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SURFACE DRIFTER MOVEMENTS OBSERVED
IN PORT ANGELES HARBOR AND VICINITY, APRIL 1978

C.C. Ebbesmeyer, J.M. Cox, and J.M. Helseth

Described is a field experiment in which movements of surface
drifters were observed nearshore within a fjord-like estuary,

the Inner Strait of Juan de Fuca, Washington., The study area
(~10 x 30 km) straddles a major sill (Green Point to Victoria)
terminating between two prominant spits (Ediz Hoek and Dungeness
Spit). Reported herein for 23-30 April 1978 are positions and
trajectories for three types of drifting objects released pri-
marily in the vicinity of Port Angeles Harbor (behind Ediz Hook):
1) 123 drift sheets (~1.3 x 1.3 x 0.0032 m flexible plastic
sheets) - 10 to 15 each positioned several times per hour during
daylight using a small aircraft; 2) 700 drift carxds (~ 0.087 x
0.065 x 0.0024 m rigid plastic cards) - 240 shore recoveries
tabulated; and 3) 46 drogues (~2.4 x 24 x 1.1 m near surface
biplane drogues) - 4 to 5 each positioned several times per hour
during daylight using a small craft. Preliminary analysis indi-
cates complex patterns of tidal eddies and a tendency for westerly
winds to drive floatable materials onshore.

1. INTRODUCTION

An oceanographic experiment was conducted in Port Angeles Harbor and
vicinity within the Inner Strait of Juan de Fuca during 23-30 April 1978
(Figure 1). The experiment's purpose was to observe movements of surface
drifters which approximate movements of potential oil slicks in Port
Angeles Harbor and vicinity. A similar experiment was conducted previously
in the Outer Strait of Juan de Fuca (see Ebbesmeyer et al., 1977).

The experiment is mecessarily of an exploratory mature because: 1)
a surface drifter which simulates o0il slick movement cannot, at present
be designed with certainty because dependencies of mowement on currents,
winds, and waves are poorly understood (see Stolzenbach, et al., 1977);
2) the present observations span brief temporal and spatial intervals
which are toco few to be considered as representative samples. We use the
word experiment as one in the process of trying or testing.

The present report is intended primarily as a summary of observations
with some discussion based on preliminary analysis. Synthesis of these
data with results of other investigations will be the subject of another
report.




2. EXPERIMENT DESCRIPTION

Three types of drifting objects were used in the experiment: 1)
flexible plastic sheets; 2) rigid plastic cards; and 3) near surface
drogues. In the experiment primary emphasis was given to the drift
sheets as most closely fulfilling the experiment's purpose.

2.1 Drift Sheets

The drift sheets are flexible polyethylene foam measuring approxi-
mately 1.3 x 1.3 x 0.0032 m, reinforced and weighted on bottom with
venetian slats and lead weights; and painted on top with a black alpha-
meric code superimposed on a fluorescent red background {see Figure 2a
and Table 1). The present design is quite similar to that previously
used by Ebbesmeyer et al. (1977) but more weight was added on the peripher
to counteract overturning by winds.

When observed from a small boat a drift sheet is seen to follow close
ly the shape of the wavy sea surface. There is a tendency a few minutes
after release for a film of water to form on the sheet's topside, and also
for the sheet to become waterlogged, both tendencies acting to further the
sheet's capacity to conform to the sea surface. However even with added
weight there is still a critical wind speed above which the sheets overtur

A total of 123 drift sheets were deployed during 23-29 April (Table 2
Positions of each drifter were periodically recorded using a Mini-Ranger
I1I System (abbreviated MRS) manufactured by Motorola Inc. The MRS operat
on the principle of pulse radar and uses a mobile transmitter to interro-
gate two transponders within line-of-sight located onshore. at known posi-
tions. The transmitter's position is displayed as ranges to the transpon-
ders. As used in this experiment, within the MRS' 37 km maximum range,
the probable accuracy of the range measurement is three meters (Motorola
Inc., 1974)

For this experiment the MRS transmitter was connected through an
inspector plate om the belly of a Cessna 172 aircraft; wired to the MRS
display console; and the ranges read manually with the aircraft. Trans-
ponders were positioned as shown in Figure lc. With the aircraft suitably
oriented above a drift sheet it was determined that reasonably accurate
positions could be obtained from 100-200 m altitude at speeds of 30-40 m/s
Positions were determined geometrically from the two ranges and the air-
craft's altitude. Eighty test runs over fixed objects gave a standard
deviation in position of approximately 23 meters.

