A STATISTICAL EVALUATION OF OHMSETT TESTING

Clane M. Fosier

VLS, Environimental

T~ - - py
i Proiection Agency
Foison, New Jersev L8857

Sol H. Schwartz and Gary F. Smith
Meason & Hanger-Silas Mason Co., Inc.
Leonardo, New Jersey 07737

Contract No. 68-03-2642

Project Officer

John S. Farlow
Qil and Hazardous Materials Spills Branch
Municipal Environmental Research Laboratory
Edison, New Jersey 08837

MUNICIPAL ENVIRONMENTAL RESEARCH LABORATCRY
OFFICE OF RESEARCH AND DEVELOPMENT
U.S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATIL, OHIO 45268

600281124



DISCLAIMER

This report has been reviewed by the Municipal Environmental Research
Laboratory, U.S. Environmental Protection Agency, and approved for publication.
Approval does not signify that the contents necessarily reflect the views and policies
of the ULS. Environirental Frotection Agency, nor dees mention of trade names or

commercial products constitute encdorsament or recormmendation for use,



FOREWORD

The 1J.S. Environmental Protection Agency was created because of increasing
public and government concern abdut the cangers of pollution to the health and
welfare of the American people. Ncoxious air, foul water, and spoiled Jand are tragic
testimonies to ihe ceizrioration of our natural environiment. The complexity of that
environment and the intzrplay of iis components reguire a concentrated and integrated
attack on the probiem.

~t
Y

Research and cdevelopment is that necessary first step in problem solution; it
involves defining the problem, measuring its irmpact, and scarching for solutions. The
Municipal Environmental Research Laboratory develops new and improved technology
and systems to prevent, treat, and manage wastewater and solid and hazardous waste
pollutant discharges from municipal and community sources, to preserve and treat
public drinking water supplies, and to minimize the adverse economic, social, health,
and aesthetic effects of pollution. This publication is one of the products of that
research and provides a most vital communiations link between the research and the
user community.

This report describes a program to statistically analyze test parameters used to
evaluate the oil and hazardous material spill control devices at the U.S. EPA's Oil and
Hazardous Materials Simulated Environmental Test Tank. Based on results presented
here, improved testing and evaluation of equipment can be developed. Further
information may be obtained through the Solid & Hazardous Waste Research Division,
Qil and Hazardous Materials Spills Branch, Edison, New Jersey.

Francis T. Mayo
Director
Municipal Environmental Research Laboratory
Cincinnati



ABSTRACT

This program was condulied 10 o
data generated h° USEPA's Oif anc =
Test Tank (OHWS The obiettive v
in orcer to dev ici Tzet o
irom the ininiimumn nuinZer of 1osis.

This study was set up in two szparats

orie program in which 2§ different comzitic d pro
which three replicates each of eight diifer t A cornparison
was then p“ssxble between the two types of programs. The 3-replic erst matrix was

duplicated to produce six replicates and the validity of the non—rephcate and 3-
replicate programs was evaluated with respect to the 6-replicate data.

Parameters «ffecting device performance studied in this program were tow
speed, wave condition, oil type, and oil slick thickness. These parameters were tested
at various levels, and device performance was evaluated in terms of throughput
efficiency (the ratio of oil collected to oil encountered).

Comparisons between point estirnates and confidence intervals, graphic trends
and analysis of variance were all examined. The results of this program indicate a
need for replicate testing to provide accurate estimates of performance parameters,
significant effects and performance trends.

These results are specific to the LPI-OSED skirmnmer and need not apply to all
equipment tested at OHMSETT.

This report was submitted in partial fulfillment of Contract No. 68-03-2642, by
Mason & Hanger-Silas Mason Co., Inc., under the sponsorship of the U.S. Environmen-
tal Protection Agency. This report covers the period 31 July 1978 to 18 August 1978
and work was completed as of 13 October 1978.
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ABBREVIATIONS AND SYMBOLS

ABBREVIATICNS

CITi --centimeter

dynes/cm - -Cymes per csintimeier

HC - -harbor chop wave condition
IFT --interfacial tension

m --meters

m/s --meters per second

mm ~--millimeter

N/m --Newton per meter

C.V. --coefficient of variation
SYMBOLS

--population mean

--sample mean

--population standard deviation

--sample standard deviation

--number of observations

--the probability of rejecting the null hypothesis when it's true
--percent

*Q:V’th
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SECTION 1

INTRODUCTION AND BACKGROUND

In 1974, the U.S. Environmental Protection Agency began evaluating the
j,'«.rz'o nance of oil anc hzrarcous materizls spill cleanup equipment at their OHMSE I'T
test facility in Lzor=ido, Now Jersey, These projects were the direct result of the

