AD#PeAC 803 AD-AOGL BO=

RIA-80-U891

RTMENT OF TRANSPORTATION
COAST GUARD

CHRIS

TECHNICAL
LIBRARY

Hazard Assessment

Handbook

DTIC QUALITY spmoTRD 2

COMDTINST MI16465.13 (old CG-446-3)




DEPARTMENT OF TRANSPORTATION

9

=/ COAST GUARD

CHRIS

Hazard Assessment

Handbook

Commandant Instruction M16465.13

L —




<

Change No. 1

1% Purpose.

2. Action.
Remove and insert the following pages:

a.

4
L) Cl a

;:.'._-"; “.1“‘ ."nl_E
w9
I"-.I_k-i__;";

DEPARTMENT OF TRANSPORTATION
UNITED STATES COAST GUARD  U:S.CoasTsuarp (G-WEP/4/73)

MAILING ADDRESS:

WASHINGTON, D.C.

PHONE: 20)9_426-9568
12 DEC 1977

CHEMICAL HAZARDS RESPONSE INFORMATION SYSTEM

(CHRIS)

CG-446-3

This change publishes amendments to manual three of
CHRIS, as announced in COMDTNOTE 16465 dated 28 October 1977.

Remove
xi - xv
59 69 (odd
73 (RB)
81 85 (odd
89 (RB)
95 (RB)
105 107 (odd
115 119(odd
175(RB)
177 179(RB)
181 (RB)
183 185(RB)
187 211(RB)
213(RB)
215 221(RB)
223(RB)
225 227 (odd
229
231(RB)
233(RB)
235 (RB)
237 247 (RB)
249 264
265 268
269 (RB)
271 275(RB)
277 (RB)
279 281 (RB)
283(RB)
285 287 (odd

numbered

numbered

numbered
numbered

numbered

numbered

Pages)

pages)

pages)
pages)

pages)

pages)

ii

Insert
xi - xvii
59 69 (odd numbered pages)
73 (RB)
81 - 85 (odd numbered pages)
89 (RB)
95 (RB)
105 107(odd numbered pages)
115 119(odd numbered pages
175(RB) ’
177 - 179(RB)
181(RB)
183 - 185(RB)
187 - 211(RB)
213(RB)
215 221(RB)
223(RB)
225 - 227(odd numbered pages)
229 - 230a(RB)
231(RB)
233 - 234
235(RB)
237 - 247(RB)
249 - 264
265 268a
269(RB)
271 - 276
277(RB)
279 - 282
) 283(RB)
285 287(odd numbered pages)



12 DEC 1977

2. a. (continued)

Remove Insert

289(RB) 289 - 290c (RB)
293 - 299 (odd numbered pages) 293 - 299(odd numbered pages)
301 - 303(RB) 301 - 303(RB)

b. 1Insert the tabbed manila sheets at the following locations:

Tab marked "D'" directly precedes page 181;
Tab marked "E" directly precedes page 185;
Tab marked "G" directly precedes page 213;
Tab marked "I" directly precedes page 223;
Tab marked "K'" directly precedes page 227;
Tab marked "O" directly precedes page 231;
Tab marked "P'' directly precedes page 235;
Tab marked "R'" directly precedes page 247;
Tab marked "T" directly precedes page 269;
Tab marked "V'" directly precedes page 277;
Tab marked "X" directly precedes page 283; and
Tab marked "RR" directly precedes page 287.

c. Insert the list of effective pages (LEP 1-2) at the end of the
manual.

d. Insert this transmittal letter immediately after the title page.

3. Effective Date. Effective upon receipt.

Sy

P R E XY
Eog : K ~.
. CoaeTaad o

i = Cn i Marne

s "-4.’;:'.~'i,y.vg-
LIRS I, S ;c_;'»;u“!o

Distribution (SDL No. 106)
: None

: n(MES School)(75); e(40); o(10); c(mep)(6); n(3); £(3); bq(2); p(1)
e(5); g(3); o(2); m(1)

b(15); ip(1)

0(7); bn(1l)

: bk(1)

2 o B o B o=l

S



DEPARTMENT OF TRANSPORTATION e
UNITED STATES COAST GUARD U coasT Guarn (G-WEP-4/73)

400 SEVENTH STREET SW.
WASHINGTON, D.C. 20590

pHONE: 202-126-9568

CHEMICAL, HAZARDS RESPONSE INFORMATION SYSTEM
COMDTINST M16465.13 (old CG-446-3)

Hazard Assessment Handbook 26 APR 1974
LETTER OF PROMULGATION

1. Chemical Hazards Response Information System. The Chemical
Hazards Response Information System (CHRIS) mamual is an official
publication of the U.S. Coast Guard and consists of the following
four volumes:

CG-Lu6-1 A Condensed Guide to Chemical Hazards
CG--446-2 Hazardous Chemical Data

CG-446-3 Hazard Assessment Handbook

CG-L446-4 Response Methods Handbook

2. Purpose. ‘The manual provides timely information essential for
proper decision-making by responsible Coast Guard personnel and
others during emergencies involving the water transport of hazardous
chemicals. It also provides certain basic nonemergency related
information to support Coast Guard efforts to achieve improved levels
of safety in the bulk shipment of hazardous chemicals. The four
manuals contain chemical data, hazard-assessment methods and response
guldes. A full description of CHRIS appears in each volume.

3. Amendments. Changes to each volume except CG-4U46-1 will be by
consecutively numbered amendments transmitting new or revised pages 5
as necessary. CG-446-1 will be reprinted and redistributed in its
entirety as needs dictate.

4, Distribution. Distribution will be made in accordance with the
Directives, Publications and Reports Index (CG-236).

hfnbils”

W. M. BENKERT
Chief, Office of Marine Environment
and Systems

5. Effective Date. 15 April 1974.

Dist: (SDL No. 98)
A: None

B: n(2); bedefghjpr(l)

C: gmop(1)

D: bedfps(1)

B @) .
F: adk(l) iv



TABLE OF CONTENTS

List of Figures

List of Tables

1.0

20

3.0

CHRIS MANUALS

1.1 PURPOSE AND SCOPE

.1.2 A CONDENSED GUIDE TO CHEMICAL HAZARDS

1.3 HAZARDOUS CHEMICAL DATA

1.4 HAZARD-ASSESSMENT HANDBOOK

1.5 RESPONSE METHODS HANDBOOK

1.6 DATA BASE FOR REGIONAL CONTINGENCY PLAN

1.7 HAZARD-ASSESSMENT COMPUTER SYSTEM (HACS)

OVERALL APPROACH

2.1 INTRODUCTION

2.2 APPROACH

2.2.1 Information Needs

2.2.2 Selection of Calculation Procedures

2.3 HAZARD ASSESSMENT

INFORMATION NEEDS

3.1 ORGANIZATION OF INFORMATION NEEDS

3.2 PRIMARY LIST OF QUESTIONS

3.3 SECONDARY LIST OF QUESTIONS

1

15

15

15

16



TABLE OF CONTENTS (Continued)

3.4 LIST OF INFORMATION SOURCES

3.4.1 Suggested List of Sources for Answering the Primary
Questions

3.4.2  Suggested List of Sources for Answering the Secondary
Questions

3.5 DETAILED DESCRIPTIONS OF INFORMATION SOURCES
3.5.1 Identity and Quantity of Chemical

3.6.2 Rate-of-Release Estimation Techniques — Unpressurized
Tanks

3.5.3  Wind Speed and Direction, Air Temperature, and Other
Weather Conditions

3.5.4  Water Body Characteristics and Tidal Data
4.0 SELECTION OF CALCULATION PROCEDURES
4.1 HAZARD-ASSESSMENT AND CALCULATION CODES
4.2 CHOICE OF CALCULATION PROCEDURE
4.3 CALCULATION TABLES AND FIGURES
5.0 HAZARD ASSESSMENT
HAZARD ASSESSMENT CODE — ABCDEFG
A. VENTING GAS — CODE ABC
B. POOLOF VOLATILE LIQUID — CODE ADEFG
HAZARD ASSESSMENT CODE - AClJ
A. GASDISPERSION ASSESSMENT — CODE AC (Toxic hazard

only)

vi

Page

17

17

20
21

21

28

42
43
53
53
53
54
55
57
57
71

91

o




B.

TABLE OF CONTENTS (Continued)

BOILING RATE OF SINKING LIQUID AND
VAPOR-DISPERSION ASSESSMENT — CODE AlJ

HAZARD ASSESSMENT CODE — ABCKLMN

A.

VENTING GAS FIRE — CODE AB

LIQUID FIRE — CODE AKL

WATER POLLUTION HAZARDS — CODE AK
GAS DISPERSION -- CODE AC

LIQUID POOL DISPERSION — CODE AKMN

HAZARD ASSESSMENT CODE AO

A.

HAZARD CALCULATION CODE AO

HAZARD ASSESSMENT CODE — APQRS

A.

B.

C.

LIQUID FIRE HAZARD CALCULATION -- CODE APQ
WATER POLLUTION HAZARD — CODE AP

VAPOR DISPERSION CALCULATION -- CODE APRS

HAZARD ASSESSMENT CODE — ATUVW

A.

B.

C.

HAZARD CALCULATION CODE AT — SPREADING

POOL ASSESSMENT

FIRE HAZARD — CODE ATU

VAPOR-DISPERSION ASSESSMENT — CODE AVW

HAZARD ASSESSMENT CODE AXY

A. WATER POLLUTION -- CODE AX

vii

Page

91
95
97
97
99
101
103
105
105
109
110
110
123

133

135
149
151
157

157



TABLE OF CONTENTS (Continued)

Page
HAZARD-ASSESSMENT CODE AZ 163
HAZARD-ASSESSMENT CODE Ii 165
HAZARD-ASSESSMENT CODE RR, RR-C 167
A. HAZARD CALCULATION CODE RR, RR-C 167
HAZARD-ASSESSMENT CODE SS 171
6.0 FIGURES AND TABLES 175
7.0 ACCURACY OF THE HAZARD ASSESSMENT 293
8.0 USE OF THE HAZARD-ASSESSMENT COMPUTER SYSTEM
(HACS) 297
APPENDIX A — USEFUL CONVERSION FACTORS 301
APPENDIX B — EXPLANATION OF TERMS 305

APPENDIX C — FOLD-OUT HAZARD ASSESSMENT TREE 307

viii



Figure No.
21

3.1

3.2

33

3.4

35
3.6
3.7
3.8
3.9
3.10
B1
B2
B3
E1
E2

E3

E4

LIST OF FIGURES

Hazard Assessment Tree: (Events Chart)

Rate of Chemical Discharge from a Rectangular
Slot-Shaped Opening

Rate of Chemical Discharge from Triangular
Notch-Shaped Openings

Chemical Discharge from Irregularly Shaped Holes

Comparative Cargo Loss Versus Time for Three Types
of Opening

Estimation of Capacity of an Individual Tank
Estimation of Residual Amount of Chemical in Tank
Determination of 106B/TAN ¢

Wind Current Deflection

Wind Duration Versus Wind Drift Currents

Vectorial Addition of Sea and Wind Currents

Flame Length for Gases Venting Through Holes
Equivalent Pool Radius for Gases Venting Through Holes
Safe Separation Distance from Venting Gas Flames
Flame Height for Small Pools

Flame Height for Large Pools

Flame Angle as a Function of Wind Speed and M/T,
(Pool Radius = 0-30 feet)

