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Data on Quantity and Quality of Water Flowing in
Drainage Systems of Dry Docks at Puget Sound
Naval Shipyard, Bremerton, Washington, 1994

by Edmund A. Prych

ABSTRACT

Data on the quantity and quality of ground water that drains into dry docks at the Puget
Sound Naval Shipyard can be useful for planning environmental remediation work at the
shipyard. Ground-water discharges into and total drain-water discharges from individual dry
docks were computed from a single set of discharges of individual inflowing drains and
outflowing drain-water collection culverts that were measured in June, July and August 1994.
Ground-water inflows to dry docks no. 1, 2, 3, 4, 5, and 6 equalled 0.07, 0.30, 0.29, 0.61, 1.18, and
6.2 cubic feet per second, respectively, and total drain-water discharges from the dry docks
equalled 0.07, 0.30, 0.33, 0.61, 1.36, and 11.7 cubic feet per second, respectively. The differences
between total outflows and ground-water inflows were mostly cofferdam and floodgate leakage
and cooling water from a ship in dry dock no. 6. Observed salinities indicate that 18, 92, 28, 44, 55,
and 69 percent of the ground-water inflows to dry docks no. 1 through 6 and 18, 92, 37, 44, 63, and

82 percent of the total outflows from the dry docks was saline water from Sinclair Inlet.

Concentrations of total copper in samples from 36 sites varied from less than 1 to 71
micrograms per liter, and concentrations of total lead varied from less than 1 to 44 micrograms per
liter. None of 43 semi-volatile organic compounds that were analyzed for in samples from 19 sites
were detected at concentrations greater than the laboratory minimum reporting level (5 or 10

micrograms per liter). A total of 13 volatile organic compounds were found at concentrations



greater than laboratory minimum reporting levels (mostly 0.2 microgram per liter) in 8 samples
that were analyzed for 63 volatile organic compounds. Trichloroethene and at least three other

chlorinated hydrocarbons were found in each sample.



INTRODUCTION

Puget Sound Naval Shipyard, a U.S. Navy installation within the Bremerton Naval Complex
in the city of Bremerton, is located on Sinclair Inlet of Puget Sound in the western part of the state
of Washington (fig. 1). Major work done at this installation since its founding in the 1890’s includes
building, modifying, repairing, and dismantling ships. A result of this long history of work is that
concentrations of some metals and organic compounds in soil and ground water at the shipyard
are elevated and in some places exceed regulatory limits. Specifically, in ground water some
concentrations of arsenic, cadmium, chromium, lead, mercury, polynuclear aromatic
hydrocarbons, methylene chloride, and trichloroethene exceed Model Toxic Control Act (MTCA)
ground-water cleanup levels (URS Consultants, Inc., 1993). To obtain information for use in the
selection and planning of necessary remediation work, the Navy and its consultants are conducting
investigations to determine the magnitude, extent, fate, and movement of metals, organic
compounds, and other constituents by ground water to the marine waters and bottom sediments at
and near the shipyard. These investigations, including the one that is the subject of this report, are

part of the Comprehensive Long-Term Environmental Action Navy (CLEAN) program.

Most of the work at the shipyard is concentrated in and near the yard’s six dry docks, which
are commonly referred to as DD-1 through DD-6 (fig. 1). The numbering corresponds to the order
in which they were constructed. The dry docks, which are fixed concrete structures, range from
about 650 to 1,150 ft in length, from about 108 to 190 ft in width, and have floors that range from
about 20 to 49 ft below sea level. All but one of the dry docks (DD-2) were constructed with drains
to relieve lateral hydrostatic pressure on their side and head walls and uplift on the floors when the
dry docks are dry (not flooded). These drains discharge water to the dry docks, where it is
collected and conveyed in a network of open channels before it is pumped into Sinclair Inlet.
Although the walls and floor of DD-2 were constructed sufficiently heavy and strong so that

pressure-relief drains were not necessary, some ground water does drain to this dry dock also.
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Figure 1. Puget Sound Naval Shipyard and locations of dry docks (DD).



Because the dry docks are dry more than 95 percent of the time, the dry-dock drains act as wells or
ground-water sinks and probably have a large effect on ground-water flow at and near the

shipyard.

Purpose

To obtain information for use in investigations of the movement of metals, organic
compounds, and other constitutents by ground water, data on water-discharge rates and water
quality were collected at various locations in the drainage systems of the dry docks. This report

presents these data.

Method and Scope

Water-discharge rates were measured at the ends and other locations along culverts that
collect drainage water from various sections of individual dry docks. Also, rates at which selected
individual drain pipes discharge into the culverts were measured. Discharges were measured only
once at most sites, and all the measurements were made during June, July, and August 1994.
Discharge rates of water flowing in the culverts were measured using a current-meter gaging
technique employed by the U.S. Geological Survey to measure discharges in streams (Rantz and
others, 1982). With this technique, water velocity and depth are measured at numerous places
across the width of the stream. Because of the relatively shallow depth of water at many of the
measuring sites (depths ranged from about 0.05 to 1 ft), a pygmy meter was used. The accuracy
(expected error) of most discharge measurements in this study by this technique was estimated to
range from about 10 to 30 percent. The estimates of accuracy were subjective and were based on
the depth and uniformity of flow, and the number of velocity measurements in a cross section. The
least accurate were at some locations in the collector culverts where the depth was less than 0.1 ft,
the velocity varied greatly across the width of the flow, or the velocities were only a fraction of a

foot per second. A few discharges could only be estimated to within about 50 percent. Discharges



from most individual drains were measured volumetrically by using a stop watch to determine the
length of time it took to collect an arbitrary volume of water in a calibrated 5-gallon bucket. The
accuracy of most of these measurements ranged from about 5 to 30 percent and depended mostly
on the accuracy of the time measurement. The least accurate measurements were at sites where the

discharge was so large that the bucket filled in a few seconds.