In the wmorning and afternoon drift sheets were deployed in varied
patterns within the study area (Figure 3a). Initially the positions of
each drifter were obtained at 10-15 minute intervals when patterns were
regular. As the patterns dispersed, the frequency decreased. Moreover
during some aftermnoons winds exceeded roughly 25 knots overturning many
drift sheets.



2.2 Drift Cards

The drift cards deployed in this experiment were provided by NOAA,
They were constructed of rigid plastic colored fluorescent red, and
measured approximately 0.087 x 0.065 x 0.0024m (Figure 2b). Seven groups
of 100 were released on selected days in Port Angeles Harbor and vicinity
(Figure 3b; and Table 2b).

2.3 Drogues

The drogues were of biplane configuration measuring approximately
2.4 x 2.4 x%x 1.1 m (Figure 2c). They were suspended within two meters
of surface by a small float, and subsequently tracked using sextants
from a small craft. Auxiliary positions were obtained from the aircraft
using the MRS system (see section 2.1).

Groups of three to five drogues were deployed one to three times
per day mostly within Port Angeles Harbor. Subsequently positions were
obtained several times per hour.

3. DATA REDUCTION AND PRESENTATION

The observations for drift sheets and drogues were digitized and the
following computations performed (Plates 5 and 6): 1) latitude and longi-
tude (degrees and minutes); 2) speed and direction; and 3) speed compon-
ents in a coordinate system reckoned positive toward true north and east.
With a standard deviation in position of 23 meters and 20 minutes between
positions, the estimated error of drift sheet speed is close to 2 cm/sec.

From these tabulations were obtained trajectories of each drift
sheet and drogue (Platesz 1 and 2), and spatial vector diagrams at hour
intervals (Plate 3). Recoveries of drift sheets onshore were tabulated
(Table 3) and shown in Figure 5a. Recoveries of drift cards onshore |
were tabulated (Table 2b) and shown in Figure 5b.

Winds recorded at selected shore stations (Figure lc) have been

tabulated in Plate 4 and displayed in Figure 4 together with tidal cur-
rents predicted 1.2 miles north of Ediz Hook.

4., DISCUSSION

While it is beyond the scope of this report to give detailed inter-
pretations, some prelininary analyses illustrate the tendency for shore-
ward dispersion of floatable materials. This tendency occurs in associa-
tion with complex patterus of tidal currents (see Crean, 1978) and westerly
winds. The latter prevailed during most of the experiment, and tend to
drive floatable materials eastward and southward toward shore.



4.1 Shore Recoveries of Drift Sheets

Of 123 deployments of drift sheets, 34% (42) were sighted or reccver
ashore within the study area (Table 2a; Figures 4, 5a, 6a). The locatio
of shore recovery depends critically on phasing of deployment time with
respect to tidal currents and strength of westerly wind.

4.2 Shore Recoveries of Drift Cards

As of mid June 1978, 347% of 700 drift cards released in Port Angeles
Harbor and vicinity were recovered ashore (Table 2b; TFigures 3b, 5b, 6b)
Of those recovered 97% were found landward and 3% seaward of release; .65
ashore in the study area; 23% on Whidbey Island; 6% in or landward of
Deception Pass; and a few in the San Juan Islands, Strait of Georgia, am
coasts of the Pacific Ocean. These percentages may be compared with thos:
of Pashinski and Charnell (1978) based on several thousand releases in
various seasons in the Strait of Juan de Fuca. They reported 69% ashore
in the vicinity of release; 7% landward of release; and 24% seaward of
release.
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Table 1.

Material list for drift

sheet.