Flame Angle as a Function of Wind Speed and M/T,

" (Pool Radius = 30-150 feet)

ix

Page

10

30

31

32

33
35
36
39
49
49
50
177
178
179
187

188

189

190



LIST OF FIGURES (Continued)

Figure No. Page
E5 Flame Angle as a Function of Wind Speed and M/T},
(Pool Radius = 150-300 feet) 191
E6 Flame Angle as a Function of Wind Speed and M/T),
(Pool Radius = 300-900 feet) 192
E7 Flame Angle as a Function of Wind Speed and M/Tb
(Pool Radius greater than 900 feet) 193
ES8 Safe Separation Distance for People
(Fire Radiant Intensity = 450 Btu/hr-ft; pR less than 3) 194
E9 Safe Separation Distance for People
(Fire Radiant Intensity = 450 Btu/hr-ft?>; pR = 3-5) 195
E10 Safe Separation Distance for People
(Fire Radiant Intensity = 450 Btu/hrft?; pR =5-7) 196
E11 Safe Separation Distance for People
(Fire Radiant Intensity = 450 Btu/hr£t?; pR =7-9) 197
E12 Safe Separation Distance for People
(Fire Radiant Intensity = 450 Btu/hr-ft>; pR = 9-11) 198
E13 Safe Separation Distance for People

(Fire Radiant Intensity = 450 Btu/hr-ft?; pR greater than 11) 199

E14 Safe Separation Distance for People in Fire-Protective Clothing

(Fire Radiant Intensity = 1500 Btu/hr-ft? ; o R less than 3) 200
E15 Safe Separation Distance for People in Fire-Protective Clothing

(Fire Radiant Intensity = 1500 Btu/hr-ft>; pR = 3-5) 201
E16 Safe Separation Distance for People in Fire-Protective Clothing

(Fire Radiant Intensity = 1500 Btu/hr-ft>; pR =5-7) 202
E17 Safe Separation Distance for People in Fire-Protective Clothing

(Fire Radiant Intensity = 1500 Btu/hr-ft>; ;R = 7-9) 203
E18 " Safe Separation Distance for People in Fire-Protective Clothing

(Fire Radiant Intensity = 1500 Btu/hr-ft?; pR =9-11) 204



LIST OF FIGURES (Continued)
Figure No. Page

E19 Safe Separation Distance for People in Fire-Protective Clothing
(Fire Radiant Intensity = 1500 Btu/hr-ft? ; pR = greater than 11) 205

E20 Safe Separation Distance for Wooden Structures

(Fire Radiant Intensity = 10,000 Btu/hr-ft?> ; pR less than 3) 206
E21 Safe Separation Distance for Wooden Structures

(Fire Radiant Intensity = 10,000 Btu/hr-ft>; pR = 3-5) 207
E22 Safe Separation Distance for Wooden Structures

(Fire Radiant Intensity = 10,000 Btu/hr-ft*>; pR = 5-7) 208
E23 Safe Separation Distance for Wooden Structures

(Fire Radiant Intensity = 10,000 Btu/hr-ft>; pR =7-9) 209
E24 Safe Separation Distance for Wooden Structures

(Fire Radiant Intensity = 10,000 Btu/hr-ft*>; pR = 9-11) 210
E25 Safe Separation Distance for Wooden Structures

(Fire Radiant Intensity = 10,000 Btu/hr-ft>; pR = greater than 11)211

G1 Conversion of Low Flammability Limit to LFL 215
G2 Conversion of Threshold Limit Value to TLV 216
G3 Determination of Parameter M/C 217
P1 Concentration Factor for Soluble Chemical in a Flowing Stream
(Width less than 75 feet) 237
P2 Concentration Factor for Soluble Chemical in a Flowing Stream
(Width 75 to 200 feet) 238
P3 Concentration Factor for Soluble Chemical in a Flowing Stream
(Width 200 to 400 feet) 239
P4 Concentration Factor for Soluble Chemical in a Flowing Stream
(Width 400 to 800 feet) 240

Xi



Figure No.

P5

P6

P8

P10

R1

R2

R3

R4

R5

R6

R7

R8

LIST OF FIGURES (Continued)

Concentration Factor for Soluble Chemical in a Flowing Stream
(Width 800 to 1200 feet)

Concentration Factor for Soluble Chemical in a Flowing Stream
(Width 1200 to 1800 feet)

Concentration Factor for Soluble Chemical in a Flowing Stream
(Width 1800 to 2200 feet)

Concentration Factor for Soluble Chemical in a Flowing Stream
(Width 2200 to 2800 feet)

Concentration Factor for Soluble Chemical in a Flowing Stream
(Width 2800 to 3400 feet)

Concentration Factor for Soluble Chemical In a Flowing Stream
(Width greater than 3400 feet)

Hydraulic Radius for Spills of Water-Soluble Chemicals
Hydraulic Radius for Spills of Water-Soluble Chemicals

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Acetone

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Acetonitrile

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Acrolein

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Acrylonitrile

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Ammonium Hydroxide (28% Solution)

Evaporation Factors for Spills of Water-Soluble Chemicals

. Chemical: tert-Butyl Alcohol

xii

Page

241

242

243

244

245

246
249

250

251

252

253

254

255

256




Figure No.

R9

R10

R11

R12

R13

R14

R15

R16

R17

R18

R19

R20

R21

R22

LIST OF FIGURES (Continued)

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: n-Butylamine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: sec-Butylamine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: tert-Butylamine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Butylene Oxide

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Dimethylamine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Diisopropylamine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: 1,1-Dimethylhydrazine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Ethyl Alcohol

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Ethylene Glycol Dimethyl Ether

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Ethyleneimine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Ethyl Formate

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Isobutylamine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Isopropyl Alcohol

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Isopropylamine

xiii

Page

257

258

259

260

261

262

263

263a

263b

263c

263d

263e

263f

263g ‘



Figure No.

R23

R24

R25

R26

R27

R28

R29

R30

R31

R32

R33

R34

R35

R36

LIST OF FIGURES (Continued)

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Isopropyl Mercaptan

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Methyl Acetate

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Methyl Alcohol

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Methyl Ethyl Ketone

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Methyl Formal

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Methyl Formate

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Methylhydrazine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Methyl Vinyl Ketone

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Nitromethane

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Propyleneimine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Propylene Oxide

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Pyridine

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Tetrahydrofuran

Evaporation Factors for Spills of Water-Soluble Chemicals
Chemical: Triethylamine

xiv

Page

263h

263i

263j

263k

263l

263m

263n

2630

263p

263q

263r

263s

263t

264




Figure No.

R37

R38

R39

R40

R41

T1

X1

LIST OF FIGURES (Continued)

Maximum Downstream Extent of Flammability and Toxic
Vapor Cloud Hazard
Molecular Weight: <30

Maximum Downstream Extent of Flammability and Toxic
Vapor Cloud Hazard
Molecular Weight: 30-50

Maximum Downstream Extent of Flammability and Toxic
Vapor Cloud Hazard
Molecular Weight: 50-70

Maximum Downstream Extent of Flammability and Toxic
Vapor Cloud Hazard
Molecular Weight: 70-90

Maximum Downstream Extent of Flammability and Toxic
Vapor Cloud Hazard
Molecular Weight: >90

Determination of Non-Dimensional Pool Radius Ratio (r/R)

Sinking Velocity for Liquids in Water

Page

265

266

267

268

268a

276

285



Table No.

31

3-2

33

D1

D2

G1

G2

G3

G4

"

K1

K2

o1

T1

Vi

\"4

RR1

LIST OF TABLES

Information Required in Papers Carried by Vessels

Useful Conversion Factors

Modern Beaufort Scale

Maximum Radius of Pool for Various Spill Amounts

Time for Complete Evaporation of Various Spill Amounts
Maximum Extent of Vapor Cloud for Weather Condition F
Maximum Half-Width of Vapor Cloud for Weather Condition F
Maximum Extent of Vapor Cloud for Weather Condition D
Maximum Half-Width of Vapor Cloud for Weather Condition D
Chemicals in Primary Hazard Code ACIJ

Maximum Radius of Pool for Various Spill Amounts in Tons
Time for Complete Evaporation

Liquid Chemicals which React with Water

Calculation Parameters and Maximum Pool Radius for
Spreading Pool Assessment

Maximum Radius of Pool for Various Spill Amounts

Time for Complete Evaporation of Various
Spill Amounts

Solid Chemicals which React with Water

xvi

Page

22

34

183
184
218
219
220
221
225
229
229

233

271

279

280

289




RECORD OF CHANGES

Identification of

Date Entered

By whom entered

Change (Signature; rank, grade
or rate; name of com-
mand)

CHANGE 1 ENTERED AT
PRINTING
CHANGE 2 ENTERED AT

PRINTING

xvii




1.0 CHRIS MANUALS



1.0 CHRIS MANUALS

1.7 PURPOSE AND SCOPE

The Chemical Hazard Response Information System (CHRIS) is designed to provide
timely information essential for proper decision-making by responsible Coast Guard person-
nel and others during emergencies involving the water transport of hazardous chemicals. A
secondary purpose is the provision of certain basic non-emergency-related information to
support the Coast Guard in its efforts to achieve improved levels of safety in the bulk
shipment of hazardous chemicals. CHRIS consists of four reference guides or manuals, a
regional contingency plan, a hazard-assessment computer system (HACS), and an organiza-
tional entity located at Coast Guard headquarters. The four manuals contain chemical data,
hazard-assessment methods, and response guides. Regional data for the entire coastline are
included in the Coastal Regional Contingency Plans. The headquarters staff operates the
hazard-assessment computer system and provides technical assistance on request by field

personnel during emergencies. In addition, it is responsible for periodic update and mainten-
ance of CHRIS.

A brief description of each component of CHRIS and its relation to this manual — the
Hazard-Assessment Handbook — is provided below.

1.2 A CONDENSED GUIDE TO CHEMICAL HAZARDS

This handbook contains information to facilitate “early response decisions” during
emergency situations. It is a compact, convenient source of chemical-related information
with specific reference to bulk-shipped hazardous materials. The guide is intended primarily
for use by port security personnel and others who may be the first to arrive at the site of
an incident and need readily available, easily understood, descriptive information about
the hazardous nature of the chemical and the situation confronted. It will assist those per-
sonnel in quickly determining proper, responsible actions that must be taken immediately
to safeguard life and property and to reduce, insofar as possible, further contamination
of the environment. The guide contains precautionary advice on the chemical and its char-
acteristic physical and biological hazards so that field personnel can assess the threat as a
prerequisite to determining subsequent large-scale action.

Since the Condensed Guide to Chemical Hazards is the only component of CHRIS that
will be initially available at the scene of an accident, it includes a list of on-scene
information needs that this manual, the Hazard-Assessment Handbook, requires as inputs.
The on-scene information needs of the Hazard-Assessment Handbook are listed in the
Condensed Guide to Chemical Hazards as questions which must be answered and relayed to
the user of this handbook as soon as possible.



1.3 HAZARDOUS CHEMICAL DATA

The Hazardous Chemical Data Manual is intended for use primarily by the On-Scene
Coordinator’s (OSC) office and the Regional and National Response Centers. It contains
detailed, largely quantitative chemical, physical, and biological data necessary for formu-
lating, evaluating, and carrying out response plans.

