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Estimating Oil Spill Recovery System Effectiveness
This standard is issued under the fixed designation F 1780; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope In some cases, the skimmer may not be attached to the boom

1.1 This guide covers the key factors to consider in estimatPut is positioned in the pocket of the boom for skimming. As

ing the effectiveness of containment and recovery systems th#ng as the skimmer operates while moving, it is considered to
may be used to assist in the control of oil spills on water. P& an advancing skimmer. Some skimmers are used in both an

1.2 The purpose of this guide is to provide the user withddvancing and stationary mode. These are classified according

information on assessing the effective use of spill-cleanugC their application. . . _
equipment. It is intended for use by those involved in planning 3:1.3 contained spills n—a spill that is restricted from
for and responding to oil spills. spreadlng by containment boom or natural means.

1.3 Sections of this guide describe calculation procedures 3-1.4 oil slick encounter raten—the volume of oil slick per
for estimating recovery system effectiveness. It should pa!nit time actively e_ncountered by_the oil spill recovery system,
understood that any such calculations cannot be expected @d therefore available for containment and recovery/tmn
predict system performance, but are intended to provide a 3-1.5 oil spill recovery systeqm—a combination of devices
common basis for comparing system performance. Fhat operate together to recover spilled oil; the system would

1.4 One of the main reasons that the calculation procedurdgclude some or all of the following components) ¢ontain-
cannot be used to predict system performance is that th@ent boom, Z) skimmer, ) support vessels to deploy and
analysis is sensitive to assumptions made on the properties 8perate the boom and skimme#) @discharge/transfer pumps,
the oil slick, and particularly the changes in slick thickness and®) Oil/water separator,6) temporary storage devices, ard) (
emulsification. It is emphasized that the purpose of this guidéhore based storage/disposal. .
is not to provide a standard method for estimating slick 3-1.6 recovery system effectiveness—the volume of oil
property changes, but rather to provide a standard guide féhat is removed from the environment by a given recovery

using that information in comparing system performance. ~ SyStém in a given recovery period. _
3.1.7 recovery period n—the time available for recovery

2. Referenced Documents systems to carry out cleanup operations.
2.1 ASTM Standards: 3.1.8 response timen—the time interval between the spill
F 625 Practice for Classifying Water Bodies for Spill Con- incident and the start of cleanup operations.
trol System3 3.1.9 stationary skimmem—a skimmer that is intended to
F 631 Guide for Collecting Skimmer Performance Data inPe used in a fixed location and is moved to new accumulations
Controlled Environments of oil as skimming progresses.
F 808 Guide for Collecting Skimmer Performance Data in 3-1.10 Discussior—Some stationary skimmers are used in a
Uncontrolled Environments containment boom system that moves to collect oil, then
F 1523 Guide for the Selection of Booms According to Pauses to permit the skimmer to recover the oil collected. Even
Water Body Classificatiods though this system moves periodically, the skimmer is still
ranked as a stationary skimmer because it operates when the
3. Terminology system is at rest.
3.1 Definitions: 3.1.11 uncontained spilln—a spill that continues to spread

3.1.1 advancing skimmen—a skimmer that is designed to after the recovery effort begins.
be used to sweep out the spill area.
3.1.2 Discussior—The skimmer may be independent or

may be attached to containment boom to increase sweep width.4-1 In evaluating the effectiveness of containment and
recovery systems used in response to oil spills, many factors

 This guide is under the jurisdiction of ASTM Committee F-20 on Hazardousneed to be _con_5|dered_ of Whlc.h Sklmmer performance is but
Substances and Oil Spill Responseand is the direct responsibility of SubcommittdNe. The ObJeCt|Ve of this 9U|de is to describe a range of factors

F20.12 on Removal. that must be considered in estimating recovery system effec-
Current edition approved Feb. 10, 1997. Published April 1997. tiveness.
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4.2 In order to evaluate a recovery system, there are two 10000 ; ( T ,
general types of information required, a set of information to. ‘ ‘
describe the spill scenario against which the system will be £
measured, and a set of information to describe the performance
characteristics of the recovery system.