Specific electrical conductance (for calculating salinity) and water temperature were
measured in the field at most of the discharge-measurement sites, or samples were collected for
determining conductance in the laboratory. Salinity was computed from conductance and
temperature using a computer program given by Fononoff and Millard (1983). Samples for
determining concentrations of selected constituents in water also were collected from 36 sites (table
1 and figs. 2 through 7). These sites included most of the major outflows from the dry docks.
Concentrations of total copper and lead were determined in samples from all 36 sites, and
concentrations of dissolved copper and lead were determined in samples from 2 of them. Lead
was selected because it is one of the metals for which a MTCA level was exceeded, and copper was
selected because it is one of the metals that may not meet the criteria of a permit for discharging
drain water to Sinclair Inlet (John Frech, Puget Sound Naval Shipyard, oral commun., 1994). The
. turbidity of each of these samples, a measure of suspended-solids content, was also determined.
Concentrations of 43 semi-volatile organic compounds, including polynuclear aromatic
hydrocarbons, were determined in samples from 19 sites, and concentrations of 63 volatile organic
compounds (including methylene chloride and trichloroethene) were determined in samples from
8 of the sites. Six of the organic compounds are in both the semi-volatile and volatile list. (See
tables 8 and 9 in the section “Water Quality” for lists of the organic compounds.) Most samples
that were analyzed for volatile organic compounds were collected from individual drains or near
the upstream ends of collection chameis before the water flowed far and had the opportunity to
lose material by volatilization to the atmosphere. Also, these samples were mostly from near the

heads of the dry docks where the chance of sampling fresh ground water that flowed through the



Table 1.--Discharges, salinities and temperatures of water at selected sites in the drainage systems of the six dry docks at Puget Sound Naval Shipyard,
Bremerton, Washington, and sites where other water-quality data were collected

(ft%/s, cubic feet per second; ppt, part per thousand; °C, degrees Celsius; --, no data; *, data used to compute total dry-dock outflow; e, estimated value; MM,
total and dissolved copper and lead; M, total copper and lead; S, semi-volatile organic compounds, V, volatile organic compounds; see figures 2 through 7 for
locations of data-collection sites]

Dis- Sali- Temper- Water-
Site charge nity ature quality
identifier Date Time! (ﬂ3/s) (ppt) °C) analyses Description of data-collection site
Dry dock no. 3
DD3-A 06/28/94 --,1045 -- 0.1 -- MSV Drain pipe, base N wall, near E corner
DD3-B 06/28/94 --,1230 -- .5 16.6 M,S,V Drain pipe, base N wall, near W corner
DD3-E-14C 07/07/94 0850,0845 0.10 1 16.3 MM,S E-side culvert, near N end
DD3-E-14C 08/11/94 0840,0850 .074 N 16.7 -- E-side culvert, near N end
DD3-E 07/07/94 0900,0950 * 065 *5.4 15.9 M W-side collector basin, culvert from E
DD3-E 08/11/94 0905,0920 .068 6.2 16.9 - W-side coliector basin, culvert from E
DD3-W-PW 08/11/94 0930,0930 .093 1 179 -- Process water discharge, W side, N part
DD3-W-N 07/07/94 0915,0955 * 077 *3.0 16.3 M.,S W-side collector basin, culvert from N
DD3-W-N 08/11/94 0920,0920 12 2.3 17.4 - W-side collector basin, culvert from N
DD3-W-S 07/07/94 0930,1000 * .19 *16.2 15.0 M W-side collector basin, culvert from S
DD3-W-§ 08/11/94 0910,0920 38 16.7 16.0 -- W-side collector basin, culvert from W
DD3-CD-E 07/07/94 1030,1025 .004 29.5 13.0 -- Leakage from coffer dam to E-side culvert
DD3-CD-W 07/07/94 1025,1020 .04 29.5 13.9 M Leakage from coffer dam to W-side culvert
Computed total dry-dock outflow 33 11.0
Dry dock no. 1
DD1-E-343 07/06/94 1105,1040 .008e 4.4 - M,S,V E-side culvert, near N mid point
DDI-E-B 07/06/94 1325,1340 * 05e *4.6 -- M E-side culvert, S end
DD1-W-245 07/06/94 1135,1130 .003e 3.1 15.7 M,S W-side culvert, near mid point
DDI1-W-B 07/06/94 1255,1310 * 02e *1.3 14.6 M W-side culvert, S end

Computed total dry-dock outflow .07 5.4




Table 1.--Discharges, salinities and temperatures of water at selected sites in the drainage systems of the six dry docks at Puget Sound Naval Shipyard,

Bremerton, Washington, and sites where other water-quality data were collected--Continued

Dis- Sali- Temper- Water-
Site charge nity ature quality
identifier Date Time! (ft3/s) (ppt) °0) analyses Description of data-collection site
Dry dock no. 2
DD2-FCl1 07/07/94 --,1155 - 2.9 -- M.,S Crack in floor, near N end at center
DD2-E 07/07/94 --,1310 *(.25e *27.2 -- M,S E-side culvert, S end
DD2-W 07/07/94 --,1301 * 05e *25.8 -- - W-side culvert, S end
Computed total dry-dock outflow .30 270
DD2-XC 07/07/94 1245, -- .76 18.6 -- -- E-W tunnel at center of DD2
Sum of computed total dry-dock
outflows from DD-3,DD-1
and E part DD-2 .65 16.9
Dry dock no. 4
DD4-FD1 07/01/94 1350,1350 .061 93 -- M Floor drain, W side, 150 ft from N end
DD4-FD2 07/01/94 1400,1400 .030 8.2 -- M Floor drain, W side, 250 ft from N end
DD4-FD3 07/01/94 1415,1416 .017 24.7 -- M,S,V Floor drain, W side, 700 ft from N end
DD4-EW 07/01/94 1420,1417 .003 .0 - - Outflow from eye-wash station
DD4-E-C 07/01/94 --,1630 -- 8 -- MM,SV Crack in W wall E culvert, 40 ft N end
DD4-E-NB 07/01/94 1050,1530 * 26 *43 14.1 M,S E-side culvert, N part, S end
DD4-E-SB 07/01/94 1100, -- *.026 *25.¢e 12.1 - Sum of drains to E-side culvert, S part
DD4-W-NB 07/01/94 1325,1535 *32 *19.3 -- M.,S W-side culvert, N part, W end
Computed total dry-dock outflow .61 13.1




Table 1.--Discharges, salinities and temperatures of water at selected sites in the drainage systems of the six dry docks at Puget Sound Naval Shipyard,
Bremerton, Washington, and sites where other water-quality data were collected--Continued

Dis- Sali- Temper- Water-
Site charge nity ature quality
identifier Date Time! (ft3/s) (ppt) (°C) analyses Description of data-collection site
Dock no. 5
DDS5-E-1E 08/05/94 1120,1550 0.003 2.8 13.3 MM,S,V Drain 1, E wall, E-side culvert
DDS5-E-FDI 08/05/94 0820,1710 .018 21.2 14.3 M Floor drain, E side, N part
DDS5S-E-NB 08/05/94 1130,1535 *15 *19.3 13.1 M,S E-side culvert, N part, S end
DDS-E-SB 08/05/94 1145,1530 * 35 *27.4 12.3 M E-side culvert, S part, N end
DDS-W-1W 08/05/94 0940,1510 .004 22 13.6 M Drain 1, W wall, W-side culvert
DDS5-W-NB 08/05/94 0900,1440 *33 *58 12.8 M,S W-side culvert, N part, S end
DDS5-W-FD2 08/05/94 0830,1720 27 19.0 12.3 M Floor drain, to W side, middle
DDS5-W-11W 08/05/94 1000,1000 *.093 *18.3 12.3 - Drain 11, W wall, W-side culvert
DD5-E-FD2 08/05/94 0840, -- .016 - - -- Floor drain, to E side, middle
DD5-W-SB 08/05/94 0925,1450 * 44 *20.6 13.4 M W-side culvert, S part, N end
Computed total dry-dock outflow 1.36 18.5 -
Pump 4 08/11/94 --,1445 - 16.1 - M,S,V Pump in pump-well 4

