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Introduction

Foreword

This guide was prepared for the Washington State Department of Ecology to enhance the
ability of Ecology response staff to determine the volume of petroleum products that have
been released into the environment during a spill. 1t is intended for use by trained
Ecology response staff in conjunction with existing Ecology standard operating
procedures including Ecology safety & health plans and documentation protocols.
Information is provided on oil terminology, ranges (expected volumes), methods to
estimate volumes and expert contacts.

Concerns about safe operating practices at oil spills should be referred to the Ecology
Safety Office or reviewed in the Ecology Spill Response Operations Manual.

Oil volume estimation is required by Ecology in support of the Natural Resource Damage
Assessment (NRDA) program. Ecology’s goal is to provide an estimate of spilled oil
volumes that is legally defensible with a level of investigative effort appropriate to the
scale of the incident.

Three types of information are typically evaluated by responders when investigating
volumes of petroleum products that have been released into the environment; 1) source
(initial volume - final volume = amount spilled), 2) recovery (vacuumed product, oiled
debris, etc..), and 3) oil on water observations.

Source

Of the three methods, source is considered the most reliable, repeatable and defensible.
- Whenever possible, Ecology staff should make every effort to gather as much information
as possible on the source of a spill and attempt to estimate volume based on that data.

It is important to note that even under normal controlled conditions, inherent subjective
observations (temperature, measuring tapes, gauges, etc..) often lead to disagreements in
the amount of product measured. This requires remeasurement or compromise between
involved parties. Acceptable variance in measurements differ considerably throughout
the industry. Some companies insist that they know volumes within a few gallons, others
are satisfied when they are within several thousand gallons. One company might have an
allowable discrepancy up to 0.25%. On a transfer of 10,000 gallons (about the size of a
gasoline tanker truck) of product this could result in a difference of up to 250 gallons.

The process of accurately measuring petroleum volumes is made even more difficult
when factors such as tank damage, vessel instability, product mixing, etc.. are
incorporated. In these situations it may be necessary to completely off load the damaged
or leaking container into a container of known volume, then compare the resulting
difference in volume of the receiving container (following recognized API/ASTM
standards throughout the process).
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Recovery

Recovery information can be valuable if proper records are kept and Ecology responders
are on-scene quickly enough to keep track of recovered oil, sorbent materials and debris.
Collection .of spilled oil during cleanup operations by methods such as suction, absorbent
materials, and transfer to stable containment is a viable method for reducing
environmental damage and should be encouraged. Quantification of amounts collected
is best accomplished by requiring responsible parties to collect and store recovered oil
using standard API/ASTM methods. The resulting quantity of oil recovered can then be
subtracted from oil spilled to arrive at a total amount that has remained in the
environment. Proposed California State regulations are included in this guide’s
appendix and provide useful guidance on recovery of oil products. :

Oil on Water

Oil on water observations may be useful to estimate the magnitude of a spill if
observational conditions are appropriate. Oil on water is dramatic evidence of a spill, but
not the most verifiable way to determine volumes of spilled product.

The combination of information collected from all three methods can be used to estimate
the volume of a spill. Again however, the source method is the most defensible and
Ecology staff should concentrate their efforts on obtaining information there first.

This guide provides useful checklists as reminders for Ecology staff when responding to
oil spill incidents. In addition, pertinent diagrams, terminology and industry standard
methodology is included to help guide Ecology staff through an investigative process. For
example, responders to a petroleum barge incident will find the guide contains diagrams
of typical petroleum barges and an extensive glossary of terms they might encounter.
Ecology responders attempting to estimate volumes of oil based on oil on water
observations will find guidelines, charts and a scientific paper on the topic.

Experienced field responders understand that although helpful, no checklist can contain
every topic or item they might encounter at a spill. This guide provides a wealth of
information, but the investigative process inherent to environmental emergency
investigations requires Ecology responders to think on their feet and obtain useful
information, even if it isn’t listed on the checklist they have been provided.

When faced with unfamiliar situations, or when placed in a situation beyond the scope of

their training, Ecology staff can contact subject area experts listed in Appendix B of this
guide.
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Oil Characteristics

Petroleum is a highly complex mixture of straight-chain, branched, cyclic, saturated,
unsaturated and aromatic hydrocarbons, containing a low percentage of sulfur and trace
amounts of nitrogen and oxygen compounds It is normally found at great depth
underground or below seabeds and is presumed to have originated from both plant and
animal sources some 10-20 million years ago.

Crude oil is the common name given to the liquid form of petroleum. Natural gas is the
gaseous form of petroleum, consisting mostly of methane (CH,). Associated with liquid
petroleum underground, it comes to the surface as “wet gas” mixed with heavier
hydrocarbons that can later be purified into ethane, propane (LPG), butane, and
hydrocarbon liquids (natural gas condensate). A “dry gas” is normally associated with
solid hydrocarbons such as coal, wherein recovered methane typlcally is not associated
with significant other hydrocarbons.

Refineries receive petroleum by means of pipelines, tank trucks, barges and ocean-going
vessels. A breakdown by transportation method of the crude oil received by U.S.
refineries and for Washington state refineries are shown in Table 1.1. The substantial
percentage of refinery feedstock that must be received via water dictates the current high
volume of bulk marine transport and the prevalence of refineries near navigable bodies of
water.

TABLE 1.1 Method of Trénsportation for Crude Oil Received by U.S.
Refineries, 1979° and by Washlngton State Refineries,

1980°¢
U.S. Refineries Washington State Refineries
Transportation method Vol % Transportation method Vol %
Domestic crude oil Domestic crude oil
Pipelines 42.9 Pipelines 00.2
Tank cars and trucks 2.1 Tank cars and trucks 00.0
Tankers and barges 11.0 Tankers and barges 54.7
Subtotal 56.0 Subtotal 54.9
Foreign crude oil Foreign crude oil :
Pipelines 12.7 Pipelines ‘ 06.3
Tankers and barges 313 Tankers and barges 38.8
Subtotal 44.0 Subtotal 45.1
Total receipts 100.0 Total receipts 100.0

Petroleum Product Names and Speciﬁcations

Petroleum yields both petrochemicals (specific hydrocarbons such as a benzene and
toluene) and “refined products” (fractions refined from crude oil such as gasoline and
diesel fuel containing a relatively large group of hydrocarbons). In the United States, the
American Society for Testing and Materials (ASTM) and the American Petroleum Institute
(API) are recognized for establishing specifications involving both products and product
testing methods. Boiling range is the major distinction between both refined products and
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individual refinery streams. A summafy of ASTM specifications for fuel boiling ranges is

given in Table 1.2.

Table 1.2 Major Petroleum Products - Spe'cified Boiling Ranges®

Specified temperature for volume %

. ASTM distilled at 1 atmosphere, °F.
Product Designation designation 10% 50% 90%
Liquefied petroleum gas (LPG) D1835
Commercial propane (@ (b)
Commercial butane (@) (c)
Aviation gasoline (Avgas) D910 158 max 221 max 275 max®
Automotive gasoline D439
Volatility class A 158 max 170-250 374 max®
Volatility class B 149 max 170-245 374 max®
Volatility class C 140 max 170-240 365 max®
Volatility class D 131 max 170-235 365 max®
Volatility class E 122 max 170-230 365 max®
Aviation turbine fuel : D1655
Jet Aor A-1 400 max )
Jet B (9) 370 max 470 max
Diesel Fuel oil D975
Grade 1-D 550 max
Grade 2-D 540-640
Grade 4-D - not specified -
Gas turbine fuel ' D2880
No. 0-GT - not specified -
No. 1-GT 550 max
No. 2-GT 540-560
No. 3-GT - not specified -
No. 4-GT - not specified -
Fuel oil D396
_ Grade No. 1 420 max , 550 max .
Grade No. 2 (h) 540-640
Grade No. 4 - _ not specified - '
Grade No. 5 - not specified -
Grade No. 6 - ‘ not specified -
@ vapor pressure specified instead of front end distillation

(b) 95% point, -37 °F max

(©) 95% point, 36 °F max

(d) final point, 338 °F max

(e) final point, all classes, 437 °F max
) final point, 572 °F max

(9) 10% point, 290 °F max

(h flash point specified instead of front end distillation
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Most refined products at the consumer level are blended from a number of refinery
streams. Nomenclature describing refined products can be confusing, as several names
are often used to describe substantially similar products. In Table 1.3, the column on the
left identifies basic crude oil distillation fractions, the middle column lists other commonly
used terms for refinery blends, and the right column identifies common names for
corresponding consumer products.

