC CORRIDOR CALCULATIONS

USING METHOD 4

- - -- - - NO IS THE TYPE OF CHMIC LT YS CEIA ~NO- • KNOWN?

DIE) YOU OBTAIN TUE 0
S... ..--- NO-- AMOUNT OF MATERIAL - --. NO- - SOURCE STRENGTH IN

I ••EASED OUNDS?1 LB/MIN FROM THE DRF?

I YES YES

-ASSUMTE SPIL t LVET
P -,PUNDR OF MATERIAL? J

•so4 TECOL L r .NIIl YI:S NO

IS THlE DISTANCE TI E WIND 4
WILL CARRY TILE MATERIAL IN I THE CIFEMICAL ASSUME ALL MATERIAL

ONE HOUR. (THIS IS A STOP- IQUID OR GAS? AE ý AED IN I MINUTE]

GAP FORECAST WHICH SHOULD I I
BE UPDATED ONCE PARTICULARS I 9Q GAS

[AR DETERMINED.) j I__

I. RI.AST tIND SPEED ASSUMEL SOURC ASSUME ALL

FOR NEXT 1 HOUR STI.ENGTH IS RELEASED IN -.

i .TS 
2000 LBS/ NIN . 5 MINOT E ., S I

1~~ S~OURCE, STRENGTH
'IS. LUS/VMIN.

CORRIDOR LENGTH IS OBTAIN GMM AND C FROM TABLE 33OR 131.1'

NAUTICAL MILES. GMW C ____COBTAIN MEAN DELTA-Tr

ONE NM = 607b FT F-R | OM INSTRUMENT STRIP-
CHART OR USE TABLE 131

S1TO ESTIMATE DELTA-T.

DELTA-T ISJ

CORRIDOR LtENGTIT IS FOLLOW THE 10-STEP T159 PIROCIU~t~
FEET. FOR CAL.C-1ULATING CORRIDOR LENGTHI.TI

CORRIDOR IS A

CIRCLE, RADIUS NO-----I EA5 TiE WINDS > -- YES- p.'D TERMINE THE MEAN WIND

CORRIDOR LEN;TF L3 KNOTS.? DIRICTION (D) USING THEI

LAST 10 MINUTES DATA

* 'PLOT THE CORRIDOR ON DETERMINE TIHE WIND UFTLRMIN THE MIND DIRECTON

THE TOXIC CORRIDOR VARIABILITY (0) BY VARIABILITY. TO DO THlIS, ELIMINATE

* .WORKSHELT BY MAKING OBSERVING AN ANEMOMETER THlE TWO LARGEST PEAK.I FROM EACH SIDE

* A CIRCLE WITH THE BDAb FOR 2 MINUTES OF THE WiND TRACE FOR THE LAST 10

ACCIDENT SOURCE AS MINUTES. THE WIND VARIABILITY (RI

THE CENTER I IS TlE WIDTH OF THE REMAINING TPACE

froE'ERMINE THE CORRIDOR]

WI.DTH (W) N = W 1.S.

! ~w = DEG _D DEG

L PLOT THE CORRIDOR ON THE i-•OXIC CORRTDOP WORKICIISET. DRAW AN ARC OF II:N(;TH W (DEGREES) WITH ITS

ORIGIN AT THE SOURCE AND WITH A HADIUS EQUAL TO CORRIDOR LENGTH, C1NWT•ERED ON A LINE WEPRESENTING

T7HE MEAM WIND DIRECTION, THE TOXIC CORRIDOR IS TiHE AREA ENCLOSE1'D BY T]HE ARC AND LINES FROM THE

IRCE TO EACH END OF___T_______....

1P11MARY-

ALTE'RNATE - -

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 F-tored at Department of Defense (DOD) installations and in
the surrounding civilian conmnunities 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 level
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 a diffusion
factor and a chemical factor. The corridor length is the product of this pair of
fart,.rs.

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, 3, 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 an approxi-
mate solution :"ubject to several errors. These errors include:

a. Errors caused by an error in the measurement of delta-T.

A b. Errors caused by an errcr in estimating source strength.

c. Terrain-induced errors that alter the diffusion characteristics of the at-
mo sphe re.