S
Agency's determiination 1o further the technology required 1o combat oil and hazardous
material waterborne pollution. By providing a facility to simulate environmental
conditions, PquipT»ent previously uniesiecd for oil spill containment and removal
potential could now be evaluatec objectively. Toécmc. with qualitative information
such as extensive photographic and video coverage, it became possible to guantify the

performance of a wide range of prototype and production equipment.

=0

The measured recovery parameters of oil recovery rate, recovery efficiency
(percent oil in total recovered mixture), and throughput efficiency (ratio of oil
collected to oil encountered, expressed as a percent) have served to define overall
device potential, performance trends, and sensitivities to various simulated
environmental conditions. These recovery parameters have historically been point
estimates (an estimate given by a single number). Due to cost and time limitations, it
has not always been possible to produce replicate data necessary to establish
confidence intervals.

In April 1975, the operating staff proposed to incorporate into the on-going
USCG-EPA hazardous materials project a method to determine interval estimates and
to produce a statement of their reliability. The results of that program are given in
Reference 1.*

This study investigates the value of replicate testing in developing an efficient
test program that gives the most reliable information from the minimum number of
tests. This study was funded and conducted in August 1978,

1. McCracken, W.E. and S.H. Schwartz. Performance Testing of Spill Control
Devices on Floatable Hazardous Materials, EPA-600/2-77-22, U.S. Environmental
Protection Agency, Cincinnati, Ohio, 1977. 139 pp.
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SECTION 2
CONCLUSIONS
The following conclusions are derived Irom this test program comparing
replicate vs. non-replicete t2sting at OHNSETT.
iimaies of pzrionrance
Replicate testing is necessary 1o estimate the significance of various control-
lable parameters on device performance.

Replicate testing is necessary to accurately establish performance trends over
various levels of a parameter.



SECTION 3

RECOMMENDATIONS

Future testis g at CHMSETT should include preliminary replicate programs to
establish best and worst ¢=s e conficence intervels and determine optimal par z'or mance
perameter considering precision.

Since test results serve to establish future research, development and procure-
ment programs, OHMSETT results should be defined in terms of their statistical
reliability and should supplement qualitative evaluations of device performance.

Test reports should include all available information concerning accuracy and
precision of laboratory procedures currently existing as control chart information and
should detail information concerning the operator control of oil distribution.

A standardized format for presenting such information should be established
and included as an Appendix to all reports.



SECTION &

TEST PLAN

GENERAL CONSIDERATIONS

The cbjective of an eificient i1est oregram is to get the most reliable
information from the minitnum number of tests. While covering the widest range of
test conditions, it is important that the relizbility of the information obtained is not
sacrificed.

N
[N

To evaluate means of achieving these objectives, this study has been set up in
two separate programs:

1. A non-replicate prograrmn of 24 tests run with 24 different conditions,
and,
2. A replicate program of 24 tests where three replicates each of eight

different conditions are tested.

A comparison can then be made as to which type of program provides the
greatest amount of reliable information.

Parameters affecting device performance may be either operator controllable
or not controllable in actual practice. Information on device response to controllable
parameters, such as forward speed and oil slick thickness, is necessary for optimal oil
collection. Information on device response to parameters beyond control, such as
wave condition and oil type, is beneficial when selecting the appropriate device for
particular oil spill conditions.

NON-REPLICATE TEST PLAN

It was chosen to test device performance with:

1. wave condition at 2 levels (calm and .3 m harbor chop)

2. oil type at 2 levels (light and heavy)

3. tow speed at 3 levels (.76 m/s, 1.02 m/s, and 1.52 m/s), and

b, slick thickness at 2 levels (3 mm and 6 mm).