The Hazardous Chemical Data Manual is very important in the successful use of this
handbook, the Hazard-Assessment Handbook. The Hazardous Chemical Data Manual
contains the hazard-assessment code, which is essential to selecting the appropriate calcu-
lation procedures for the hazard assessment, and lists the needed physical and chemical
property data which are required to perform the hazard-assessment calculations.

1.4 HAZARD-ASSESSMENT HANDBOOK

The Hazard-Assessment Handbook contains methods of estimating the rate and quan-
tity of hazardous chemicals that may be released under different situations. It also provides
the means of predicting the threat that the chemicals present after release. It includes
methods for predicting the resulting potential toxic, fire, and explosion effects by providing
procedures for estimating the concentration of hazardous chemicals (both in water and in
air) as a function of time and distance from the spill.

1.6 RESPONSE METHODS HANDBOOK

The Response Methods Handbook is a compendium of descriptive information and
technical data pertaining to methods of responding to threatened or actual spills of hazard-
ous chemicals. The document has been written specifically for Coast Guard OSC personnel
who have had some training or experience in pollution and hazard response. Emphasis
has been placed on existing or prospectively available methodology. As new methods
become available, the response handbook will be updated to include these new approaches.

In an actual emergency, an assessment of the likely extent of hazard, using the
Hazard-Assessment Handbook, will be used in the choice of the appropriate response
methods suggested in the Response Methods Handbook.

1.6 DATA BASE FOR REGIONAL CONTINGENCY PLAN

The information in this data base is predominantly for use by OSC personnel. It
contains data pertinent to a specific region, subregion, or locale. It will provide detailed
information on resources that might be threatened and the availability of response equip-
ment. Examples of such information include an inventory of physical resources and
personnel; vulnerable or exposed resources (critical water-use areas); potential pollution
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sources; geographical and environmental features; cooperating organizations; and recognized
experts with identified skills. A good deal of this regional-specific information is in the form
of Regional Contingency Plans.

1.7 HAZARD-ASSESSMENT COMPUTER SYSTEM (HACS)

The Hazard-Assessment Computer System (HACS) is the computerized counterpart of
the Hazard-Assessment Handbook and enables trained headquarters specialists utilizing
the computer at headquarters to obtain very detailed hazard evaluations quickly when
requested by OSC personnel. Methods of utilizing HACS as an aid in hazard assessment
are described in Section 8 of this handbook.



2.0 OVERALL APPROACH



2.0 OVERALL APPROACH
2.1 INTRODUCTION

This hazard-assessment handbook is concerned with the evaluation of any dangerous
condition precipitated by accidents involving discharged chemicals, which have, as a foresee-
able consequence, loss of life, limb, and/or property. A chemical discharge (or spill) on
water can create a hazard because of its flammability, its toxicity, or both. As the spill
disperses and becomes diluted, the hazard normally decreases and disappears. It is important
to know how far and fast the danger of fire or poisoning can spread and at what point the
chemical ceases to be hazardous.

The processes of dispersion, evaporation, combustion, and the like, which are associ-
ated with the chemicals of concern are quite complex and depend on many variables, not
the least of which is the nature of the chemical itself. This handbook provides a systematic,
simplified approach to identifying the appropriate processes governing a given chemical
release and methods for estimating the hazard. The hazard estimate is given in terms of
distances over which a toxic or flammable concentration of a given chemical may exist and
the minimum safe distance between the spill site and people or combustible materials,
should the chemical ignite and a fire ensue.

2.2 APPROACH

The evaluation of a hazard due to a chemical discharge will be performed using this
handbook with the following sequence of action:

® Determination of the on-scene information needs by acquiring information
pertinent to the accident,

®  Selection of the appropriate calculation procedures, and
®  Evaluation of the extent of hazard using procedures given in this manual.

Each one of these major steps is explained below.

2.2.1 Information Needs

In the event of a spill or discharge of a hazardous chemical into or onto a body of
water, Coast Guard personnel will need certain on-scene information to assess the hazard
presented by the spill and determine the appropriate response. This information can be
considered to be of two types: (1) that which is absolutely essential for even the most basic
assessment of the hazard potential; and (2) that which will permit a more refined and
accurate assessment if time permits. The necessary information can best be obtained by
answering a series of questions.



The list of questions which must be answered before any kind of hazard assessment is
contemplated is designated the “primary list of questions.” These are presented in Sec-
tion 3, along with suggested ways of answering them. Examples of primary questions are:
what is the identity of the chemical being discharged? What is the rate of discharge or the
total quantity involved?

Also presented in Section 3 are the “secondary list of questions” which should be
answered (if time permits), and which would enable the CHRIS specialist at headquarters to
perform a more detailed and refined hazard assessment using HACS. Suggested sources for
answering the secondary questions are also discussed in Section 3.

The primary and secondary lists of questions are repeated in the Condensed Guide to
Chemical Hazards, which will be carried to the accident scene by on-scene personnel.

In the event of an emergency, Coast Guard personnel — both on-scene and at base —
will concentrate on answering all the primary questions immediately, using any or all
information sources provided in the handbook or otherwise available to them. Only after
these questions have been answered and the immediate response procedures outlined in
the Condensed Guide to Chemical Hazards have been initiated will attempts be made to
answer the other questions and make a more refined assessment of the situation.

'2.2.2 Selection of Calculation Procedures

Once the chemical being discharged has been identified, the hazard presented can
readily be assessed, provided one could determine its interaction with water. To attempt to
treat each and every chemical individually in describing its interactions with water would
lead to a very large and unwieldly document. A more logical approach is to generalize the
various chemical-water interactions that can occur and represent them in the form of a
hazard-assessment tree. This tree, which is to be used with this handbook, is shown in
Figure 2.1. If one knows the properties of the chemical, he can follow the appropriate
vertical path(s) in the tree and determine which calculation procedures he must use to assess
the hazards presented by the chemical. Both the hazard-assessment path and the needed
physical properties are provided by the Hazardous Chemical Data Manual.

The first box (beneath ACCIDENT) in Figure 2.1 is designated by the letter A and
represents a quantitative description of the discharge; e.g., the chemical, its rate of flow or
total quantity discharged, the state of the discharged chemical, and significant parameters,
such as temperature and pressure. Methods of identifying the chemical, quantity in trans-
port, and rate of release constitute on-scene information needs and are provided in
Section 3, entitled “Information Needs.” Once the chemical has been identified, its physical
properties can be obtained for the Hazardous Chemical Data Manual.




Depending on the state of the released chemical (gas, liquid, solid, or mixture), it can
be said to belong to one or more of the vertical paths shown in Figure 2.1.

° Gases

®  Liquids
®  Non-reacting with water
®  Boiling point below ambient temperature of water
®  Boiling point above ambient temperature of water
®  Reactive with water
L Self-reacting (polymerization, decomposition, etc.)
®  Solids
®  Soluble
®  Insoluble
®  Reactive.

The oval boxes along each path represent decision points that are based upon physical
properties, and the triangles are decision points set by environmental conditions. The
rectangular boxes identify physical phenomena (boiling, dispersion, etc.) which are mathe-
matically represented by calculation procedures in this handbook. While these procedures
simply indicate how rapidly certain physical processes are taking place, they are essential
because they help determine the extent of the hazard. Each rectangle is designated by a
letter, so that a particular path may be referred to by a series of letters. This series of letters
is called the ‘‘hazard-assessment code’ and is identified in the Hazardous Chemical Data
Manual for each chemical. Each path eventually leads to one or more circles, which are
points of evaluation.

To illustrate the use of the hazard-assessment tree, consider the discharge of a material
that boils at temperatures below the local water temperature, is not soluble (immiscible) in
water, is lighter than water, and is not ignited either because it is non-flammable or because
there is no ignition source present (path A-D-F-G). For such a chemical, we would wish to
know how fast it spreads on water, boils, and disperses in air under the existing atmospheric
conditions so as to determine over what distances flammable and toxic concentrations of
the chemical may exist. Generalized procedures for calculating these rates are also provided
in this handbook. As inputs, such procedures require information about physical properties,
environmental conditions, and any special restrictions (e.g., shorelines) that might limit the
chemical spreading in one or more directions. Once the path is defined, the threat can be
assessed, because the critical toxicity levels and ignition limits are known and provided in
the Hazardous Chemical Data Manual and hazard-assessment procedures are described here.

Other paths introduce the same, or similar, types of calculations. By indicating which
calculations must be performed and providing generalized methods of making the desired
calculations, this hazard-assessment manual will allow one to progress along the appropriate
path and determine the potential hazard presented by a chemical discharge.
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In the event of an emergency, once the chemical being discharged has been identified
and the needed on-scene information collected by answering the primary questions, proceed
to the Hazardous Chemical Data Manual and obtain the hazard-assessment code for the
chemical. The hazard-assessment code is given as item 11 in the Hazardous Chemical Data
Manual and provides the key to selecting the appropriate calculation procedures as described
in Section 4 of this handbook.

2.3 HAZARD ASSESSMENT

Once the identity of the discharged chemical and the associated hazard-assessment
code have been established, one can proceed to the final step of actually making the hazard
assessment. The hazard assessment will require calculations utilizing the graphs and tables
presented in Section 6. Corresponding to each letter in the hazard-assessment code is a
calculation procedure displayed in graphic or tabular form. Some procedures are generalized
and can apply to several chemicals, whereas others are specific for an individual chemical.
Actual instructions for using the graphs and tables and making the hazard assessment are
given in Section 5. Furthermore, worksheets are provided for each hazard assessment code
with a solved example of a hypothetical assessment on the left side of the worksheet and
blanks to be filled out for the real emergency situation on the right side of the worksheet.
The worksheets, graphs, and tables needed for calculations are indexed according to the
hazard-assessment code they represent.

In the event of an emergency, once the chemical being discharged is identified, the
needed on-scene information collected and hazard-assessment code obtained from the
Hazardous Chemical Data Manual, proceed to that part of Section 5 (Hazard Assessment)
indexed by the letters of the hazard-assessment code and make the actual assessment.
Instructions for the required calculations and solved examples are provided on worksheets in
that section of the handbook.
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3.0 INFORMATION NEEDS
3.1 ORGANIZATION OF INFORMATION NEEDS

When a hazardous chemical is discharged into water, it is essential that certain on-scene
information be obtained to assess the hazard presented by the discharge and initiate the
appropriate response. The needed on-scene information requirements are presented in this
section as a series of questions which must be answered as soon as possible by the Coast
Guard personnel who first arrive at the scene of the incident. The information absolutely
necessary for any level of hazard assessment is obtained by answering the *“‘primary
questions” given in Section 3.2. If time permits, attempts should be made to collect
additional information which will allow a more refined and accurate assessment utilizing the
hazard-assessment computer system (HACS) at CHRIS headquarters. This additional infor-
mation is to be collected by answering the “secondary questions’ given in Section 3.3.

As a guide and aid for answering the primary and secondary questions, a list of
information sources is provided in Section 3.4. For each question to be answered, possible
sources of information are listed for use by both on-scene personnel as well as base
personnel. The list of primary and secondary questions — as well as the sources of
information — is also provided in the Condensed Guide to Chemical Hazards. This guide
should be made available to emergency personnel at the scene of the incident.