4.3 Information on the spill is required to adequately define &
the problem and thereby provide a focus for the evaluation g
process. The spill should be defined in sufficient detail as to « :
allow an unambiguous interpretation of its behavior in terms of & '
the operating parameters of the countermeasures system. Fofrj 0.1
certain purposes it may be desirable to develop a set of®
standard spill scenarios against which response system effec2 o.0t
tiveness would be measured in a quantifiable manner. oL

4.4 The performance characteristics must be identified for 0003 " 0 00 000 19000
the recovery system and its various components. In general, the TIME SINCE START OF SPILL (hours)
information requirements will include the rates or capacities, or
both, the operating limitations, and the support requirements.

4.5 This guide covers equipment-related factors that will
affect recovery-system effectiveness. Additional important faceomposed of windows and patches separated by sheen or open
tors that are not covered in this guide but should be consideregtater, or both. These factors should be considered in estimat-
as being critical to the success of a spill response includeng an overall average slick thickness.
contingency planning; communications plans; government ap- 5.2.4 Slick Viscosity—The viscosity of the spilled product is
provals; logistics of supporting manpower and equipment irused as a criteria to evaluate skimmer performance, as many
the field; and training and exercising of manpower. skimming and pumping units will perform less effectively as
viscosity increases. The viscosity of the spilled product will
generally increase through the recovery period as the oil is

5.1 Spill Type subjected to weathering and emulsification processes. The

5.1.1 Response strategies will depend to some extent on thgscosity should be specified as Mg (cSt).
type of spill. The spill scenario should be defined as to whether 5.2.5 Emulsificatior—Emulsification is important as a spill
it is an instantaneous or continuous release, whether or not thgocess not only for its effect on oil viscosity but also because
spill has ceased flowing, and whether the spill is contained oan emulsified oil represents a greater total volume of spill
uncontained. product that must be handled by skimming and pumping

5.2 Qil Slick Properties—The following oil slick properties  systems. Many crude oils and refined products will tend to
must be specified for the spill scenario. As some of thesemulsify over the life of the spill depending on the properties
properties may vary with time, it may be desirable to useof the oil and the level of wave energy in the spill environment.
computer-based behavior models to produce spill propertfhe degree of emulsification should be specified as the
information for the time period of interest. For certain appli- emulsified water content expressed as a percentage.
cations it may be useful to produce standard sets of spill 5251 It is recognized that emulsification rates for oil
property information that describe spills of interest as aspilled in the marine environment will vary greatly depending
function of time. on the oil properties, spill size, sea conditions, and temperature.

5.2.1 Spill Volume—The total volume of oil spilled should As noted in 1.4, it is not the intent of this guide to provide
be specified (7). For spills that have not ceased, a spill ratestandard rates of emulsification for a variety of oil products and
(m3n) should also be specified. environmental conditions. For the purposes of comparing

5.2.2 Spill Area—The total spill area must be estimated in system performance, the data in Table 1 is provided as an
order to calculate estimates of slick thickness. For uncontainegxample of emulsification data for crude oil over a period of
spills, the total spill area will increase over time; estimates cageveral days. Users of this guide are encouraged to use
be made using computer-based behavior models. Alternativelgiternative data that suits their particular oils and environmen-
a simplified spreading model (Fig. 1: example spreadingal conditions.
curves) can be used for first-order estimates. 5.3 Spill Environment

5.2.3 Slick Thickness-Slick thickness is used in subsequent  5.3.1 Temperature-Water temperature is important as a
calculations of system encounter rate. Slick thickness is deparameter for estimating oil slick properties as well as the rate
fined as the overall average thickness of the slick, and isf change of those properties due to weathering and emulsifi-
estimated by dividing the spill volume by the total spill area atcation. (It is assumed that the temperature of the oil slick is the
any given time. For this calculation, spill volume should take
into account losses from the slick due to evaporation and
natural dispersion, and increases to the slick volume due to Time for Crude Oil
emulsification. For uncontained spills, natural spreading forces

. . . R . . 12 h 1 day 2 days 3 days
will cause the slick thickness to decline steadily during—g;water content 20 50 65 75
recovery operations, and may result in a discontinuous slick