Fach level of every parameter appears with each Jevel of every other parameter
exactly once.



g = ey T n e e - e
THREE-REPLICATE TEST PLAN

o

To allow for three replicates of cach condition, the program was restricted to
testing with:

1. wave condition at 2 levels (czim and .3 m harbor chop)

2. oil type at 2 levels {light and heavy)

3, 10w 2p=ed at 2 jevels (1.92 mi/s and 1.52 m/s), and

4. slick thickrness held constant a1t 3 1am.
Zach level of every parametzr =;pzars vith cach jevel of every other perameier
exactly thiree thmes,

o

Since additional time became eveilzble, 1t became possible to rzpeat the 3-
replicate test matrix, thus producing 6 replicates of each condition. This greatly
improves the estimate of the population's mean (u) and standard deviation (g, and is
extremely beneficial in estirnating confidence intervals and projecting optimal sample
size.

A duplication of the 3-replicate matrix also makes possible a comparison
between two 3-replicate programs. This is of interest should it be found that (for this
particular skimmer) three replicates are sufficient for estimating throughput efficien-
cy within a desired bound (such as *5) at the 95% confidence level. This provides
additional information as to the reproducibility of test programs.



TABLE 1. NON-REPLICATE TEST MATRIX

Test Tow speed Wave Oil Slick thickness
no. (m/s) condition type (mm)
1 0.76 cealm heavy 3
2 1.02 calm heavy 3
3 1.52 calm heavy 3
4 0.76 3 m HC heavy 3
5 1.02 3 m HC heavy 3
6 1.52 .3 m HC heavy 3
7 1.02 calm heavy 6
8 1.52 calm heavy 6
9 0.76 calm heavy 6
10 1.02 .3 m HC heavy 6
11 1.52 3 m HC heavy 6
12 0.76 .3 m HC heavy 6
13 1.52 calm light 3
14 0.76 calm light 3
15 1.02 calm light 3
16 1.52 .3 m HC light 3
17 0.76 .3m HC light 3
18 1.02 3 m HC light 3
19 0.76 calm light 6
20 1.02 calm light 6
21 1.52 calm light 6
22 0.76 3 m HC light 6
23 1.02 .3m HC light 6
24 1.52 .3m HC light 6

|
|
i
i
!
i
|
|
t
i
|
|

|
i




TABLE 2. REPLICATE TEST MATRIX

Test Tow spzed Veve il Slick thickness
N {rm/s) cordition 1,ps (mm)
IA 1.02 caum hegvy 3
2A 1.52 calm heavy 3
IB 1.02 calm heavy 3
3A 1.52 3 m HC tieavy 3
4A 1.02 .3 m HC heavy 3
3B 1.52 .3 m HC heavy 3
2B 1.52 calm heavy 3
1C 1.02 calm heavy 3
2C 1.52 calm heavy 3
4B 1.02 .3 m HC heavy 3
3C 1.52 .3 m HC heavy 3
4C 1.02 3 m HC heavy 3
SA 1.02 calm light 3
6A 1.52 calm light 3
5B 1.02 calm light 3
7A 1.52 .3 m HC light 3
8A 1.02 .3m HC light 3
7B 1.52 .3 m HC light 3
6B 1.52 calm light 3
5C 1.02 calm light 3
6C 1.52 calm light 3
8B 1.02 .3m HC light 3
/7C 1.52 3 m HC light 3
&C 1.02 3 mHC . light 3

This matrix was repeated with A, B, and C replaced with D, E, and F respectively.



SECTION 5

TEST PROCEDURES

he advancing skiminer ie

,sted wes the LPI Corporation's OSED oil skimmer.
ding an encountered oil/water mixture along its
,*‘ry sint, where the oil risss to the collection
m. The cevice was positioned betwean the meain
t s.de of the video truss as shown in Figure 1. The

au C
erii ~ the centerline of the oil J'SLF;bUthn maniiold,
approximately 7.3 m irom the west tank wall. Oil was guided to the bow of the device
as a 2.9-m wide slick at thicknesses of 3 and 6 mm. The tow speeds were selected on

the basis of previous testing of the LPIl skimmer. They were 0.76, 1.02, and 1.52
meters per second. Surface conditions were calm water and 0.3-m harbor chop (HC),
and oil types included heavy and light oils with nominal viscosities of 570 and 150
centistokes, respectively. These viscosities relate to actual test tank water tempera-
ture and were extrapolated from a standard viscosity-temperature chart of the
American Society for Testing Materials (D-341).