(outflow from DD-1 through DD-5)

Sum of computed total outflows
from DD-1 through DD-5 2.7 16.5
Dry Dock no. 6
DD6-A 06/28/94 0820,0635 072 49 14.2 M,S,V Drain in base N wall, 7 ft W of center
DD6-E-D2 06/30/94 1135,1400 .88 15.1 12.3 M,S E-side culvert, at 2nd door from N
DD6-E-NB 06/30/94 1200,1355 *2.4 *16.1 13.8 M E -side culvert, N part, S end
DD6-E-NB 08/11/94 1340,1320 3.2 20.6 -- - E-side culvert, N part, S end
DD6-E-SB 06/30/94 1205,1350 *2.6 *27.6 - M E-side culvert, S part, N end
DD6-E-SB 08/11/94 1325,1320 2.2 29.4 -- -- E-side culvert, S part, N end
DD6-W-D2 06/29/94 1440,1420 .80 17.9 13.1 M.,S W-side culvert, at 2nd door from N
DD6-W-NB 06/29/94 1510,1415 *6.3 *25.9 13.8 M W-side culvert, N part, S end
DD6-W-NB 08/11/94 1300,1030 53 25.8 -- -- W-side culvert, N part, S end
DD6-W-SB 08/11/94 1130,1030 * 41 *27.7 15. M W-side culvert, S part, N end

Computed total dry-dock outflow 11.7 243
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Table 1.--Discharges, salinities and temperatures of water at selected sites in the drainage systems of the six dry docks at Puget Sound Naval Shipyard,
Bremerton, Washington, and sites where other water-quality data were collected--Continued

Dis- Sali- Temper- Water-
Site charge nity ature quality
identifier Date Time! (f1s) (ppt) °0) analyses Description of data-collection site
Pump 6 07/01/94 --,0900 -- 24.1 -- M,S Pump in pump-well 6

! First time is that of discharge measurement, second time is that of collection of water-quality sample.



shipyard was largest. The samples that were analyzed for semi-volatile organic compounds were
from the same locations as the samples analyzed for volatile compounds plus some sites near the

downstream ends of collection channels.

Nearly all samples were collected directly into sample bottles. Samples of water flowing
from drain pipes were caught in the sample bottles in midair. Samples from the culverts were
collected by submerging hand-held bottles and moving them slowly across the flow or by
pumping the water with a peristaltic pump. Samples of water being pumped from the dry docks
to Sinclair Inlet were obtained by opening valves in small-diameter lines on the downstream side

of the pump-discharge lines and collecting the samples directly into sample bottles.
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DESCRIPTIONS OF DRY DOCKS AND WATER-DISCHARGE MEASUREMENTS

All six dry docks are parallel and are oriented in a north-south direction aloﬁg the north
shoreline of Sinclair Inlet (fig. 1). The entrance to each dry dock, except DD-6, is approximately in
line with or set back from the present shore line. Most of DD-6 protrudes into Sinclair Inlet. The fill
behind the sidewalls and headwall (north wall) and beneath the floor of each dry dock, except
DD-2, is coarse-grained material with imbedded drain pipes or crushed-rock drainage courses.
Both fresh and saline ground water in the fill flows by gravity into these drains, which discharge
into longitudinal concrete collection culverts within the dry docks. The invert elevations of the
culverts (lowest points in culvert cross sections) are below the elevations of the dry-dock floors,
and consequently help maintain a dry working environment in the dry docks. In addition to
ground-water drainage, leakage by the cofferdams at the entrances to the dry docks, leakage from
floodgates, cooling water used by ships in the dry docks, and process water is sometimes

discharged to the culverts.

Water that is collected by the longitudinal collection culverts of DD-1 through DD-5
discharges into a tunnel that runs east-west beneath the floors of the dry docks. This tunnel, which
varies in diameter from about 6 to 9 ft, connects five different pump wells from which the water
can be pumped to Sinclair Inlet. Most of the time, water is pumped from only one of the pump
wells while the pumps in a second pump well are on standby and pump only occasionally, and the
pumps in the other pump wells are idle. During special operations, such as the flooding of a dry
dock, selected gates in the tunnel can be closed to isolate individual or groups of dry docks and
pump wells. The longitudinal culverts in DD-6 also discharge to an east-west tunnel that in turn
discharges to a pump well. However, this tunnel and pump well are not connected to the tunnel

and pump system for DD-1 through DD-5.

12



The following subsections give additional descriptions of the drainage systems of individual
dry docks, and describe and give the results of the discharge measurements. The order in which
the dry docks are described is from east to west (fig. 1). Information on water quality is given in a
latter section titled “Water Quality”. However, salinity data also are included with the

water-discharge data.

Dry Dock No. 3

DD-3, the easternmost dry dock at the shipyard, is about 930 ft long and 130 ft wide, has
vertical walls, and is the shallowest of the six dry docks. The tops of the walls of this and every
other dry dock except DD-6 are about 11 ft above sea level. The floor in the south part of DD-3 is
23 ft below sea level, and the floor in the north part is 3 ft higher. This dry dock was constructed in |
such a way that a temporary barrier can be installed at about its mid point so that the north part
could be kept dry when the south part is flooded. The longitudinal drain-water collection culverts
in DD-3 run beneath the dry-dock floor near the base of the side walls (fig. 2). These culverts are
about 2 ft wide, 2 ft deep, and have inverts about 3 ft below the dry-dock floor. Drain water from
the side walls flows directly into the culverts, while water from drains in the headwall of the dry
dock flows in gutters and pipes that discharge to the north parts of the longitudinal culverts.
Leakage from the cofferdam at the entrance to the dry dock flows in gutters and across the

dry-dock floor to the south parts of the culverts.