Table 1.3 Equivalent Names for Refined Petroleum Products®

Crude oil cuts " Refinery blends Consumer products
Gases Still Gases Fuel gas
Propane/Butane Liquefied petroleum gas (LPG)
Light/Heavy naptha Motor Fuel ' Gasoline
; Aviation turbine, Jet-B Jet fuel (naptha type)
Kerosene Aviation turbine, Jet-A Jet fuel (kerosene type)
" No. 1 fuel oil Kerosene (range oil)
Light gas oil Diesel Auto and tractor diesel
No. 2 fuel oil Home heating oil
Heavy gas oil No. 4 fuel oil Commercial heating oil
No. 5 fuel oil Industrial heating oil
Bright stock Lubricants
Residuals No. 6 fuel oil Bunker C oil
Heavy residual Asphalt
Coke Coke

Petroleum Refining - An Overview

The appearance and character of crude oil as it is extracted from the ground varies
widely; it may be yellow to green to reddish to black, as thick as tar or nearly as thin as
water. The type of crude oil feedstock preferred by a given refinery will depend upon the
desired distribution of refined products to be obtained. The three most commonly
specified properties are density, chemical characterization, and sulfur content.

API gravity is a contrived measure of density defined by the equation:
°API = [141.5/(specific gravity @60 °F)] - 131.5*

According to this system, an oil with the same density as water (specific gravity of 1.0)
would be 10° API oil; oils with higher than 10° API gravity are lighter than water.
Petroleum products fall into a relatively narrow range of specific gravity values (0.600 to
1.03); the use of API gravity values (5.35 to 104.33) facilitates identification by density
with greater specificity.

Sour and sweet are terms used to specify the sulfur content of crude oil. Crude oil
containing more than 0.5% sulfur by weight is said to be sour, and if less than 0.5%,
sweet. '

°
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Near the well site, crude oil undergoes gravity field separation in large vessels designed
to remove dirt, water, and gases that accompany it from the ground. At the refinery site,
crude desalting, basically a water washing operation, is performed in an attempt to further
- remove water, dirt, water-soluble minerals and entrained solids. Once desalted, crude oil
can be separated into fractions of differing boiling ranges in a process called crude oil
distillation. Distillation separates crude oil into fractions typically as represented in Table
1.4.

Table 1.4 Separating Desalted Crude Oil into Fractions®

Stream Name % by Volume Boiling Point Range, °F.
Gas - <50

Light Naptha 8 50 - 200

Heavy Naptha 21 200 - 400

Kerosene 11 400 - 500

Gas Qil 15 500 - 650

Residue 45 650

Crude oil is seldom distilled at temperatures above approximately 650 °F. At higher
temperatures, a carbonaceous residue referred to as coke forms, plugging the lower
section of the distillation tower. Residual oil is a general term for the heavy, viscous liquid
that does not vaporize during distillation, from which such products as industrial fuel oils,
road oils, etc. are later derived. The collected and condensed fractions which do vaporize
can be collectively referred to as distillates.

In the developed world, demand tends to be highest for transportation fuels and high
quality heating oils. Crude oil distillation alone tends to produce relatively too little of
these lighter fractions and correspondingly too much residual oil. Cracking refers to the
process of breaking larger hydrocarbon molecules into two or more smaller molecules.
Refineries typically utilize one or more cracking processes in order to increase the
percentage of crude oil feedstock that can be refined into gasoline and other lighter
products. Thermal cracking accomplishes this by means of intense heat and pressure.
Catalytic cracking is a more widely used process, as it requires less extremes of
temperature and pressure and produces higher octane gasolines (see Glossary of
Technical Terms for a definition of octane number).
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3. Estimating Volume from Spill Source

A. Marine Sources






Marine Vessels

3A-2 manual gauging checklist
3A-5 worksheet

3A-6 fishing vessels

3A-7 tug boats

3A-8 pleasure craft

3A-9 ferries

3A-10 barges _
3A-15 ships (cargo & oil tankers)

Spill Volume Estimation Checklist:

1. Collect information (for example:)

e o o (3

°

Type of vessel

Identification markings, numbers, name

‘Company name

Shipping papers (bill of lading, oil record book, oil transfer log, vesel transfer
diagram or vessel diagram.)

Identification numbers from the tank(s) involved

Interview crew (master, chief engineer, tankerman)

Ship: The vessel master (captain) is responsible for the vessel and should have
access to all records. The master may delegate responsibility for oil volume
recordkeeping in this manner: Chief Mate (first officer), Chief Engineer, First
Assistant Engineer or even Second Asst. Engineer. While in port, the Captain is
typically either in their “in port” office or on the bridge. Fueling operations are -
usually monitored in the “bunkering and cargo handling office” or from the Engine
room. The “bunkering” office is usually abovedeck near where the bunkering
connections are located. Crewmembers onboard should be able to direct an
Ecology responder to the proper person and location.

Barge: The Tankerman should be onboard. In addition, a shoreside person
should be present, often in a small weather shack on the pier, immediately
adjacent to the loading manifoid.

Take photos of scene, tank(s)

2. Determine volume present in the tank prior to spill

L]

*

L d

maximum volume will be the maximum volume of the tank
subtract any fuel used or discharged since the tank was last filled
use Manual Gauging Checklist on the following page when attempting gauging

3. Determine post-spill volume in the tank

off load the tank into a stable container of known volume, gauge volume using
Manual Gauging Checklist on the following page
estimate remaining fuel in tank using onboard gauging equipment

4. Calculate spill volume

pre-spill volume minus post spill volume = spill volume
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Manual Gauging Checklist

This checklist is provided as a guide for marine manual gauging of oil products. Gauging
* should only be done by trained competent personnel who are familiar with and using
API/ASTM standard methods. The Manual Gauging Worksheet in this section may be
used to record the following information.

1. Exit prompts - when to call marine gauging or measurement contractor.
«  When condition of tanks prevents gauging.
« Datum blocked or damaged.
« Reference point missing or damaged.
+ Tilting, listing, (more than 2%),vessel is sinking
»  When the gauging equipment is damaged or accuracy is doubtful.
+ Gauge tape is stretched, crimped, cut, etc. :
+ Bobs are blunted and/or damaged.
» Sounding data is unreadable, or does not match tank. (plug in line?)
-« When vessel personnel are untrained, or equipment for gauging is unavailable.
+ When vessel personnel don’t speak English.
«  When technical nature of spill is outside of worksheet and responder capabilities.
+ Unusual vessel systems. ‘
Complex piping.
Complex pumping.
Complex valving.
While product transfer is ongoing.

2. Collect the following documentation from the Vessels Master,
Tankerman, Chief Mate or Chief Engineer.
« Bill of lading, Cargo Transfer Procedures Manual. or Preload Plan
» Key to the codes used on the documentation (e.g. “H” = bunkering)
+ Qil Record Book, Oil Transfer Log, Fueling Book.
* e.g. U.S.C.G. and/or MARPOL documents.
» Sounding Charts/tables (may be called strapping tables or trim tables).