The skimmer was brought to speed prior to oil distribution. On signal, a preset
rate of oil distribution was begun and continued for a distance of 91.4 m, after which
the tow speed was gradually reduced to minimize oil loss from the holding area of the
device. Collected fluid was transferred by pump to translucent barrels for subsequent
measurement. This operation included decanting free water, which rapidly settled,
and mixing the remaining mixture for grab sampling. The samples were then mixed
with an equal volume of water-saturated toluene and centrifuged for a period of 30
minutes. The percent water content was then multiplied by the volume of oil-water
mixture collected to obtain an estimate of the total oil collected.
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SECTION 6

TEST RESULTS

ribution and throughput eificiency for

Data were collecied on both oil disu
cal anziy s tted in Appendix C.

ne raw dat: are oreser
OIL DISTRIBUTICN

Test fluids are typically distributec uncer cperator control at OFMSETT from
onboard storage tanxs through positive displacement pumps and metzrs equippaed with
volume totzlizers and rate tachogeneraiors. The true thickness of the slicks formed
on the water were not measured; the average thickness for each run was calculated
using the oil distribution flowrate, the forward speed, and the norninal 2.9-m slick
width. Accuracy and precision statements on this operation are based on the

calculated average slick thicknesses.

Sixty tests were run with a nominal oil slick thickness of 3 mm. The mean of
the average slick thicknesses was 3.06 mm, with a standard deviation of 0.120 mm

(4%).

The twelve 6 mm tests displayed a similar degree of repeatability with a mean
slick thickness of 5.92 mm and standard deviation of 0,298 mm.

THROUGHPUT EFFICIENCY-- REPLICATE VERSUS NON-REPLICATE
The best available estimate of throughput efficiency for a given tested
condition is given by the mean of the six replicates. The reliability of the non-

replicate and 3-replicate data is, therefore, evaluated with respect to the é-replicate
program.

Confidence Intervals

For each of the eight conditions occurring in the 6-replicate program, the mean
(X) and standard deviation (s) is calculated. To establish the precision of these
estimates of throughput efficiency, a 95% confidence interval is computed for each
mean. There is a 95% probability that the true mean, u, lies within the limits
established by this interval. The 95% confidence intervals were determined by the

following formula:

C.l = Xﬂ:t(o-975’n*l)(s/\/ﬁ)

10
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wozre n = Nummoor 06 eoservations

t = Student's t-distribution evaluated at o = .05 {two-tziled) with n-1
degrees of freedom

The mean, standard deviation and 95% confidence intervals for each condition are
presented in the following table.

TABLE 3. 95% CONFIDENCE INTERVALS FOR THROUGHPUT EFFICIENCY

Tow speed Qil Wave & 95% Confidence
(v /s) type condition X s interval

1.62 light calm 93.6 16.6G7 &3.1 to 104.2
1.54 light calm 78.3 4.32 €9.3 to 78.4
1.02 heavy calm 95.2 g.56 86.2to 104.2
1.54 heavy calm 89.5 7.95 1.2 to 97.8
1.02 light .3 m HC 34.6 7.68 26.6 to 42.7
1.54 light .3 m HC 37.7 3.91 33.6 to 41.8
1.02 heavy 3 m HC 45.7 6.82 37.2 10 54.2
1.54 heavy 3 m HC 46.0 6.95 37.4 to 54.6

These intervals are presented graphically in Figures 2 through 5 in addition to
the individual data points.

The 95% confidence intervals ranged in size from *4.1% to *10.6% throughput
efficiency, with an average interval size of +7.7%. It is of interest to know how many
replicates would be needed in order to trim this interval down to * 5% while remaining
at the 95% confidence level. The projected necessary sample size, n, can be estimated
using the following equation:

A= (ts/B)?
where 7 = projected number of necessary replicates
t= Student's t-distribution at t(l-a/z, n-1)
(in this case a = .05) ) .
S = sample standard deviation
B = desired bound on the error estimate (in this case B = 5)

The results are presented in the following table.

11



TABLE &, PROGECTED SANPLE SJZES,’!’!, NECESSARY TO TRIM CONFIDENCE
INTERVAL SIZE TO 5% WHILE REMAINING AT 95% CONFIDENCE LEVEL

Tow speed 0il Wave Interval size

(m/s) type condition atn==6 n
1.02 light caln 10.6 27
1.52 hight Seim 4,6 5
1.02 fzavy Zalm S.0 20
1.52 =l $.3 17
1.02 i oo A0 8.1 16
1.52 Fght Sir =0 L.l 5
1.02 fozvy S HC E.5* 15
1.2 Lizavy 3 8. 15

3
T
- O
(e}
*

|
i
]
i
1
[
i
Iy
'
1

*n = 5, see Analysis of Variance, below
Graph Analysis

A visuval comparison can be made between the 6-replicate and non-replicate
data by studying the graphs in Figures 2 through 5. The individual observations for
both the 6-replicate and non-replicate data have been graphed, plotting tow speed in
meters/second versus throughput efficiency. 95% confidence intervals are represented
by shaded areas, and line segments connect the means of the 6-replicate cata to
illustrate the trend in throughput efficiency as tow speed is increased irom 1.02 to
1.52 m/s. In the case of the non-replicate data, this trend in throughput efficiency is
represented by dashed line segments connecting the individual data points.