All water from DD-3 flows into a collection basin near the center of the west-side culvert and
then into the east-west tunnel that connects the dry docks to the pump wells (fig. 2). The north and
south parts of the west-side culvert both discharge directly into this collection basin. All or part of
the water from the east-side culvert flows into a transverse culvert that also discharges directly to
the collection basin on the west side. Fay, Spofford, and Thorndike (1979b) mention another
transverse culvert that connects the south parts of the east and west culverts; however, this

transverse culvert could not be found.
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For measuring discharge and taking water samples, the culverts were accessed through
grate-covered openings spaced about 25 ft apart along the culverts and from the collection basin on
the west side. However, most of the grates are rusted in their frames and were not removed during
the present study. Discharge measurements were made at one location near the upstream end of
the north part of the east-side culvert (site E-14C), at the ends of the three culverts that discharge
directly into the collection basin (sites E, W-N and W-S), of the leakage from the cofferdam at the
dry dock entrance into the east- and west-side culverts (sites CD-E and CD-W), and of a
process-water line that was flowing into the north part of the east-side culvert (W-PW) (see table 1
and fig. 2). Measurements in the north part of the east culvert were made by constricting the flow
cross section to less than 1 ft wide and measuring water velocities with a current meter. Discharges
at the other locations were measured volumetrically. The estimated accuracy of the discharge
measurements in DD-3 ranged from about 10 to 30 percent. Because of potential hazards, project
personnel did not enter the culverts in this dry dock to measure discharges of individual drains
that flow into the culverts. Discharges of drains in the head wall were not measured because the
discharges were too small to be measured with a current meter and the drain lines were too close to

the dry-dock floor to be caught in a bucket.

Data collected on July 7, 1994, show that the discharge from the transverse culvert into the
west-side collection basin (site E) was less than the discharge in the north part of the east-side
culvert (site E-14C). The reverse was expected because the discharge at the end of the transverse
culvert should be a sum of the discharge at the upstream measuring site plus additional drainage
to the east-side culvert south of the site. As a check, discharges at these two and selected other
locations were measured again on August 11, and a similar anomaly was found in the second set of
measurements. Two possible reasons are proposed for the anomaly. One is that the accuracy of the
measurements was not good enough to determine the true difference between discharges at the
two sites. The other, and perhaps more likely, is that there is flow from the east culvert to the west

culvert through the transverse culvert that was not found.
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Table 2.--Discharges, salinities and temperatures of water flowing from individual drains and in collection culverts
within dry dock no. 4 of Puget Sound Naval Shipyard, Bremerton, Washington
[ft/s, cubic feet per second; °C, degrees Celsius; ppt, parts per thousand; --, no data; e, estimated value]

Site Measured Temper-
identifier discharge? ature? Salinity?
and remark! (f63/s) o) (ppt)
East-side culvert
1t020 0. -- --
Culvert 22 14. 2.8
21t029 0. -- --
30 .000 -- - --
UnW .004e -- --
31to0 39 0. - -
40C .002 -- 22.3
UnW .004e - 3.9
41C .003 - 16.3
42C .004 -- 23.7
43 C 0. -- -
44 C 0. - -
45W 0. - -
N-part outflow (E-NB) .26 14.1 -
S-part outflow (E-SB) .026 12.1 -
46 C .000 ’ -- --
47E 0. -- --
UnW 0. -- --
48 E .011 12.0 --
49E .009 11.5 -
UnW 0. -- --
S0E .004 11.2 --
UnW 0. -- -
S1E .001e -- --
52C .001e -- --
West-side culvert
lto6 0. - --
Floor drain (FD1) .061 -- 9.3
7to 10 0. -- -
Floor drain (FD2) .030 - 8.2
11to0 29 0. - --
Floor drain (FD3) .017 -- 24.7
Eye-wash outflow .003 0.0
30to 39 0. -- --
40 .012 - 24.0
41C .003 - 26.4
42 0. -- --
43 0. -- --
44 0. -- -

45 .002 -- 27.6
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Drv Dock No. 5

The size and geometry of DD-5 and the configuration of its drainage system (fig. 6) are nearly
identical to that of DD-4. An exception is that the east-west tunnel crosses DD-5 near its north end,
and the both east- and west-side longitudinal culverts extend both north and south of the east-west
tunnel. Water discharges were measured in both culverts at the four locations where they flow into
the cross tunnel (sites E-NB, E-5B, W-NB and W-SB in table 1 and fig. 6). The discharge rates of the
nearly 100 individual drains that flow into each of the culverts also were measured (table 3). The
accuracy of all these discharge measurements ranged from about 5 to 10 percent. The discharge of
water from floor drains in the transverse slots in the dry-dock floor were measured by the same
method as in DD-4. There was no obvious leakage from the cofferdam at the time of the
measurements. However, there was a small process-water discharge, and there was some
discharge over spillways at the south ends of the longitudinal culverts that was leakage from

Sinclair Inlet by gates in tunnels used to flood the dry dock (table 3).

The total discharge from DD-5, which was computed as the sum of the discharges at the ends
of the culverts plus the discharge from drain 11 in the west-side culvert, which discharges directly
into the east-west tunnel, was 1.36 ft3/s (table 1). The sum of the individual drain discharges
(tables 3 and 4) was 1.43 ft3/s, which differs from 1.36 ft3/s by only 5 percent. (The value of
1.36 ft3/s is given in the Abstract and Summary of this report to be consistent with the value in
table 1; however, either of the two values could have been used.) The computed salinity of the
outflow (18.5 ppt, table 1) implies that 63 percent of the outflow was saline water from Sinclair
Inlet. The outflow from DD-5 was about twice the outflow from DD-4 and about equal to the sum

of the discharges from DD-1 through DD-4.

Discharge from drains in the east wall of the east-side culvert and the west wall of the
west-side culvert is ground water from behind the dry-dock side and head walls, and discharge

from drains in the west wall of the east-side culvert and east wall of the west-side culvert is ground
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Table 3.--Discharges, salinities and temperatures of water flowing from individual drains and in collection culverts
within dry dock no. 5 of Puget Sound Naval Shipyard, Bremerton, Washington
[ft, feet; ft’/s, cubic feet per second; °C, degrees Celsius; ppt, parts per thousand; --, no data; e, estimated value]