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

61



4z,4

w4 00 ~ .
a4. 0 3.

fa -A ~
0 0 0 4

14 A E- 4 *

-A

-xi -0. -00

V 14. 
~ 1w. £

U414 U .1 140 ,

3 .0 C4 -A (5 0j0 ý ; t ' C . 0 .A

£ 14 Li 0l~4 ~~~U
~~ U£~ 8 ~ c . 4 ~ . -

~*J 14 0) 0 ~ £4 V
11 4J 04 .0 UA 0a ~ £

0 A 'J - AJ 0 V 1 44 0J A o~ ~ 41 . AOAg41 .0 - 4 -A -1 4 4
'.4 000 4.04 VC t V 4)- v .

'40 I40 J.) C4, 0 4(3 04~ Q) 04 0' u4 V~ Gi o -w 41 4)10 r

t-. -A th,- 31-`

0 3 21 w1 0I
-P~ 0 m .

,nW,1 w£4 6 11

w 41 l 4 84 4A4D4 1 4U

40~- Ps) ,) 0 34. 016

W4 tr.A
0 m 1 0 .

to 44 4414 4 14 $ 4 14$4 e 4

-W u C 14

Ilr_ 4441 ('% E 4Z 0 14-4

0.. U R0S 1 $4 - 4

£4 -A0 41 in v

H 04'J3 0 104~4 04O 0 4 ~4'0

N (( ;

$4 61



REFERENCES

Beals, Gordon A., 1971: Guide to Local Diffusion of Air Pollutants. AWS TR 214, May
1971, 85 p.

Committee on Toxicology, 1979: Criteria for Short-Term Exposure to Air Pollutants.
NAS/ACT/P-885 under Contract No. 001.4-79-C-0049, Board on Toxicology and
Environmental Health Hazards, Assembly of Life Science, National Research
Council, National Academy of Sciences, Washington DC, November 1979, 22 p.
(AD-A087853).

Eidsvik, K. J., 1978: Dispersion of Heavy Gas Clouds in the Atmosphere. OR NR.
32/78, Norwegian Institute for Air Research, PO Box 130, 2001 Lillestrom, Norway
(September 1978).

Haugen, D. A. and J. J. Fuquay, eds., 1963: The Ocean Breeze and Dry Gulch Diffusion
Programs, Vol. 1. AFCRL Research Report, AFCRL, Bedford, Massachusetts, 1963.

Haugen, D. A. and J. H. Taylor, eds., 1963: The Ocean Breeze and Dry Gulch Diffusion
Programs, Vol. I. AFCRL Research Report, AFCRL, Bedford, Massachusetts, 19637-

Johnson, Morris C. (Editor), 1980: Methodology for Chemical Hazard Prediction.
Technical Paper No. 10, Chane 3, Department of Defense Explosives Safety Board,
Alexandria, Virginia, J iunei--, 78 p. (AD-A086820).

Miller, R. L. and F. H. Miller, 1964; Diffusion Forecasting for TITAN II Operations.
AWS TR 176, Air Weather Service, Scott AFB, Illinois, 10 February 1964, 31 p.

Nou, J. V., 1963: Development of the Diffusi.on Prediction Equation. In: The Ocean
Breeze and Dry Gulch Diffusion Program, Vol. II, AFCRL Research Report, AFCRL,
Bedford, Massachusetts, 1963, pp. 1-20.

Strategic Air Command Regulation 355--5: "TITAN II-Hazard Corridor Planning and
Evacuation Notification Procedures." 30 September 1980.

Taylor, J. b., 1963: Operational Use of Wind Systems. In: The Ocean Breeze and Dry

Gulch Diffusion Programs, Vol. II, AFCRL Research Report, AFCRL, Bedford,
Massachusetts, 1.63, pp. 49-73.

van Ulden, A. P., 1974: On the Spreading of a Heavy Gas Released Near the Ground.
1st International Loss Prevention Symposium, The Hague/Delft, Netherlands, 28-30
May 1974, Amsterdam, Elsevier (1974).

63



Appendix A

TOXIC CORRIDOR WORKSHEET

WORKSHEET WITH EXAMPLE

hame of Chemical Aerozine 50

1. Source strength 40 lbs/min (from environmental health service,
disaster response fo•ce, or estimated)

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

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

4. Mean surface wind 290 0 /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.=hange change to 0/ kt)

3690

07 1 1 9

O 180

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

65

, ,Vi . . .. .. '-. .. . .. .. . i . . . .



