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Evaluation of Damage Control Tactics and
Equipment - Phase I, Baseline Tests

1.0 INTRODUCTION

Research and development to address damage control tactics, techniques, and procedures were
initiated by the Naval Sea Systems Command (NAVSEA) and the Naval Research Laboratory (NRL). This
research was aimed at improving the following areas: integrated damage control tactics and techniques,
equipment, and secondary damage modeling.

Surface Ship Survivability, NWP 62-1 Series [1], and the Naval Ship Technical Manual (NSTM)
Chapter 079 Volume 2 [2] are silent on tactics and procedures for attacking a combination flooding/fire
incident. Repair and recovery from flooding incidents are often considered in isolation from a fire incident in
fleet training tactics and doctrine. Yet, flooding may occur simultaneously with a fire incident, €.g., due to
collision, grounding, or detonation of a weapon. The damage control tests will ultimately provide an
opportunity to integrate a simultaneous flooding and fire casualty.

The test series discussed in this report is the first of two test series intended to provide baseline data
from which new tactics and equipment can be compared. The repair activities evaluated in these tests
included pipe patching, shoring, dewatering, and hull repair. All of the equipment used in these tests is
currently available in the Damage Control Repair Station.

The port wing wall of the ex-USS SHADWELL, NRL's full-scale fire research platform [3], was
used for this test series. The port wing wall has been modified to simulate a single flooded compartment. In
the FY 96 test series, a second flooded compartment will be added to evaluate progressive flooding threats.
These modifications are discussed in [4].

2.0 OBJECTIVE

The primary objective of the FY 95 testing is to develop the data necessary in quantifying individual
functional damage control tactics and techniques, including equipment setup times, in uncontrolled flooding
scenarios. These data can then be used to analyze repair party manning issues and damage control tactics and
procedures. New personnel protective equipment can also be evaluated.

In the initial test series, shoring, dewatering, pipe patching, and hull repair techniques were
evaluated. The shoring tests examined the use of wood and wood/metal combinations in constructing I and K
shores. The dewatering tests included three pumps: (1) P-100, (2) P-250, and (3) electrical submersible. The
pipe patching tests evaluated the repair of pressurized lines using the pipe wrench with the banding kit and
the Jubilee patch. Tests were conducted using a variety of pipe sizes and pipe ruptures. The hull repair tests
focused on the use of the bucket patch and the plugs and wedges approach to repairing explosion and
implosion ruptures.

Concurrent with the testing, the test platform was prepared for advanced damage control concepts
and for the introduction of integrated damage control tests. It is anticipated that the Integrated Casualty
Response and Recovery (ICR?) program will validate these concepts.

Manuscript approved November 13, 1996




3.0 DAMAGE CONTROL EQUIPMENT ALLOWANCES
3.1 Shoring

The shoring equipment used was typical of the equipment available in a shipboard repair station.
Two types of shores were evaluated: (1) all wood and (2) wood and steel. The steel shoring was used in
conjunction with wood shoring to demonstrate the ease of erecting and time needed to position the
combination shore.

3.2 Pipe Patching

Pipe patching equipment used in this test series included onboard allowances as well as the chain
wrench. The chain wrench, currently available to submarine damage control teams, is being included in the
Damage Control Allowance for surface ships this year.

33 Dewatering

Five different dewatering equipment configurations were evaluated during this test series, including
(1) P-100 with an 38 mm (1.5 in.) eductor, (2) P-100 with a foot valve, (3) P-250 with 64 mm (2.5 in.)
eductor, (4) P-250 with a foot valve, and (5) electric submersible pump. Each of the P-100 and P-250 pump
configurations included a strainer.

34 Hull Repair

Hull repairs were accomplished using equipment currently available in the repair locker. However,
only the bucket patch and wood plugging kits were utilized. Future test series will evaluate the plate repair
and the use of shoring in conjunction with a patch to stop flooding.

40  TEST SETUP
4.1 Test Compartments

The port wing wall of the ex-USS SHADWELL was used for the Damage Control testing. The areas
between FR 88 and 95 of the first, second, and third decks were the primary test areas. These areas are
referred to as the Fan Room, Upper Wet Compartment, and Lower Wet Compartment, respectively. The
layouts for these compartments are shown in Figures 1, 2 and 3. The Figures contained in Appendix A show
the instrumentation layout and damage locations for each of the compartments.

4.1.1 FanRoom

The Fan Room, shown in Figure 1, provided access to the Upper Wet Compartment via a watertight
hatch (WTH 1-89-2). Each of the repair parties entered the Upper Wet Compartment through this hatch.
The dewatering teams also used a scuttle (QAS 1-93-2), located inboard of the Fan Room at weather, to
lower their equipment into the Upper Wet Compartment. In all cases, with the exception of the shoring team,
the repair teams were staged immediately aft of the Fan Room prior to test initiation.
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4.1.2 Upper Wet Compartment

The Upper Wet Compartment, shown in Figure 2, contained three separate water lines: firemain,
chill water, and fresh water. The fresh water line, which consisted of copper/nickel (90/10) pipe with an
outside diameter of 60.3 mm (2.4 in.) and a wall thickness of 2.1 mm (0.08 in.), was not used during this test
series. The chill water line consisted of copper/nickel (90/10) pipe with an outside diameter of 60.3 mm (2.4
in.) and a wall thickness of 2.1 mm (0.08 in.). This line entered the compartment along the inboard bulkhead
at FR 88 and ran aft to FR 90. At FR 90, the chill water line turned and ran to the outboard bulkhead, where
the line terminated. The chill water line was supplied by a single pump, a 1325 Lpm (350 gpm) portable
electric pump, connected to the chill water line at 2-88-2. A pressure reducing valve maintained a static
pressure of 3.8 bar (53 psi) in the chill water line.

The firemain consisted of a loop between FR 91 and FR 95. A line branched off of this loop on the
inboard side of the compartment at FR 91. This branch line extended to FR 88, where it tuned and extended
to the outboard bulkhead. All of the pipe was copper-nickel (90/10) with an outside diameter of 88.9 mm
(3.5 1n.) and a wall thickness of 2.4 mm (0.095 in.).

The firemain was supplied by three pumps. The first pump, a 1325 Lpm (350 gpm) portable electric
pump, was connected into the ship's firemain on the starboard wing wall. This pump was intended to boost
the pressure and flow provided by the installed 1325 Lpm (350 gpm) pump. The third pump, a 1325 Lpm
(350 gpm), gas-powered Godiva pump, supplied the firemain via the connection at 2-88-2. This pump was
used as a secondary water source, in case one of the other two pumps failed. These pumps maintained a static
pressure of approximately 7.6 bar (110 psi).