3. Record Vessel Tank Number
» Typically found in vessel documentation.
+ Oil record books, fueling logs, vessel diagrams, bluepnnts

4. Record Trim & List of vessel at stern & bow (port and starboard)

5. Gauging should not be attempted until the tank has been at rest and
settled. This could range from 2 to 24 hours.

6. Record Auto Gauge Reading
» Typically found in engine room spaces.
+ Older, or smaller tanks may have no auto gauge.

7. Identify location of gauging access (sounding tube).

8. Establish whether “innage or outage” method will be used to gauge.
+ Use innage (amount of liquid in the tank, see the glossary) when possible. ‘
» If datum plate is damaged or debris is blocking datum access, outage method will
be used. :

L] * [ .
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9. If using innage method, water level can be checked at the same time.

Use thevmnage bob and tape. This may be a round bob, pointed at the end about
4” to 6” inches in length.
Coat innage bob with water-mdlcatmg paste. _
Lower the bob and tape into the tank, keeping the tape in constant contact with
the metal reference point. This prevents a static spark
When the expected level, (read from the auto gauge) presents itself, place a light
coat of oil-indicating paste on the tape.
Stop lowering bob a few inches prior to contacting the bottom, slowly continue
until the bob just “taps” the bottom.
Retrieve and record oil and water levels to the nearest 1/8”
Repeat the innage gauge again.

« If the reading is the same, continue.

< [f the reading is different, repeat until 2 gaugings are the same.

10. Outage or Ullage method

L]

*

Use the outage (amount of “free space” in the tank, see the glossary) bob and
tape. This may be a square bob squared at the end about 4” to 6” in length.
Reference the gauge table to determine the tank depth (reference height or
striking height) to ensure that the bob reaches the datum plate. This is also
necessary to help determine when to slow down lowering of the bob.
Record the reference height of the tank.
Coat the bob and tape with oil indicating paste (for refined products).
Lower the bob on the tape while keeping the tape in constant contact with the
metal reference point or ullage tube. This prevents static spark.
Submerge the bob a few inches at the expected liquid level.

+ This will be the reference height minus the auto gauge reading.
Record the tape cut at the reference point.

» The “cut” is the tape reading at the reference point.
Retrieve the bob and subtract the liquid level on the bob from the cut.
Subtract the net cut from the reference height to determine liquid level.

11.Take and record product temperature

*

*

Lower thermometer probe into the center of the liquid, at least 12” from the side of
the tank. Preferably in the middle of the tank.

Raise and lower the probe about a foot for one minute to stabilize product in the
probe cup.

Wait 5 minutes then retrieve and record the temperature.

12.Take product sample

*

Using “thief” lower sample jar into Iower 3 feet of liquid. Open thief and retrieve at
a constant speed. Jar should be filled no more than 3/4. If it is full, empty and
repeat procedure.

If tank level is < 10’ one sample is sufficient.

If tank level is 10 to 15’, two samples will need to be taken. One from lower half,
one from upper half.

If tank level is > 15’, three samples will need to be taken from each third of the
tank.
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13. Evaluate findings
Determine API gravity and Temperature from the sample.
+ Determine B.S.& W. (basic sediment and water)
« Convert API gravity to 60F.
+ Use standard API gravity conversion table.
» Determine volume conversion factor.
» Use standard API volume conversion table.
+ Find converted API gravity to 60F at the top of the table. Follow the matching
column down to the tank temperature that you recorded at the far left column.
« From the sounding table for this specific tank determine gross product and water
in tank.
« Deduct the water from the gross product.
« Multiply Gross product times volume conversion factor to get a corrected volume
to 60F (net barrels).
« Multiply corrected volume times B. S &.W to get a net volume for this tank.

14.This process should be observed by a trained Ecology representative
and performed by a competent vessel representative or gauging
professional, fully trained and familiar with the procedure.

15.Together with the vessel representative or gauging professional, record
and concur on all measurements.

16.Prior to leaving vessel sign and have the vessel representative or
gauging professional sign the finished gauging worksheet.

"17.You both should agree on the volume of product in the tank.
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Washington State Dept. of Ecology
Manual Gauging Worksheet

CASE NUMBER | |
TANK INFORMATION OScC
TANK TYPE 0 fixed facility Q marine vessel TANK NUMBER
TANK DESCRIPTION Qinternal floating roof O external floating roof 0 cone roof Q other
0 bunker (ships fuel) QO vessel cargo (internal) Q vessel cargo (external tank)
TANK STATUS (Q damaged/leaking 0 overfilled Q supply in transfer Q recovery Q other
ISERVICE: Check applicable 0 Gasoline Q Diesel/Jet Q Crude 0 Asphalt QO AvGas
Q GasOil Q fuel oil 0 Slop Q Distillate Q other

LIST OTHER AFFECTED TANKS IN CONTAINMENT OR VESSEL.:
Comments/ Notes:

NOTE: Record the draft, trim and list of the vessel:

note: fill out one sheet for each tank gauged

OPENING GAUGE All hand gauging must be checked at least twice. Accuracy will be to the nearest 1/8”
OPENING GAUGE: _Auto: Ft. In. Hand: Ft. In. Tank Temperature -_— F
Observed API Gravity @ °F API Corrected Gravity to 60°F
Water Level: _Ft. In. Gross H,O (From Strapping) B.S.&aW %

OPENING CONVERSION TO 60°F Indicate measurement unit, e.g. barrels, gallons, liters, etc.

1 Overall GROSS (From Strapping)
2 Minus Gross H,0 (From Strapping)

3 Temperature Correction Factor to 60°F

5 BS.&W. X #4

4 #2 X #3 = GROSS Corrected TO 60°F #4 Minus#5 =NET A
CLOSING GAUGE Accuracy of all math computation shall be to the nearest 100th

OPENING GAUGE: Auto: Ft. In. Hand: Ft. In. Tank Temperature A
Observed API Gravity @ °F APl Corrected Gravity to 60°F

Water Level Ft In GrossH,O (From Strapping) _________B.S.&W — %

CLOSING CONVERSION TO 60°F

1 Overall GROSS (From Strapping)
2 Minus Gross H,O (From Strapping).

3 Temperature Correction Factor to 60°F

5 B.S.&W. X#4

4 #2 X #3 = GROSS Corrected TO 60°F #4 Minus#5 =NET A
CALCULATIONS AND QUANTIFICATION

NET OPENING GAUGE OF TANK: | |
NET CLOSING GAUGE OF TANK: | |
NET DIFFERENCE OPENING/CLOSING THIS TANK _ . [ |

Comments/ Notes:

Facility/Vessel Signature:

Date:

Ecology OSC Signature:
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Fish'ing Vessels

TYPICAL WEST COAST
FISHING VESSEL

The above drawing is of a typical commercial fishing vessel commonly found along the
west coast and inland waters of the United States and Canada. Accurate information on

the quantity of petroleum products typically carried onboard fishing vessels is not
available for the following reasons:

1) Unlike other commercial fleets such as Harbor Tugs and Ferries there is no
identified, organized common engineering for the commercial fishing fleet.

2) There are literally hundreds of small to large builders of fishing vessels,
most of which build custom, one-off designs (one of a kind).

3) Those vessels that appear to be identical to each other usually are
configured to hold different quantities of petroleum products.

4) Average vessel size ranges from 32 feet to over 250 feet.

5) Petroleum quantities range from less than 100 gallons to over 75,000
gallons of combined fuel, lubricating oils and hydraulic fluids.

The following graph can be used as a guide to determine the average maximum quantity
of petroleum products carried onboard a fishing vessel:

7500 T
5000
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800
400
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5

20 30 40 50 60 80 100 125150 200 250
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(gallons)
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Tug Boats

Tug boats are commonly classified into 4 basic categories: Harbor,
Harbot/River, Harbor/Ocean and Ocean tugs. A Harbor /Ocean Tug can have
a fuel capacity of 120,000 gallons but may only carry 60,000 gallons if it is working
in the harbor and be ballasted with water to keep the prop low, providing more
power. Fuel tanks are generally located belowdecks on the Port and Starboard
sides of the tug with equal volumes distributed to enhance stability.