TOXIC CORRIDOR WORKSHEET

game of Chemical

I. Source strenqth . Ilbs/min (from environmental health service,
disaster response force, Or est-mated)

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

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

4. Mean surface wind _ wind variability (R)
degrees (from wind trace, instrument dial, or estimated)

5. Corridor width (W) degrees (W - 1.5R)

6. Toxic corridor plot

7. Surface wind trend forecast no change/change to o/ kt)

270 90

SOURCE

180

Figure 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 50 and speed to the nearest 1 knot.

Where delta-T instrumentation is available, the mean 10-minute delta-T (54-6 ft)

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 puaks show, read the direction and round to the nearest 50. 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 readings should be subtracted from 3600 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 Operations" (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 responsibility of
weather personnel. Unfortunately, a toxic corridor cannot be determined without this
input. Accurate toxic corridor forecasts require 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 too 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 86 percent of that resulting from the true input. Figure C-I
displays the relationship between erroneous source strength inputs and TCL errors.

Figure C-1 illustrates that corridor lengths will be within +10 percent of "true"
as long as source strengths are within ;20 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 set of conditions
under which the source strengths must be determined. Because of the difficulty
encountered in making these estimates, the Air Force Engineering and Services Center
has studied the problem, and the equation shown below was one result of their studies
(Clewell, 1980 and Ille, 1978).

0 - 0.08V3/ 4 A (I + 4.3 x 10-3 T 2) 2 (C-l)

where 0 - source strength in kg/hr

V - wind speed in m/s

A - spill area in m2

Tp - toxic chemical pool temperature in degrees 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

P GMW

Z= P GMW
11 h

where Pv is vapor pressure (subucriptl 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 Z
represents a factor to be used in converting the equation for use with other toxic
chemicals. It should be apparent that Z equals 1 when % boucce Ltrength for
hydrazine is required.

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

Q - 1.66 x 10-4 V3/ 4 A (1 + .3 x 10-3 Tp 2 ) Z

Table C-1 contains vapor pressures, gram molecular weights, and Z factors for a
number of toxic chemicals.
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Table C-i. Source Strength Factors (Z), GMW, and Vapor Pressures for Selected Toxic Chemicals.

VAPOR PRESSURE
at "

TOXIC CHEMICAL tvml, C
psi mb in Hg F GMW FORMULA FACTOR REMARKS

Aerozine 50 (50% Hydra- 3.1 213.7 6.3 80 53.0 N 2R4 /(CH 3)2N2H2 16.5 Mixed 50/50%

zine/50% UDli) i

Anhydrous Ammonia 158.17 10,902 321.9 80 17.031 NH 3  270.7

Aniline 0.027 I1.861 0.555 80 93.129 C H5NH2 0.253

Bromine Pentafluoride 8.487 584.97 17.27 80 174.890 BrF5 149.2

Carbon Disulfide 6.987 481.60 14.22 80 76.139 CS 2  53.5

Carbon Monoxide 28.011 CO

Chlorine 115.383 7,952.8 234.85 80 70.906 C82 822.3

Chlorine Pent;afluoride 58.76 4, 050.043 119.1,99 77 L10.445 CIF 5  770.4

Chlorine Trifluoride 26.6 1,B33.410 54.141 80 92.448 CIF.3  247.2

Diborane 16.859 B2 H

Ethylene- Oxide 27.0 f 1,860.98 54.96 80 44.054 C 2H40 119.6

Fluorine 37.997 F,

.LOX 12.798 1-2/02 Mixed 30/70%

Fuming Nitric Acid-

Types I & IA 1.21 03.4 2.46 73 63.013 ((NO 7.7 WFNA/XW'NA

Fuming Nitric Acid -

Types III,I1TA, ITT1 2.7 186.1 5.5 77 6,3.013 HNO3 17.1 RFNA/I1qNA

Hydrazine 0.31. 21.4 0.63 80 32.045 N 2 1

It-70 (70% 8ydrdzine./
30% Water) 27.32 N2 10 0.333 Mixed 70/30%

Ilydrogen Cloride 808.79 155,746.0 1,646.2 80 36.461 HCI 29b3.9 Pressurized

Hiydrogen Fluoride 18.70 1 1,288.94 3b.0t B0 20.006 fit' 37.6 Gas Only

Hydrogen Sulf idc 326.6 22,509.0 664.7 00 8 34-080 H 2S 1118.6

mAp 1, 3, & 4 (Z-' 0.4, 0.2, and 0.6 for MwP 1, 3, and 4 resijectively)