Amount used Mass/ﬂrift
Item description per drift sheet sheet (kg) Dimensions Remarks
Polyethylene foam 1.61 m2 1.27 x 1.27 x 0.0032 m Packaging material
~ 0,18 known as Ethafoam.
Fluorescent paint 0.114 1 Rocket Red Dayglo
Catalogue No.26-67-
013-4.
Welghts 0.68 - 1.19 kg 0.68% - 1.19% I.D.= .022 m Galvanized Washers.
0.D.= .057 m
Thickness = .003 m
Underside Reinforcement 11.2 m 0.40 1.2 x 0.05 x 0.0048 m Aluminum venetian
blind slats.
Tape 9.1m 0.03 Nashua brand
filament tape.
Total 1.29 - 1.80
3pate Mass (kg)/drift sheet
23-25 April 0.68
26-27 April 0.91
28-29 April 1.19



Table 2a. Summary of drift sheet deployments.

(1 (2) (2) Number and
Date Number of Time (PST) Time (PST) % of

Drift Sheet First Position ‘Last Position -(1) Onshore

Deployments Obtained Obtained (hours) Recoveries

23 April 10 1646 1943 3.0 1 (2.4%)
24 April 24 0647 1912 12.4 10 (23.87%)
25 April 25 0628 1822 11.9 3 (7.1%)
3 26 April 17 0607 1441 8.6 7 (16.7%)
27 April 13 0636 1856 12.3 5 (11.9%)
28 April 16 0708 1903 11.9 10 (23.8%)
29 April 18 0634 1928 12.9 2 (4.8%)
Total 123 73.0 38 (90.5%)
Unidentified recoveries onshore 4 (9.5%)

Total recovered onshore 42 (100%)




Table 2b. Summary of drift card recoveries,

1) Number of Recoveries

Date/time (PST) No. Number of Recoveries by Area”
of Release Released a b c d -e £ g h i
24/1431 100 6 3 1 1 2 7 8 3 1
25/1219 100 0 3 1 0 8 £ 5 1 0
26/0726 100 0 3 3 4 13 3 1 4 0
27/1441 100 2 68 0 0 0] 0 0 0
30/1015 300 2 71 4 0 0 0 0 3 5
Total 700 10 148 10 5 23 13 14 11 6

2) Percentage of Recoveries

*
Date/time (PST) % of Total Percent of Total (240) Recoveries by Area

of Release Releases a b & d e £ £ h i
24/1431 14.3 2.5 1.3 0.4 0.4 0.8 2.9 3.3 1.3 0.4
25/1219 14.3 0 1.3 -0.4 0 3.3 1.3 2.1 0.4 0
26/0726 14.3 0 1.3 1.3 1.7 5.4 1.3 0.4 1.7 0
27/1441 14.3 0.8 28.3 0.4 O 0 0 0 0 0
30/1015 42.9 0.8 25.6 1.7 O 0 0 0..1.3 2.1

Total 100. 4.2 61.7 4.2 2.1 9.6 5.4 5.8 4.6 2.5

*
Area Code (see Figure 5b),

a. Ediz Hook (northern shore only).

Bight between Ediz Hook and Dungeness Spit (northern shore only).
Dungeness Spit (southern shore) to Admiralty Imlet.

Whidbey Island bordering on Admiralty Inlet.

Whidbey Island, southern portion bordering on the Inner Strait
of Juan de Fuca.

o A 0N o

f. Whidbey Island, northern portion bordering on the Inner Strait
of Juan de Fuca.

Deception Pass and morthern part of Whidbey Basin.
Approaches to Strait of Georgia.
i. Westward of release sites.

t= p o]
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Table 2c. Summary of drogue deployments.
(1) (2) (2)
Date Number of Time (PST) Time (PST)
Drogue First Position Last Position -(1)
Deployments Obtained Obtained (hours)
23 April 5 0932 1712 7.7
24 April 4 0913 1140 2.5
25 April 8 0849 1610 1:2
O
26 April 7 0753 1634 8.7
27 April . 4 0613 1559 9.8
28 April s 0619 1751 11.5
29 April 7 0705 1906 12.0