Finally, a more detailed description of the sources of information is presented in
Section 3.5. Personnel who will be called upon to make the hazard assessment, as well as
those likely to be sent on-scene, should thoroughly familiarize themselves beforehand with
the detailed contents of Section 3.5 and rely only on the questions and brief source listing
(Sections 3.2, 3.3, and 3.4) to obtain the needed on-scene information during an emergency.

3.2 PRIMARY LIST OF QUESTIONS

In the event of an emergency, Coast Guard personnel, both on-scene and at base,
should concentrate on answering all the primary questions as soon as possible, using any or
all information sources provided here or otherwise available to them. The on-scene person-
nel should call in the answers to the primary questions to the hazard-assessment personnel at
base as early as possible. The on-scene personnel must answer all the primary questions
either from well established information or else by estimation.

Questions of Primary Importance:

Primary Question No.

1. What is the specific name of the chemical being spilled or discharged? Try
and verify the chemical identity from more than one source.

2. At what time did the spill occur or the discharge begin?
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Primary Question No.

3.  Where did the spill, discharge or accident occur?

4. How much of the chemical was originally in the leaking tank or hold?
5.  What is the wind speed and direction?

6. What fraction of the sky is covered with clouds?
(totally overcast, partially cloudy, no clouds)

7. What is the set and drift of the current?

8. If the spill has occurred on a water body which is affected by the ocean’s
tides, what is the maximum amplitude of tidal velocity? ‘

9. What is the approximate width and depth of the waterway?
10.  If gas is being vented, what is the approximate hole diameter?
3.3 SECONDARY LIST OF QUESTIONS

After the primary list of questions has been answered and the information transmitted
to the hazard-assessment personnel at base, the questions of secondary importance should
be answered.

Questions of Secondary Importance:
Secondary Question No.

1. How fast is the chemical being released or about how long did it take for the
tank or hold to empty or stop leaking? How much, if any, is left in the tank?
What is the size and shape of the hole, and the length, width, and shape of
the leaking tank? What is or was the height of the liquid level above the
bottom of the hole or the water level, whichever was or is higher?

2.  What is the temperature of the water?

3. What is the average depth of the water in the vicinity of the spill or
discharge?

4, "If the spill or discharge has occurred on a river or channel, what is the
average width of the river or channel?

5. What is the temperature of the air?

6. If the spill has occurred on a water body which is affected by the ocean’s
tides, how long is it from the beginning of the spill or discharge until the
next high tide?
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7. If it can be seen, how large is the pool of spilled chemical?

8. What is or was the action of the chemical upon release? Did it seem to boil
on the surface of the water, mix with the water, sink into the water, or
what?

9. Is or was there a vapor cloud forming over the spilled chemical? If so, and it
could or can be seen, is or was it lying close to the water or rising?

10. What condition is the vessel in? Is it taking on water? Is it listing (how many
degrees)? Is it grounded on sand or rocks? Is it drifting?

11.  What type of vessel is it? What are its length and width and what is the
distance from its main deck to the bottom of its hull?

Answers to the secondary questions will allow the specialists operating the hazard-
assessment computer system to make a more refined and accurate estimate of hazard. Note
that the information obtained by answering the primary questions is sufficient for the
operation of HACS. Additional information obtained by answering the secondary questions
will result in a more accurate estimate of the hazard by utilizing HACS.

3.4 LIST OF INFORMATION SOURCES

Both the on-scene and base personnel should attempt to answer the primary and
" secondary list of questions. The sources of information that each may contact is given in
this section.

3.4.1 Suggested List of Sources for Answering the Primary Questions

®  Primary Question 1: Relating to the Identity of Chemical Being Spilled or
Discharged

On-Scene Personnel:”

a) Captain or crew of vessel

b) Shipping papers, cargo manifests
¢) Cargo information cards

d) Cargo warning signs

e) Placards or labels

f)  Certificates of inspection

g) Observable characteristics.
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Base Personnel:

a) Vessel operator

b) Shipping agent

¢) Where cargo was loaded

d) Compilations of vessel information
e) Coast Guard records

f)  Trade names

Primary Question 2: Relating to the Time at Which Incident Occurred or
Discharge Began

On-Scene Personnel:

a) Captain or crew
b) Nearby vessels or observers

Base Personnel:

a) Time at which distress call received
b) Nearby vessels or observers

Primary Question 3: Relating to the Location of Incident
On-Scene and Base Personnel:

a) Navigation charts or aids
b) Captain or crew of vessel
¢) Nearby vessels or observers

Primary Question 4: Relating to the Quantity of Chemical Originally in
Vessel or Tank

On-Scene Personnel:

a) Captain or crew of vessel

b)  Shipping papers, cargo manifests

c) Certificates of inspection

d) Estimation techniques (see Section 3.5).

Base Personnel:

a) Vessel operator

b) Shipping agent

¢) Compilations of vessel information
d) Coast Guard records
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Primary Questions 5 and 6: Relating to Wind Speed, Direction, and Cloud
Cover

On-Scene Personnel:

a) Estimation or measurement techniques
Base Personnel:
a) Weather Bureau

Primary Questions 7 and 8: Relating to Current Drift and Set and Maximum
Amplitude of Tidal Velocity

On-Scene Personnel:

a) Estimation or measurement techniques
b) On-scene observation

Base Personnel:

a) Published sources (e.g., Atlas of Surface Currents, see Section 3.5).
Primary Question 9: Relating to the Width and Depth of the Waterway
On-Scene Personnel:

a) Make approximate visual estimate

Base Personnel :

a) Navigation charts or aids.

Primary Question 10: Relating to the Hole Diameter for Gas Release
On-Scene Personnel :

a) Make approximate estimate visually.
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3.4.2 Suggested List of Sources for Answering the Secondary Questions

Secondary Question 1: Relating to Chemical Release Rate, Residual Amount,
etc.

On-Scene Personnel:

a) Captain or crew of vessel

b) Estimation or measurement techniques
¢) On-scene observation

Base Personnel:

a) Estimations based upon data received from on-scene personnel

Secondary Questions 2,3, and 4: Relating to Waterway Temperature, Depth,
and Width

On-Scene Personnel:

a) Estimation or measurement techniques
b) On-scene observations

Base Personnel:

a) Published sources (e.g., Navigational Charts, see Section 3.5).
Secondary Question 5: Relating to Air Temperature

On-Scene Personnel:

a) Estimation or measurement techniques

Base Personnel:

a) Weather Bureau

Secondary Question 6: Relating to Time to Next High Tide
Base Personnel:

a) Published sources (e.g., Tidal Current Tables, 1974, Atlantic Coast
of N. America, see Section 3.5).

The remainder of the secondary questions can only be answered by on-scene per-

sonnel as the answers depend on visual observation of the incident.
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3.5 DETAILED DESCRIPTIONS OF INFORMATION SOURCES

3.5.1 ldentity and Quantity of Chemical:

The information sources available for determining the identity and quantity of the
chemical are numerous and rather complexly interrelated. Many of them can either lead
directly to the desired answer or can lead to another information source which can provide
the answer. Descriptions of the information sources listed in Section 3.4 follow.

® Crew of Vessel:

The crew of the vessel, especially the captain, can be the most valuable source of
information. It may provide the information desired directly or provide leads to numerous
other sources of pertinent information.

®  Shipping Papers, Cargo Manifests, etc.

Every vessel which travels U.S. waters and transports a hazardous chemical is required to
have aboard certain documents which describe its cargo. For bulk shipments, these docu-
ments will include the common chemical name of the cargo. For shipments other than those
made in bulk quantities, the common chemical name has to be given only if the material is
specifically mentioned by name in the Code of Federal Regulations. Otherwise, certain
general names which are found in the regulations for various categories of chemicals may be
present. An example of one of these general names is the phrase “Alcohol-N.O.S.” where
N.O.S means “not otherwise specified.” A substance thus identified might be any of the
large number of alcohols which are not specifically named in the regulations. Other
abbreviations which are commonly used in place of N.Q.S. in shipping papers include:

N.O.l. — not otherwise indexed

N.O.I.B.N. — not otherwise indexed by name.

Table 3.1 lists the information items which are typically required to be present in the
shipping papers of vessels carrying dangerous cargoes. The information presented should not

be used for enforcement purposes since it does not point out important exceptions or
qualifications.
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TABLE 3-1

INFORMATION REQUIRED IN PAPERS CARRIED BY VESSELS

All
Ships- Barges-
Hazardous Hazardous
Data Item Cargoes Cargoes
Bulk and Non-Bulk Cargoes:

ldentification of cargo X X
Approximate quantity by compartment X X
Name and address of shipper X
LLocation of loading point X
Consignee’s or cargo owner’s name and address X X
Name of vessel X
Official number or international radio call

sign of the vessel X
Nationality of vessel X
Classification of substances aboard

(such as explosive, flammable

liquid, etc.) X
Stowage provided for substance X

Non-Bulk Cargoes Only:

Number of packages X
Weight and type of packages X .
Shipping or loading marks and numbers on

packages X
Labels applied to package {if required) X
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® Vessel Operator’s Dispatching Office

If the crew, shipping papers, or other sources of information described below give
sufficient information to lead to the vessel operator’s office or dispatching office, this office
can be contacted, both to notify it of the accident and to obtain necessary information.

° Shipper of cargo, consignee (receiver) of cargo, etc.

Once sufficient information is obtained to contact these people, further information
about the cargo can be obtained from them. They should know what they shipped, or what
they ordered.

®  Where cargo was loaded

If the specific location and name of the facility is known, it can be contacted,
Presumably, it will have some record of what cargo personnel at the facility loaded aboard
the vessel.

° Cargo Information cards

By suggestion of the Manufacturing Chemist’s Association, many barges and ships now
carry aCargo Information Card for each type of cargo aboard. This card will generally be
carried on the bridge or in the pilot house of the vessel, readily available for use by the
person in charge of the watch. The cards may also be carried aboard each barge, mounted
near the warning sign which is discussed below. The minimum card size allowable is
7" x 9'%%". Data listed for each chemical aboard include:

a. ldentification of cargo,
b. Appearance and odor,

c. Statement of hazards involved and instructions for safe handling, and as
applicable, the need for special cargo environments,

d. Emergency procedures and precautions, and

e. Fire-fighting procedures and precautions.

The response and hazards information given on these cards is similar to that given in
the Condensed Guide to Chemical Hazards. The presence of a card indicates that the par-
ticular chemical the card describes is likely to be aboard.

° Cargo warning signs — Barges
Barges carrying certain dangerous cargoes will be marked by warning signs 3 feet wide

by 2 feet high with black letters on a white background. Warnings will include one or more

of the following:
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Warning .
Dangerous Cargo

No Visitors — (indicates possible poisonous cargo)

No Smoking

indicate a fl
No Open Lights }(m tstle @ Plarmaiatle: EATE0)

These signs are often found welded onto the barge and are never taken off, even if the
particular cargo is not so hazardous as indicated by the sign, or if the barge is empty.
Nevertheless, the sign should never be taken for granted. If the barge is loaded, which can be
determined by how deeply it sits in the water, it should be assumed that it does have a haz-
ardous cargo aboard and should be approached carefully. If the name of a chemical is dis-
played on this warning sign, then that is the only chemical aboard. This is further discussed
under ‘“‘Placards.”

Under no circumstances should the absence of a sign be taken as proof that the cargo
is not hazardous.