let-hylene Chloride 8.99 619.6 18.3 01 84.933 C1.2C12 76.C7

Moncinethyihiydrazine
(AMM1) 1.0 68.9 2.04 80 46.072 C11 3NHNH2 4.G

N[trogeni Dioxide 15.70 1,082.35 31.96 00 46.006 NO2 100.0

Nitrogen Tetroxide 14.6 1,0(06.3 29.72 70 92.011 NO 135.0
"24

Oxygen DifuloridL 43(36.0 296,795.0 8,764.4 80 53.996 OF 2  23,369.2 PreEsurized
2 Gas OnlyvcLchtoryl Fluoride 176.1 12,137.7 358.4 77 102.450 CI) 3F 1813.3

Peitaborane 4.0 275.7 8.14 77 63.127 B 5119 25.4

Sulfur Dioxide 55.93 3,793.6 112.03 60 u4.061 So 2  354.4

Trichloroethylene 1.16 80.0 2.36 69.8 131.389 (lC1[C.C 2 15.3

Tri.hlorotrifluoro-

ethane 6.50 448.0 13.2 77 187.377 CCI 2FCCIF2 122.4

Unsymmetrical Di-

methylhydraz ine (UDMH) 3.1 213.7 6.3 80 60.099 (CH 3 2N212 18.7

Nitrogen Trifluoride 71.002 NF3

/4
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Appendix D

TOXIC CORRIDOR LENGTH AS A FUNCTION
OF TEMPERATURE DIFý'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 <0. 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 10 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 0°F might be estimated as +10 F. 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 10 F error when the "true" delta-T is -3 0 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 -4 0 F, will cause the same corridor
length to be underestimated by 32 percent.

When the "true" delta-T is positive, corridor length errors are smaller for
similar errors in estimating delta-T. Suppose the "true" delta-T is 60 F and the
estimate is 50 F. The toxic corridor will be underestimated by 15 percent.
Conversely, a 70F estimate of dclta-.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 erroL (E) that might occur in estimates. The
error (E) ranges from -3 0 F to +3 0 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. Note 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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Appendix E

EXAMPLE TOXIC CORRIDOR PROBLEMS

1. Situation: Spill of Anhydrous Ammonii

Spill Area: Unknown

Time of Day: Sunset

Sky: Clear

Ambient Air Temp: 300C

Wind Speed/Direction: 6 kt/235 degrees; from Figure B-2(c)

Wind Variability (R): 65 degrees; from Figure 8-2(c)

Delta-T: OOF; from Table B-I

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)

Method I Method 2 Method 3 Method 4

Length 910V 9143 (Table) 9500 9108
9360 (Figure)

Width (1.5R) 980 980 980 9go

For Method 2: CF - 0.70 (Table 33 or Figure 3)

DF - il,722 (Table 34)

DF - 12,000 (Figure 4)

X - CF - DF

2. Situation: Spill of Aluminum Fluoride (AIF2)

Spill Area: Unknown

Time of Day: Midnight

Sky: Clear (no snow on ground)

Ambient Air Temp: 200C

Wind Speed/Direction: 6 kt/235 degres; from Figure 3-2(c)

Wind Variabiltty (R): 65 degrees; fron Figure B-2(c)

-T: 50 F; from Teble B-i

GMW: 83.98! 'rom BEE

Exposure Limit: 10 *g/m/- 30--uin Emergency Exposure Limit (No SPEL exists); from

Soizce Strength: 100 lb/min; from DRF

10 @g/m3 converts to 2.9 PPM by volume. See "Exposure Limit" in Glossary for
converairon procedures.



TOXIC CORRIDOR LENGTH (FT) AND WIDTH (DEGREES)

Method I Method 2 Method 3 Method 4

Length No Table 18,264 (Table) 18,000 (Figure 6j 18,246
18,300 (Figure) 0

Width (1.5R) 980 980 980 980

For Method 2: CF - 1.83 (Figure 3)

CF - 1.82 (Equation)

DF - 10,035 (Table 34)

DF - 10,000 (Figure 4)

X - CF • DF

3. Situations Spill of Hydratine

Spill Area: 4000 feet 2

Time of Day: Sunrise

Skyi Clear

Ambient Air '.remp: 24 0 C

Wind Speed/Diz.ction: 11 kt/335 degrees

Wind Variability (R); 120 degreess from Figure 8-2(d)