Total 46 59.4




Table 3 . Recoveries of drift sheets cnshore during 23-29 April 19

Approximate Approximate
Drift Recovery Recovery Position Remarks
Sheet Date/T%me
No. (PST ) Latitude Longitude
1. A3 27/1645 48° 8.6' 123° 11,5
2, A4 27/1700 9.1 10.9
3. A5 27/1600 7.7 13.0
4. A6 29/1630 7.0 14.2
e A7 27/1600 7.6 13.2
6. A9 2677 7:1 21.1
7. AE 26/1600 7.3 13.6
8. Cco 27/1630 8.3 11.9
9. E3 28/1200 7.8 12.9
10. E3 29/1645 6.90 23.20
11. E5 28/1150 6.90 23.20 Iwo releases of
12. E7 28/1500 8.52 24.69
13. E8 28/1500 8.52 24.74
14. E9 28/1500 8.52 24.54
15. HO 24/1624 8.52 27.58
16. H3 24/0756 8.47 24.08
17. H4 2471627 8.21 27.51
18. H5 2471631 8.18 27.58
19. H6 25/1053 8.48 26.30
20. H7 24/1625 8.25 27.53
21. H9 24/1628 7u2d 27.40
22. KO 28/1500 8.52 24,87
23. KI 28/1500 8.52 24.60
24, K5 31/% 8.2 12.1
25. KC 24/1910 8.48 25.77
26. NO 29/1650 8.1 12.2
27 . N2 29/1655 9.3 10.6
28. N3 28/1230 7.0 21.3
29. N5 28/1215 6.9 21.9
30. N8 29/1705 9.8 10.0
31. N9 28/1145 6.90 23.83
32 . T2 29/1653 8.4 11.8
33.. T7 29/1730 10.6 8.4
34, TY 26/0757 8.48 26.64
35, V8 25/1643 6.93 23.94
36. X1 24/1818 7.9 29.8
37. X9 24/1859 10.4 9.2
38. Y4 26/1700 8.0 12.5

P .
PST = Pacific Standard Time
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Figure 5b. Drift cards recovered onshore as of mid-June 1978 expressed as
percentage of total recoveries (i.e., percentage of 240). Top: schematic

of drift card dispersion where 667% were found within the study area (darkened);
23% on Whidbey Island (hatched); 5% in San Juan Islands, Strait of Georgia, '
Deception Pass, and Whidbey Basin; 3% seaward. Bottom: dispersion in the

Inner Strait of Juan de Fuca where letters and percentage correspond to Table 2b;
dots denote single recoveries; heavy lines denote multiple recoveries; and

X denotes a release site (see Figure 3b).
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Plates la - 1g.

Drift sheet and drogue trajectories. Fach plate con-
sists of an upper frame of the study area and a lower
frame of Port Angeles Harbor. Object positions are
denoted every hour on trajectories by ticks for drift
sheets, and by dots at 1 m and 'x' at 9 m depths for
drogues. Arrows show direction, and are placed on
trajectories at common times (Pacific Standard Time;
+ 8 time zone) during each day. Letters a-g in plate

code corvespond to 23-29 April, respectively.

26




35 25' 15'

(fo‘ﬁ
?

. g

or'- ‘\% »

KILOMETERS
o} 1
= " I

™
T '}.\jrg)
' o>

2
=1

|8 | | PR O 1 1

og'

o7’

28' 27 26 123°25' 24'

Plate lal, Trajectories, 1000-1700, 23 April 1978.
Arrows at 1200 (open) and 1800 (solid).




35

25'

age
10

05

|

T

1

L T J A | T 7

48° 1
e}

35'

\YT\/‘C‘\,_

"_Iﬁr_‘r_l'_r'_ﬁ' r “Y“_r T

PORT
ANGELES "™+

25'

15"

e St S 1 M M o (A Tog Gmam Uzol M Dot (T SEEE i ZERS juo

05'

SR [ i ot Fm S pmen [Rom e Remey

123°

-5

4g°
10"

Arrows at 1000.

28

05 ‘ 05'
(VST SR WY S <SR S S U ) MYIE TN S OO N T 3 e ; i oy TH | _4_414_
35' 25’ 15" 05' 123°
Plate 1bl. Trajectories, 0900-180C, 24 April 1978.




28 27" 26’ 123°25 24' 23
T 1 § ni e Al '
_lage
c8
—o7'
| J= N e " (] { !
28' 27 26 123°25' 24’ 23
Plate 1b2. Trajectories, 0700-1900, 24 April 1978.