Harbor Tug Bow
30 to 60’ N\ =
1,500 to 25,000 gallons diesel
200 to 400 galions Lube oil
Fuel Tanks
Harbor / River Tug

60 to 125°
35,000 to 60,000 gallons diesel
650 to 1,500 gallons Lube oil

/]

L T

Port
Starboard

Harbor / Ocean Tug

90 to 130’
50,000 to 120,000 gallons diesel
1,000 to 2,500 gallons Lube oil

Ocean Tug

90 to 150’
90,000 to 185,000 gallons diesel
1,500 to 4,500 gallons Lube oil

0onsooo
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Pleasure Craft

Average FueIA Capacities on : , Port
Pleasure Craft N
Stern m[EDu:l O ) Bow

- Starboard

POWER VESSELS:
LENGTH FUEL (gal)
(feet) CAPACITY (TANKS)
Runabouts
1210 20 6to 20** 1or2

Day Cruisers :
18to 26 30 to 50 ** 1or2

Cruising Vessels

25 to 33 45to0 120 ** 10r2
34 to 41 60 to 225 * 2to4
42 10 48 200 to 650 * 2104
49 to 65 450 to 1200 * 4106
over 65’ 800+ Diesel 4 and up

Sport Fishing

2210 30 60to 125 ** tor2
311040 75 to 250 ** 2104
41 to 60 200 to 800* 4108

Racing craft
Generally are inshore and carry minimal fuel due to
weight restrictions for speed.

(M CADRE Racing Team

——

Sailing Vessels

Sailing Vessels 20’ to 32° 18 to 35**
33'to 45’ 30t0 120 *
46’ t0 65’ 100 to 250*
over 65’ 150 t0 800 *

* Usually carry diesel fuel.

** Qutboard powered vessels usually use a
gasoline/oil mixture and carry from 1 to 20 gallons of
fuel.

Northwest Boat Manufacturers:
Tollycraft Yachts (206) 423-5160
Bayliner Marine Corp. (360) 435-5571
Sea Ray Yachts (206) 284-3800
Nordic Tugs (pleasure) (360) 757-8847
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Washington State Ferries

There are five major classes of ferries within the Washington State Férry System.

JUMBO CLASS: Length Cars  Passengers Diesel Fuel Cap(gal) # of Tanks
Spokane, Walla Wallg 14 2000 130,000 4

SUPER CLASS: . 382 160 2500 70,000 3
Hyak, Kaleetan,YakimgElwha :

ISSAQUAH CLASS: 328  100/130* 1200 100,000 4
Chelan*, Sealth*,Issaquah, Kitsap, Kittitas, Cathlamet
*These vessels have double car decks

EVERGREEN STATE CLASS: 310’ 100 1200 30,000 2
Evergreen State, Klahwya, Tillikum
(B ] | B |

11 5aangspgppapppEnEENy}

STEEL ELECTRIC CLASS: 256’ 75 800 9,000 2
Quinault, lllahee, Nigqually, Klickitat

Q0000000000000 00

SINGLE VESSELS include the following:

Rhododendron — T'f ‘— 227 65 546 9,000 2
Olympic Ubrrmimaaniiis 207 55 605 9,000 2
o o o o)
Hiyu —;l' , 162 40 200 12,000 2
| ———
e /MEmma.___
PASSENGER ONLY VESSELS:
Tyee  Catarmaran Hull (Twin Hulls) Small, Passenger only 2,000 2
Skagit, Kalama Large, Passenger only _ 3,000 2

Estimating Volume from Spill Source - Marine Sources- Page 3A-9



General Cargo and Petroleum Barges

Ocean Double & Triple Deck Cargo Barges

200’ to 450’
Hauls rail cars and trailers

- e 0.0.00.00.0 S Tank capacity up to 10,000 bbls
00 0700 '
0 ooooooo 0000 J (420,000 gals) ~

Covered House barges

1 L
250’ to 450’ in length
T H | Covers cargo that can be
g P : : damaged at sea. Tank capacity
e : - : : — ' : up to 16,000 bbls (672,000 gals)

Dry Bulk Barge

350’ to 430’ in length

Hauls dry bulk general cargo
Has tanks for general liquid

cargos from 50,000 to
150,000 bbls (2,100,000-
6,300,000 gals)

Petroleum Barges

— | A | ——0_ 100 to 450’ in length

(3 T J Hauls petroleum products
10,000 to 200,000 bbls

(420,000-8,400,000 gals)

General Cargo Barges

T : 50’ to 250’ in length

k J - Hauls general cargo, containers,
: modular units, drilling rigs,

capacity to 20,000 bbls

(840,000 gals)
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Petroleum Barge

-~ \ |

stern side view _ bow

Typical Petroleum Barge Cargo Tank ecification Sheet

‘ Tank,
Reference Height #1 Port
Key:
: . N\ /
IS = Inside Tanks -(e.g. tanks 1CP and 1CS are #1 inside tanks) 266 1/8" 1P
OS = Outside Tanks (e.g. tanks 1P and 1S are #1 outside tanks) 236.082G 5621B
G = gallons / !
B = barrels \
Tank Capacity Barrels
(in gallons)
bow tanks
26°61/8” 1P 2793/4 1CP 27101/8" . 1CS 26'61/4 1S
236,082G 5621B 259,560G 6180B 259,812G 6186B 235,704G 5612B
26'63/8” 2P 27105/8" 2CP 27 105/8” 2CS 26’6 3/8” 2s
344,568G 8204B 365,820G 8710B 364,812G 8686B 344,946G 8213B
Totals| 26°61/8" 3P 27 101/2" 3CP 27110" 3CS 26638  3S
6,237,084G | 344,946G 8213B 365,568G 8704B 364,980G 8690B 344,232G 8196B
148,505B "

26’6 3/8” 4P 27110" 4CP 27 111/2" 4CS 26612 48
345,492G 8226B 365,862G 8711B 365,064G 8692B 345,618G 8229B

216" 5P 211012 5CP 21’11 3/8" 5CS 2176172 58
242,550G 5775B 249,060G 5930B 249,270G 5935B 243,138G 5789B

stern tanks

Port Center Port Center Starboard Starboard
Tanks Tanks Tanks Tanks
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Typical Petroleum Barge Transfer Procedures

1) The deck discharge containment system should consist of built-in drip pans and an
ecology dam which encompasses the entire perimeter of the barge.

2) Scuppers must be plugged and watertight during any transfer operation. Scupper -
plugs may be removed as necessary to allow runoff of water only if a vessel crew member
stands watch to close the scuppers in order to prevent an oil discharge.

3) The drip pans located under each cargo manifold are to be plumbed in to the barge
cargo tanks to facilitate draining or removing discharged oil. Sorbent materials must be
readily available, in case of an overflow, to minimize loss of oil. At no time may contents
of the drip pan be allowed to spill into the water. The contents in drip pans must be
drained before the vessels departure.

4) There will be at least one qualified tankerman, acting as the Person In Charge (PIC), on
duty during oil transfer operations.

5) Person in Charge (PIC) must hold valid U.S.C.G. rating and be on deck during all
critical operations.

6) Ensure the vessel’'s mooring is secure and capable of holding under unusual
conditions.

7) An emergency shutdown, located near the discharge header, will stop the engine and
pump when the shut down device is activated.

8) A continuous positive communication link must be established and periodically tested
between the barge and the facility or vessel involved. One or more of the following
communication methods must be used (intrinsically safe hand-held portable radios,
sound powered telephones or hailing devices, verbal, visual).

9) Ship and shore personnel should be clearly identifiable whenever possible.

10) Constant attention must be paid during the topping off process to avoid overfilling a
tank. Tanks may be topped at reduced rates and/or connected to a spill tank.

11) Upon completion of any transfer or closure of any valve located on the transfer
system, all valves will be lashed in the closed position.