1000

100

FIG. 1 Total Slick Area versus Time

5. Spill-related Information

TABLE 1 Example Data for Emulsified Water Content versus
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same as the water on which the oil is floating.) Waterthe recovery systems, and with respect to shoreline, in order to

temperature is defined as the temperature of the upper surfaestimate the time available to respond prior to shoreline oiling.

layer and should be specified as °C. Spill location may also be of importance when evaluating
5.3.1.1 Airtemperature may be important as a parameter foiecovery systems that include the shuttling of recovered olil

modifying or limiting the performance of skimming and between the recovery site and temporary storage locations, in

pumping equipment, and should be specified as °C. which case transit times may have to be deducted from the
5.3.2 Wind/Waves-The wind and wave environment is On-site availability of storage systems.

important to the analysis for two reasons; first, as a parameter )

in estimating the behavior changes of the oil slick, and second: Recovery System Information

as a limiting factor for recovery operations. For the first 6.1 Containment System Operating Factors

purpose, average wind speeds (km/h) should be specified. Forg.1.1 Encounter Rate-The encounter rate of the recovery

the purpose of establishing criteria for limiting recovery system is a prime consideration in evaluating performance. The

operations, exceedance statistics (significant wave heighBncounter rate is simply the rate Ym) at which the system

should be specified for the spill location. Exceedance criteri@ncounters the oil slick. The encounter rate includes three

should be expressed as the percentage of time that conditiogsmponents: sweep width, encounter speed, and oil slick

will allow recovery operations with reference to the equipmenthijckness.

selected for the response and the environmental criteria listed 6.1.1.1 The sweep width (or swath) is the width intercepted

in Practice F 625. For example, for spills in open water, waveyy a boom in collection mode, and is calculated by multiplying

exceedance data should be specified as the percentage of tigg@ boom length by the gap ratio. Where the gap ratio is not

that waves are less than or equal to 2 m, which would represepecified, a value of should be used.

the percentage of t_ime that equipment specified for open water g 1 1.2 The encounter speed is the tow or current speed

use would be applicable. relative to the containment system. If not specified, a maximum
5.3.3 Current—The presence of water currents may influ- encounter speed of 0.5 m/s (1 knot) should be used.

ence the selection of response strategies for a spill scenario,g.1.1.3 Encounter rate can be calculated as the product of

and may lead to a reduction in containment effectiveness ifhese three factors, taking into account consistency of units. As

certain applications. The water currents, in m/s, should bguel|, simple nomograms (Fig. 2) can be used to estimate