4.1.3 Lower Wet Compartment

The Lower Wet Compartment, shown in Figure 3, was used only for the shoring tests during this test
series. In future test series, this compartment will be used in cascading flooding scenarios.

42 Damage

As discussed previously, all of the pipe and hull damages for this test series were contained in the
Upper Wet Compartment. All of the shoring tests were conducted in the Lower Wet Compartment.

42.1 Pipe Damage

A total of four separate pipe ruptures, shown in Figure 2, were used during this test series. All of the
ruptures were on pressurized systems. A.pressurized system or non-isolated system is a system where the
flow of water to the rupture cannot be secured. An isolated system is a system where the flow of water to the
rupture can be secured by closing control valves. Three of the ruptures were in the firemain and the fourth
was in the chill water line. The chill water rupture (Rupture 4) was a split seam rupture, measuring 152 mm
x 13 mm (6 in. x 0.5 in.), located at 2-90-2. A pressure reducing valve maintained a static pressure of 3.8 bar
(55 psi) in the chill water line. This rupture flowed approximately 49 Lpm (13 gpm) and had a nominal
residual pressure of zero.

Two of the three firemain ruptures were located in a pipe mockup (Rupture 3). The pipe mockup
was located between FR 88 and FR 89 along the outboard bulkhead. The static pressure in the firemain was
approximately 7.6 bar (110 psi). The first pipe mockup rupture (Rupture 3, 3.5 in.) simulated compound
damage with jagged edges. This rupture measured 44.4 mm (1.75 in.) by 38.1 mm (1.5 in.). This rupture
flowed approximately 568 Lpm (150 gpm) and had a residual pressure of 1.4 bar (20 psi).




The second pipe mockup rupture (Rupture 3, 2.4 in.) simulated a split seam. This rupture measured 69.8 mm
(2.75 in.) by 6.3 mm (0.25 in.) and flowed approximately 568 Lpm (150 gpm) at a residual pressure of 1.4
bar (20 psi). The third firemain rupture (Rupture 6) was located at 2-91-2 in the firemain loop. This rupture
measured 101.6 mm (4.0 in.) by 38.1 mm (1.5 in.) and simulated simple compound damage with jagged
edges. With a residual pressure of 1.7 bar (25 psi) this rupture flowed 590 Lpm (156 gpm).

422 Shoring Damage

The shoring team was responsible for performing two types of shores. The first shore was an I-shore
on WTH 3-94-2. This hatch provided access between the Lower Wet Compartment and the Bilge. The
second shore was a K-shore supporting the outboard bulkhead at 3-92-2.

423 Dewatering

All of the dewatering tests used the same damage scenario. The Upper Wet Compartment was filled
with water to an initial depth of approximately 610 mm (24 in.). The dewatering tests were continued for a
minimum of 20 minutes (dewatering time) to obtain a steady dewatering rate.

424 Hull Repair

Two types of hull ruptures were used during this test series. Both of the hull ruptures, shown in
Figure A-7 as Rupture 10, were supplied by water contained in the double hull (storage) and pilot house
tanks. The hull ruptures were supplied directly by the double hull tank. Water contained in the pilot house,
located above the storage tank, supplied the storage tank with additional water. The first rupture was
intended to simulate an explosion rupture. This rupture consisted of a single circular hole with a diameter of
approximately 178 mm (7 in.). Initially, the rupture flowed 11239 Lpm (2969 gpm) and 5190 Lpm (1371
gpm) after three minutes of unobstructed flow (i.e. no repair in progress). After 4 minutes of unobstructed
flow the water in the tank was at equilibrium with the water in the Upper Wet Compartment. The second
rupture simulated an implosion rupture. This rupture consisted of a single circular hole with a diameter of
approximately 100 mm (4 in.). Initially, the rupture flowed 4876 Lpm (1288 gpm) and 4281 Lpm (1131
gpm) after six minutes of unobstructed flow (i.e. no repair in progress).

5.0 INSTRUMENTATION

The test area was instrumented to provide pressure, flow rate, liquid level, and temperature
measurements. The instrumentation is shown in the Figures contained in Appendix A. In addition, a
complete description of all of the instrumentation, including video and-audio, is pravided in the channel

listing contained in Appendix B.

5.1 Temperature

Temperature was measured with two thermocouple strings. The first thermocouple string, located at
2-94-2, consisted of seven type-K, inconel-sheathed thermocouples. The thermocouples were positioned at
0.3,0.6,09,12,1.5,1.8,and2.1 m (1.0,2.0,2.9,3.9,4.9, 5.8, and 6.8 ft) above the deck. The second
thermocouple string was located at 3-93-0 and consisted of five type-K, inconel-sheathed thermocouples.
These thermocouples were positioned at 0.5, 1.0, 1.5, 2.0, and 2.5 m (1.6, 3.2, 4.9, 6.5, 8.1 ft) above the
deck. These provide ambient air temperature measurements and the capability to measure water temperature
in the future cold water tests.




5.2 Flow Rate

Flow rate was measured to determine the effectiveness of the pipe repair activities. The firemain
flow rate was measured using a Controlotron ultrasonic flowmeter. This flowmeter was located on the
firemain at 1-79-4 and provided the flow rate for all of the firemain pipe rupture tests. The chill water flow
rate was measured using a turbine flowmeter with a range of 0 to 852 Lpm (0 to 225 gpm). The turbine
flowmeter was located at 2-88-2 on the chill water line.

53 Pressure

Pressure measurements were made to determine the effectiveness of the pipe repair activities. The
firemain pressure was measured at three locations. The firemain pressure measurements at 1-79-2 along the
port wing wall and at 1-75-1 along the starboard wing wall were made using Setra Model 207 pressure
transducers with a range of 0 to 34.5 bar (0 to 500 psi). The firemain pressure was also measured at 2-88-4.
This measurement was made using a Setra Model 207 pressure transducer with a range of 0 to 17.2 bar (0 to
250 psi). The chill water pressure was also measured at 2-88-2 with a Setra Model 207 pressure transducer
with a range of 0 to 17.2 bar (0 to 250 psi). ' :

‘The firemain and chill water pressures were also measured with fiberoptic pressure sensors. Both of
these measurements were made at 2-88-2 and were recorded by the Damage Control Flooding Sensor
Computer, operated by NSWC Annapolis, which will be the subject of a future report.