12) If a spill occurs:
a) stop all transfer operations
b) locate spill source and secure if possible
c) eliminate source of ignition, ensure personnel safety, secure vessel
d) stop flow of oil into water, use absorbent material or oil pads
e) initiate immediate containment methods using boom, etc..
f) notify terminal supervisor or vessel master
g) notify local company dispatch office, ensure Federal/State agencies are notified.
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Ships

Fuel stowed onboard a ship to power it’s engines & generators is typically referred to as “bunker fuel”.
Information on the bunker fuel or cargo carried onboard can be found in the ships logs (e.g., oil transfer log, oil
record book, MARPOL oil records). Typically the vessel Master (Captain) or Chief Engineer is a good source
of this information.

Typical bunker oil quantities for oceangoing ships: 50,000 to 150,000 bbl (2,100,000 to 6,300,000 gals)

| Stern | Amidships l Bow

GENERAL CARGO \
Bulkheads

Masts
__Nd

i ——  Forecastle
%erricks — Stem

Waterline

CONTAINER SHIP

TANKER

DRY BULK HAULER
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Layout of Typical Oil Tanker

Navigating Bfidge After Deck House;

Superstructure

Deck Lines and
Cargo Manifolds

Transverse
Bulkheads
(Athwartship)

Ship’s Side; Hull; Skin

" Longitudinal Bulkheads
(Fore and Aft)

source: Petroleum Tankship Operations, Arthur McKenzie, Tanker Advisory Center, Inc., New York, NY

Cargo Capacity for Oil Tankers common to Puget Sound: (source, U.S.C.G., Vessel Inspection, Seattle)

60,000 DWT to 125,000 DWT (18,471,600 to 38,482,500 gals)

Comparison of oil tanker capacities to length: (source - General Electric brochure 750301, Tanker Registry 78)

Name ~ length in feet DWT capacity in barrels (gallons)
Eastern Sun 641 30,252 224,000 (9,408,000)

Texas Sun 752 50,864 364,800 (15,321,600)
Mediterranean Sun 889 134,835 1,027,000 (43,134,000)
Atlantic Sun 1,117 255,850 1,800,000 (75,600,000)

Esso Atlantic 1,200 (approx.) 508,731 -~ 3,762,000 (158,004,000)
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Cross Section of Typical Single Hull Tanker

Longitudinal Bulkheads

<a| /7 \
Wing Tank : Cemer Tank wing Tank
4 1N p,
N - 7 ~
N Center Vertical Keel
(CVK) or Keelson L
A A ' y,
E N E N
] I
o004 -4 | O or @)
Turn of the Bilge | Flat Plate Keel Web Frames

Cross Section of Typical Double Hull Tanker

O
(@)
ol \___/
\ 4
O 1ol Jo[ Io of ol o] Jo| ©O
\ .

source: Petroleum Tankship Operations, Arthur McKenzie, Tanker Advisory Center, Inc., New York, NY
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3. Estimating Volume from Spill Source

B. Facili_ty Sources






Facilites

3B-3 manual gauging checklist (tanks)
3B-6 manual gauging worksheet (tanks)
3B-7 aboveground storage facility diagram
3B-8 tank diagrams ‘
3B-10 atmospheric tank terms

3B-11 dike systems

3B-13 separators

3B-14 valves

3B-18 API color chart

3B-19 API 620 standard nameplate

3B-20 estimated capacities of cylindrical tanks - table
3B-21 manual gauging terms

3B-22 L.A.C.T. ticket (pipelines)

3B-23 pressure recording chart (pipelines)

Spill Volume Estimation Checklist for Facility Tanks:

1. Collect information (for example:)

Type of tank ' :
Identification markings, numbers, description

Company name

Documentation (transfer logs, inventory statements, etc.)
Interview facility or transfer personnel

Take photos of scene, tank(s)

2. Determine volume present in the tank prior to spill
+ maximum volume will be the maximum volume of the tank
« subtract any oil used or discharged since the tank was last filled
+ use Manual Gauging Checklist when attempting gauging

3. Determine post-spill volume in the tank

- off load the tank into a stable container of known volume, gauge volume using
_ Manual Gauging Checklist
4. Calculate spill volume

+ pre-spill volume minus post spill volume = spill volume

. L] . ] o o
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Spill Volume Estimation Checklist for Pipelines:

1. Record Pipeliné Identification
» Location, number, size, etc.

2. Collect the following
» Pipeline owner, central office location
+ e.g. Olympic Pipeline, Renton
+ e.g. U.S. Oil, Tacoma
Responsible Party
L.A.C.T. documents
Pressure recording charts
Temperature charts
Flow rate charts
Gravitometer charts

3. Have trained personnel evaluate documentation or call gauging
contractor to evaluate documentation

3. If gauging contractor is called, Ecology staff should monitor calculations
and maintain documentation.

L] [ ° ° L] L]
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Manual Gauging Checklist

~ This checklist is provided as a guide for manual gauging of oil products. Gauging should
only be done by trained competent personnel who are familiar with and using API/ASTM
standard methods. The Manual Gauging Worksheet may be used to record the following
information. '

1. Exit prompts - when to call gauging, measurement contractor
* When condition of tanks prevents gauging \
+ Datum blocked or damaged
+ reference point missing or damaged
» Tilting, listing, etc. makes strapping table unusable
* When the gauging equipment is damaged or accuracy is doubtful
» Gauge tape is stretched, crimped, cut, etc.
» bobs are blunted and/or damaged
» strapping is unreadable, or does not match tank
» When facility personnel are untrained, or equipment for gauging is unavailable.
+  When technical nature of spill is outside of worksheet and responder capabilities
» unusual facility systems
» complex piping
» complex pumping
» complex valving
2. Record Facility Tank Number
» Large numbers, stenciled on side of tank _
* note: numbers pften indicate tank size and series, e.g. tank No. 80017,
indicates an 80,000 barrel tank that is the 17th such tank built at this facility.
Tank No. 1,205 indicates a 1,200 barrel tank that is the 5th tank in a series.

3. Optional, record tank manufacturer, date, and serial No. from Tank
Strapping Sheet. APl 620 label can be used to confirm.

4. Gauging should not be attempted until the tank has been at rest and
settled. This could range from 2 to 24 hours.

5. Record Auto Gauge Reading
+ Varec gauge, typically read in feet and inches
» Older, or smaller tanks may have different or no auto gauge

6. Record Tank Temperature
» Thermometer on side of tank, should located near Varec auto gauge

7. Proceed to gauging platform
+ Should be at top of manway
» Never climb down onto a floating roof. This is considered a confined space and
requires training, and PPE. Floating roof tanks will be gauged from the top-of-
manway gauging platform. A cord or cable will be attached from the gauging port
to the platform.

8. Identify location of gauging access

9. Note the tank reference height
+ should be clearly stenciled near reference point
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10.Establish whether “innage or outage” method will be used to gauge.
* Use innage when possible
+ if datum plate is damaged or debris is blocking datum access, outage method will
be used

11.If using innage method, water level can be checked at the same time
+ Use the innage bob and tape. This is a round bob, pointed at the end about 4” to
6” inches in length.
» Coat innage bob with water indicating paste.
» Lower the bob and tape into the tank, keeping the tape in constant contact with
the metal reference point. This prevents a static spark
»  When the expected level, (read from the auto gauge) presents itself, place a light
coat of oil indicating paste on the tape
+ Stop lowering bob a few inches prior to contacting the bottom, slowly continue
until the bob just “taps” the bottom.
» Retrieve and record oil and water levels to the nearest 1/8”
* Repeat the innage gauge again.
+ if the reading is the same, continue
+ if the reading is different, repeat until 2 gaugings are the same

12. Outage or Ullage method
Use the outage bob and tape. This is a square bob squared at the end about 4” to
6” in length.
» Record the reference height of the tank
» Coat the bob with oil indicating paste.
+ Lower the bob on the tape while keeping it in constant contact with the metal
reference point.
+ Submerge the bob a few inches at the expected liquid level.
+ This will be the reference height minus the auto gauge reading.
* Record the tape cut at the reference point.
« The “cut” is the tape reading at the reference point.
+ Retrieve the bob and subtract the liquid level on the bob from the cut.
+ Subtract the net cut from the reference height to determine liquid level.