variations. _ _ 6.1.2 Operating Limitations-Containment equipment must
5.3.4 Visibility—Due to concerns with worker safety in poor pe specified with regard to the environmental conditions of the
visibility, as well as the inefficiencies related to the monitoring,given spill scenario. Guidance for selecting booms can be
tracking, and containment of oil slicks during periods of poortaken from Guide F 1523, which lists minimum requirements
visibility, it is assumed in general that recovery operations ar¢or poom dimensions and strength properties for calm, pro-
only possible when there is daylight and visibility of greatertected, and open bodies of water. Other limitations on the
than 500 m (0.25 n.miles). Both of these factors should bepecified boom, such as minimum water depths and maximum
expressed as the percentage of time that conditions exist thgjy speeds should also be listed.
would allow effective operations. 6.1.2.1 The applicability of a boom to a given spill scenario
5.3.4.1 It may be possible to effectively operate duringshould be considered as a constraint to containment operations.
periods of darkness and poor visibility if the recovery systemror example, a boom designated for calm water use (in
includes adequate lighting equipment, remote sensing systemagcordance with Guide F 1523) will be satisfactory for con-
for assisting monitoring and containment efforts, or highlytainment operations in waves up to 0.3 m (1 ft). If the wave
accurate navigation systems, or combination thereof. This maylimate for a given area is such that 0.3 m waves are exceeded
be particularly applicable to spills in nearshore and protecte@s o, of the time then the boom could be considered to be
waters. In such cases a more liberal criteria for visibility applicable 75 % of the time.
limitations could be specified. 6.1.2.2 Encounter speed is included as a factor in calculat-
5.3.5 Summary of Environmental Applicability Facters ing the encounter rate. For most booms the maximum encoun-
The wave exceedance, daylight, and visibility factors can beer speed will be in the range of 0.35 to 0.5 m/s (0.7 to 1 knot).
combined to produce an overall applicability factor that wouldit is recognized that certain containment systems have been
represent the percentage of time that a given recovery systegiesigned to operate at higher encounter speeds: greater speeds
could be effectively used for a given spill scenario. Forthan those noted above may be used if test data is available to
example, for an environment that has waves less then for  support the selected encounter speed. For most booms, encoun-
80 % of the time, receives 14 h of daylight, and has visibilityter speeds greater than 0.5 m/s should be used only with an
greater than 500 m for 95 % of the time (note: all figuresaccompanying reduction in the system’s throughput efficiency
should be specified for the time of year of interest), theto account for losses from the containment system.
environmental applicability would be estimated as: 6.1.3 Support RequirementsSupport requirements for the
(0.80) X (14/24)x (0.95) = 44 %. listed containment equipment should be specified. Support
5.4 Spill Location requirements could include: transportation to deliver the boom
5.4.1 Spill location should be specified with respect toto the spill site; equipment such as cranes or winches required
distance of response bases, in order to estimate transit times faar deploy, tow, and retrieve the boom; boom tackle such as tow
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SPILL ENCOUNTER RATE AS A FUNCTION OF
SWEEP RATE AND SLICK THICKNESS
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SWEEP WIDTH (M) SPILL ENCOUNTER RATE M3/Hr
Example:
Sweep Width 10 meters.
Speed of Advance: ... 0.5 m/s (1 knot)
Slick Thickness 0.5 mm
Oil Spill Encounter Rate............. 8.5 M3/Hr.

FIG. 2 Oil Spill Encounter Rate

lines, marker buoys, anchors, connectors; power or air requireise an estimate based on the skimmer's nameplate recovery

ments, or both, for boom deployment, operation, and retrievakate. Report the source of the data and the method used to

adequate manpower for deployment and retrieval; and vesseéstimate the recovery rate.

with adequate deck space for the required equipment, as well .2 2 Recovery EfficieneyA skimmer will generally re-

as adequate power and maneuverability for the specific situgover free water along with the recovered oil. The amount of

tion. Any limitations on the specified support equipment shouldyater recovered will affect the relative efficiency of a skimmer

be specified; these could include: sea-state limits for vesselstem because the total fluid volume must be handled by the

operation; draft limits on the vessels; minimum and maximumyransfer, storage, and disposal systems. In order to estimate the

transit and tow speeds; and limits on vessel operation Witmount of total fluids that must be handled, the recovery

respect to distance of shore. eficiency of the skimming system must be known for the
6.2 Recovery System Operating Factors operating conditions expected. As with the recovery rate, the
6.2.1 Recovery Rate-An appropriate recovery rate must be recovery efficiency may vary with the slick conditions and the

determined for the skimming unit based on the operatingnyironmental conditions, and should be estimated based on

conditions specified in the spill scenario. The recovery rat@ast data if available.

should reflect realistic expectations of performance with regard 6.2.3 Skimmer Operating LimitationsAny limitations on

to the slick th|ckne§§ and viscosity as well as th'e S.pec'f'the operation of the skimming unit should be specified. These

environmental conditions, all of which may vary with time. could include: upper limits on the viscosity of the oil slick;
Note 1—The recovery rate used in the performance calculations cannaninimum slick thicknesses for effective operation; maximum

exceed the encounter rate estimated for the containment system. sea states; and maximum hours of continuous operation_