Arrows at 1000 (open) and 1500 (solid).

29




= e e =7 R 2 s ST e =1
35 25 15 05’ 123°
LT A L I . L. B GG [ i R e T NS R Wler jhme T e iR | ‘Y"‘T_‘T”i’ [ e T | W e (macT il pume e . r_r o5i Fage gmin Samme
- ]
15 15"
-

= -

L \'Q\ _ -
5 \\\; A T 118
"‘\\-“- \t}:&‘ \ ’:--4_/‘ / _,ﬁﬂ 4

B < e =~ A BNGENESS\,
j ¥ \_/ﬂ ! *‘P‘w"r/(‘ i / ?\x ]

| AN o~

| ANGELES ™, 9N A e,
| R A \ ]
05’ i '_"‘:"I:///q 05'
i S s VAL e [y [N T YO | (Y L » e Yy (U= ! VA YL (T YOI Y Y .
35 25' 15' 0%’ 123°
35 25 15 0%’ 123°
’__Tﬁ—"l_"l_ ‘ﬁ T T T T T T ) e T i ¥l T T T re T o [ | T ) N L] t
IS 15

P
48° Hag°
10’ 10’
. Y / Du.».camss
i ¥ T BORT ,,,»/ ]
ANGELES ™ __ L Pt . |

| > ‘JL(‘T\\"’—" M~ “’v._/
05} *“4(" “Hos

L,_ sz IS wPSs  TY HES - il il i = i1 =i i = = k ot

35 25 15 05’ 123°

Plate lcl. Trajectories, 0800-1800, 25 April 1978.
Arrows at 1100 (open) and 1500 (solid).

30




35 25’ 15" 0s' 123°
e T T T T T —T—T——]—
; 1
1S =15

28'

R

—{48?
08

\‘\h“*‘m s \"»J 'ﬁ\ )
“xﬁ‘m/ k o7

o7~
T -
. sl s | | | A e
28' 27 26 [23°25' 24' 23
Plate 1c2. Trajectories, 0800-1800, 25 April 1978.

Arrows at 1100 (open) and 1500 (solid).

31




35 25’ 15 05' 123°
S I s e i SN CE SR Lo oh i S e Eni Bonw NEoe D e iy Ay tan o e e o oo S R IS i jeet [ia S b e s et
[ ]
151 , ds
=
agel f 1487
10" .. P 4 LLl‘ 10
X e ~ = A-Bncenesa\ 1
k\‘> —r /\ .\\ .l.'//m.ﬂ?\\-:‘}:“ *(\‘\ v ¢ o = p 4
- PpoRT Y, RIS / AN
ANGELES ™, ‘:'_‘. - P =\
o e AT A \
I \ o
os't ' 4{»< 08
Er— bald o ! " . B (I 1 Lo 2
35 25 15' 05 123°
28 27 26’ 123°25 24 23
T T T 1 =

S | jage
08 j \6 // _—o
" \.

o7’

1 : | | AT TS atd ! J
28 27 26 123°25' 24' 23

Plate 1dl. Trajectories, 0700-1600, 26 April 1978.
Arrows at 0900 (open) and 1500 (solid).

32




35 25' 15" 0s' 123°
R AL R T T LI | L S T [ S | L IS A t T et DEMTT RS (s ) [ U ¢ T | G e
15 15

r
age!- Léf
10

BORT
ANGELES ™, o Jop——rs ™

| Rt Al

05 J
r PR AL 7 (| | Y L P = e o1 i . e ey S ra i PRt (YO | [ el v |
35' 25’ 18’ 0s' 123°
35 25 15' 05' 123°
ST SR e P e e o Sy N Eae Lo dhut S i BENGT CRRE JEEN\ A [ioais B (NS Gian Fodh e M |GEn ek e b s rire e heom T (b e e Somml i ’l“]
151 -5’

I

Il

agel. P Jage
10" [\ = /ﬂ/' 10’
- ¢ “

Plate lel. Trajectories, 0700-180C, 27 April 1%78.
Arrows at 1100 (open) and 1500 (solid).