Delta-T: OOF*

GNW: 32.045

Exposure Limit: 20 PPM, SPEL from Table 33

Source Strength: 14 lb/min; from Appendix C

TOXIC CORRIDOR LENGTH (PT) AND WIDTH (DEGREES)

Method I Method 2 Method 3 Method 4

Length 1504 1510 (Table) 1400 1452
1430 (Figure)

Width (1.5R) 1800 1800 1800 1800

For Method 2: CF - 1.1 Figure 3

CF - 1.111 Table 33

OF - 13601 Table 34

DF - 1300; Figure 4

X - CF - DF

0
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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 tyles of hazard
corridors at TITAN II missile sites. Nc'e that tables based upon 10-, 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.

.I7
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Appendix G

TABLE OF THE ELEMENTS

ATOMIC WEIGHT

ELEMENT SYMBOL ATOMIC NUMBER (C = 12)

actinium Ac 89

a luminu Al 13 26.9815

americiun Am 95 --

antimony Sb 51 121.75

argon Ar 18 39.948

arsenic As 33 74.9216

astatine At 85 --

barium Ba 56 137.34

berkeliium Bk 97 --

beryllium Be 4 9.01218

bismuth Bi 83 208.9806

boron B 5 10.81

bromine Br 35 79.904

cadmium Cd 48 112.40

calcium Ca 20 40.08

californium Cf 98 --

carbon C 6 12.011

cerium Ce 58 140.12

cesium Cs 55 135.9055

chlorine C1 17 35.453

chromium Cr 24 51.996

cobalt Co 27 58.9332

columbium Cb (see niobium) --

copper Cu 29 63.546

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 Fr 87 --

gCUU L& 157.2

gallium Ga 31 69.72

germanium Ge 32 72.59

gold Au 79 196.9665

hafnium Hf 72 178.49

helium He 2 4.00260

holmium Ho 67 164.9303

hydrogen H 1 1.0080
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ATOMIC WEIGHT

ELEMENT SYMBOL ATOMIC NUMBER (C = 12)

indium In 49 114.82

iodine I 53 126.9045

iridium Ir 77 192.22

iron Fe 26 55.847

krypton Kr 36 83.80

lanthanum La 57 138,9055

lawrencium Lr 103 --

lead Pb 32 207.2

lithium Li 3 6.941

lutetium Lu 71 174.97

magnesium Mg 12 24.305

manganese Mn 25 54.9380

mendelevium Md 101 --

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

niobium Nb 41 92.9064

nitrogen N 7 14.0067

nobelium No 102 --

osmium Os 76 190.2

oxygen 0 8 15.9994

palladium Pd 46 106.4

phosphorus P 15 30.9738

platinum Pt 78 195.09

plutonium Pu 94 --

polonium Po 84 --

potassium K 19 39.102

praseodymium Pr 59 140.9077

promethium Pm 61 --

protactinium Pa 91 231.0359

radium Ra 88 226.0254

radon Rn 86 --

rhtwiu, Rc 75 186.2
rhodium P-h 45 102.9055

rubidium Pb 37 85.4678

ruthenium Ru 44 101.07

samarium Sm 62 150.4

scandium Sc 21 44.9559

selenium Se 34 18.96

silicon Si 14 28.086
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ATOMIC WEIGHT

ELEMENT SYMBOL ATOMIC NUMBER (C = 12)

silver Ag 47 107.868

sodium Na 1i 22.9898

strontitnu Sr 38 87.62

sulfur S 16 32.06

tantalum Ta 73 180.9479

technetium Tc 43 98.9062

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

tungsten W 74 183.85

uranium U 92 238.029

vanadium V 23 50.9414

wolfram W (see tungsten) --

xenon Xe 54 131.30

ytterbium Yb 70 173.04

yttrium Y 39 88.9059

zinc Zn 30 65.37

zirconium Zr 40 91.22
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GLOSSARY OF TERMS, ABBREVIATIONS, AND SYMBOLS

TERMS

Delta-T, Temperature difference between heights of 54 and 6 feet.

mer cy 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 techniques 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/m 3 , multiply by 24.3/GMW or from