54 Water Level

Water level measurements were made using fiberoptic pressure sensors. These measurements were
recorded by the Damage Control Flooding Sensor Computer, operated by NSWC Annapolis. The water
levels in the pilot house, storage tank, upper wet space, and lower wet space were all recorded.

55 Observers

Each repair team was paired with an on-scene observer. The on-scene observer recorded the actual
repair time as well as qualitative data. The observers made determinations of the effectiveness of the repair
activity. This effectiveness was based on the effect of the repair on the damage, the repair technique as well
as the time to complete the repair activity. The on-scene observers commented on equipment and items used
and not used in each of the repair kits. They also made observations related to manpower requirements.

6.0 EXPERIMENTAL DESIGN AND TEST PROCEDURE
6.1 Test Matrix

The test matrix (Appendix C) was developed by Desmatics, Inc. to allow a reliable statistical
analysis of the test data. The statistical test design was used to determine the effects of each test variable on
the effectiveness of the repair and the effects of improved performance as a function of test repetition (i.c.
"learning curve effects"). The matrix was designed to eliminate fatigue as a factor by providing adequate rest
time for.each of the repair teams between tests. Due to on-site considerations, the actual test schedule
(Appendix D) deviated slightly from the proposed schedule. The only significant deviation in the test
schedule was the switching of Day 2 tests with the Day 1 tests. Tests were combined to maximize the use of




the test period. It is important to note that the activities of one test did not interfere with those of another and,
therefore, did not have any effects on the statistical analysis.

The tests were conducted May 18-24, 1995 aboard the ex-USS SHADWELL. Pipe patching and
dewatering tests were conducted on each of the six test days. Shoring tests were performed the first three test
days (May 18-20) and the hull repair tests were performed on the last three test days (May 22-24). Each of
the repair teams consisted of crewmembers from the USS ENTERPRISE.

6.2 Pipe Patching Procedures
Pipe ruptures and damage in various water systems were repaired using either Jubilee patches or
Banding kits with a chain wrench. All of the pipe repairs were performed in the Upper Wet Compartment (2-

89-2-L). The Jubilee patches and Banding kits were used on the firemain and chill water systems.

6.2.1 Jubilee Patch Repair Procedures

The Jubilee patch, shown in Figure 4, consists of a gasket material and a light, flexible cylinder split
on one side. The split incorporates flanges and bolt holes, which allow the cylinder to be closed. To effect
the patch, the gasket material was wrapped around the pipe rupture. The cylinder was then placed around the
gasket material with the bolt holes approximately 180 degrees from the rupture. With the patch in place,
bolts were inserted through the flanges and tightened until the leak was stopped or significantly reduced.

6.2.2 Banding Kit with Chain Wrench Repair Procedure

The Banding kits, shown in Figure 5, consist of a gasket material, screen wire, pre-fabricated metal
plates (strongbacks) for various sized pipes, a chain wrench, metal bands, and a banding tool. To effect this
repair, the hole was covered with the gasket material, then the screen mesh, followed by the strongback. The
chain wrench was then clamped in the center of the patch to hold it in place while the banding tool was used
to secure bands on each end. Once the ends were banded, the chain wrench was removed and the patch was
banded in the center. Additional bands were used to reduce the flow of water.

6.3 Shoring Procedures

Both "I" and "K" shoring procedures were employed using both wooden shoring alone and a
combination of wood and metal shoring. All of the shoring tests were conducted in the Lower Wet
Compartment (3-89-2-Q). The "I" shores were used to secure a warped deck hatch (WTH 3-94-2). The K-
shores were used to strengthen and support a weakened structural bulkhead (outboard bulkhead at 3-92-2).
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6.3.1 Wooden I-shore

The all wood I-shore is shown in Figure 6. A piece of wooden shoring was cut to length (hatch cover
to overhead) with a dimensional allowance for placing a doubler plate against the overhead, a doubler plate
covering the hatch, and two wedges inserted between the vertical shoring and the hatch doubler plate. The
purpose of the doubler plates is to disperse the pressure over a greater area for additional strength. With the
upright shoring and upper and lower doubler plates in place, the two wedges were driven under the shoring
until the pressure exerted by the shore was deemed adequate to hold the hatch cover in place.

6.3.2 Wood/Metal Combination I-shore

The wood/metal combination I-shore, also shown in Figure 6, is similar to the wooden I-shore except
that the vertical shore is replaced with a piece of telescoping steel. The steel shore is equipped with preset
spring loaded stops and a screw jack for manual adjustment. This shore was constructed by first setting the
upper and lower doubler plates in place. After the doubler plates were positioned, the metal shore was
telescoped to the furthest spring loaded stop. The manual screw jack was then adjusted to hold the doubler
plates in position, while maintaining the desired pressure on the hatch cover.

6.3.3 Wooden K-shore

The wooden K-shore, shown in Figure 7, was used to strengthen and support a weakened bulkhead.
The first step in constructing this shore was to establish the upper and lower anchor points for the arms of the
K-shoring. The lower anchor point for the shore foot was provided by a horizontal support (wood shoring)
cut to extend to the closest intact structural member. The upper anchor point was provided by an existing
transverse stiffener. The upper and lower legs were then cut to length, with allowance for the thickness of the
strongback placed against the weakened bulkhead. The ends of the upper and lower legs were cut to obtuse
angular points of approximately 90 degrees, such that the load bearing surfaces were parallel to the adjacent
bearing surfaces of the deck, stiffeners, strongback, and shores. The entire K-shore was then tightened up
using wedges as necessary between the shore legs and the strongback, the deck, and the overhead. Where
required, lag bolts were used to fasten the wooden members in place.

6.3.4 Wood/Metal Combination K-shore

The wood/metal combination K-shore is shown in Figure 8. The anchor points for the upper and
lower legs were established by cutting a piece of wooden shoring and then positioning it vertically with
wedges. The lower horizontal support was placed on the deck between the vertical shore and the closest
structural member, then tightened in place with wedges. The upper horizontal support was positioned
between the vertical shore and the. closest structural member, approximately 0.5 m (1.5 ft) from the overhead,
then tightened in place with wedges. Two strongbacks were then positioned adjacent to each other and flush
against the weakened bulkhead at the approximate midpoint between the deck and the overhead. Two
telescoping metal shores were then positioned, with one between the lower end of the vertical wooden shore
and the strongback and the other between the upper end of the vertical wooden shore and the strongback.
After telescoping the shores, the self-aligning ends were lag bolted in place and then the shores were
tightened with the adjustable screw jacks. '
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6.4 Dewatering Procedures

The dewatering tests were performed using the P-250, the P-100, and the electrical submersible
pumps. Dewatering of the Upper Wet Compartment, was performed from the port wing wall on the main
deck. A scuttle (QAS 1-93-2), located inboard of the Fan Room, provided access to the Upper Wet
Compartment. The respective procedures for dewatering using the foot valves and the eductors are
essentially the same whether coupled to the P-250 or the P-100.