Site! Measured? Cumulative*
identifier Distance? discharge discharge Temperature3 Salinity3
and remark (feet) (ft3fs) (f3/s) °C) (ppt)
East-side culvert, northern part
1E 2 0.003 0.003 13.3 2.8
UnW - 0. .003 -- --
2E 21 0. .003 -- --
3E 41 011 014 12.7 16.9
UnW -- .016 .030 14.9 21.5
4E 63 .006 .036 13.0 18.1
SE 82 .032 .068 13.0 18.8
UnW - .016 .084 14.6 21.5
6E 92 .017 101 12.5 20.2
Door 103 .101 -- --
UnW -- 0. 101 - --
7E 111 .019 120 13.0 21.2
8E 131 0. 120 -- --
Un'W 131 0. -.120 -- -
9E 148 .002 122 13.2 18.4
UnW -- 0. 122 -- -
10E 171 015 137 12.2 259
N-part outflow
(E-NB) 180 15 (.14) 13.1 19.3
UnW 180 0. -- -- -
ast-side culvert, sout art
S-part outflow
(E-SB) 190 .35 37 12.3 274
UnW 204 0. 372 -- -
UnW 228 0. 372 -- --
UnW 252 0. 372 -- -
UnW 276 0. 372 -- -
I1E 291 .016 372 11.4 21.1
Un W -- 0. 356 -- --
12E 309 0. .356 : -- --
UnW -- 0. 356 -~ --
I13E 332 .024 .356 114 21.0
UnW - 0. 332 -- -
14E 349 0. 332 -- --
ISE 372 .034 332 11.5 21.7
UnW 372 0. .298 -- --
16 E 389 0. 298 - -
UnW -- 0. .298 -- -
17E 412 .004 298 11.8 24.2
Un'W -- 0. 296 - --
18E 429 .005 296 11.8 25.2
UnW -- 0. 289 - --
19E 452 .005 289 11.7 26.2
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Table 3.--Discharges, salinities and temperatures of water flowing from individual drains and in collection culverts
within dry dock no. 5 of Puget Sound Naval Shipyard, Bremerton, Washington--Continued

Site! Measured® Cumulative*
identifier Distance? discharge discharge Temperature® Salinity>
and remark (feet) (ft3/s) (f1s) (°C) (ppY)
45E 908 0.002 0.055 12.2 30.2
46 E 923 .006 .053 11.9 30.1
Un W - 0. .047 -- -
47E 938 0. .047 - -
UnW - 0. .047 - -
48 E 953 0. .047 - -
49E 968 .000 .047 13.7 26.9
50 W 973 .045¢ .047 15.9 31.2
Spillway 981 .002e .002 -- -
West-side culvert, northern part
UnN 0 0. 0. - -
1wV 2 .004 .004 13.6 2.2
UnE -- 0. .004 - --
2W 27 .059 .063 12.7 33
3IW 43 057 -.120 127 3.7
UnE - 0. 120 - -
4w 65 .008 128 13.4 3.6
5W 81 016 .144 13.0 4.1
UnE - 0. 144 -- -
6w 104 018 162 12.9 4.6
Door 116 - 162 - -
TW 121 .026 .188 12.9 6.2
UnE 121 0. .188 -- -
8w 144 037 225 12.4 11.3
UnE 144 0. 225 - -
9w 161 0. 225 - -
UnE -- 0. 225 -- -
10W 184 .016 241 12.2 14.5
N-part outflow
(W-NB) 192 33 (:24) 12.8 5.8
UnE 192 0. - -- -
(11'W) 201 .093 - 12.3 18.3
West-side culvert, southern part
S-part outflow
(W-SB) 202 44 (.58) 13.4 20.6
UnE -- 0. .584 - -
12W 223 .029 .584 12.8 20.1
13W 240 .015 .555 12.6 19.2
UnE 240 0. .540 - -
14 W 263 .004 .540 12.2 17.3
UnE 263 0. .536 -- -
15W 280 .003 .536 122 17.0
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Table 3.--Discharges, salinities and temperatures of water flowing from individual drains and in collection culverts
within dry dock no. 5 of Puget Sound Naval Shipyard, Bremerton, Washington--Continued

Site! Measured’ Cumulative*

identifier Distance? discharge discharge Temperature3 Salinity3
and remark (feet) (ft3/s) (fe/s) °C) (ppY)
UnE - 0. 0.231 - -
41 W 786 .001e 231 -- --
42w 801 .000 230 - -
UnE 801 0. 230 - -
43W 816 .010 .230 13.0 22.6
UnE - 0. 220 - -
44 W 831 0. 220 - -
45W 846 .013 220 12.5 26.5
UnE - 0. 207 - -
46 W 861 0. 207 - -
UnE - 0. 207 - -
47 W 876 0. 207 -- -
Door 883 -- 207 - --
48 W 891 0. 207 - ’ -
UnE -- 0. 207 - -
49 W 906 0. -.207 - -
50w 922 .005 207 14.0 26.4
UnE - 0. 202 - --
S51W 937 0. 202 - -
UnE - 0. 202 - -
52w 953 0. 202 - -
S3W 967 0. 202 -- -
UnE - 0. 202 - -
UnE - 0. 202 - -
54 W 997 .002e 202 - --
Spillway -- 2e .200 -- --

! Numbers identify drain pipes or channels and were assigned by personnel in Puget Sound Naval Shipyard
Environmental Group. Numbers increase from north to south; "Un" denotes unnumbered drain; "N", "E", "S" and
"W" denote drain pipes discharging into culvert from north, east, south and west walls of culvert, respectively;
"Door"shows location of access door; spillway discharges water that leaks by flood gates; drains located between
north- and south-part outflows not included in these outflows.

2 Distances are from north end of culvert.

3 Data are from measurements and samples collected on Aug. 5, 1994.

4 Cumulative discharges are sums of observed individual drain discharges; cumulations are along the direction of
flow in the collecting culvert; in the northern parts of the culverts flow is from north to south; in the southern parts
flow is from south to north; parentheses denote cumulative discharge that should equal measured discharge in culvert.
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water from beneath the dry-dock floor. (It was not possible to separate ground-water discharges
from head and side walls.) Because discharges from individual drains in DD-5 were measured and
the sources of the water in these drains are known it was possible to calculate separate
ground-water discharges from behind the walls and from beneath the floor for the east and west
half of this dry dock (table 4). These calculations show that ground-water discharge from behind
the walls was about four times that from beneath the floor. The discharge from behind the walls in
the east half of the dry dock was 84 percent of the discharge from behind the walls in the west half,
but the discharge from beneath the floor in the east part was only 14 percent of that from the west
part. The smaller discharges from the east half were unexpected, considering the proximity of the
east wall of the dry dock to Sinclair Inlet (fig. 1). A comparison of the salinities of the outflows
from the east- and west-side culverts (table 3) shows that the drain water on the east side was more
saline than on the west side. This is consistent with the proximity of the east wall of the dry dock to

Sinclair Inlet.
The total ground-water discharge to the dry dock was 1.18 £t3/s (table 4), which was 83 or 87

percent of the total outflow (depending on which value of outflow is used). Salinities imply that 55

percent of the ground-water discharge to the dry dock was water from Sinclair Inlet.