® Placards — Barges

If more than one type of chemical is aboard a barge, one of which is considered haz-
ardous, there should be either an individual sign or placard at or on each tank or hold of the
barge giving its contents, or there should be one sign posted listing what each tank or hold
contains. When a barge is carrying only one type of cargo, then the warning sign may have
the name of the substance on it and no other signs need be aboard. Thus, if the warning sign
gives the name of one chemical, it is likely that no other chemicals are present in the barge.

® Compilations of Vessel Information

Two compilations of information on vessels exist for each Coast Guard diétrict, and
they can quickly provide information about vessels operating in the area. Each is described
below and generally will be on-hand in the duty office of the nearest Coast Guard base.

The first of these is a U.S. Army Corps of Engineers booklet, which contains informa-
tion on the waterborne transportation lines which operate in various areas of the country.
There are three such compilations at present — one for the Mississippi River System and the
Gulf Inter-Coastal Waterway (series 4), one for the Great Lakes System (series 5), and one
for the Atlantic, Gulf, and Pacific Coasts (series 3).  Each of these contain the two tables
which are described below. )

The names of the vessel operators are listed alphabetically in Table 1. Each entry gives
the name and address of the operator. Table 2 lists the operators in alphabetical sequence
and, under the name of each, gives the names of all vessels operated by him and lists for
each the net register tonnage, register and overall length, register and overall breadth, draft
(both loaded and light), horsepower, capacity in short tons or units of cargo, number of
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passengers, heights of fixed superstructures, cargo handling equipment, vessel operating
base, and year built or rebuilt. (Note: 1 short ton = 2000 1b).

The second compilation of vessel information is the Department of Transportation — U.S.
Coast Guard’s “Merchant Vessels of the U. S.” which contains a number of useful tables of
data about all registered vessels of the United States.

Table 1, List of Vessels, provides an alphabetical list by name of the vessels, giving the
official number of the vessel, signal and radio-call letters, type of rig, gross and net tonnage,
length, breadth, width, hull type, when and where built, type of service used for, horse-
power, name of owner, and home port.

Another table, Signal Letters, is an alphabetized list by signal and radio call letters
giving the name of the vessel, and may be useful in the rare event that the signal letters of
the vessel are known, but no other information is available.

The final Table, Index of Managing Owners, is an alphabetical list of the owners of the
vessels, giving their names, addresses; and the names of the vessels they own. Having looked
up the name of the owner in the first list, one may refer to this list for further information.

° Limitations

The Corps of Engineers booklet unfortunately, does not include an alphabetical listing
by name of the vessel. If the name of the vessel is something like “Exxon 101” it may be
self-evident who owns the vessel, but if it is a name such as “Intruder” or “Mary Lou,” it is
virtually impossible to find who the owner is by use of this compilation. Yet it is this
compilation which is most complete, for it lists all registered and certified vessels which
operate in a region. The major limitation of the DOT-USCG book is that it only lists the
registered vessels. Most barges are certified but not registered. A large number of the
open-hopper type may be neither.

° Certificates of Inspection

Another source of information, especially for barges, is the certificate of inspection
which each vessel must carry. For barges, this document, which is generally sealed in a tube
or “mailbox” on the deck of the vessel, lists the dangerous cargoes which the barge may
carry. Other information given includes:

a) The maximum cargo weight (short tons),

b) The maximum density of the cargo (Ibs/gal) which can be exceeded in some
cases if maximum weight of cargo is not exceeded, and

c) The name and address of the owner of the barge.
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This information is obviously limited, but the list of dangerous cargoes limits the
number of hazardous cargoes that have to be checked. Also, it may help identify the
chemical from its observable characteristics (discussed below).

The name and address of the owner of the vessel may lead to the shipping agent for the
particular cargo being transported, which in turn can lead to identification of the chemical.

° Coast Guard Records

The U.S. Coast Guard presently requires that the Captain of the Port (COTP) be noti-
fied 24 hours in advance whenever shipments of any of 40 specific dangerous cargoes are
scheduled to arrive. Thus, the port captain’s office nearest to the area where a spill or dis-
charge has occurred may have received such notification for the vessel in question if it was
headed for, or had recently left, a port where this regulation is observed, and was carrying
one of these specially regulated substances. A list of these chemicals is given below.

Acetaldehyde Carbon disulfide Hydrochloric acid Propane

Acetone cyanohydrin Chlorine Methane Propylene

Acetonitrile Chlorohydrins, crude Methyl acrylate Propylene oxide
Acrylonitrile Crotonaldehyde Methyl bromide Sulfuric acid

Allyl alcohol 1,2 dichloropropane Methy! chloride Sulfuric acid, spent
Ally1 chloride Dichloropropane Methyl methacrylate (Monomer) Tetraethyl lead
Ammonia, anhydrous Epichlorohydrin Nonyl phenol Tetraethyl lead mixtures
Aniline Ethylene Oleum Vinyl acetate

Butadiene Ethyl ether Phenol Vinyl chloride

Carbolic oil Ethylene oxide Phosphorus, elemental Vinylidene chloride

Also Class A explosives and certain oxidizing and radioactivc materials.

° Trade Names

Many chemicals with long, complicated technical names are commonly known by
simple trade names. If such a name is given for the chemical instead of its chemical name,
then Coast Guard personnel will have to determine to which specific chemical the trade name
refers.

A thesaurus of chemical name synonyms is given in the Condensed Guide to Chemical
Hazards and the Hazardous Chemical Data Manual respectively, is a prime source of such
information. This thesaurus lists a number of commonly used names for each chemical
presently covered by CHRIS. If its name is not given there, the shipping agent, dispatching
office of the carrier, or the consignee of the cargo should be called. If information is not
available from these sources, then another hazardous chemical information system may
be called. Such systems presently existing are described below.
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° Other Emergency Systems, Trade Names, Markings, Etc.

Given a situation where the trade name of a substance is known from markings on
tanks or packages, the substance is only partially identified, or the properties of the
substance are not given by CHRIS, a number of organizations can assist in identifying the
chemical and in placing Coast Guard personnel in contact with people with experience
and knowledge of the substance involved.

These organizations will provide assistance in many ways during an emergency, such as
providing advice regarding response methods, sending an emergency team of experts if
necessary, or locating special equipment and operators. To ensure smooth emergency
communication, they should be provided with both the number of a telephone and with all
the information about the accident that is initially available. The telephone numbers of each
organization are given below. These organizations are in contact with one another and
calling either will usually provide the resources of both. Both organizations are further
discussed in the Response Methods Handbook.

Within the United States
Chemical Transportation Emergency Center — CHEMTREC

Continental United States:

* 800-424-9300 (toll free)
*483-761 6 in District of Columbia

Alaska:
*202-483-7616
Within Canada or near the border:

Transportation Emergency Assistance Plan — TEAP

Western Ontario: * 519-337-8282 (Dow Chemical)
Central Ontario: * 416-356-8310 (Cyanamid)
Eastern Ontario: * 613-348-3616 (DuPont)
Northern Ontario: * 705-682-2881 (Can. Ind.)
Southwest Quebec: * 514-373-7570 (Allied Chemical)
North Central Quebec: * 819-537-1123 (Gulf OiD)

*Long distance prefix if required.
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° Observable Characteristics

The identification of a chemical by its observable characteristics (e.g., color, odor,
state, etc.) is difficult. So many chemicals resemble each other and have characteristics, such
as odor, which are difficult to describe in words, that there will be very few cases where a
positive identification can be made in this manner. Nevertheless, once a chemical has been
identified from one of the other sources of information discussed, the characteristics which
are given for the chemical should serve as an aid in the confirmation of the identification.

In other cases where the list of possibilities has been narrowed down to relatively few
by use of other sources of information, these characteristics may be enough to identify the
chemical or narrow down the list further.

3.5.2 Rate-of-Release Estimation Techniques — Unpressurized Tanks*

® Cargo Losses from Damaged Ships and Barges — Unpressurized Tanks

When a ship carrying hazardous liquid cargo has grounded, or is damaged to the extent
that an outflow of the dangerous material is taking place, it is desirable to estimate the rate
of loss and the amounts involved. However, exact calculations require detailed data as to the
size and shape of the hull, tank arrangement, and capacities, elapsed time since the casualty,
and complicated mathematical procedures which are usually impractical to use during an
emergency.

In the case of a tank ship, the irregularity of the hull shape makes rough estimates
unreliable; cargo loss quantity and rate cannot be merely related to simple measures such as
the list of the ship. Because of this, the type and size of rupture and the height of the liquid
above the rupture may be the only principal measures by which cargo loss can be estimated.

Barges, however, are generally rectangular and therefore their cargoes are easier to
approximate. Not only is the hull usually box-shaped, but the individual tanks within the
hull are also rectangular. Therefore, it is possible to establish guidelines for barges which will
assist in estimating the cargo loss either by relating the loss to the trim or list or to the type
and size of rupture and height of the liquid above the rupture.

Note that the guidelines given here for barges are approximations based on the
following assumptions:

The barge is rectangular in shape.

The hull tanks initially were fully loaded, that is, they contained liquid cargo
from the bottom of the hull to the main deck. This is the dimension called “D”’ in
the plots.

*NOTE: The information given by the estimation techniques in this section is desirable but not necessary
to or required by any other part of this manual.
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The tanks are all of similar capacity and there are “N”’ tanks within the hull.

The tank is not pressurized.

In each of the estimation procedures it is preferable to work with measurements taken
from plans or specifications of the craft. If the owner of the barge can be contacted, he can
probably provide such information. Without such data, the necessary dimensions have to be
estimated by eye, which may be difficult if the vessel is offshore or cannot be approached
due to the release of its hazardous cargo. Nevertheless, with the use of these aids, the order
of magnitude of the spillage can be estimated.

®  Rate-Of-Release Estimation Techniques Based on Shape and Size of Opening (hull
fracture) of Leaking Tank:

Nomograms for three different types of hull fracture are shown in Figures 3.1 through
Figure 3.3. Figure 3.1 is for the case of a rectangular, slot-shaped opening. To use it, draw a
line between the value for b on the first vertical line to the value for h on the third vertical
line. The intersection of this line with the second vertical line gives the flow in gallons per
minute (gpm). For example, given that b is 1 foot and h is 4 feet, the flow is found to be
about 14,000 gpm from the second vertical line.

The second nomogram (Figure 3.2) covers the case of a notch-shaped, triangular
opening. To use this nomogram, it is necessary to use the first and fourth vertical lines with
values of b and d, respectively, to find the point of intersection with the second vertical line,
and then to use this point along with the value of h on the fifth vertical line to determine
the flow from the third vertical line. For example, given that b is about 0.6 feet and d is
about 3.75 feet, the point found on the second line is about 0.8. Using this point and an h
of 2.7 feet, we find that the flow is about 1400 gpm.

Figure 3.3 covers the case of an irregularly shaped hole. Given the estimated area of the
hole, A, and the liquid level, h, the flow is determined in a manner similar to that used in
Figure 3.1.

In all three cases, the rate of outflow ““q” decreases with time as the tank empties and
the liquid level “h” diminishes. However, as the weight of the liquid cargo leaves the tank,
the hull tends to rise and usually gives the barge both list and trim, depending upon the
location of the tank in the geometry of the hull. The outflow stops when the “head” of
liquid inside the tank equalizes with that of the water outside the tank.

The shapes of these curves of outflow “q” against time are indicated in a plot
(Figure 3.4) following the three nomograms. These are examples only and show the
approximate comparisons between the three types of hull damage for ruptures of similar
size under similar conditions.