ýIY/0 3 , multiply by 2.43 x 10- 2 /rMW

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

Hazard Corridors. the term 'hazard" is frequently used intcrchangeably with the term
"toxic" when refeLenCe is made to a corridor 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 corridor determined from the appropriate considerations. If the corridordetermined fzom expl~sive cons ider at ions is contained within that determined from

toxic considecations, 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. Thi.s is an equation developed at the Air Force
Cam -- rge Research Laboratories (now the Air Force Geophysics Laboratory) to
determine downwind peak concentration of airborne contaminants from a continuous
point source. This empirically derived equation 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 t,) 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/Q - 1.75 x In-4 X-1.95 (4T + .10)492

This report is concerned with downwind distance, X, at which a predetermined
concentration, Cp, will occur for a known source strength, Q, and temperature
difference, delta-T (IT). The equation above was inverted and solvud for the
downwind distance X. In the process, appropriate changes were m.ide 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

Li
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0.513 -0.513 2.53P[32 (?.~2) ER)(AT -1 10)j

where X = downwind distance in feet. As used here, this distance defines a toxic
corridor length.

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 lp-
P proximately 5 feet above the ground at a given downwind travel distance, 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 C in the above equation.p

0 = source strength in lb/min.

6T = 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 updated as
meteorological and/or source strength information becomes more clearly defined.

Propellant Emission Corridor. (This term was established by the Strategic AirS Command in connection wit TITAN missile operations.) This corridor, which was

formerly termed the "Intentional Released Corridor," will be 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 Air Command in
connection with TITAN missile operations.) This corridor, which is sometimes
referred to as a "Potential 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 updated as meteorological and/or potential source strengths
change during an operation.

Public Emnerqency Limit (PEL). See Short-Term Public Emergency Limit (SPEL). The
Comiiimitttee 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
i Pun- Ptn-.ial and OpLTational 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 accrue to the public, but
that any effect resulting from the exposure is reversible and without residual
damage. These limits were established 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 cases where the Committee on Toxicology has not established a SPEL but
has established an Emergency Exposure Limit (EEL) , this report has conservatively
estimated 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 Propellan th-s-sT5 Corridors at TITAN missile sites. Several tables for
10-minute STPLs are published in Appendix F primarily for u:se by weather personnel
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
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 expLessed in terms
of length (X) in feet and width (W) in degrees of azimuth.

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

Wind Variability (R). As used in this report, R is the difference in degrees between

the third largest fluctuation on each side of the mean iiind direction when a
10-minute wind direction trace is used. As an approximation to this when only a
2-minute observation of a wind direction indicator is available, R is the difference
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.

9
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ABBREVIATIONS AND SYMBOLS

A Area
AFGL Air Force Geophysics Laboratory
AWS Air Weather Service
BEE Bioenvironmental Engineer
CP Peak concentration of an airborne toxic chemical - See Ocean Breeze and

Dry Gulch equation in the Glossary of Terms for more information on this
term.

CF * Chemical Factor
D Mean wind direction in degrees of azimuth
Delta T Temperature differential between 54- and 6-foot heights
DF Diffusion Factor
AT Same as Delta-T
DRF Disaster Response Force
E Error (see Figure D-1)
EEL Emergency Exposure Limit
GMW Gram Molecular Weight
in Hg Inches of Mercury
mg Milligram (10-3 gram)
UCg Microgram (10-6 gram)
mb millibar
P Probability factor (see Table 35)
PEL Public Emergency Limit; replaced by SPEL
PPAR Percent Parameter. This is the same as the probability factor (P). (See

Table 35)
PPM Parts per million by volume
psi Pounds per square inch
Pv Vapor Pressureo Source strength in mass per unit time
R Wind direction variability in degrees
SPEL Short-Term Public Emergency Limit; replaced PEL
SS Source strength in mass per unit time
STPL Short-Term Public Limit
Tp Toxic Chemical pool temperature in oC
TC Toxic Corridor
TCL Toxic Corridor Length
V Wind Velocity
W Toxic Corridor Width in degrees of azimuth
X Downwind distance in feet
Z Source strength correction factor for evaporative sources (See Appendix

C)

0
94

81447M



TOXIC CORRIDOR WORKSHEET

Name of Chemical

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

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

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

4. Mean surface wind _ wind variability (R%
degrees (from wind trace, instrument dial, or estimated)

5. Corridor width (W) degrees (W - 1.5R)

i

6. Toxic corridor plot

7. Surface wind trend forecast no change/change to 0/ kt)

• 360

09

270 SOURCE 90

H..
180
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