6.4.1 P-250/P-100 with Foot Valve Dewatering Procedures

When personnel dewatered with the suction hose and foot valve, the P-250/P-100 pump and hoses
were positioned on the weather deck. The suction hose and foot valve were lowered through a scuttle (QAS
1-93-2) to the flooded compartment. This resulted in a lift of approximately 3.0 m (10 ft). The pump was
rigged as shown in Figure 9. After the suction hose was primed on the P-250, the pump was started. To
conserve water, the pumped water was discharged to designated ballast tanks instead of overboard.

642 P-250/P-100 with 38.1 mm (1.5 in.) Eductor Dewatering Procedures

When personnel dewatered with the 38.1 mm (1.5 in.) eductor, the pump was connected to the foot
valve as described in section 6.4.1, however, the pump discharge was connected via a fire hose to the eductor.
A discharge hose was connected to the eductor and lowered into the compartment with the foot valve. The
suction hose was primed prior to starting the pump and the pumped water was discharged into a ballast tank.
This configuration is shown in Figure 9.

6.4.3 Electrical Submersible Dewatering Procedures

Prior to each dewatering test involving the electrical submersible pump, the pump was checked for
ground faults by an electrician. The pump was equipped with a 63.5 mm (2.5 in.) discharge hose and then
lowered into the compartment through a scuttle (QAS 1-93-2). After directing the discharge hose to a
designated ballast tank, the pump was connected to a 440 VAC power source and energized. The pump
configuration for the electrical submersible pump is shown in Figure 10.

6.5 Hull Repair Procedures
All of the hull repair tests were performed in the Upper Wet Compartment using the double hull tank.
The hull damages included holes resulting from implosions and explosions. Temporary repairs were effected

with the Bucket/Box patches using J and T bolts and with a combination of wooden wedges and plugs.

6.5.1 Bucket/Box Patch Repair Procedures

The hull damages were patched using either the box or the bucket patches. The procedures for each
of these repairs were similar. Both the bucket and the box had predrilled holes in them. Depending on the
nature of the hull rupture, either "J" bolts or "T" bolts were inserted through the holes in bucket/box with the
"J" or "T" outside of the concave side of the patch. The bolts were secured with nuts and washers on the
convex side. Gasket material available from the repair locker was positioned between the bucket/box and the
hull. The bolts were positioned such that the "J" or "T" was over the solid plating. The patches were then
drawn tight to the hull/gasket with the nuts on the inner end until the leakage was stopped or minimized. The
bucket/box patch is shown in Figure 11.

16




®

/’_‘——------‘/
N =
\

1] (.

(4 02) w 1°9 Japun sy uopans 1o} suogeInbyues dwnd oot d/0S2d — 6 “Bid

dwind g5zd pue Jojonpz
_ Jo uojjeujquod Yyiim Bupajemag

D2 340 518 30) panbas 050y vogns o suplua) siow 10 8axy] 3} il

JSOH NOILONS Y388NY QUvH O X £
ONILIL IV 5 OL 3TViIN34 £ - W3t dvay
FNTTONTIONYH 06 X .2 /M 13MU3d ‘YOLOKE 212
MNVL TN Sdr IM dnd 2 00N 0524

JOHVHISIO U3dWr 12X 212

SIFUNO.Z/1- 33 212 (1% 13N 212 3Lvom)
3S0H3IU4 DS ¥ 211+

3SOH3HI 05 1 212

E—

NI N O~

IN3NdIND3

=
5]

nau

17




Wd9o 0rL
14 NOoWoNns
0S5 NVHL 3JHON

uoljeinbiyuos dwnd ejqisiewqns jeapoai3 - 0l Bi4

3NIVHLS BY1S N G3SYINS W4 BNS JRI10TB

ONILILd T4 378N00 212 - H3LdvaY

_ adens o10In

UINVHLS GNY 3ATVA 100 271-2 M Al NS JRLDI 1

13100 AV 01N (BT A4 ANS HO4 X0A J0HINGD

(A0 dvd 3803 dvd Gy St L v

Z1-201 FTVIV.) - HA14vQY QITIVISH /M NOLLI3NNOD 3TUVHOSID GHVORIIND 5
} I50H3H 213

18




Jiedas |Iny yojed xog - L1 ‘614

ﬁ—om n —I-—

v

: D
| _ “ 5
‘sabipe : .
punose jeyseB wnyeo paynis : D
SeAUBD Jo Jaqqu yum ejed ] .
J/1 jJo 18ddojs Mee| xoq [|99)S ;i

D
S

#—om -hl-

19



6.5.2 Plugs and Wedges Repair Procedures

The hull damages were repaired using plugs and wedges and a gasket material. The largest plug or
wedge which could be wedged in the hole was inserted first. This was followed with progressively smaller
plugs and wedges, wrapped with a sealant material such as gaskets, canvas, and oakum, being inserted into
the remaining parts of the hole until the leakage was minimized or stopped. This repair is shown in Figure
12.

7.0 RESULTS AND DISCUSSION

The results of these tests focused primarily on the effectiveness of the repair activity and the time to
complete the repair. The time to complete the repair was recorded by both the on-scene observers and the
control room. The effectiveness of the repair was determined by the on-scene observers and analysis of the
data. The on-scene observers made their judgements based on a set of effectiveness criteria. They
determined if the repair was effectively completed in accordance with Naval Ship Technical Manual (NSTM)
Chapter 079 Volume 2 [2]. This determination resulted in either an effective, marginal, or ineffective rating
from the on-scene observers. Data analysis was required for the pipe patching tests to determine if the repair
satisfied the quantitative criteria (i.e. flow reduction). The effectiveness criteria for each repair activity are
shown in Table 1. The overall effectiveness is a combination of the qualitative effectiveness, determined by
the on-scene observer, and the quantitative effectiveness. If either of these was marginal or ineffective then
the overall effectiveness was judged to be marginal or ineffective.