13.Take and record product temperature
* Lower thermometer probe into the center of the liquid, at least 12” from the side of
the tank. Preferably in the middle of the tank.
* Raise and lower the probe about a foot for one minute to stabilize product in the
probe cup.
+ Wait 5 minutes then retrieve and record the temperature.

14.Take product samples

» Using “thief” lower sample jar into lower 3 feet of liquid. Open thief and retrieve at
a constant speed. Jar should be filled no more than 3/4. If it is full, empty and
repeat procedure.

+ If tank level is < 10’ one sample is sufficient

+ Iftank level is 10 to 15°, two samples will need to be taken. One from lower half,
one from upper half.

+ Iftank level is > 15, three samples will need to be taken from each third of the
tank. -
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15.Evaluate Findings
» Determine API gravity and Temperature from the sample
» Determine B.S.& W. (basic sediment and water)
_+ Convert API gravity to 60F
» Use standard API gravity conversion table.
» Determine volume conversion factor
» Use standard API volume conversion table
» Find converted API gravity to 60F at the top of the table. Follow the matching
column down to the tank temperature that you recorded at the far left column.
» From the strapping table for this specific tank determine gross product and water
in tank
« Deduct the water from the gross product :
« Multiply Gross product times volume conversion factor to get a corrected volume
to 60F
» Multiply corrected volume times B.S.& W to get a net volume for this tank.

16.This process should be observed by a trained Ecology representative
and performed by a Facility person, fully trained and familiar with the
procedure.

17.Together with the facility person, record and concur on all
measurements

18.Prior to leaving facility sign and have the facility person sign the
finished gauging worksheet.

19.You both should agree on the volume of product in the tank.
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Washington State Dept. of Ecology
Manual ing Workshe

CASE NUMBER |

TANK INFORMATION : osc

TANK TYPE Q fixed facility QO marine vessel TANK NUMBER

TANK DESCRIPTION 0O internal floating roof

O bunker (ships fuel)
TANK STATUS 0O damaged/leaking

Q external floating roof O cone roof Q other
O vessel cargo (internal) QO vessel cargo (external tank)

Q overfilled Q supply in transfer Q recovery Q other
SERVICE: Check applicable - O Gasoline Q Dieselldet QO Crude Q Asphalt Q AvGas
Q GasOil 0 fuel oil QO Slop Q1 Distillate Q other

LIST OTHER AFFECTED TANKS IN CONTAINMENT OR VESSEL:
Comments/ Notes:

note: fill out one sheet for each tank gauged
OPENING GAUGE

All hand gauging must be checked at least twice. Accuracy will be to the nearest 1/8”
OPENING GAUGE: Auto: Ft. In. Hand: Ft. In. Tank Temperature °F
Observed API Gravity @ F API Corrected Gravity to 60°F

Water Level: _Ft. In.

Gross H,O (From Strapping)
OPENING CONVERSION TO 60°F

1 Overall GROSS (From Strapping) 5 B.S.&W. X #
2 Minus Gross H,O (From Strapping) A

3 Temperature Correction Factor to 60°F
4 #2 X #3 = GROSS Corrected TO 60°F

CLOSING GAUGE

B.S.&aW %
Indicate measurement unit, e.g. barrels, gallons, liters, etc.

#4 Minus#5 =NET A
Accuracy of all math computation shall be to the nearest 100th

OPENING GAUGE: _Auto: Ft. In. Hand: Ft. In. Tank Temperature -_F
Observed API Gravity _@ °F ___ API Corrected Gravity to 60°F ,
Water Level Ft. In Gross H,O (FromStrapping) _______ B.S.&W A
CLOSING CONVERSION TO 60°F
1 Overall GROSS (From Strapping) 5 B.S.&W. X #4
2 Minus Gross H,O (From Strapping)

3 Temperature Correction Factor to 60°F
4 #2 X #3 = GROSS Corrected TO 60°F

CALCULATIONS AND QUANTIFICATION
NET OPENING GAUGE OF TANK: I

#4 Minus#5 =NET A

NET CLOSING GAUGE OF TANK: ' . I |
NET DIFFERENCE OPENING/CLOSING THIS TANK > [ ]
Comments/ Notes:

Facility/Vessel Signature:

Date:
Ecology OSC Signature:
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Selected Components of an Above-ground
Storage Facility

Recovered Product
TRUCK LOADING RACK Curb Product
/ Pure Product recovery /
- Recovery Line Pump
Loading arms Tank ‘ . Water draw
A/ off pump

Vehicle

Waterf)gchargi
Access §~m

Separation
Tank
Contaminated runoff line
—
%,  Cleanout .
Storage Tanks % separation Contaminated
Gauging % tank runoff line
\ atch
Gauging s
"Hatch — %

Collection
Sump

Tank Water

Draw-off Line /'

Impervious floor
and dike wall

- \LoE

Product
draw-off line

Tank fill pipeline

To Vapor \\ STORAGE TANK AREA
'Recove Spill and runoff Diked area with
ry . . )
collection ditch impervious surface and
Impervious sloped to collection sump
floor and
dike wall
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Coned Roof Tank

» Simplest of the atmospheric tanks.

« Usually large, field-erected steel structure, can reach 300 feet in
diameter and 64 feet in height.

 Used for storage of liquids with low volatility.

« Typical contents include fuel oils like diesel and heating oils.

= Connections include vents, flame arrestor, inlet piping and
valives, outlet piping and valves, gauging, and possibly fire foam
application piping.

Exterior Floating Roof

« Atmospheric tank.

« Usually large, field-erected steel structure.

» Designed to reduce evaporation losses and increase protection
from fire.

« Typical products include all grades of gasoline and products
with similar volatility.

 Roof design includes rain water drainage system.

» Connections include vents, flame arrestor, inlet piping and
valves, outlet piping and valves, gauging, roof drains, and
possibly fire foam application piping.

TR X X K T
X S O S

Interior Floating Roof with
Geodesic Dome

» Atmospheric tank.

» Usually large, field-erected steel structure.

» Designed to reduce evaporation losses and increase protection
from fire.

» Typical products include all grades of gasoline and products with
high vapor pressure.

 Roof design incorporates a vapor recovery system.

 Connections include vents, inlet piping and valves, outlet piping
and valves, gauging, and possibly fire foam application piping.

Atmospheric Tanks 0 to 0.5 psig (0 to 25mmHg) Design pressures

Horizontal Cylindrical Tank

« Atmospheric tank.

= Usually shop-erected and thus restricted to transportable sizes
(e.g. 11 -12’ diameter and 60’ length).

* Used for storage of liquids with low volatility.

« Typical contents include fuel oils like diesel and heating oils.

« Connections include vents, flame arrestor, inlet piping and
valves, outlet piping and valves, and gauging.

+ Connections will typically be at the ends.
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* Low pressure tanks.

» Usually large field erected steel structure.

+ Used for storage of liquids with high volatility.

* Typical products include all grades of gasoline and products with
similar volatility.

+ Connections include vents, flame arrestor, inlet piping and
valves, outlet piping and valves, gauglng, and possibly fire foam

? application piping.

Hemispheroid Tank

(26 to 760mmHg)

LOW PRESSURE 0.5 to 15 psig

Dome Roof Tanks

rd

0 « High pressure tanks constructed from steel.
- JU:’ « Common at oil storage facilities, often called “bullets”.

S u » Do not contain low volatility materials.
w £ » Typical contents include propane, butane, LNG (liquefied
g - - - natural gas, (LPG) liquefied petroleum gas, hydrogen, ammonia,
o @ High Pressure Horizontal- and other liquefied gases.
m ? @ : « Tanks will include relief vents and product level gauges.
o~ « Typically no permanent piping will be attached. :
n- o

(<]
I .
Oa
T o

* Atmospheric tank

* Usually shop-erected and thus restricted to transportable sizes.
= Often constructed from reinforced plastic.