Dry Dock No. 6

DD-6, the newest and largest of the dry docks at the shipyard, is about 1,100 ft long, 190 ft
wide, and its floor is about 49 ft below sea level. The tops of the walls of this dry dock are about
12 ft above sea level. Drain pipes from behind the side walls and beneath the floor flow directly to
longitudinal culverts that are built into the base of the side walls, and drains in the head wall flow
in gutters or pipes that flow into the north ends of the culverts. Drainage from beneath the floor
also can flow upward through weep holes to transverse slots in the floor that discharge to gutters
that run longitudinally beneath the floor of the dry dock near the base of the side walls. The

gutters are connected to the culverts about every 150 ft by 2-ft wide by 1-ft high rectangular
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Table 5.--Discharges, salinities and temperatures of water flowing from individual drains and in collection culverts
within dry dock no. 6 of Puget Sound Naval Shipyard, Bremerton, Washington--Continued

Site ! Measured > Cumulative Temper-
identifier Distance > discharge discharge ature 3 Salinity 3
and remark (feet) (t3/s) (ft%/s) (°C) (ppt)
33E 447 0.001 1.320 11.4 11.8
4w 455 0. 1.320 - --
35E 471 .002 1.322 11.7 13.7
36E 495 0.008 1.330 11.4 19.1
3TW 503 0. 1.330 - -
38 W 2x1 511 010 1.340 13.0 0.0
39E 519 .000 1.340 - -
40E 543 .002 1.342 11.2 14.2
41 W 551 .000 1.342 - -
42E 567 .002 1.344 11.2 13.6
43 E 591 .002e 1.346 - -
44 W 599 .068 1.414 11.0 21.2
Culvert 610 1.3 (1.41)
45 E door 4 615 011 1.425 1.5 16.6
46 W 2x1 631 013 1.438 14.4 0.1
47E 639 .004 1.442 12.0 18.5
48 W 647 035 1.477 11.1 212
49E 663 001e 1.478 -- --
S0E 687 .001 1.479 12.0 19.2
51W 695 487 1.966 10.9 20.8
52 W 2x1 703 .165 2.131 14.8 0.1
53E 711 .001 2.132 12.7 14.8
S4E 733 .004 2.136 13.4 14.7
55 W door 5 784 251 2.387 11.0 19.0
Hose 784 .034 2.421 14.1 30.2
S6 W 792 271 2.692 11.0 18.8
5TW 840 .083 2.775 11.1 17.5
58 W 2x1 854 .004 2.779 - -
N-part outflow

(E-NB) 864 24,32 (2.78) 13.8 16.1

East-side culvert, southern part

S-part outflow

(E-SB) 870 2.6,2.2 (2.53) - 27.6
S9E 880 .000 2.535 - -
60 W 888 157 2.535 11.1 18.0
61E A 904 .008 2.378 11.7 15.8
62E 928 .002 2.370 12.0 16.7
63 W 936 136 2.368 11.11 8.0
64 E ‘ 952 0. 2232 - -~
65 E door 6 976 .006 2.232 11.9 21.1
66 W 984 .104 2.226 10.9 25.2
67 W 2x1 992 .004e 2,122 - --
68 E 1,001 .001 2.118 11.8 25.2
69 E 1,025 .003 2.117 11.3 275
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Table 5.--Discharges, salinities and temperatures of water flowing from individual drains and in collection culverts
within dry dock no. 6 of Puget Sound Naval Shipyard, Bremerton, Washington--Continued

Site ! Measured > Cumulative * Temper-

identifier Distance > discharge discharge ature > Salinity °
and remark (feet) (f/s) (£63/s) °0) (ppt)
2w 292 0.011 1.142 11.5 29.2
23E 300 165 1.307 11.2 28.4
24W 316 .004 1.311 11.5 29.6
B5W 340 .001 1.312 12.0 29.7
26E 348 159 1.471 11.2 29.6
2TW 363 .005 1.476 11.6 29.6
28 E 2x1 380 142 1.618 16.1 30.0
Culvert 385 1.6 1.618 12.7 21.1
29 W door 3 387 0. 1.618 - --
30E 396 141 1.759 112 29.2
31W 412 .001 1.760 - -
2w 436 0. 1.760 - -
33E 444 .083 1.843 11.0 28.7
34W 456 .015 1.858 11.0 28.6
ISwW 481 .001 1.859 - -
36E 489 0.191 2.050 11.0 27.6
37 E 2x1 497 .049 2.099 14.5 27.7
38W 505 0. 2.099 - -
39E 537 .206 2.305 10.9 259
40W 540 .003 2.308 11.2 279
41w 552 .009 2.317 11.3 28.4
2w 577 .053 2.370 11.1 28.7
43 E 585 .149 2.519 11.0 24.6
Culvert 595 2.5 2.519 12.4 23.0
44 W door 4 601 .013 2.532 11.2 29.7
45 E 2x1 616 1.8, .98 4.332 15.0 26.8
46 W 625 .009 4.341 11.3 28.7
47E 632 .080 4.421 11.0 24.1
43 W 649 .010 4.431 10.8 27.7
49w 673 017 4.448 11.1 28.3
S0E ‘ 681 214 4.662 11.0 247
51W 697 .014 4.676 11.0 27.1
32w 721 .013 4.689 11.0 26.4
53E 729 .089 4.778 11.1 20.6
54 E 2x1 737 1.6, 1.0 6.378 15.1 30.2
55W 745 .010 6.388 11.1 27.4
Culvert 765 6.6 16.338 - 25.6
56 W door 5 769 .006 6.394 11.0 27.2
57E 777 .041 6.435 11.1 17.8
58 W 793 .012 6.447 10.7 26.2
59w 817 .003 6.450 11.0 24.1
60 E 825 0. 6.450 -- -
61W ) 841 .003 6.453 10.9 25.7
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Table 5.--Discharges, salinities and temperatures of water flowing from individual drains and in collection culverts
within dry dock no. 6 of Puget Sound Naval Shipyard, Bremerton, Washington--Continued

4 Cumulative discharges are sums of observed individual drain discharges; cumulations are along the direction of
flow in the collecting culvert or channel; along the north wall flow is away from the center of the dry dock; in the
north parts of the culverts flow is from north to south; in the south parts flow is from south to north; parentheses
denote cumulative discharge that should equal measured discharge in channel or culvert.

3 Temperatures and salinities of individual drains are from measurements or samples collected on same day as
discharge measurements, temperatures and salinities of some culvert flows are from measurements and
samples collected on a different day.
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the sum of the outflows. (The outflow value, 11.7 ft3/s, is used in both the Abstract and Summary
of this report.) The computed outflow salinity of 24.3 implies that 82 percent of the outflow was

water from Sinclair Inlet.

The computations of the total inflows and outflows required adding discharges that were
measured in the south part of the west-side curvert to discharges that were measured in the other
parts of the culverts about 6 weeks earlier. Although one cannot be certain that discharges were the
same during both measurement periods, the flow from the south part of the west-side culvert was
mostly saline ground water and cooling water from Sinclair Inlet (see table 5), and the saline
ground-water inflow was probably nearly the same during both measurement periods. (See the

following subsection “Effect of Tide Stage on Discharge”.)