6.2.1.1 The most desirable source of information for esti- 6.2.4 Support RequirementsSupport requirements for the
mating a skimmer’s recovery rate is experimental or field datdisted skimming equipment should be specified. Support re-
collected for the particular skimmer of interest (Guides F 631quirements could include: transportation to deliver the skim-
and F 808). As performance data is not available for manyner to the spill site; equipment such as cranes required to
devices, a second alternative would be to examine experimenteploy and retrieve the skimmer; power requirements for
tal or field data from other comparable devices, and use it tekimmer deployment and operation; ancillary pumping sys-
estimate a realistic recovery rate for the spill conditions oftems; adequate manpower for deployment, operation, and
interest. In the absence of any such data it may be necessaryrgtrieval;, and vessels with adequate deck space for the required
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equipment. Any limitations on the specified support equipmenére for illustrative purposes only. As well, for the purposes of
should be specified; these could include: sea state limits fathis example, it is assumed that weather conditions do not
vessel operation; draft limits on the vessels; minimum andhinder the response in any way; the implications of this
maximum transit and tow speeds; down-time for equipmenassumption are discussed at the end of the example. A
maintenance; and limits on vessel operation with respect teummary of the calculations is presented in a worksheet at the
distance of shore. end of the example.
6.3 Transfer and Storage Operating Factors 7.1.1 Consider a 1500 $19400 bbl) spill of crude oil. The
6.3.1 Storage capacity must be available to handle thspill occurs in open water, approximately 90 km from a
estimated volume of total fluids (that is, recovered oil orresponse base. Estimate the effectiveness, over the first 24 h, of
emulsion and free water, or both). Sufficient temporary storage recovery system that includes 250 m (820 ft) of containment
must be available at the spill site to handle fluids as they arboom, one skimmer with an estimated recovery rate of 25
recovered, and if applicable, additional storage must be avaim®hr (150 bbl/h), and a storage barge with a capacity of 200
able for the consolidation and storage of collected fluidsm®(1300 bbl).
awaiting disposal. 7.1.2 The first requirement is to estimate a response time.
6.3.2 In general, it should be assumed that all collectedror this example it is assumed that three hours are required for
fluids will require storage and eventual disposal. In somenotification and mobilization of the equipment. Given the spill
instances, however, it may be possible to reduce the totdbcation, the transit time can be calculated as 90 ni0
storage and disposal requirement through the use of oil/watdém/h =9 h, giving a total response time 8f+ 9 =12 h.
separation and decanting of free water. This would require the 7.1.3 Given that recovery operations will not begin until 12
specification of equipment and manpower dedicated to that after the spill occurs, the slick conditions required in the
task. Alternatively, the time required to carry out separationanalysis can be estimated. From the graph of slick area (Fig. 1),
and decanting should be considered as a possible limitingalculate the slick thickness as spill volume divided by total
factor which, in some instances, would reduce the amount ddpill area (see Table 2).
time available for skimming. 7.1.4 The average slick thicknesses can now be used to
6.4 Overall System Operating Factors estimate the encounter rate of the recovery system. Through the
6.4.1 Response TimeThe response time is defined as thetime period of interest, the slick thickness declines from 0.375
time interval between the spill incident and the start ofmm at 12 h, to 0.21 mm at 18 h (averaging 0.29 mm through
recovery operations. A response time should be estimated fdhat time period), and 0.15 mm at 24 h (and averaging 0.18 mm
the scenario taking into account an adequate time for théor the 18 to 24-h time period). Given the containment boom
mobilization of recovery resources (that is, time to notify length of 250 m, and assuming a gap ratio of 0.33 and a
response teams and assemble the required equipment) as wakhximum encounter speed of 0.5 m/s (1 knot), the encounter
as estimating a transit time of resources from the response basse for the period of 12 to 18 h can be calculated as:
to the scene of the Spi”- In EStimating transit times, unless encounter rate= sweep width X slick thickness X encounter speed

otherwise justified, transit speeds of 10 km/h (5 knots) by = (0.33 X 250 m) X (0.29 mm) X (0.5 ms)
water, 55 km/h (35 mph) by land, and 185 km/h (100 knots) by = 43 mh
air should be assumed. 7.1.5 Similarly, the encounter rate for the 18 to 24-h time