« Typical contents include both gasoline and diesel.

High Pressure Spherical
+ Connections include vents, inlet piping and valves, outlet
piping and valves, and gauging.

= - Vent pipes will extend above nearby buildings.

Under Ground Storage Tank _* All connections and the tank are designed to withstand
underground conditions.

+ Heavily insulated low pressure tank

» Designed to maintain product temperatures < -200°F.

» Connections will include piping and valving typically at the
bottom.

« Contents include liquid nitrogen, oxygen, argon, and similar
cryogenics.

» Vapor seen venting is normal and necessary.

OTHER TANKS

Cryogenic Liquid Storage tank
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Atmospheric Tank Terms

Flame Arrestor and

vent systems
Tank Access

, Simple Vent
/ Total

System Capaci
TANK TOPS T y pactly

!E = ~ Operating Space

BH - Maximum
Roof Acces 51 Chime (bokeé mir:tig)r?al'r;\r/;r)\tory

tanks only) i

i
H

OCONOOAWN—=O

Vapor recovery 2F
i 11
Normal operating levels of product :5 N Reader Board Gauge
i 14] i
15T ]
§ 16
17
APl 650 Nameplate § Shell Course |,
i 8’ typical 19
[Zo]
% Y =7 .
22 Minimum
o v 23 Operating Inventory
Fll::l[:;ngk g; (with low alarm)
with checl
valve b Automatic gauge
“Varec”
Outflow . Critical Chime
piping and (bolted tanks only)

valves

Concrete foundation system —~ §__
Y W Water Drain

API Nameplate: “American Petroleum Institute”. Requires a nameplate, that provides critical information specific to
this tank, be permanently affixed, see nameplate description. ’ '

Check Valve: Allows flow of product in one direction. Can be installed in series for added protection.

Chime: The welded or bolted joint between shell courses, and between the shell and the tank bottom.

Flame Arrestor: Required when flammable vapors are present, and on all class 1 flammable liquids (like gasoline).
Prevents flame from flashing back into tank.

Foundations: Specially designed to support the size and use of the tank. May include leak control and detection.
Gauges: Vary in design. Usually read in feet and inches which is converted to gallons using the strapping chart for a
particular tank. Usually operate in conjunction with an internal float device.

Minimum Operating Inventory: Minimum product required to have an operable system and avoid problems i.e.: run
out. .

Operating Space: Space in the system which is needed to maintain a workable operating system and to provide
safety.

Vents: Must be provided on all tanks to allow for filling and emptying. For non volatile liquids a vent without a flame
arrestor would be allowed.

Valves: Vary as to size and configuration. Usually made of steel. Required as close to the tank outlets as possible.

Designéd from API Standards 570, 620, 650, and Spec 6D
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Dike Systems

NOTE: Facility containment systems
are required to be capable of -

RECOMPACTED SOIL

FLOW BARRIER i Withdraw Pipe
conveys liquids in sump Pump

containing the contents of the largest
tank in the system, assuming a full
tank.

Flow

to storage or treatment unit

Continuously Monitoring

Leak Detection Device To Alarm

S —

4
Barrier to Prevent
Vertical Migration

Lined Sump to collect
Precipitation, Leaks and Spills

Through the Dike Storm Water Discharge

7]

%

Freeze proof gate valves 7"
chained and locked ) Tank Wall 4
(normally closed) Vent to prevent siphon ;
Relief ?
Valve Oil Layer ]

T,

Impervious Sump

Estimating Volume from Spill Source - Facilities Sources - Page 3B-11



Earthen Dikes

NOTES : )
1. All earth material to be compacted in 6 lifts using 3. Earth cover 12" thick recommended for clay blanket
mechanical equipment where possible. to retain moisture content.
2. Remove boulders, stones and large lumps of earth 4. Manufactured membrane must be installed according -
and protect surfaces from erosion. to manufacturers instructions.
2’ Min.
Type 1 Clay Core R
o 1’ Min.
Design Liquid Level —_
if/ X N\ Impervious core must
Allow 12" 1.5 7 2D intersect impervious
Freeboard 1 /,. ]/ N, horizontal layer to
[ “DN"  prevent leakage
ATATA NTATATATANTATAT AT ] ) ’?I# under the Dike

[ S S S S S // AR RERRRRARER |

‘ Cross Section

Earth Cover (see notes above)

Type 2 Clay Blanket N
. y o’ ) P somonooooesnoo B N
<5 6” compacted Clay
Earth Cover .t?...,.-f‘ ' Crade
ervious Soil

L_\ ................... C rossSectlon
Impervious Clay Blanket to be continuous with or keyed into impervious floor

Type 3 Manufactured Membrane ‘ X 10wt boukder o g
‘ : : gl weight backfilled in trench
B

Manufactured Membrane o Pervious Soil
(See notes above) -

Cross Section
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Separators

Ground Level

R AR e A R
e S e ety o ety B Ty e
. R R R R R a e B G K RN KR X XN
il seeadiviilad S e R RN ARKID
28

#
RS
R SRSReRe50 %4
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NOTE: Requires tank access for periodic oil layer removal.
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Floating Oil B Disposer

Inflow from slop tank
or containment pad

To Disposer

Inflow from slop tank
or containment pad
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Valves
« NFPA 30 Requirements:
'+ Each connection to an aboveground tank through which liquid can normally flow shall
be provided with an internal or an external valve located as close as practical to the

shell of the tank.

» Each connection below the liquid level through which liquid does not normally flow shall
be provided with a liquid tight closure. This may be a valve, plug, or blind.

» Valves at storage tanks may be other than steel or modular iron when the chemical
characteristics of the liquids stored are not compatible with steel or when installed
internally to the tank.

+ Piping systems shall contain a sufficient number of valves to operate the system
properly and to protect the plant. Piping systems in connection with pumps shall contain
a sufficient number of valves to control properly the flow of liquid in normal operation
and in the event of physical damage.

» Each connection to piping by which equipment such as tank cars, tank vehicles or

marine vessels discharge liquids into storage tanks shall be provided with a check valve
for automatic protection against backflow..

Excerpted from the New York State Department of Environmental
Conservation Aboveground Storage of Petroleum Products, 1987:

+ Valves should be steel, not cast iron. Cast iron valves are prone to fracture at low
temperature and are not as strong as steel.

+ Slow closing valves are recommended to prevent hydraulic shock to the piping system.

* “No Slam” check valves are recommended in discharge lines, to prevent hydraulic
shock. :

+ Valves should be arranged so that they cannot be struck by passing traffic.

* Valves at the inlet and outlet of tanks should be of the normally “closed” variety to
prevent flow out of the tank when other valving in the pipe system may be activated.

» Block valves installed on pressure lines must have a pressure relief system.

+ Pipes in and out of valves should be directly supported. This will prevent loss of support
when the valve is removed for maintenance.

* Valves should never support the weight of the attached pipe.
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Types of Valves

GATE VALVE

Tf;e gate valve is the most common valve at
facilities.

It is made from steel and constructed to withstand
high pressure. '

It is a slow operating valve which prevents
hydraulic hammer, a sudden pressure rise which
can result in system failure when the flow of fluid is

. stopped too rapidly.

It can be used to regulate flow by partially closing.

It can be equipped with an electric motor and
operated from a remote location

When the stem is “up” the valve is in the open
position.

When the stem is down, not visible, the valve is in
the closed position.

Estimating Volume from

Gate Valves “Slow Closing”

Cutaway Side View
Valve Open
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Cutaway Side View
Valve Closed
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BALL VALVE - .
Ball Valves “Rapid Closing”

« The ball valve is a very common valve at facilities.

Usually made of steel.

It is generally found on small diameter piping with
relatively low pressures.

« ltis a very rapid action valve, therefore care must
be taken to prevent hydraulic hammer. Top View
Valve Closed

When the control handle is perpendicular to the
pipe the valve is in the closed position.