Table 1. Summary of Effectiveness Criteria

II Repair _ | Effectiveness Criteria

Pipe patch - Jubilee patch time to complete repair < 45 minutes

90-95% reduction in flow

Pipe patch - banding kit time to complete repair < 45 minutes

90-95% reduction in flow

Shoring time to complete repair <45 minutes
structurally sound shore
Dewatering time to rig dewatering equipment

" time to sustain dewatering (time of ‘water discharge through hose
minus the rig time)

dewatering rate

Hull patch time to complete repair < 45 minutes

reduction in flow rate such that it is less than the assumed
dewatering rate of 455 Lpm (250 gpm)
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A statistical analysis has been performed by Desmatics, Inc. [5]. The results of that analysis will be
formally presented in a separate report. However, preliminary results from that analysis have been included
in this discussion.

71 Pipe Patching

A total of 27 pipe patching tests were conducted on a pressurized (non-isolated) line. In other words,
water was continuously being supplied to the rupture during the test. Both the pipe rupture and pipe patching
material were varied. There were four different pipe ruptures and two different pipe patching materials,
resulting in eight different scenarios. The pipe ruptures included (1) Rupture 6, 3.5 in. firemain, (2) Rupture
3, 3.5 in. firemain, (3) Rupture 3, 2.4 in. firemain, and (4) Rupture 4, 2.4 in. chill water. The pipe patching
materials included the Jubilee patch and the pipe wrench used in conjunction with the banding kit.

Each test scenario was repeated three times, resulting in 24 tests. Due to the large number of tests
required and the time required to rest the repair teams, two repair teams were needed. For consistency, all of
the tests for a particular scenario were performed by the same team, either B1 or B2.

Table 2 summarizes the data for each pipe patching test. Included in this Table are the following:
(1) test number, (2) test scenario, (3) repair team number, (4) static pressure in the water line, (5) flow rate
through the water line, (6) residual pressure in the water line when the leak was initiated (measured at 2-88-
2), (7) residual water pressure at the completion of the test, (8) flow rate at the completion of the test; (9)
overall effectiveness as determined by the team observer, and (10) the time to complete the repair activity.
The on-scene observers determined the ability of the team to properly effect the repair. An analysis of the
flow rate data was conducted to determine if the flow reduction criteria contained in Table 1 were satisfied.

The Jubilee patch was significantly more effective than the banding kit in each of the scenarios tested
with the exception of Rupture 4, 2 in. Chill Water. In each of the firemain scenarios the Jubilee patch was
effectively installed in less than nine minutes, reducing the flow rate to zero in all but one test (5-06). The
pipe wrench with banding kit took more than 25 minutes to install and was ineffective each time. For the
Chill Water scenario, the pipe wrench with banding kit was more effective than the Jubilee patch, but required
greater than 25 minutes to install and in one case almost 44 minutes. In each of the Chill Water tests the
Jubilee patch was ineffective. The cause of the reduction in the performance of the Jubilee patch is not
obvious, but it is believed that the length of the rupture (152 mm (6.0 in)) and the resulting difficulty in
centering the patch exactly across the hole may have been the cause. More tests, using a smaller rupture, will
need to be performed to determine if this was the case.

Although they are not shown in all of the scenarios, learning effects may be evident in some cases. In
tests involving Jubilee patches evidence.of learning effects can be seen. For example, the repair times for the
Rupture 6, 3.5 in. firemain scenario decreased from 6:24 to 5:48 between the first (Test 3-03) and second
(Test 5-06) tests for that scenario and from 5:48 to 3:29 between the second (test 5-06) and third (Test 2-02-
2) tests. Leamning éffects can also be seen in the Rupture 3,2 in. firemain scenario. For this scenario, the
repair times were 2:21, 2:00, and 1:49 for the first (Test 3-06), second (Test 1-06-2), and third (Test 5-03)
tests, respectively.
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Based on the results of these tests, it is obvious that the banding kit is not effective on pressurized
systems. However, the effectiveness of the banding kit may be increased with the use of banding clips which
permit double raps of banding material. The flexible sheet metal strongbacks were preferred over the carbon
steel and PVC strongbacks.

The preliminary results of the statistical analysis conducted by Desmatics, Inc. indicate that the
following have statistically significant differences: 1) Firemain pipes require less time to repair than the Chill
Water pipes; 2) The use of Jubilee patches results in shorter repair times than the banding kits; and 3) For the
Firemain ruptures, use of the Jubilee patch results in greater flow rate reductions than the banding Kits. The
analysis also indicates that there are no significant differences in the flow rate reductions between the two
repair methods for the Chill Water ruptures.

The on-scene observers made several observations during the course of these tests. First, with respect
to manning, a two person pipe patching team appears to be adequate for each of these scenarios. Second, the
gloves with adhesive were determined to be a good addition to the pipe patching kit, especially when handling
the banding equipment and materials. Third, due to the ineffectiveness of the banding kit on pressurized
systems, dividing the pipe patching kit into two separate kits, Jubilee and banding kits, may be beneficial.
Separating the two kits would allow the initial repair team to respond much quicker with the Jubilee kit for
incidents involving pressurized systems which cannot be isolated. Fourth, the addition of a deep socket
ratchet would decrease the amount of time required to install the Jubilee patch.

7.2 Shoring

A total of 12 shoring tests were conducted during this test series. These tests involved two different
types of shores (I and K) constructed with two types of materials (wood only and metal and wood), resulting
in four different scenarios. Each scenario was repeated three times. All 12 of the shoring tests were
performed by the same team (Team C).

A summary of the results of the shoring tests is contained in Table 3. This table contains the test
number, the test scenario (type of shore and repair equipment), the overall effectiveness, and the repair time.
For the shoring tests the overall effectiveness was a qualitative assessment made by the on-scene observer,
based on the time to complete the repair and the structural integrity of the shore.

In each of the shoring scenarios, the first test for that scenario took considerably longer than the other
two tests. For example, for an all wood I-shore, the repair team completed the shore in 12:55 in the first test
(Test 2-08) and 3:11 in the second test (Test 1-02). The wood/metal combination K-shore had the smallest
time reduction between the first and second tests. The first test (Test 2-03) required 17:00 and the second
test (Test 1-09) required 12:28. The reduction.in repair time is most likely the result of the experience gained
from the first test of each scenario. This was confirmed in the statistical analysis.