In comparing the é-replicate vs. the non-replicate data, it should be noted that
in three of the eight conditions (calm water, heavy oil, 1.52 m/s; harbor chop, light oil,
1.02 m/s; and harbor chop, heavy oil, 1.52 m/s) the non-replicate data points fall
outside of the estimated 95% confidence intervals. This signifies that these points are
not reliable estimates of expected throughput efficiency for these conditions.

These discrepancies can be especially misleading when studying the effect of
tow speed on device performance. This is most prevalent when considering the .3 m
harbor chop with heavy oil (Figure 5). In this case, there is no significant difference in
throughput efficiency as tow speed is increased from 1.02 m/s to 1.52 m/s, as
established by the 6-replicate data. Although the hon-replicate estimate of through-
put efficiency at 1.02 m/s is equal to the mean of the é-replicate data, an exceedingly
high estimate at 1.52 m/s incorrectly imnplies an improvement in throughput efficiency
at 1.52 m/s.

Analysis of Variance (ANOVA)
Due to time limitations, the last two scheduled tests (harbor chop, heavy oil, at

1.02 and 1.52 m/s) were not completed. To maintain a balanced factorial design, these
missing values were replaced by the mean of the five replicates tested for the

12
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respective condiiions, Two ceprees of I o were subirzcted irom the residual

source, where necessary.

For esch set of data (non-replicete, 3-replicete set znd é-replicate sets) a
cross-classification analysis of variance (ANOVA) was perforimed t the signifi-
cance of each factor on device performance as deterinined by throughput efficiency.
The sources of variation tested were the main factors: tow sgpezed, wave condition, oil

t1ype, and slick thicknezssy and in the replicate sets, the interactions between tow speed
and wave condition, tow ¢
condition and oll type, ctc

peed and oil type, and tow speed and slick thickness, wave
(It is only possible to 1est the significance of interactions

Dzble)., T f

anc four-way interactions are not of
recidual source.

icate 3-replicate
Source Non-replicate Set I Set 11 €-replicate
Tow speed * *
Wave condition * * * *
Oil type * * *
Slick thickness * not tested not tested not tested
Tow speed x wave** not tested * * *

*Significant at the 95% confidence level
**No other interactions were found significant at a = .05 for any data set

A comparison can now be made between the ANOVA's for the replicate vs.
non-replicate programs. The non-replicate data were not sufficient to detect a
significant effect (at a = .05) of tow speed or oil on throughput efficiency. While one
of the 3-replicate data sets failed to detect the significance of tow speed, oil type was
found to be very significant (at a = .01) in each replicate ANOVA. This effect of oil
type can be seen by referring back to Table 3, where mean throughput efficiency (X) is
consistently higher in heavy oil than in light oil. Note, however, that oil viscosity
varied systematically over time (see Appendix B), and the possible effects of this have
rnot been addressed.

A tow spced by wave interaction was found significant in all replicate
ANOVA's. This implies that wave condition should be taken into account when
determining optimal tow speed for device performance. Referring to the graphs in
Figure 2, this interaction is illustrated., Whereas throughput efficiency in calm water
decrcases as tow speed is increased from 1.02 io 1.52 m/s, in a .3 m harbor chop the
device performs as well at 1.52 m/s as at 1.02 m/s.
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The non-replicate program has not proven to be a sufficient and reliable
evaluation of device performance when compared io the 6-replicate prograrm in either
anelysis of variance, 95% confidence intervals, or graph analysis. However, the 6-
replicate program required twice the number of tests as in the non-replicate program.
For this reason, a comparison follows between the non-replicate program and the 3-
replicate program, each consisting of 24 tasts.