Because the sources of water from the individual drains were known, ground-water
discharges from various parts of the dry dock could be computed (table 6) as for DD-5. However,
for DD-6 it was also possible to calculate separately ground-water discharges from the headwall
and sidewalls. About half of the total outflow (6.2 £t/ s) was ground-water discharge; the
remainder was mostly gate leakage (16 percent) and cooling-water discharge (34 percent).
Salinities imply that 69 percent of the ground-water discharge was from Sinclair Inlet. Ground-
water discharge from beneath the floor of DD-6 accounted for about 80 percent of the total ground-
water discharge, with 14 percent from behind the sidewalls, and 6 percent from behind the north
wall. Ground-water discharge from behind the east sidewall and the east part of the north wall
were greater than from the corresponding parts on the west side, but discharge from the west half

of the floor was greater than from the east half.
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WATER QUALITY

Water samples that were collected from the drainage systems of the dry docks were analyzed
to determine salinity, temperature, turbidity, concentrations of copper and lead, and concentrations
of volatile and semi-volatile organic compounds. However, not all samples were analyzed for all
these water-quality characteristics. Samples from all 36 water-quality data-collection sites were
analyzed for concentrations of total copper and total lead, and samples from two of these sites also
were analyzed for concentrations of dissolved copper and lead. Samples from 19 sites were
analyzed for semi-volatile organic compounds, and samples from 8 of these sites also were

analyzed for volatile organic compounds (see table 7).

Copper and Lead

Concentrations of total copper and total lead in samples from the dry-dock drainage systems
ranged from less than 1 to 71 pg/L (micrograms per liter) and less than 1 to 44 ug/L, respectively
(table 7). Concentrations of both metals in two sets of duplicate samples were self-consistent, and
concentrations of both metals in the two field blanks that were analyzed for these constituents were
less than the laboratory minimum reporting levels (1 pg/L). Concentrations of dissolved copper
and lead were relatively small in all three samples for which these determinations were made. The

maximum concentrations were 6 ug/L and less than 1 ug/L, respectively.

Concentrations of total copper and lead in samples from DD-5 were fairly uniform and
mostly lower than concentrations in samples from the other dry docks. Concentrations of total
lead in seven of the eight samples from DD-5 were less than 1 ug/L, and the concentration in the
eighth was less than 5 ug/L. The maximum concentration of total copper in samples from DD-5

was only 7 ug/L. Concentrations of total copper and lead in the four samples from DD-1 were also
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Table 7.--Chemical and physical characteristics of water at selected sites in the drainage systems of the six dry docks at Puget Sound Naval Shipyard,

Bremerton, Washington--Continued

Copper Lead Semi- Volatile

Sali- Temper- Turbi- volatile organic
Site nity ature dity dissolved  total dissolved total organic com-
identifier Date Time (ppt) °C) (NTU) (ug/L) (ug/L) (ug/L) (ng/L) compounds!  pounds?
Dry dock no. 5
DDS-E-1E 08/05/94 1550 2.8 13.3 0.1 3 3 <1 <l S \%
DDS-E-FD1 08/05/94 1710 21.2 14.3 2 -- 7 - <1 - --
DDS-E-NB 08/05/94 1535 193 13.1 .1 -- 4 - <l S --
DDS-E-SB 08/05/94 1530 27.4 12.3 .1 -- 3 -- <5 -- --
DDS5-W-1W 08/05/94 1510 22 13.6 1 -- 1 - <1 -- --
DDS-W-NB 08/05/94 1440 5.8 12.8 - -- 4 - <1 S --
DDS5-W-FD2 08/05/94 1720 19.0 12.3 .1 -- 1 -- <1 -- --
DDS-W-SB 08/05/94 1450 20.6 13.4 2 -- 3 - <1 - --
Pump 4 08/11/94 1445 16.1 = 5 -- 14 -- <1 S \Y%
Dry Dock no. 6
DD6-A 06/28/94 0635 4.9 14.2 2 -- 3 - 8 S \%
DD6-E-D2 06/30/94 1400 15.1 123 1 -- <1 - 1 S --
DD6-E-NB 06/30/94 1355 16.1 13.8 .1 -- 9 -- 24 - --
DD6-E-SB 06/30/94 1350 27.6 -- 1 -- 2 -- 38 - -
DD6-W-D2 06/29/94 1420 17.9 13.1 .1 -- <1 - 4 S --
DD6-W-NB 06/29/94 1415 25.9 13.8 1 -- 25 - 26 -- --
DD6-W-SB 08/11/94 1030 27.7 15. 1 -- <5 - 7 - -
DD6-pump 07/01/94 0900 24.1 - 2 -- 1 -- 4 - -
Field blanks
DD2-FD1 07/07/94 1146 - - -- -- <1 - <1 - -
DD3-B 06/28/94 1242 - -- -- -- -~ - - -- \Y
DD4-E-C 07/01/94 1640 -- -~ -- -- -- - - S --
DDS-E-FD1 08/05/94 1711 - -- -- -- <l - <1 - --
DD5-E-NB 08/05/94 1711 - - -- -- -- - - S --

1 »g" indicates that sample from this site analyzed for 43 semi-volatile organic compounds; none of the compounds analyzed for were detected at concentrations
eqzual to or greater than the analyzing laboratory’s minimum reporting level; see table 8 for list of compounds and reporting levels.
"V" indicates that sample from this site analyzed for 63 volatile organic compounds; see table 9 for list of compounds and results of analyses.



Semi-Volatile Organic Compounds

Concentrations of all 43 semi-volatile organic compounds analyzed for (table 8) in samples
from all 19 sites Etable 7), including 1 duplicate sample and 2 field blanks, were less than the
laboratory minimum reporting level. The reason that semi-volatile organic compounds were not
detected in samples from the dry dock even though they were found previously in samples of soil
and ground water from the shipyard (URS Consultants, Inc., 1992a) may be their relatively low
solubility, and hence, low mobility.