There was a negligible time difference in the times to construct the two types of I-shores. This is due
to the simplicity of the shore and the fact that the metal replaces a piece of wood which is easily measured.
There was a significant time difference in the times to construct the two types of K-shores. The wood K-
shore took more than twice as long to construct than the metal and wood shore. This is due to the fact that
the piece of wood replaced by the metal shore is difficult to measure. The measurement difficulties are a
result of the slope in the bulkhead, which made measuring the run difficult. These findings are supported by
the preliminary results of the statistical analysis.
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The observer made two notable observations. First, a three person shoring team appears to be
adequate. Additional team members would be required if a second shore were required to be installed in
another location, due to the fact that one team member must maintain a watch on the shore. Second, the
addition of a 25-ft retractable tape measure could make measuring a one person operation, as opposed to the
two people required to use the 100-ft tape currently used.

7.3  Dewatering

A total of 16 dewatering tests were performed. All of these tests were performed by the same repair
team (Team A). Five different pump configurations were used during these tests, including (1) P-100 with an
3.8 cm (1.5 in.) eductor with strainer, (2) P-100 with a foot valve and strainer, (3) P-250 with a 6.4 cm (2.5
in.) eductor, (4) P-250 with a foot valve and strainer, and (5) electrical submersible pump.

Three tests were conducted for each scenario, with two exceptions. Four tests were performed for the
P-100 with the 3.8 cm (1.5 in.) eductor with strainer and two tests were performed for the P-100 with the foot
valve and strainer.

A summary of the dewatering test results is included in Table 4. This table includes (1) the test
number, (2) the dewatering equipment used, (3) the repair team identification, (4) the initial water depth in
the upper wet compartment, (5) the calculated dewatering rate, (6) the overall effectiveness, as determined by
the on-scene observer, (7) the time required to rig pump, and (8) the time to sustain dewatering. The time to
sustain dewatering is the time required to get the pump running and actively dewatering. The dewatering rate
was calculated using the change in the water level with respect to time and the net floor area of the
compartment. Included in Table 4 are tests 3-10 and 3-10-2. The use of an improperly sized gasket in the
hard rubber suction hose produced an air leak which prevented the repair team from sustaining dewatering.
Due to the type of malfunction, this test was repeated (Test 3-10-2). Test 3-10 is included in the Table to call
attention to the equipment failure.

The rig times for each of the dewatering equipment configurations were approximately the same,
however there are significant differences in the total time to sustain dewatering. The statistical analysis
showed that the electrical submersible pump requires the least amount of time and the two P-250
configurations requires the most time. The P-100 configurations fall between the electrical submersible and
the P-250. The dewatering rates follow the same trend as the dewatering times with the electrical submersible
having the lowest dewatering rate, the P-250 having the highest, and the P-100 in between.

Although there are no significant differences in the rig times for any of the pump configurations,
there were learning effects. For each scenario tested the rig time of the second test for a given scenario was
significantly lower than the rig time for the first test. For example, for the P-250 with a 64 mm (2.5 in.)
eductor the rig time was reduced from 2:00 to 1:33 between the first (Test 2-01) and second (Test 3-10-2)
tests. In two cases the rig times were also decreased from the second to the third tests. For the P-250 with a
foot valve and strainer the rig times were 2:30, 1:19, and 1:00 for the first (Test 1-10), second (Test 4-06),
and third (Test 5-10) tests, respectively. For this scenario there was also a significant reduction in the amount
of time to sustain dewatering. The additional time required to sustain dewatering decreased from the 4:00
required in the first test (Test 1-10) to 3:41 in the second test (Test 4-06) and 2:46 in the third test (Test 5-
10). For the electrical submersible pump the rig times were 1:30, 1:09, and 0:46 for the first (Test 2-06),
second (Test 3-05), and third (Test 6-01) tests, respectively. According to the on-scene observer, a four
person dewatering team provides adequate manning.
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74 Hull Repair

A total of 12 hull repair tests were performed, involving two different hull ruptures and two hull
patches. Both an explosion rupture and an implosion rupture were evaluated with the bucket patch and plugs
and wedges repair. The resulting four scenarios were each tested three times. All of the hull repairs were
performed by the same repair team (Team C).

Table 5 contains a summary of the hull repair tests. This Table includes the general test information
as well as the water level in the double hull tank at the initiation of the repair and at the end of the test, the
overall effectiveness, and the repair time. The water level at repair initiation is the water level in the double
hull tank at the time when either the first plug was successfully installed or the bolt was successfully placed in
the hole. This is intended to provide an indication of the maximum allowable head pressure to initiate hull
repair activities. It is important to note that the double hull tank supplying the simulated hull ruptures was
not being continuously supplied, and, as a result, the head pressure decreased with time. In three tests (4-03,
4-05, and 4-10) the water level at repair initiation was less than the water level at test completion. This was a
result of the water from the Pilot House tank being dumped into the double hull tank.

The bucket patch was installed more effectively and quickly than the plugs and wedges. The bucket
patch required approximately 5 minutes to install compared to approximately 10:00 for the plugs and wedges
repair. This is supported by the results of the statistical analysis. It is not possible to determine a maximum
depth at which repairs can successfully begin based on the data collected during these tests. Further testing,
specifically designed to analyze the maximum water depth, needs to be conducted to determine this height.
The on-scene observer recommended that the handle for the bucket patch be perpendicular to the rod as
opposed to being at some other angle. Having the handle perpendicular to the rod should provide the best

results. The statistical analysis found that there were no learning effects evident in the hull repair tests.

7.5 Analysis

A statistical analysis of the data collected during this test series is being conducted separately. The
preliminary results of that analysis generally support the findings discussed in this report. The second test
series completed in July 1995 provided additional flooding control data for analysis. The data collected in the
July test series will be discussed in a separate report. Preliminary analysis of the data collected during the
May 1995 test series has been completed and the following observations can be made.

80  CONCLUSIONS

With respect to pipe patching, the Jubilee patch was effective on pressurized systems whereas the
banding kit proved to be ineffective on all of the pressurized systems.

There appears to be little difference in the time to construct an I-shore, whether it is made of wood
only or a combination of metal and wood. However, there is a substantial difference, nearly two times, in the
amount of time required to construct an all wood K-shore compared to the time to construct a wood and metal
K-shore. This is believed to be the result of the piece of wood that is being replaced by the metal shore. That
particular piece of wood was difficult to measure due to the sloped portion of the bulkhead.
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Although the rigging time for the various pieces of dewatering equipment are similar, there are
substantial differences in the total time required to begin dewatering and the dewatering rate. As a result, the
more effective dewatering configuration may be one with a longer rigging time, depending on the flooding
rate of the compartment.