As further aids for using these estimation techniques and the others following, a list of
conversion factors is presented in Table 3.2.
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(feet) low (gpm) Instructions for use are on page 29.
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FIGURE 3.1 RATE OF CHEMICAL DISCHARGE FROM A
RECTANGULAR SLOT-SHAPED OPENING

30



SONIN3dO A3dVHS-HOLON HYTNONVIHL WOHH IDHVHISIA TVIINIHI 40 31VH Z'€ IHNOI

310y ay3 JO wo10q ayl aaoge
{9A3] pinbi) ay3 o 1ybiay ay sy

‘6 9bed uo aie
asn 10} Su0lIoNAISU|

S

0c
8l

Gl

€l
¢l
L
0]

6

8
L

(1993) y

=y

ODOMN~NO 10 < ™

€l
Gl

81l
0c

G¢

L1

|

1Ll

1

3joy ay3 40 wo1109 ayj o1
309p 9yl WOy 3DUBISIP 3YL SI =

4

i WOoOol1
- INOSG
- INGZ

- WOL

- NG

- ING'C

- NL

- 000'005
- 000°05¢

- 000001
- 000°05

p

- 000'62 — —_

- 00001
- 000'G

R S
—

o

—

—
R

i -
T 008¢€ -
[ S ,
- 000 L
T 005
T 082
T 001
- 0§
T &2
1 ot

(3994) p (wdb) moj4

aul| aouaJajay

S0

Lo 7

500°

8]0y 8y} 4O YIpIm 8yl si = g

b I
r:.l@:rr
J.rrrrrr i
— -z e
—
diyg Jo abieg jo maip apig
- ?
|ana]
N pinbin

Py
t
[ e
¥aQ

T VON~NOOOO

™

Emtﬂ

31



O

< 0 © ™~ 00 =
]
I

_. -
(1094) 'y

S370H d3dVHS ATHVINDIHYI WOHA4 IDHVHISIA TVOINIHO €€ IHNDIA

‘6¢ abed uo ale asn 40} suoIl1ONIISU|

Jaybly s1 Janaydiym ‘aulj Jazem ays

10 3|0y
|33 P!

ayl

aul

ay1 40 Ja1uad ayi anoge
nbi| ay1 jo ybiay ayy s =
1894 aienbs ul ajoy

4O BaJe PA1RWIISA BYLSI =

J31EM %...\ v

F__

|ana pinbi

aur
= 1318

|ana pinbi

A,--i-- L

d !

- ]

W — s

)
diysg Jo afieg jo malp apig

PRSI

000°000°L

000008

000’052

000°001

000°0S

PR
e

000'6Z

0000l
000's

00S'C

000°L
00s

0S¢
00¢

{wdb)

1
i

MO|4

(3

™11

l
T

001
0L

0s
oy

o€
Se
0c

Gl
oL

[SP IR i T

ol

0}°)

1A

32



Percent of Cargo Remaining

100

|
[42]

4]
o

25

Hole

- Slot

Motch

"

Time
—_—

FIGURE 34 COMPARATIVE CARGO LOSS VERSUS
TIME FOR THREE TYPES OF OPENING
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TABLE 3.2
USEFUL CONVERSION FACTORS
7.48 gallons = 1 cubic foot

35 cubic feet of seawater
31.25 cubic feet of seawater

262 gallons
234 gallons

1 long ton
1 short ton

1 cubic foot of seawater = 64 pounds

1 long ton = 2240 pounds
1 short ton = 2000 pounds

Specific gravity = Weight ofﬁj1 cu ft of liquid

Gallons of liquid per long ton = 262
Specific gravity

Gallons of liquid per short ton = _234
Specific gravity

11long ton = 1,12 short ton

®  Estimation Techniques (for barges only) for Determining the Capacity of an Individual
Tank, the Quantity of Cargo Remaining in a Tank, and the Quantity already Lost:

To assist in the estimate of the situation, two other nomograms are given. Figure 3.5
can be helpful in estimating the capacity of an individual tank once the length, beam and
depth (L, B, D) of the barge hull, and the number (N) of tanks have been determined. As
noted before, this information may be estimated, but preferably should be obtained from a
description of the particular barge. Allowances have already been made for voids at the ends
of the barge and for double-skinned sidewalls as this should help simplify the matter.

To use the figure, it is necessary to use the values of L and B on the first and third
vertical lines, respectively, to find the point of intersection with the second such line. The
values for D and N are then used on the fifth and seventh vertical lines, respectively, to find
the point of intersection with the sixth line. The connection of the points found on the
second and sixth lines results in the determination of the capacity from the intersection of
this line with the fourth line.

Figure 3.6 can be helpful in estimating the quantity of cargo which is still in the tank.
Also, since the capacity of the tank, in gallons, can be estimated from the previous
nomogram and the amount left in the tank, also in gallons, from this nomogram, the
amount which has already been lost overboard becomes the tank capacity less the remaining
or residual amount, or

Loss=C — R.
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To use the nomogram, the values of h and D are used on the first and third vertical
lines, respectively, to find what percent the tank is full. This percent and the capacity of the
tank on the second and fifth vertical lines, respectively, are then used to find the residue left
in the tank from the fifth such line.

Another technique for estimating the above two items is described near the end of the
section. This rate-of-release estimation technique is based upon actual liquid-level measure-
ments which may be taken by on-scene personnel if they can safely board the stricken
vessel, and the technique is applicable to both barges and tanker ships.

®  Rate-of-Release Estimation Techniques Based Upon List or Trim of Hull (for barges
only):

The most appropriate equation to relate the list or trim of a vessel to the amount of
cargo released is the one which is used for determining the metacentric height of the vessel.
However, this equation does not take into account the rise in the hull at the damaged point
due to the angles of list and trim and the fact that the draft at that point will therefore be less
than that which can be estimated and the lost volume of chemical (down to the new
waterline) will be greater. Therefore, this approach is limited to small angles between 0 and
15 degrees. For larger angles, the errors become large and a very complicated calculation
procedure is required for even rough approximations.

Also, situations can be stipulated where there will be no angular displacement (list or
trim) of the hull, even though the entire contents of the tank are lost. For example, this will
occur whenever the specific gravity of the cargo, its density relative to water, is equal to the
ratio of the draft of the barge to the distance from its deck to the bottom of its hull (T/D).

In addition, some rather important secondary effects have been omitted. These lie in
the “free surface effects” which may reduce the metacentric height appreciably and which
therefore may influence the final answer. It is assumed in the given solution, as noted
previously, that the tank is fully loaded.

Furthermore, to simplify the equation to a form which can be used somewhat
quickly in the field, we have assumed that the hull of the barge is divided by a longitudinal
centerline bulkhead dividing a set of port and starboard tanks. This assumption will
sometimes be invalid.

Nevertheless, because of a lack of a more accurate or simpler method at this time,
the estimation technique given below can be used to make a rough estimation of the cargo
loss of a listing, box-shaped vessel such as a barge. The above limitations are stressed first,
however, so that the user will be aware of the pitfalls inherent in this type of simplified and
extrapolated simplification.
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° Calculation Procedure:

B L = Length of Barge in Feet
¢ .
New List
Original List\ " ew LIS
Deck Ce/nterline Bulkhead

ke P Barge Section
—_% _________ — $° End View

= =

New Original
Bottom D"F-"ftl Draft
Keel Line
SCHEMATIC OF BARGE DIMENSIONS NEEDED TO CALCULATE
CARGO RELEASE AS A FUNCTION OF LIST

For a given size barge with dimensions L, B, D, and T_ and with a list of ¢ degrees, the
amount of chemical lost, ““w” is given by the equation:

LB [B> — 6 T2 (D/T, — 1]

105B _sy07, (D/T, - 1
tan ¢ T, (D/T, )

w=1.12

where “w” is in short tons (1 short ton = 2000 Ibs).
Figure 3.7 can be used to quickly determine the quantity 105B/tan ¢.

As a numerical example, assume:

L = 100 ft
B 35 ft
D 12 ft (A typical small barge)
T, = 8ft
Then,
o= 0.4049360
3675 840
tan ¢
Forg= 5° OB =~ 43000, w=098.3 tons
tan ¢
10°, =~ 20,800, w = 202.3 tons
15° = 13,700, w = 314.7 tons
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Within this range of angles (0° — 15°) one could make a general approximation and say that
there is a loss of 20 tons per degree of list, since the results are nearly linear. .

In the event that the release rate is desired, the total amount of chemical which has
been lost to produce a given list can be divided by the time which has elapsed from the
beginning of the discharge to yield an estimate. For example, if the barge used in the
example above developed a 10° list in 10 minutes, the average release rate would be given
by:

202.‘3_ = 202 t()_r"@
10 min min

® Rate-of-Release Estimation Based Upon Liquid Level Measurements for Unpressurized
Tanks

Given a situation where the chemical being discharged is not poisonous, or personnel
wearing fully protective clothing and self-contained breathing apparatus are capable of
safely boarding the vessel, a simple,” more accurate estimation technique can be used. The
procedure to be followed is described below.

1) Determine the length and width of the leaking tank.
2) Stick a long, straight pole (gage pole) or “dipstick” down into the tank .
either through an ‘‘ullage’ hole, or through a hatch cover, pull it up, note

what time it is, and measure the length of the pole which is “wet.”

3) Wait 15 minutes or so if the leak is slow, orv a shorter period of time if it is
relatively fast.

4) Repeat step 2 above.
5) Subtract the length the pole was “wet” in step 4 from the length it was

“wet” in step 2. If the measurements were made in inches, divide the .
number resulting by 12 to put it into units of feet.

6) Multiply this number by the width and length of the tank (both in units of
feet). This gives the volume of chemical which was lost during the time
interval recorded. Dividing this volume by the time interval (in minutes, for
example) produces the volumetric release rate in units of cubic feet per
minute.

7) Muttiply this number by 7.48 to determine the release rate of the chemical
in gallons per minute.

An example follows:
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Steps 2-4:

At time 10:30 a.m. a “dipstick” is put down into a 20-foot long by 10-foot wide tank.
It is pulled up and it is noted that 96 inches of the pole are “wet.” At 10:45 a.m. the
procedure is repeated and it is determined that 72 inches of the pole are “wet.”

Step 5

96" — 72" = 24"
24" x 1 £t/12" = 2 ft

Step 6:

2 ft x 20 ft x 10 ft = 400 cubic ft.

400 cub‘ic ft 26.66 cubic.: ft-
15 min min
Step 7:
26.66 Subicft  T4Bgal 995 gl _ e of release
min cubic ft min.

° Helpful Hints, Improvements, and Determination of Total Amount of Chemical in the
Tank:

Many towboats carry gage poles for measuring liquid levels. They are generally marked
in one-foot intervals by alternating colors. Towboats may also carry “water finder,” a
greasy-like substance which, when smeared on the gage pole, turns color on contact with
water. It is used to check on the leakage of water into tanks containing petroleum products.

The above estimation technique assumes that if there is any water in the bottom of the
tank, the level of the water will not change during the time interval between measurements.
However, if the tank contains a petroleum product, and it is known or suspected that water
is present, “water finder’” can be used to determine the level of the water at the same time
the two measurements are made.

If the water levels are different, the following example, based on the above one, can be
followed to give a more accurate answer.