As mnentioned i
with the suffixes 0, E,
replicete oro h
failed only 1o

JoU- R Y - - R & !
Tailed 1o dotect oin this

The 3-replicaie
than the non-repliczie ceta points, when compared with the 6-replicate estimates.
Three out of eight non-replicate observations fall outside of the 95% confidence limits
established by the €-replicate data, whereas, for both sets of 3-replicate data, all
means fall within the 55% confidence intervals. These data are presented in the
following table.

TABLE 6. MEANS OF 3-REPLICATE PROGRAMS

3-Replicate 3-Replicate 6-Replicate

Tow speed Oil Wave Set | Set 11 95% confidence
(in/s) type condition X X interval

1.02 light calm 96.0 91.3 (81.1, 104.2)
1.52 light calm 76.6 71.1 (69.3, 78.4)
1.02 heavy calm 99.3 91.1 (86.2, 104.2)
1.52 heavy calm 96.6 82.4 (81.2, 97.8)
1.02 light .3m HC 38.5 30.8 (26.6, 42.7)
1.52 light .3 m HC 39.5 36.0 (33.6, 41.8)
1.02 heavy .3m HC 46.2 45.0 (37.2, 54.2)
1.52 heavy 3 m HC 47.6 43.5 (37.4, 54.6)

It should be noted, however, that there is an average bias of 6% between the
two 3-replicate sets of means. Despite this bias, which is clearly depicted in the
graphs in Figures 6 through 9, the 3-replicate means closely follow the trends
established by the 6-replicate means. This was not the case with the non-replicate
data.
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SECTION 7

NISCUSSION

valuation of OBMSETT
irmitations, to reproduce
it is evident ihat certain
of e¢s1ablishing confidence
test and worst conditions at the
11 pro cedure will rot produce absolute estimates
concitions, it will estzblish an overall range of
s of precision and accuracy for zach test device.

for statistical
{0 C0St =nd

[SY
I
1

time

of confice nce inie
intervals on which to

The use of preliminary replicate runs will also produce information on the
precision of each periormance parameter. By comparing the coefficient of variation
for the estimated recovery rate, recovery efficiency, and throughput efficiency, the
test engineer will be able to establish which parameter has the greatest reliability, and
rmight therefore be used most effectively to establish device performance and trends.

The following is an exarnple of results from such a preliminary test sequence.

Test Device-- Advancing Skimmer
Slick Thickness-- 3 mm
Test 1-- 0.51 m/s, heavy oil, calm water

Throughput Recovery Recoverg
L Efficiency (%) Eificiency (%) ___ Rate (m2/s)
A 85 90 3.2
B 87 92 3.0
C 92 89 2.9
D 82 91 3.5
E 90 90 2.7
F__ - S 830
mean, X ~~~ &.3  90.8 B 3.1
standard - - - o
deviation, s i 4.502 l.472 0.274
coefficient of - -
variation, »§_/ X 5.1% 1.6% _8.8%
range of 95% confidence S S
hrmts about X 1], + 0.29
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This information reveals that, for 1his exanple, recovery efficiency has tlie
greatest precision as an estimator of device perforrnance. Depending upon how well
this parameter reflects a true measure of device performance, it may be considered
the choice parameter to be observed throughout the test program. The same nunber
of replicates should also be conducted for a potential worst case test condition, and
these data considered when choosing the optimal performarnce parameter.
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AFPENDIX A

OHNVSETT TeST FACILITY

Figure A-1. OHMSETT Test Facility.

GENERAL

The U.S. Environmental Protection Agency maintains the Oil and Hazardous
Materials Simulated Environmental Test Tank (OHMSETT) located in Leonardo, New
Jersey (Figure A-1). This facility provides an environmentally safe place to conduct
testing and development of devices znd techniques for the control of oil and hazardous
materijal spills.

The primary feature of the facility is pile-supported, concrete tank with a
water surface 203 meters long by 20 meters wide and with a water depth of 2.4
meters. The tank can be filled with fresh or salt water. The tank is spanned by a
bridge capable of exarting a force up to 151 kilonewtons, towing floating equipment at
spieds to 3 meters/second for at least 45 seconds. Slower speeds yield longer test
runs. The towing bridge is equippad to lay oil or hazardous materials on the surface of
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! mieters zhead of the device being tested, so that reproducible

the water overal
widths of the test fluids can be aduued with minimum Interference

thicknesses and
by wind.

i

The principal systems of the tank include a wave generator and beach, and a
filter system. The wave generator and adsorber beach have capabilities of producing
regular waves to 0.7 meter high and to 28.0 meters long, as well as a series of 1.2
meters high refu_c‘r_mo complex waves meant 1o simulate the water surface of a
harbor or the s2a. The tank water is clarified by recirculation through a 0.13 cubic
iem 1o permit full use of a V‘phistica‘.ed

meter/second c‘cwuxckeous carth filter sys

underwater ;no ography znd video liragery systzm, &nd tc remove the hvdrocarbons
that enter tank watzr as a result of testing. The 1owing bridge has & built-in
skirmming barrier which can move oll onto the North '::ld of ihie tank for cleanup and
recycling.