With respect to hull repair, the bucket patch was substantially easier and quicker to install than the
plugs and wedges. The bucket patch was much more effective. These scenarios should be investigated more
thoroughly using constant head pressures, instead of a steadily decreasing head pressure.

Other conclusions relative to manning and training issues can also be made based on the data
collected during this test series. Based on the observations of the on-scene observers, the current manning
requirements appear to be adequate. However, a problem may exist if the shoring team is required to install a
second shore in another location because one team member must maintain a watch on the first shore and will
be unable to assist the repair team. Learning effects were present in the shoring and dewatering tests. This
indicates that training emphasizing shoring and dewatering would be more effective than training
emphasizing hull repair and pipe patching. This does not mean that pipe patching and hull repair training
should be ignored, rather that training in these areas does not necessarily result in reduced repair times.

9.0 RECOMMENDATIONS

Based on the results and conclusions of this test series, the following recommendations are made: 1)
A more thorough evaluation of hull repairs needs to be conducted. During the May 1995 test series, the water
level was not maintained in the double hull tank which supplied the hull ruptures. Any further hull repair
evaluations should emphasize maintaining constant and/or increasing head pressures to evaluate more
realistic scenarios. 2) Training should emphasize areas where learning effects are determined to exist
(i.c.shoring and dewatering). 3) A 25 ft retractable tape should be included in the shoring kit, along with the
100 ft steel tape. 4) The use of metal shoring materials should be recommended for K-shores involving odd
compartment configurations. 5) Differences in the rig and dewatering times and dewatering rates of the
available dewatering equipment should be emphasized to aid in equipment selection.

The repair of isolated (non-pressurized) pipe systems and the use of shoring in conjunction with hull
repairs will be presented in the report for the July 1995 test series.
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Appendix C
Original Test Schedule




May 18 (Day one)

1-01
1-02
1-03
1-04
1-05
1-06
1-07
1-08
1-09
1-10

May

2-01
2-02
2-03
2-04
2-05
2-06
2-07
2-08
2-09
2-10
2-11

Location 2-88-2-L (Rupture 3, 4" Firemain) pipe wrench with banding kit
Location 3-88-2-L I shore (wood) on WTH 3-94-2

Location 2-88-2-L (Rupture 3, 2" Firemain) pipe wrench with banding kit
Location 3-88-2-L I shore (metal and wood) on WTH 3-94-2

Location 1-88-2-Q (Fan Room) P-100 with foot valve/strainer

Location 2-88-2-L (Rupture 3, 2" Firemain) Jubilee patch

Location 3-88-2-L K shore (wood) on outboard bulkhead at frame 92

Location 2-88-2-L (Rupture 6, 3" Firemain) pipe wrench with banding kit
Location 3-88-2-L K shore (metal and wood) on outboard bulkhead at frame 92

Location 1-88-2-Q (Fan Room) P-250 pump with foot valve/strainer

19 (Day two).

Location 1-88-2-Q (Fan Room) P-250 with 2-1/2 in. eductor

Location 2-88-2-Q (Rupture 6, 3" Firemain) Jubilee pétch

Location 3-88-2-L K shore (metal and wood) on outboard bulkhead at frame 92
Location 2-88-2-Q (Rupture 3, 4" Firemain) Jubilee patch

Location 3-88-2-L K shore (wood) on outboard bulkhead at frame 92
Location 1-88-2-Q (Fan Room) electrical submersible pump -
Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit
Location 3-88-2-L I shore (wood) on WTH 3-94-2

Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit
Location 3-88-2-L I shore (metal and wood) on WTH 3-94-2. .

Location 1-88-2-Q (Fan Room) P-100 with 1-1/2 in. eductor




May 20 (Day three)

3-01  Location 2-88-2-Q (Rupture 3, 4" Firemain) Jubilee patch

3-02  Location 3-88-2-L I shore (metal and wood) on WTH 3-94-2

3-03  Location 2-88-2-Q (Rupture 3, 4" Firemain) Jubilee patch

3-04  Location 3-88-2-L I shore (wood) on WTH 3-94-2

3-05  Location 1-88-2-Q (Fan Room) electrical submersible pump

3-06  Location 2-88-2-Q (Rupture 3, 2" Firemain) Jubilee patch

3-07  Location 3-88-2-L K shore (metal and wood) on outboard bulkhead at frame 92
3-08  Location 2-88-2-Q (Rupture 3, 4" Firemain) pipe wrench with banding kit

3-09  Location 3-88-2-L K shore (wood) on outboard bulkhead at frame 92

3-10  Location i-88-2-Q (Fan Room) P-250 with 2-1/2 in. eductor

May 22 (Day four)

4-01  Location 1-88-2-Q (Fan Room) P-100 with 1-1/2 in. eductor

4-02  Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit
4-03  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) bucket patch
4-04  Location 2-88-2-Q (Rupture 6, 3" Firemain) pipe wrench with banding kit

4-05  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) plugs and wedges
4-06  Location 1-88-2-Q (Fan Room) P-250 with foot valve/strainer

4-07  Location 2-88-2-Q (Rupture 3, 2" Firemain) pipe wrench with banding kit

4-08  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) plugs and wedges
4-09  Location 2-88-2-Q (Rupture 4, 2" Chill Water) Jubilee patch

4-10  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) bucket patch
4-11  Location 1-88-2-Q (Fan Room) P-100 with 1-1/2 in. eductor




May 23 (Day five)

5-01  Location 2-88-2-Q (Rupture 4, 2" Chill Water) Jubilee patch

5-02  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) bucket patch
5-03  Location 2-88-2-Q (Rupture 3, 2" Firemain) Jubilee patch

5-04  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) bucket patch

5-05  Location 1-88-2-Q (Fan Room) P-100 with 1-1/2 in. eductor

5-06  Location 2-88-2-Q (Rupture 6, 3" Firemain) Jubilee patch

5-07  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) plugs and wedges
5-08  Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit
5-09  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) plugs and wedges
5-10  Location 1-88-2-Q (Fan Room) P-250 with foot valve/strainer

May 24 (Day six),

6-01  Location 1-88-2-Q (Fan Room) electrical submersible pump

6-02  Location 2-88-2-Q (Rupture 3, 2" Firemain) pipe wrench with banding kit

6-03  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) plugs and wedges
6-04  Location 2-88-2-Q (Rupture 6, 3" Firemain) pipe wrench with banding kit