« When the control handle is parallel to the pipe, the Ball Opening
valve is in the open position.

Cutaway Side View
Valve Closed

Cutaway Side View
Vaive Open
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CHECK VALVE

» Designed to prevent back flow. Generally found in
the fill line of aboveground tanks, where the head
pressure would allow product to flow “back” down
the pipe system. '

. Allows‘liquid to flow in only one direction.

« Also required at critical points in the waste water
and containment systems.

Estimating Volume from Spill Source - Facilities Sources - Page 3B-17
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APl EQUIPMENT
MARKING COLOR-SYMBOL SYSTEM

GASOLINE DISTILLATES
Leaded Unleaded

Higher | Diesel
Gasoline

Purple

Middle :
. 1 #1 Fuel Oil
Gasoline Yeilow

Lower #2 Fuel Oil
Gasoline

o Vapor
¥ Recovery

(EXAMPLE) WITH EXTENDER

Kerosene

Blue
White

‘ Unleaded extender ring same
color as cross
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APl Standard 620 Nameplate

API STANDARD 620

APPENDIX YEAR COMPLETED

EDITION REVISION NUMBER

NOMINAL DIAMETER NOMINAL HEIGHT

NOMINAL CAPACITY DESIGN LIQUID LEVEL

DESIGN SPECIFIC GRAVITY MAXIMUM TEST LEVEL

DESIGN PRESSURE DESIGN METAL TEMP.

PURCHASER’S TANK NO. MAXIMUM OPERA;FING TEMP.

MANUFACTURER’S SERIAL NO. PARTIAL STRESS RELIEF

MANUFACTURER

SHELL COURSE ‘ MATERIAL

« Appendix: applicable to this tank from API Standard 620 “Design & Construction of Large,
Welded, Low Pressure Storage Tanks”
- Edition: Applicable edition and revision number of APl Standard 620
- Nominal diameter and height: in feet and inches
- Nominal capacity: in barrels, at 42 gallons per barrel
- Design liquid level: in feet and inches
« Design specific gravity: the specific gravity of the liquid to be stored in the tank
- Maximum test level: Hydrostatic test level in feet and inches
« Design pressure: For gas of vapor space at the top of the tank, in pounds per square inch
gauge (pisg)
Design metal temperature: in degrees Fahrenheit.
Maximum operating temperature: shall not exceed 250°F
Manufacturer info: Name of manufacture and serial number that will identify specific tank
Partial stress relief: if thermal stress relief is applied to a part the nameplate shall be marked
“SR” and the part shall be identified on the manufacturer’s certificate.
Also:
« The material specification number for each shell course is to be listed.
« Attached adjacent to a manhole or to a manhole reinforcing plate immediately above the manhole.
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Estimated* Capacity of Cylindrical Tanks

Estimated Capacity per foot U.S. gallons = nD%+ 4 x 7.481 (D = inside diameter in feet)
(For Example: a cylinder 12 feet in diameter would contain 846.08 gallons per foot of height)
*These estimates do not take internal tank features such as piping & supports into account.

Tank strapping tables must be used for more accurate volume calculations.

D(ft) Gallons Barrels D(ft) Gallons Barrels D(it) Gallons Barrels

1 5.88 0.14 51 15282.34 363.87: 101 59936.62 1427.06

2 23.50 0.56 52 15887.52 378.27: 102 61129.36 1455.46

3 52.88 1.26i 53 16504.46 392.96: 103 62333.85 1484.14

4 94.01 2.24: 54 17133.14 407.93: 104 63550.10 1513.10

5 146.89 3.50i 55 17773.58 423.18! 105 64778.09 1542.34

6 211.52 - 5.04; 56 18425.77 438.71: 106 66017.83 1571.85

7 287.90 6.85: 57 19089.71 454.52: 107 67269.33 1601.65

8 376.04 8.95: 58 19765.40 470.60; 108 68532.57 1631.73

9 475.92 11.33 59 20452.84 486.97: 109 69807.57 1662.09
10 587.56 13.99 60 21152.03 503.62: 110 71094.32 1692.72
11 710.94 16.93! 61 21862.97 520.55: 111 72392.82 1723.64
12 846.08 20.14 62 22585.67 537.75! 112 73703.07 1754.84
13 992.97 2364 63 23320.11 555.24: 113 75025.07 1786.31
14 1151.61 27.42 64 24066.31 573.01; 114 76358.83 1818.07
15 1322.00 31.48. 65 24824.26 591.05: 115 77704.33 1850.10
16 1504.14 35.81 66 25593.96 609.38! 116 79061.58 1882.42
17 1698.04 4043 67 26375.41 627.99: 117 80430.59 1915.01
18 1903.68 4533 68 27168.61 646.87: 118 81811.35 1947.89
19 2121.08 50.50 69 27973.56 666.04; 119 83203.86 1981.04
20 2350.23 - 55.96; 70 28790.26 685.48: 120: ~ 84608.12 2014.48
21 2591.12 61.69: 71 29618.72 705.21: 121 86024.13! 2048.19
22 2843.77 67.71; 72 30458.92 725.21; 122 87451.89 2082.19
23 3108.17 74.00; 73 31310.88 745.50 123 88891.40 2116.46
24 3384.32 80.58: 74 32174.59 766.06: 124 90342.67 2151.02
25 3672.23 87.43: 75 33050.05 786.91: 125 91805.68 2185.85
26 3971.88 94.57! 76 33937.26 808.03: 126 93280.45 2220.96
27 4283.29 101.98: 77 34836.22 820.43: 127 94766.97 2256.36
28 4606.44 109.68: 78 35746.93 851.12: 128 96265.23 2292.03
29 4941.35 117.65: 79 36669.39 873.08: 129 97775.25 2327.98
30 5288.01 125.90; 80 37603.61 895.32 130 99297.03 2364.21
31 5646.42 134.44: 81 38549.57 917.85: 131: 100830.55 2400.73
32 6016.58} 143.25: 82 39507.29 940.65: 132! 102375.82 2437.52
33 6398.49 152.34: 83 40476.76 963.73; 133 103932.85 2474.59
34 6792.15 161.72; 84 41457.98 987.09: 134 105501.62 2511.94
35 7197.57 171.37: 85 42450.95 1010.74: 135: 107082.15 2549.57
36 7614.73 181.30; 86 43455.67 1034.66: 136: 108674.43 2587.49
37 8043.65 191.52; 87 44472.14 1058.86: 137: 110278.45 2625.68
38 8484.31 202.01 88 45500.36 1083.34; 138; 111894.23 2664.15
39 8936.73 212.78. 89 46540.34 1108.10: 139: 113521.77 2702.90
40 9400.90 223.83: 90 47592.07 1133.14: 140 115161.05 2741.93
41 9876.82 235.16: 91 48655.54 1158.47: 141; 116812.08 2781.24
42 10364.49 246.77. 92 49730.77 1184.07: 142: 11847487 2820.83
43 10863.92 258.66: 93 50817.75 1209.95: 143 120149.40 2860.70
44 11375.09 270.84: 94 51916.48 1236.11: 144 121835.69 2900.85
45 11898.02 283.29: 95 53026.96 1262.55: 145: 123533.73 2941.28
46 12432.69 296.02: 96 54149.19 1289.27: 146: 125243.51 2981.99
47 12979.12 300.03; 97 55283.18 1316.27: 147 126965.05 3022.98
48 13537.30 322.32; 98 56428.91 1343.55: 148! 128698.35 3064.25
49 14107.23 335.89: 99 57586.40 1371.10: 149: 130443.39 3105.79
50 14688.91 349.74: 100 58755.64 1398.94; 150; 132200.18 3147.62
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Manual Gauging Terms

Gauge Tape Reference « Observed Gauge Height. The existing distance
Gauge * Gauge Point from the datum plate or tank bottom, to the
Hatch reference gauge point.

~a _
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