When the tank must be emptied for maintenance purposes, the entire vater
volume, or 9842 cubic meters is filiered and ireated until it meets all epplicable Siate
and Federal water guality stancards before being discharged. Additional specialized
treatment may be used whenever hazardous meterials are used for tests. One such
device is a trailer-rmounted carbon treatment unit for removing organic materials from
the water.

Testing at the facility is served from a 650 square meters building adjacent to
the tank. This building houses offices, a quality control laboratory (which is very
irmportant since test fluids and tank water are both recycled), a small machine shop,
and an equiprnent preparation area.

This government-owned, contractor-operated facility is available for testing
purpeses on a cost-reimbursable basis. The operating contractor, Mason & Hanger-
Silas Mason Co., Inc., provides a permanent staff of fourteen multi-disciplinary
personnel, The U.S. Environmental Protection Agency provides expertise in the area
of spill control technology, and overall project direction.

For additional information, contact: Richard A. Griffiths, OHMSETT Project

Officer, U.S. Environmental Protection Agency, Research and Development, MERL-
Ci, Edison, New Jersey 08837, 201-321-6629.
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APPENDIX B

The folicwing table details the physical properties of test oils used during this
program,

e oo TABLE B-1. TEST OIL PROPERTIES

Suriace Interfacial

Designation Viscosity Specific Tension Tension
Date cSt @ °c Gravity dynes/cm dynes/cm
Circo X Heavy (2 Aug) 697 (@ 22.1 0.936 34.2 I1.4
Circo X Heavy (3 Aug) 772 @ 23.3 0.937 35.5 13.3
Circo X iieavy (18 Aug) 900 @ 20.0 0.938 35.5 14.8
Circo 4X Light (31 July) 1.7 @ 26,1 0.898 27.5 5.5
Circo 4X Light (1 Aug) 16.1 @ 22.8 0.900 28.3 5.7
Circo 4X Light (14 Aug) 16.8 @ 24.6 0.901 30.9 €.3
Circo 4X Light (16 Aug) 19.8 (@ 19.9 0.904 32.4 6.9
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APPENDIX C

RAEW DATA
This s rzsznts the complete set of cle-‘a as the swooontial conduc
individuz! 1 hucs ; all‘ Tests kr:m c— sa.xc;:,ssf:,:l. N

of tzst {laid by the dev Doz e i

test 20 at 1.0Z m/s and test § at 76 m/s with 6 mim sur‘Ls This was ¢ j

a device performance situation and not the inefficiency of the guide hooms.  Also,

in certain harbor chop wave tests, vessel response caused additional reduced encounter

o  TABLE C-1. TEST RESULTS - NON-REPLICATE

Tow Slick Total Throughput

Test  speed Wave Oil thickness oilfoll. efficiency

Date _no. _ (m/s) _ cond.  type (mm) ___ (m7) (%)