33




2g 27’ 26' 123°25 24’ 23’
T i e Al ) T

J

oy age
BT ™ \*;7 08

3 A S
VN =
A
b
7
™ [
o7 —o7'
L | (A | ).
28' 27 i 26 123° 25' 24’ 23

Plate le2. Trajectories, 0700-1500, 27 April 1978.
Arrows at 1100.

34




35 25’ 15 0s' 123°
R T B S S e = S e & I i o
1St ins’
L :
48°1 y -ag®
10 N b\__‘_\ﬁ“ 10
& e, O\ e L rnminy 7
M j/ ) ’\"ﬁ y A |
' \ .‘ AN%%T& L'ﬁ’?“"’ // ?\
s 4 P
| T Pl
05+
VO (VA e (ST U MY i) ST GRRRT [ Ty N
35' 2s' 15'
28 27 26’ 123°25 24’ 23
I T F: £ . k¢ 1 i !

a8"
“log

o7’

2q' 27 26 2325’ 24' 23

Plate 1fl, Trajectories, 1000-1900, 28 April 1978.
Arrows at 1200 (open) and 1600 (solid).

35




35 25 15 a5 123°

R B e T M e T e o T R s e T e e i Wy S NN S N T B R e S R e i mesie Dy (R Rt Vi e S
15t 45
L -
o} <. 7
: ¢ |
L i ‘;f/ r _}*u g, 4
7 /{—\ . adtpocs /" "BUNGENESS)
I : . - __4,,\'/‘.:—""‘% y \
ANGELES ™ o PR

I T \.\ 1

L { ]

) -~
o5} E*T;JOS
i i L i 1 i i i i I i i i i L i i i i 't 1 i 1 ] i L i i i i ., i A i

G o

123°

26’ 123°25 24 23
i T IELESLE S T 1

_lag®
08

= L ey} ! |
28 o7 26 123°28" 24' 23

Plate 1gl. Trajectories, 0700-1900, 29 April 1978.
Arrows at 1100 (open) and 1500 (solid).

36




. - !
5 e a4 18
- . P {‘\\}\- i 5 //, UNGEN';S.K{\ 4

PORT
ANGELES™~_, ’ S N 1

" b e e ' . CETI SUV S SR S Say (N SR AR S |
35 25 15' 0s' 123°
28 27 26' 123°25 24' 23
| ] LR LR T =3
e ;h‘\NH““:=w
_,,.——‘""-‘— - ———e
— T A T T T
T «-::.":7'.;{/ b V&H_‘“L_'\_r ‘>
,/’4//-;:‘“ .ﬂl \
//"
"/‘!
,,/’(;raj
48°05-C —a8?
81" ) 08
P’ ?
.('-.
I "u,}\,‘_u —
’ s |
LS 4 J'"«;—{_,"
k. m
< i
N NI,
or'}- S ;x\\ o7
~— J—
| { . S e = | L _4__J
28' 27 26 123°2%' 24' 23

Plate 1g2. Trajectories, 1300-1900, 29 April 1978.
Arrows at 0900 (open) and 1900 (solid).

37




48°
08

or'

28’

= e e — NI e o [ vy )

28'

27 26’ 123225 24' 23
1 T e m—pe——— =l =
'_:j;,—.*.»-—“‘:_ . S ~ — . S -
" F v == S »,j
48°
4 =4 108’
T
25
O
7 == —_—
S ?“7\ ‘\\\ ‘H‘x\\\\
e e W P ,{
0
= L‘f}.’ m
\~ o \( k\
g S . Y o7’
. e )
i 5 | _ L

27 26 123225 24’

Plate 1g3.

Trajectories, 0800-1800, 29 April 1978.
Arrows at 1100 (open) and 1500 (solid).

38



Plates 2a - 2g.

Drift sheet recoveries onshore relative to last known
positions. Shore positions listed in Table 3, and
shown relative to release positions in Figure 5a.
lLetters a-g in plate code correspond to 23-29 April,
respectively. Symbols offshore denote day of release

as shown in Figure 6a.
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Plate 2d. Drift sheet recoveries onshore connected to last
known positions for releases on 26 April 1978.
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Plate 2e. Drift sheet recoveries onshore comnnected to last

known positions for releases on 27 April 1978.
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Plate 2f. Drift sheet re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>