At 10:30 a.m. the water level is found to be 18 inches. At 10:45 a.m. the water level is
24 inches.
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96" — 18" = 78" = depth of chemical at 10:30
72" — 24" = 48" = depth of chemical at 10:45

Then, as above:

"_ " "
78 48" 30" _ o
12 12

2.5t x 20 ft x 10 ft = 500 cubic ft.

500 cubic ft X 748 gal. = By .
1S min . wbicFt 249.24 gal/min = rate of release

The total amount of chemical in the tank can also be estimated from the above. For

example, if the depth of the chemical is 96", as it is at 10:30 a.m. in the first example, the
tank contains:

96" x 1 ft/12" x 20 ft x 10 ft x 7.48 gal/cubic ft = 11,968 gallons

Note also that the capacity (in gallons) of the tank would simply be its
width x length x height x 7.48.

If the vessel is carrying a Class B poison or some other chemical which is toxic or
otherwise dangerous, it may have a closed gaging device for indicating the quantity of
material (level of liquid) in each tank. These devices are very similar to the liquid level gages
found in home oil tanks, and if present, preclude the necessity of opening the tank to use a
gage pole. The levels at two different times can simply be read off and used in the first
procedure above.

3.5.3 Wind Speed and Direction, Air Temperature, and Other Weather Conditions

All of these data items can be grouped together under the heading of meteorological
(weather) data and, as such, might be available from the National Weather Service
Forecasting Office which is nearest the spill or discharge site, or from any other operation
(e.g., off-shore drilling platform) which has need of accurate and complete meteorological
data in the area of interest. All such operations, including the weather bureau, are listed and
described in the Regional Contingency Plan (RCP) in a section entitled ‘‘Meteorological
Agencies,” along with information on how to contact them.

Specific information which is needed includes:

Wind speed in knots (1 mph = 0.8684 knots, 1 knot = 1.15 mph)
Wind direction

Air-temperature

Weather conditions

L =
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However, ifan accurate estimate of the conditions at the spill site cannot be readily
provided, or if Coast Guard personnel at the scene desire an immediate estimate of the
conditions to make a preliminary hazard assessment using this handbook, a number of

a. Fraction of sky which is covered by clouds
b.  Whether it is a cloudy, dull day or sunny
c.  Whether it is raining or snowing in any way.

“rules-of-thumb” are available for their use. Selected examples are given below.

Estimation of Wind Speed from the Effects of the Wind on the Sea or on
Land

The modern Beaufort scale is presented in Table 3.3. Given observations of
the effects of the wind on the sea or on land, it is possible to estimate the
wind speed or vice versa.

Estimation of Wind Direction

The direction from which the wind is blowing is usually a simple matter to
determine. It can be done either by noting the direction in which a flag or
pennant is blowing, or by generating some smoke and observing in which
direction it is borne, or in several other ways, and by then referring this
direction to a compass heading.

Determination of Air Temperature

If a thermometer is handy, the temperature can be readily determined. If
one is not available, then the temperature must be estimated.

Estimation of Weather Conditions
An on-scene observer can easily estimate the fraction of the sky which is

covered by clouds, whether it is raining or snowing in any way, and whether
it is a dull, cloudy, or sunny day at the spill site.

3.5.4 Water Body Characteristics and Tidal Data

If a thermometer is handy, a bucket of water can be hauled in and its temperature
measured. If not, then it can be estimated based on past experience, or might be determined
' by consultation of one of the information sources listed in the ‘“Waterways Characteristics”

Determination of Water Temperature

or “Water Quality Agencies’ sections of the RCP.
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] Determination of Width of a Channel or Depth

Width of a channel may be estimated by eye, determined from navigation charts or
maps of the area, or determined by consulting the information sources listed in the
“Waterways Characteristics” section of the RCP.

Depths may either be determined by taking soundings, or by consulting navigation
charts or information sources listed in the above mentioned section of the RCP.

] Determination of Current Drift and Set in Rivers Not Influenced by Tides

The drift of the current can either be estimated based on observations and experience
gained through previous estimates, or the information sources listed in the RCP in the
“Waterways Characteristics’ section can be consulted for more accurate, up-to-date data.

e  Determination of Current Drift and Set in Rivers Affected by Tides (Estuarie-s) '

The exact set of a current can be found in the Tidal Current Tables published yearly by
the U.S. Department of Commerce.

The drift (velocity) of the current of such a tidal-action affected area is that velocity of
the river which is constant and not affected by the tides (velocity of fresh water inflow). It
can be determine by taking the difference between the flood and ebb maximum velocities,
found also in the current tables noted above, and dividing it by 2.

°® Determination of Current Drift and Set in Coastal Waters

In coastal waters, currents are usually caused by tides and they change in direction
(set) and velocity (drift) as the state of the tide changes. In some places the currents so
caused will be of the reversing type which abruptly change direction approximately 180°
between flood and ebb. In other places, the set will change in small increment so as to create
a constant rotary current. Variations of these tidal effects may also be found. The exact
effect of the tide on currents in any specific area may be found by consulting current tables,
current charts, pilot charts, or even local harbor or river pilots.LLocal knowledge is of great
value in dealing with movements of tidal currents. While the changes in the set of tidal
currents have a tendency to nullify the cumulative effect, they must be considered in
computing the direction in which a spilled chemical will travel for the following reasons:

(a) Often, with reversing currents, the effect of the current in one direction is

greater than in the other so that, over a period of time, the cumulative effect
is more in one direction than the other.
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(b) Even over short periods of time, the flow of tidal current will cause changes
in the probable position of the chemical for any given time for which a
hazard may exist.

Since most areas affected by tidal currents will be close to land masses, local wind
current, as discussed below, will not be a factor in determining current direction. Because of
this, the determination of the most probable direction and velocity a pool of a spilled
chemical will travel will be equivalent to the set and drift of the tidal current only.

If the situation extends over several days, the cumulative effect of reversing tidal
currents may be such as to thrust the pool of chemical into areas where sea current takes
effect. In such cases, surface current considerations may shift from tidal current to sea
current in the later stages of the incident.

®  Determination of the Maximum Amplitude of the Tidal Drift (Velocity) and Tidal
Period for Coastal Waters

The maximum amplitude of the tidal drift (velocity) can be found by determining
from the tidal current tables the maximum drift of the flood and ebb currents for the spill
area, and taking their average.

The length of the tidal period can be determined by looking up in the same table the
time between two high or low tides (usually about 12.4 hours or 44,700 seconds).

° Determination of Current Drift and Set Offshore

The set of the current offshore can be found by the use of the average sea current
and/or the local wind current. Information sources for these are described below and their
inter-relationships explained.

The average sea current is that current present in the open sea which is caused by factors
other than local winds. It has its greatest effect in those portions of the sea affected by the
major ocean currents. Average sea current can best be estimated by use of U.S. Naval
Oceanographic Office Charts and Publications (H. O. Publications). Those which are used
for this purpose are: (1) A series of publications known as the Oceanographic Atlas —
Example: H. 0. 700 — Section I of the Oceanographic Atlas of the North Atlantic Ocean,
and (2) A series of publications known as the Atlas of Surface Currents — Example:
H. O. 570 — Atlas of Surface Currents for the Northeast Pacific. (These are being replaced
by the former but they may still be used.) Additional technical information on ocean
currents may be found in technical reports issued by the Naval Oceanographic Office, the
Environmental Science Services Administration, and the surveys conducted locally by
interested agencies. Methods for finding the average sea current follow.
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(a) SectionI of the Oceanographic Atlas

Use of the Oceanographic Atlas is the preferred method determining average sea
current, when the publication is available for the area in question. For the set of the current,
the red and blue arrows on the pages identified as the prevailing surface currents for the
season desired are used. Green and black arrows represent relatively unsteady currents which
are ignored. The drift of the current is given on the adjacent plastic overlay pages identified
as the mean current speed. Use the speeds given by the nearest contour lines and visually
interpolate to the nearest 0.1 knot. For spring and autumn currents, use averages of the
direction and speed from the winter and summer charts. In this case the current obtained
from a green arrow may be averaged with that from a red or blue arrow.

(b) Atlas of Surface Currents

The Atlas of Surface Currents is no longer available in those areas for which the Oceano-
graphic Atlas has been completed. In other areas they will have to be used until the issuance
of the replacement Oceanographic Atlas. Use the black arrows and numerals (the resultant
currents) shown in the 1-degree quadrangles as the basic figure and note the set and drift. To
determine the current steadiness, use the green arrow from the currentrowsin the 5-degree
quadrangle which most nearly approaches the set of the resultant current (black arrow) and
compare it with the scale of frequent percentage. If the steadiness is less than 40%, the
average sea current is considered unsteady and should be ignored in computations of current
direction.

(¢) Pilot Charts

Select the Pilot Chart for the body of water, the month, and the year involved. Check
the descriptive information on ocean currents for the month. Obtain the current set and
drift from the current arrows displayed on the chart. If the currents in the area under
consideration are weak, variable, or doubtful, ignore average sea current in computations.
Pilot charts should be used only when no other method is available.

° Local Wind Current is the current generated by the wind which acts upon the
surface of the water for a period of time. In any one area, this current factor will change as
the weather patterns change. This horizontal movement of the water results from the
exchange of energy between air and sea. The effect grows as a function of the wind force, its
duration, and the area over which the wind is blowing, eventually reaching a limiting
velocity. The set of this current is not necessarily downwind. As latitude is increased, the
effect of coriolis force deflects it to the right of the local wind’s downwind direction in the
northern hemisphere and to the left in the southern hemisphere (see Figure 3.8). A caution
which must be observed in using local wind current computations is that the assumptions on
which the data are based are such that they are only valid for the open sea where land
masses do not interfere with the action of the wind on the water or on the currents
generated by them. Methods for finding local wind current are:
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(a) Use of Figures 3.8 and 3.9 to Determine Wind Current

From the best sources of meteorological information, obtain an estimate of the wind
speed and direction (from which it has blown) and, if possible, an estimate of the fetch
(distance in nautical miles over which the wind has been acting on the water upwind) for the
previous 24-hour period. This information may be obtained from ships, island stations,
aircraft, the weather bureau, information sources listed in the Regional Contingency Plan in
the ““Meteorological Agencies” section, or by use of the estimation techniques described
previously in the wind speed and direction section. Enter Figure 3.8 with the latitude and
obtain the deflection. Apply this to the downwind course of the wind to obtain the set of
the local wind current. Enter Figure 3.9 with the wind speed at the top of the graph and
drop vertically to the wind-duration value. Read the current drift at this point. Repeat this
step, but use fetch distance instead of duration. Whichever step gives the lower current
speed is the limiting case, and the associated speed is the correct one to use. For example:
Assume a 28-knot wind blowing for the past 24 hours over a fetch of 100 nautical miles.
Entering Figure 3.9 with 28 knots and 24 hours duration, current speed is found to be 0.67
knot. Entering Figure 3.9 with 28 knots and a fetch of 100 nautical miles, current drift is
found to be 0.49 knot. The latter, being the smaller quantity, would be the correct value to
use. If the fetch is unknown, use the value found with wind speed and duration.