7/31 1 0.76 calm light 3.2 .079 93.6

7/31 IR 0.76 calm light 3.0 076 95.3

7/31 2 1.02 calm light 3.1 .081 97.7

7/31 3 1.52 calm light 3.0 .060 75.7

7/31 4 0.76 3 mHC light 3.1 .019 23.8

8/1 5 1.02 RUN ABORTED

8/1 5R 1.02 3 mHC light 3.1 .036 44,2

8/1 6 1.52 3m HC light 3.1 029 35.5

8/1 7 1.02 calm light 6.2 149 90.4

8/1 8 1.52 calm light 5.6 .081 54.9

8/1 9 0.76 calm light 6.1 146 90.1

8/1 10 1.02 3mHC light 5.2 Lhy 37.4

8/1 11 1.52 3 mHC light 6.1 .059 36.8

8/1 12 0.76 .3m HC light 6.2 067 41.1

8/2 13 1.52 calm heavy 3.1 062 76.7

8/2 14 0.76 calm heavy 2.9 074 96.2

8/2 15 1.02 calm heavy 3.1 .0%3 102.6

&/2 16 1.52 3 m HC  heavy 3.0 On7 61.7

8/2 17 0.76 3m HC heavy 2.9 041 53.5

8/2 18 1.02 3mHC heavy 3.0 .036 45.7

8/2 19 0.76 calm heavy 5.7 094 61.7

8/2 20 1.02 calm heavy 6.0 143 £8.9

3/3 21 1.52 calim heavy 6.1 127 79.7

&/3 22 0.76 3m HC heavy 5.9 046 29.5

8/3 23 1.02 3m HC heavy 6.1 067 41.5

83 24 1.5z 3mHC heayy 58 073 6.8
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TABLE C-2. TEST RESULTS - REPLICATE

Tow Slick Total hroughput

Test speed Wave oil thickness oil3coll. efficiency

Pete  _mo. (mfs) __cond. ___ type = (mm) m?) &
8/3 1A 1.02 calm heavy 3.1 086 104.7
&/3 2A 1.52 calm hezvy 3.6 078 55.4
&8/3 H 1.02 calm heavy 3.2 J0&3 97.5
&/3 3A 1.52 3 m HAC hzavy Z.9 032 41.3
S/b LA 1.02 3o HC O hizavy 2.2 D57 42.6
s/4 R 1.52 2o AC hoavy 3.0 L5 56.8
£/4 ZB 1.2 caim heavy 2.9 075 97.1
8/4 1C 1,02 calm heavy 3.0 N/A

g/4 2C 1.52 calmr heavy 3.0 077 7.3
g/u 4B 1.02 2m HC  heavy 3.0 .030 38.4
8/4 3C 1.52 3 m HC  heavy 3.1 037 44.8
&/4 4C 1.02 3 mHC  hcavy 3.0 045 56.6
8/4 1CR 1.02 calm heavy 3.1 079 35.6
&/14 S5A 1.02 calm light 3.0 .086 110.1
8/14 6A 1.52 calm light 3.0 060 75.8
8/14 5B 1.02 calm light 3.2 077 91.1
8/14 /A 1.52 3 mHC light 3.1 .032 39.9
&/14 RA 1.02 Sm HC  light 3.1 .030 37.0
8/14 /B 1.52 3 m HC  light 3.1 .034 42.7
&/14 6B 1.52 calm light 3.1 .062 76.6
8/14 5C 1.02 calm light 3.0 .069 86.8
g/14 6C 1.52 calm light 3.0 062 77 .4
8/14 &B 1.02 3m HC light 2.9 034 44,3
8/15 7C 1.52 3 m HC light 3.3 .031 35.9
8/16 7CR 1.52 3m HC  light 3.2 .029 34.5
8/16 &C 1.02 3 m HC  light 3.1 028 34.1
8/16 5D 1.02 calm light 3.0 071 90.8
8/16 6D 1.52 calm light 3.1 055 68.3
8/16 5E 1.02 calm light 2.9 064 82.4
8/16 7D 1.52 3 m HC  light 3.0 .032 40.8
&/16 8D 1.62 3 mHC  light 3.2 .021 24.7
8/16 7E 1.52 3 m HC  light 3.1 027 33.4
8/16 6E 1.52 calm light 2.9 .052 68.3
8/16 5F 1.02 calm light 3.1 082 100.6
’/16 6F 1.52 calm light 3.0 050 76.6

(Continued)

N/A :: not aveilable
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_TABLE C-2. CONTINUED |

Tow ) Slick Total Trorr s
spz=d Wave Oil thickyiess oil.call, eiiiar
. __m/s) ___cond. type _lmom) ____(m7) %)
1.62 3 m HC  light 3.2 022 26.9
1.52 3m HC light 2.9 026 33.8
1.02 3mHC light 3.2 034 40.7
1.62 calm heavy 3.1 069 84.0
1.52 calm heavy 3.1 068 84.3
1.02 calm heavy 3.1 .083 103.1
1.52 calm heavy 3.0 064 79.7
1.52 calm heavy 3.1 067 83.2
1.52 3m HC  heavy 2.9 037 48.0
1.02 3m HC  heavy 3.1 038 47.1
1.52 .3m HC heavy 3.0 030 35.0
1.02 .3m HC heavy 3.1 034 42.9
~1.02 calm  heavy 29 065 ~86.1
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