6.4.2 Recovery Period-The recovery period is defined as period can be calculated as 27/m In each time period, the
the time available for recovery operations. If appropriate to theencounter rate exceeds the recovery rate for the skimmer,
analysis, the recovery period may be specified as including thalthough it is clear that as the slick thickness continues to
response time; reporting should include a clear distinctiordiminish, the encounter rate will soon be less than the
between the two parameters. Users of this guide should seletvailable” recovery rate and the recovery operation will be
a recovery period appropriate to the circumstances of the spitestricted by the encounter rate.
scenario, and should consider the following factors, which may 7.1.6 For the time period of interest, then, the oil slick
affect the period of time during which oil will be present on the recovery rate is the specified rate of 25/m and the total
water surface and available for recovery: potential volume of fluid recovered is (25%h X 12 h) = 300

6.4.2.1 Proximity of the spill to shoreline or shallow water, m®. As this exceeds the available storage volume we are

6.4.2.2 Type of oil and size of spill (re: rates of spreadingtherefore restricted to a total fluid volume of 20C°,nthe
and natural dissipation), volume of the storage barge. We must now determine the

6.4.2.3 Hours of daylight, and components of the recovered fluid. The selected skimmer has a

6.4.2.4 Weather conditions and sea state.

6.4.2.5 Alternatively, for the purposes of comparative analy-

. . e TABLE 2 Estimated Analysis of Slick Conditions
ses, an arbitrary recovery period may be specified.

Time, h Total Slick Average Slick

7. Example Calculation Area, km? Thickness, mm
7.1 The following example calculation illustrates the meth- 13 ‘71 8215
odology in estimating the effectiveness of a recovery system 24 10 0.15
against a target spill. Through the example calculation, ex- 48 20 0.075
ample values are given for slick thickness, emulsification, and 33 12 §3 ;i 22 8ji§

recovery-system parameters. It is emphasized that these values
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specified oil recovery efficiency of 75 %; therefore 75 %, or 7.1.7 Based on the preceding information it is estimated that
150 n? of the recovered fluids is oil and emulsion with 56 m a total of 120 i of oil, or about 8 % of the total spill volume,

of free water. Secondly, the scenario definition states that theould be collected in the first 24 h of the spill (see Table 3).
slick is expected to emulsify, with an estimated 10 % water 7.1.8 For the purposes of this example it was assumed that
content after 12 h and 30 % after 24 h. As a rough approxienvironmental conditions did not hinder the response in any
mation, we can assume an average 20 % water content througlay. There are a number of ways that weather factors could be
the 12 to 24-h period. Therefore, the 158 af emulsion is in  used to modify the preceding methodology. As discussed in 5.3
fact 120 nf of oil and 30 n? of emulsified water. (It should be of this guide, environmental data can be used to calculate an
noted that had the recovery system included a system fapplicability factor. As well, sea conditions in the area of
separating free water or breaking the emulsion, or both, and ihterest could be used to modify the recovery rate and recovery
discharge of separated water were permitted, then the storagéfiiciency calculations, for example, for skimmers that are
limitation of 200 n? could have been applied to oil rather than expected to have changes in performance with changes in wave
total recovered fluids.) height.

TABLE 3 Summary of Calculations

Comments No. 1 No. 2 Total

A. Time Period, h No. 1: 12t0 18 h 6 6 12
No. 2: 18 t0 24 h

B. Slick Thickness, mm scenario definition 0.29 0.18
C. Encounter Rate, m3h swath X speed X “B” 43 27
D. Available Skimming Rate, m3h specified in recovery system definition 25 25
E. Actual Skimming Rate, m3/h lesser of “C",* D" 25 25
F. Potential Volume Skimmed, m® ‘A" X “E” 150 150 300
G. Available Storage, m*® specified in recovery system definition 200 50
H. Actual Fluid Volume Stored, m® lesser of* F",* G” 150 50 200
I. Recovery Efficiency,% scenario definition 75 75 75
J. Oil/Emulsion Stored, m*® 2 112.5 375 150
K. Emulsification, % water scenario definition 20 20 20
L. Oil Stored, m® “J" X (1=K 90 30 120
Total Volume of Oil Recovered 120 m® 8 % of spill
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