6-05  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) plugs and wedges
6-06 Location 1-88-2-Q (Fan Room) P-250 with foot valve/strainer

6-07  Location 2-88-2-Q (Rupture 3, 4" Firemain) Jubilee patch

6-08  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) bucket patch
6-09  Location 2-88-2-Q (Rupture 3, 2" Firemain) pipe wrench with banding kit

6-10  Location 2-38-2-L Hull repair explosion rupture (Rupture 10) bucket patch
6-11 Location 1-88-2-Q (Fan Room) P-250 with 2-1/2 in. eductor
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Appendix D
Actual Test Schedule




May 18 (Day one)

2-07
2-08
2-11
2-10
2-01
2-02
2-03
2-04
2-05
2-06

Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit
Location 3-88-2-L I shore (wood) on WTH 3-94-2

Location 1-88-2-Q (Fan Room) P-100 with 1-1/2 in. eductor

Location 3-88-2-L I shore (metal and wood) on WTH 3-94-2

Location 1-88-2-Q (Fan Room) P-250 with 2-1/2 in. eductor

Location 2-88-2-Q (Rupture 6, 3" Firemain) Jubilee patch

Location 3-88-2-L K shore (metal and wood) on outboard bulkhead at frame 92
Location 2-88-2-Q (Rupture 3, 4" Firemain) Jubilee patch

Location 3-88-2-L K shore (wood) on outboard bulkhead at frame 92

Location 1-88-2-Q (Fan Room) electrical submersible pump

May 19 (Day two)

2-09
1-02
1-06
1-04
1-05
1-01
1-07
1-08
1-09
1-03
1-10

Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit
Location 3-88-2-L I shore (wood) on WTH 3-94-2

Location 2-88-2-L (Rupture 3, 2" Firemain) Jubilee patch

Location 3-88-2-L I shore (metal and wood) on WTH 3-94-2

Location 1-88-2-Q (Fan Room) P-100 with foot valve/strainer

Location 2-88-2-L (Rupture 3, 4" Firemain) pipe wrench with banding kit
Location 3-88-2-L K shore (wood) on outboard bulkhead at frame 92

Location 2-88-2-L (Rupture 6, 3" Firemain) pipe wrench with banding kit
Location 3-88-2-L K shore (metal and wood) on outboard bulkhead at frame 92
Location 2-88-2-L (Rupture 3, 2" Firemain) pipe wrench with. banding kit
Location 1-88-2-Q (Fan Room) P-250 pump with foot valve/strainer




May 20 (Day three)

3-01  Location 2-88-2-Q (Rupture 3, 4" Firemain) Jubilee patch

3-02  Location 3-88-2-L I shore (metal and wood) on WTH 3-94-2

3-03 Location 2-88-2-Q (Rupture 3, 4" Firemain) Jubilee patch

3-04  Location 3-88-2-L I shore (wood) on WTH 3-94-2

3-05  Location 1-88-2-Q (Fan Room) electrical submersible pump

3-06 Location 2-88-2-Q (Rupture 3, 2" Firemain) Jubilee patch

3-07  Location 3-88-2-L K shore (metal and wood) on outboard bulkhead at frame 92
3-08  Location 2-88-2-Q (Rupture 3, 4" Firemain) pipe wrench with banding kit

3-09  Location 3-88-2-L K shore (wood) on outboard bulkhead at frame 92

2-07-2 Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit
3-10  Location 1-88-2-Q (Fan Room) P-250 with 2-1/2 in. eductor

May 22 (Day four)

1-06-2 Location 2-88-2-L (Rupture 3, 2" Firemain) Jubilee éatch

4-03  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) bucket patch
3-10-2 Location 1-88-2-Q (Fan Room) P-250 with 2-1/2 in. eductor

4-02  Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit
4-05  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) plugs and wedges
4-01  Location 1-88-2-Q (Fan Room) P-100 with 1-1/2 in. eductor

4-04  Location 2-88-2-Q (Rupture 6, 3" Firemain) pipe wrench with banding kit
4-07  Location 2-88-2-Q (Rupture 3, 2" Firemain) pipe wrench with banding kit
4-08  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) plugs and wedges
4-06  Location 1-88-2-Q (Fan Room) P-250 with foot valve/strainer

4-09  Location 2-88-2-Q (Rupture 4, 2" Chill Water) Jubilee patch

4-10  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) bucket patch
4-11  Location 1-88-2-Q (Fan Room) P-100 with 1-1/2 in. eductor




May 23 (Day five)

4-02-2 Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit

5-01  Location 2-88-2-Q (Rupture 4, 2" Chill Water) Jubilee patch

5-02  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) bucket patch
5-05  Location 1-88-2-Q (Fan Room) P-100 with 1-1/2 in. eductor

5-03  Location 2-88-2-Q (Rupture 3, 2" Firemain) Jubilee patch

5-04  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) bucket patch
5-06  Location 2-88-2-Q (Rupture 6, 3" Firemain) Jubilee patch

5-07  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) plugs and wedges
5-08  Location 2-88-2-Q (Rupture 4, 2" Chill Water) pipe wrench with banding kit
5-09  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) plugs and wedges
5-10  Location 1-88-2-Q (Fan Room) P-250 with foot valve/strainer

May 24 (Day six)

6-02  Location 2-88-2-Q (Rupture 3, 2" Firemain) pipe wrench with banding kit

6-03  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) plugs and wedges
6-01  Location 1-88-2-Q (Fan Room) electrical submersible pump

6-04  Location 2-88-2-Q (Rupture 6, 3" Firemain) pipe wrench with banding kit

6-05  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) plugs and wedges
6-06  Location 1-88-2-Q (Fan Room) P-250 with foot valve/strainer

6-07  Location 2-88-2-Q (Rupture 3, 4" Firemain) Jubilee patch

6-08  Location 2-88-2-L Hull repair implosion rupture (Rupture 10) bucket patch
6-09  Location 2-88-2-Q (Rupture 3, 2" Firemain) pipe wrench with banding kit

6-10  Location 2-88-2-L Hull repair explosion rupture (Rupture 10) bucket patch
6-11  Location 1-88-2-Q (Fan Room) P-250 with 2-1/2 in. eductor

2-04-2 Location 2-88-2-Q (Rupture 3, 4" Firemain) Jubilee patch
2-02-2 Location 2-88-2-Q (Rupture 6, 3" Firemain) Jubilee patch
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