Volatile Organic Compounds

Four or more volatile organic compounds were found at concentrations larger than the
laboratory minimum reporting level (0.2 ug/L for most compounds) in each sample collected from
eight sites (tables 7 and 9). Altogether, 13 of the 63 compounds analyzed for were found in 1 or
more samples. Twelve of the 13 compounds that were found were chlorinated hydrocarbons; the
other, bromoform, is a related compound. All 13 typically are found in various industrial solvents.
In more than half the 41 cases where the concentration of a compound was larger than the
laboratory minimum reporting level (not including the duplicate sample), the concentration was
less than 1 ug/L. In only five of the cases was the concentration larger than 10 pg/L. The largest
observed concentration was 340 ug/L of tetrachloroethene in the sample of the discharge from a
drain at the base of the west side of the north wall of DD-3 (site B). The concentration of this
compound in the discharge from a similar drain on the east side of this same dry dock (site A) was
much smaller, 1.7 pg/L. Concentrations of total copper and lead also were much higher in the
sample from the west drain than from the east drain (table 7). Concentrations of all volatile organic
compounds in the field blank were less than the laboratéry minimum reporting level, and the

consistency of concentrations in the duplicate pair was reasonable.
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Table 9.--Concentrations of volatile organic compounds and salinities in water samples from selected sites in the drainage systems of dry docks at
Puget Sound Naval Shipyard, Bremerton, Washington

[CAS, Chemical Abstract Service; f.b. field blank; dup., duplicate sample collected in field; concentrations are in micrograms per liter except as indicated; nd, compound not
detected at a concentration greater than laboratory minimum reporting level; --, no dataj

19

Laboratory Sample-collection site
CAS minimum
registry reporting DDI1- DD3- DD3- DD3- DD4- DD4- DD4- DD5- Pump DD6-
Compound name number level E-143 A B B FD3 E-C E-C E-1E 4 A
(fb.) (dup.)

Sample-collection date, (month/day, 1994) 7/06 6/28 6/28 6/28 7/01 7/01 7/01 8/05 8/11 6/28
Sample-collection time 1040 1045 1230 1242 1640 1630 1631 1550 1445 0635

. Salinity, in parts per thousand 44 0.1 0.5 -- 247 0.8 -- 2.8 16.1 5.0
1,1,1,2-Tetrachloroethane 6302060 0.2 nd nd nd nd nd nd nd nd nd nd
1,1,2,2-Tetrachloroethane 79345 2 nd nd nd nd nd nd nd nd nd nd
1,1,1-Trichloroethane 71556 2 nd 2 nd nd 2.7 3 3 nd nd 8
1,1,2-Trichloro 1,2,2-trifluoroethane 76131 2 35 5.5 66 nd nd nd 3 6.2 4 2
1,1,2-Trichloroethane 79005 2 nd nd nd nd nd nd nd nd nd nd
1,2,3-Trichlorobenzene 8761612 2 nd nd nd nd nd nd nd nd nd nd
1,2,3-Trichloropropane 96184123 2 nd nd nd nd nd nd nd nd nd nd
1,2,4-Trichlorobenzene 120821 2 nd nd nd nd nd nd nd nd nd nd
1,2,4-Trimethylbenzene 9563612 2 nd nd nd nd nd nd nd nd nd nd
1,3,5-Trimethylbenzene 108678135 2 nd nd nd nd nd nd nd nd nd nd
1,1-Dichloroethane 75343 2 nd nd nd nd 1.8 nd nd nd nd 4
1,1-Dichloroethene 75354 2 nd nd 3 nd .6 nd nd 3 nd nd
1,1-Dichloropropene 56358611 2 nd nd nd nd nd nd nd nd nd nd
1,2-Dibromo-3-chloropropane 96128 1 nd nd nd nd nd nd nd nd nd nd
1,2-Dibromoethane (EDB) 106934 2 nd nd nd nd nd nd nd nd nd nd
1,2-Dichlorobenzene (ortho) 95501 2 nd nd nd nd nd nd nd nd nd nd
1,2-Dichloroethane 107062 2 nd nd nd nd nd nd nd nd nd 2
1,2-Dichloropropane 78875 2 nd 2 nd nd nd nd nd nd nd nd
1,3-Dichlorobenzene (meta) 541731 2 nd nd nd nd nd nd nd nd nd nd
1,3-Dichloropropane 14228913 2 nd nd nd nd nd nd nd nd nd nd
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Table 9.--Concentrations of volatile organic compounds and salinities in water samples from selected sites in the drainage systems of dry docks at
Puget Sound Naval Shipyard, Bremerton, Washington--Continued

Laboratory Sample-collection site
CAS minimum
registry reporting DD1- DD3- DD3- DD3- DD4- DD4- DD4- DD5- Pump  DD6-
Compound name number level E-143 A B B FD3 E-C E-C E-1E 4 A
(f.b.) (dup.)

Dichlorodifluoromethane 75718 2 nd nd nd nd nd nd nd nd nd nd
Ethylbenzene 100414 0.2 nd nd nd nd nd nd nd nd nd nd
Hexachlorobutadiene 87683 2 nd nd nd nd nd nd nd nd nd nd
Isopropyl benzene 98828 2 nd nd nd nd nd nd nd nd nd nd
Methylene chloride 75092 2 nd nd nd nd nd nd nd nd nd nd
Methyltertbutylether (MTBE) 1634044 1. nd nd nd nd nd nd nd nd nd nd
Naphthalene 91203 2 nd nd nd nd nd nd nd nd nd nd
Styrene 100425 2 nd nd nd nd nd nd nd nd nd nd
Tetrachloroethene 127184 2 nd 1.7 340 nd nd 37 38 nd 09 nd
Tetrachloromethane 56235 2 0.6 nd nd nd nd nd nd nd nd nd
Toluene 108883 2 nd nd nd nd nd nd nd nd nd nd
Trichloroethene (TCE) 79016 2 2 1.7 5.8 nd 0.3 2.3 2.3 0.3 19 12
Trichlorofluoromethane 75694 2 nd nd nd nd nd nd nd nd nd nd
Vinyl chloride 75014 2 nd nd nd nd nd nd nd nd nd nd
Xylenes (total) 1330207 2 nd nd nd nd nd nd nd nd nd nd




SUMMARY

Previous investigations have shown that one result of more than 90 years of work at the
Puget Sound Naval Shipyard is that concentrations of some metals and organic compounds in soil
and ground water at the shipyard exceed some regulatory limits. Because some of these metals
and organic compounds can be transported by ground water, and because the dry-dock drainage
systems probably have a large effect on the ground-water flow system, information on the quantity
and quality of ground water that discharges into the drainage systems of dry docks could be useful

for planning environmental restoration work.

Computations using a single set of measured discharges of many of the inflows and outflows
from the drainage systems indicate that ground-water discharges to dry docks no. 1, 2,3, 4,5, and 6
equaled 0.07,0.30, 0.29, 0.61, 1.18, and 6.2 £/, respectively, at the time of the measurements in
June, July and August 1994. Total drain-water discharges from the dry docks equalled 0.07, 0.30,
0.33,0.61,1.36, and 11.7 ft3 /s, respectively. The differences between ground-water inflows and
total outflows were mostly the result of leakage by cofferdams and floodgates and, in dry dock no.
6, cooling water from a ship in dry dock. On the basis of salinities of the water at the discharge
measuring <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>