Figure 3.9 gives the current that would develop for a given wind, starting from zero
drift. With increasing wind speed, the procedure must be modified to compensate for prior
currents. That is, the current for 12 hours of a 40-knot wind is not the same as for the same

wind preceded by 12 hours of a 20-knot wind. Compensation for existing drift is accom-
plished by computing the duration in hours required by the present wind speed to generate
the current already present. This duration called “equivalent duration” is then added to the
true duration of the wind. For example, if the wind blows for 12 hours at 12 knots, then for
12 hours at 24 knots, the procedure is as follows. During the first 12 hours, the 12-knot
wind generates a current of 0.22 knot. A wind speed of 24 knots could create the same
current in 4 hours, a value which is obtained by entering Figure 3.9 with a current speed of
0.22 knot and a wind speed of 24 knots to read 4 hours on the left. Adding this 4 hours
duration to the 12 hours the 24-knot wind actually blows, gives an effective duration of 16
hours. Using 16 hours, rather than 24 hours with the 24-knot wind speed gives the correct
current speed of 0.54 knot. This procedure, in effect, accumulates the energy that has been
placed in the water by the wind and is necessary whenever the wind changes speed
appreciably.

For small wind changes in direction or speed (less than 45° or 10 kts), mean values will
suffice for using Figures 3.8 and 3.9. With more radical variations, wind current should be
determined for smaller periods and the total effect of wind current is then found by vector
addition of these currents,
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Wind Current Deflection

Latitude Deflection
0° to 10° None
10° to 20° 100
20° to 60° 20°
Greater than 60° 30°

Note: Deflection will be to the right in the
Northern Hemisphere and to the

jeft in the Southern Hemisphere.

FIGURE 3.8
WIND CURRENT DEFLECTION
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Note 2: The use of parallel rules is recommended to ensure accuracy when entering

this graph.

FIGURE 3.9
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(b) Use of Synoptic Charts

Synoptic current charts, prepared by the U.S. Navy, are currently in the experimental
state. They are distributed by Fleet Weather Centrals. When using these charts, care must be
used to determine if the specific chart shows only local wind current or a combination of
local wind currcnt and sea current. If they are of the latter type, then average sea current
should not bc included in computations.

] Estimation of Current Set and Drift Offshore

If the average sea current is to be used together with the local wind current direction
(as determined above), the two directions and the magnitudes of their velocities must be
added vectorially to determine the direction and velocity with which a spill will travel. This
is done as in the following example.

Suppose that the average sca current has been determined to set directly southwesterly
at 5 knots, and that the local wind current has been determined at 1 knot directly west. Let
1 inch arbitrarily represent a velocity of 2 knots and draw a line, as shown in Figure 3.10, in
a southwesterly direction of a length which represents the current velocity (5 knots = 2.5" if
2 knots = 1"). Note that this line or vector, as it is commonly called, is drawn from a point
selected to represent the spill site and represents both the velocity and direction of the
average sea currcnt. From the end of this vector, a vector is then “added” to represent the
local wind current. In the example below, this is the line which hcads directly west and is
0.5 inch (1 knot) in length. The velocity and direction which a pool of spilled chemical will
take is given by the angle and length of the line (dashed line below) which joins the spill site
point with the end of this sccond vector.

i ill Sit
Scale: 2 Knots=1" Spill Site

Current Velocity and Direction = s
Direction and Velocity //
Spilled Chemical will Travel
(2.9 = 5.8 Knots)

Average Sea
Current (5 Knots)

Local Wind Current
(1 Knot)

FIGURE 3.10 VECTORIAL ADDITION OF SEA AND WIND CURRENTS
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4.0 SELECTION OF CALCULATION PROCEDURES

When all of the on-scene information nceded for assessing spill hazards has been
collected, the selection of an appropriate calculation procedure for determining the hazards
can be made. The starting point in all calculation procedures is a knowledge of the specific
chemical which has been spilled.

4.1 HAZARD—ASSESSMENT AND CALCULATION CODES

Oncc the chemical bcing discharged has been identified and the needed on-scene
information has been collected by answering the ““primary questions,” one should refer to
the Hazardous Chemical Data Manual, and determine the Hazard-Assessment Code for that
particular chemical. The Hazard-Assessment Codc is given as Item I1 in the Hazardous
Chemical Data Manual and provides the key to sclecting the appropriate calculation proce-
dure. The page on which data on the specific chemical are carried in the Hazardous Chemi-
cal Data Manual should be left open, because additional data may be needed as the calcula-
tions proceed.

The Hazard-Assessment Code associated with each chemical must be examined very
carefully because it contains information needed for selecting calculation procedures and an
error in reading the Hazard-Assessment Code will result in an incorrect assessment of the
spill situation. Each Hazard-Assessment Code includes a number of letters representing all
of the hazards associatcd with this particular chemical. For example, a chemical, such
as liquefied natural gas, has the Hazard-Assessment Code ABCDEFG. This means that
the following hazards must be estimated using appropriate calculation procedures as defined
by a series of Hazard Calculation Codes that make up the Hazard-Assessment Code. The
Hazard Calculation Codes for liquefied natural gas are:

AB — venting gas fire,
AC — gas dispersion,
ADE — liquid fire, and
ADFG  — vapor dispersion.

A locally reproduced copy of Table 4.1 will enable rapid identification and listing of
the chemical and physical data needed to complete the calculation procedures in this
manual.

4.2 CHOICE OF CALCULATION PROCEDURE

With a knowledge of the Hazard-Assessment Code, one should next refer to the hazard-
assessment index tabs of this manual and determine which tab either matches or contains
most of the letters of the code for the particular chemical being considered. The Hazard-
Assessment Code for some chemicals may have only some of the letters in the primary
Hazard-Assessment Codes tabulated in this manual (for example, triethylamine has a code of
APQ and would be treated under index tab APQRS), or the Hazard-Assessment Code for
some chemicals may have letters from two or three of the primary Hazard-Assessment Codes
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tabulated in this manual (for cxample, hydrogen chloride has a code of ACKMNO and
would be treated under index tab ABCKLMN and AO). This simply means that only the
Hazard-Calculation Codes associated with the given letters in the code for the chemical
need to be calculated.

The procedure is to open this manual to the tabulated Hazard-Assessment Codes which
contain the letters of the Hazard-Assessment Code of the chemical in question and find the
specific Hazard-Calculation Codes corresponding only to the letters in the chemical code.
The Hazard-Assessment Code and the Hazard-Calculation Code are both indexed in the
upper right hand corner of each page.

After locating the proper Hazard-Assessment Code and identifying the Hazard-
Calculation Codes, the introductory material associated with each Hazard-Assessment Code
must be read and understood. This background material explains in general terms the
properties of the material, the hazards associated with the spill of the materials, and, in most
cases, presents both a sample calculation procedure and, immediately along side of it, an
area where the exact hazard for the material under consideration may be calculated. Cal-
culations can then be made right on the page along side of the sample calculation. The
calculation should be made in pencil, so that the results may be erased and the calculation
sheet reused. The sample calculation should be studied carefully to understand how the
answers are derived for the sample calculation before proceeding with calculation of the
hazards for the chemical spill under consideration.

4.3 CALCULATION TABLES AND FIGURES

In the course of calculating the hazards associated with a given chemical spill, reference
is often made to either a specific table or figure. These tables and figures* are found in the
Section 6.0, following the Hazard-Assessment Calculation Codes, and are located under the
indexed tabs which bear the initial letter of the table or figure. For instance, table and figure
numbers beginning with G will be found under the figure tab G of this manual. The figure
and table numbers are located directly under each table or figure. Often, when doing a
calculation, it will be convenient to circle the value or to make a mark on the graph corres-
ponding to the value being determined. This should be done with care to make sure that a
light mark is placed on the figure or table with a pencil so that the marks may be erased.

Some Helpful Hints on Using the Figures and Tables:

1. Do not use the sample’s figure or table number by mistake for your own
calculations. Do not use any of the numerical values from the sample
calculations when calculating the hazards for the chemical spill under
consideration. Be sure to use the figures or tables or values which are
specific to your own calculation.

2.  The on-scene information might not be obtained in units compatible
with the assessment graphs and tables. Be sure to convert the on-scene
information to the appropriate units, utilizing the conversion factors in
Appendix A before proceeding with the assessment.

*Note that some tables and figures have the same number. For example, there is a Figure G-1 and a
Table G-1. Do not confuse them.

54




CHRIS DA

TA REQUIREMENTS

Note: The chemical and physical data needed for assessment are found in the Hazardous Chemical
Data Manual (date item numbers are in parenthesis).

Primary Code ABCDEFG

Code AB - Venting Gas Fire Assessment
Materjal ______
Hole Diameter __

—— . n

Code AC - Gas Dispersion Assessment
Material [ e W
Molecular Weight(13.2)
Lower Flammable Limit (6.2) %

Threshold Limit Value(5.4) ppm
Spill Amount tons
Wind Veloeity . knots
Wind Direction “true

Weather

Code ADE - Liquid Fire Hazard Assessment
Material
Spill Amount __ tons

Specitic Gravity(13.7) gm/em
Burning Rate(6.9) mm/mi
Molecular Weight(13.2)

Boiling Point(13.3) knots
Wind Direction °true

Code ADFG Vapors - Dispersion Assessment
Material
Spill Amount %
Low Flammable Limit(6.2)
Molecular Weight(13.2)

Threshold Limit Value(5.4) ppm
Wind Velocity knots
Wind Direction °true

Weather

Primary Code ACl1J

Code AC - Gas Dispersion Assessment
(Toxic hazard only)

Material
Molecule Weight(13.2)
Threshold Limit Value(5.4) ppm
Spill Amount tons
Wind Velocity knots
Wind Direction °true
Weather

Code Al - Boiling Rate of Sinking
Linking and Vapor-Dispersion
Asscssment

Material A -
Molecular Weight(13.2) ___

Threshold Limit Values(5.4) ppm
Spill Amount e tons
Wind Velocity____ _____knots

Wind Direction
Weather

Primary Code ABCKLMN

Code AB - Venting Gas Fire Assessment
Material
_Hole Diameter in

Code ATU - Fire Assessment
Material
Spill Amount tons
Specific Gravity(13.7) gm/cm3
Molecule Weight(13.2)
Burning Rate(6.9) —
Wind Velocity knots
Wind Direction true
Stream Width p feet
Stream Velocity knots

Code AVW - Vapor Dispersion Assessment

Material

Spill Amount tons
Stream Velocity knots
Molecule Weight(13.2)

Low Flammable Limit(6.2)_______ %
Threshold Limit Value(5.4)_ ppm
Wind Velocity knots
Wind Direction true
Weather

Primary Code RR, RR-C

Code RR - Reaction Product Assessment
Material
Spill Amount

TABLE 4.1

CHRIS DATA REQUIREMENTS
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CHRIS DATA REQUIREMENTS (Continued)

Code RR-C - Reaction Product Assessinent Code AD - Water Pollution Assessment
Material ___ S Material .
Spill Amount __ ... ___tons Toxicity by Ingestions(5.6) _ gm/kg or
Hole Diameter(1t Applicable __in _— - e mg/kg
Molecule Weight(13.2) % Steam Width . feet
Low Flammable Limit(6.2)__ % Steam Depth feet
Threshold Limit Value(5.4) ______ ppm Steam Velocity _ knots
Wind Velocity _ __knots Specific Gravity(density(13.7)
Wind Direction _ ~ . true — S gm/cm3
Weather .
o Code AC - Gas Dispersion Assessment
Material -
. . Molecular Weight(13.2)
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